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FROM THE DESK OF

THE EDITOR

(Special Issue | June 2026)

Dear Readers,

It is a matter of great pleasure to present this Special Issue of
Agrilndia Today dedicated to the transformative vision of Viksit
Bharat 2047. This national mission reflects India's collective
aspiration to emerge as a developed, prosperous, inclusive,
and globally respected nation by the centenary year of its
independence.

The vision of Viksit Bharat is founded upon the pillars of

sustainable economic growth, technological innovation, environmental stewardship, social equity,
guality education and empowered communities. Achieving this ambitious goal requires the active
participation of all sectors of society, particularly agriculture, science, technology, education,
entrepreneurship and rural development, which continue to shape the foundation of India's progress.

As India advances towards becoming a global leader, the role of research, innovation and knowledge
dissemination becomes increasingly significant. This special issue brings together scholarly
contributions from researchers, academicians, policymakers and professionals who offer valuable
perspectives on the opportunities and challenges associated with building a developed India. The
articles presented herein highlight innovative approaches, emerging technologies, sustainable
development practices, and policy interventions that can contribute meaningfully to the realization of
the Viksit Bharat vision.

Agriculture and allied sectors remain central to India's developmental journey. Ensuring food security,
promoting climate-resilient farming systems, conserving natural resources, enhancing rural livelihoods,
and fostering technological adoption will be critical in achieving sustainable and inclusive growth. The
insights shared in this issue underscore the importance of integrating scientific knowledge with
practical solutions to address contemporary challenges and unlock new avenues for national
development.

| extend my sincere appreciation to all the authors for their valuable contributions, the reviewers for
their constructive assessments and the editorial team for their dedicated efforts in bringing this special
issue to fruition. Their commitment to academic excellence and nation-building is truly commendable.

Aswe embark on this journey towards Viksit Bharat 2047, let us reaffirm our commitment to innovation,
sustainability and collective progress. May this special issue inspire meaningful dialogue, informed
action and collaborative efforts in shaping a brighter future for our nation.

Wishingyou an enriching and thought-provoking reading experience.

Jai Hind!
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Prof. Shailesh Kumar Singh
Special Editor-in-Chief
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Article ID : SI/01/2026
AGRICULTURE: THE FOUNDATION OF
VIKSIT BHARAT 2047

K. N. Tiwari

Senior Agricultural Scientist, 4/861, Hanumat Kripa,
Gomati Nagar Extension, Vasant Khand, Lucknow 226010
Corresponding Email: kashinathtiwari730@gmail.com

Abstract

Agriculture is the backbone of the Indian economy and plays a crucial role in achieving the vision of
Viksit Bharat 2047. This paper highlights the importance of agriculture in ensuring food security,
rural employment, economic growth and sustainable development. It discusses the present status
of Indian agriculture, including record food grain production, growth in horticulture and dairy
sectors and increasing use of modern technologies. The paper also examines major challenges faced
by Indian farmers such as small and fragmented landholdings, climate change, water scarcity, post-
harvest losses, limited market access and rising production costs. Special emphasis has been given
to the role of women empowerment, Farmer Producer Organisations (FPOs), Self-Help Groups
(SHGs), digital agriculture and climate-smart farming practices in strengthening rural livelihoods.
The paper concludes that transforming villages into economically self-reliant, technologically
advanced and environmentally sustainable communities is essential for building a prosperous,
inclusive and self-reliant India by 2047.

Introduction

Agriculture remains the backbone of the Indian economy and plays a crucial role in food security,
employment generation and rural development. Nearly half of India’s population depends directly
or indirectly on agriculture and allied sectors for livelihood (Government of India, 2024). Indian
agriculture is largely dominated by small and marginal farmers, who constitute about 85 percent of
the farming community. Despite challenges such as fragmented landholdings, rising production
costs, climate variability and unstable markets, these farmers make a major contribution to national
food production and rural sustainability (FAO, 2023). They also help preserve traditional agricultural
knowledge, biodiversity and rural culture, making agriculture central to inclusive national
development.

Over the years, India has achieved remarkable progress in food grain production, horticulture, dairy
and allied sectors through technological advancement, government support and farmer
participation. Today, India is among the world’s leading producers of rice, wheat, milk, fruits and
vegetables (NITI Aayog, 2023). However, the sector continues to face several structural problems,
including declining farm profitability, water scarcity, soil degradation, post-harvest losses,
inadequate infrastructure and increasing climate-related risks. Frequent droughts, floods, heat
waves and pest outbreaks are creating uncertainty in agricultural production and threatening rural
livelihoods (IPCC, 2022). Limited access to institutional credit, digital technologies, storage facilities
and organised markets further restricts the growth of small farmers.

The vision of Atmanirbhar Bharat and Viksit Bharat 2047 recognises agriculture as a key pillar of
India’s future development. The vision promotes self-reliance, sustainable agriculture, rural
prosperity, women empowerment, digital transformation and strong local food systems.

— EE—
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Strengthening agriculture and allied sectors can generate employment, reduce poverty, improve
nutritional security and encourage rural entrepreneurship (Ministry of Agriculture & Farmers
Welfare, 2024). This paper explains how agriculture can become the strongest foundation of Viksit
Bharat. It discusses the present status of Indian agriculture, major farmer challenges, climate-smart
farming, women empowerment, digital technologies, rural infrastructure and the role of Farmer
Producer Organisations (FPOs) and Self-Help Groups (SHGs) in strengthening rural economies and
building a self-reliant, developed India by 2047.

Present Status of Indian Agriculture

Agriculture has played a central role in India’s economic and social development since
Independence. Over the decades, the country has achieved remarkable progress in food production
and agricultural growth through the hard work of farmers, scientific advancements, irrigation
development and supportive government policies (Government of India, 2024). Today, India is
among the world’s leading producers of food grains, milk, fruits, vegetables, pulses and several
other agricultural commodities. The Green Revolution, White Revolution and improvements in
agricultural research and extension services have helped the country move from food scarcity to
food self-sufficiency (Rao & Birthal, 2022). Agriculture not only ensures food security for the
nation’s large population but also provides livelihood opportunities to millions of rural families,
contributing significantly to rural employment and national economic growth (FAO, 2023).

Record Food Production and Agricultural Growth

India’s total food grain production has crossed 353 million tonnes, reflecting the dedication and
resilience of Indian farmers (Ministry of Agriculture & Farmers Welfare, 2024). Production of major
crops such as wheat, rice, maize and pulses has increased significantly over the years due to the
adoption of improved seed varieties, balanced fertilizer use and expansion of irrigation facilities.
The horticulture sector has also shown remarkable growth, with India becoming one of the largest
producers of fruits and vegetables in the world. Similarly, the dairy sector has expanded rapidly,
making India the largest milk producer globally. Fisheries, poultry and livestock sectors are also
contributing significantly to agricultural income, nutritional security and rural employment
generation.

The growth of agriculture has been supported by farm mechanisation, agricultural research, digital
technologies and various government programmes aimed at improving productivity and farmer
welfare. Schemes related to crop insurance, direct income support, rural roads, irrigation and
agricultural credit have strengthened agricultural infrastructure and rural development. The
increasing use of mobile phones, digital platforms and agricultural advisories has also started
transforming farming practices in many parts of the country by helping farmers access weather
forecasts, market information and scientific crop management techniques (NITI Aayog, 2023).

Need for Inclusive Agricultural Development

Despite record production, the benefits of agricultural growth have not reached all farmers equally.
High production alone cannot guarantee rural prosperity unless farmers receive fair prices, stable
incomes and reliable market opportunities. Many farmers continue to face high production costs
due to expensive seeds, fertilizers, pesticides, labour and machinery. Small and marginal farmers
often struggle to recover their investments because of fluctuating market prices, weak bargaining
power and dependence on middlemen.

Proper storage, cold chain and processing facilities are still inadequate in many rural areas, resulting
in large post-harvest losses, especially in fruits and vegetables. Better market access and value
addition facilities are essential to improve farmers’ incomes and reduce food wastage. Climate

— EE—
Special Issue | June, 2026 | 2 |



ISSN : 2583-0910
Agri-India TODAY

visit us at www.agriindiatoday.in

Peer reviewed
monthly newsletter

change has emerged as another major challenge, with droughts, floods, heat stress and irregular
rainfall affecting agricultural productivity and farmer livelihoods. Therefore, climate-resilient
agriculture, water conservation and sustainable farming practices are becoming increasingly
important for long-term agricultural sustainability (IPCC, 2022).

Modern technologies such as precision farming, digital agriculture, artificial intelligence, drones and
mobile-based advisory services can help improve productivity and reduce farming risks. However,
access to such technologies remains limited for many rural farmers due to lack of awareness,
technical knowledge, training and financial resources. Expanding digital literacy, strengthening
extension services and improving institutional support will be crucial for ensuring inclusive
agricultural development and achieving the vision of Viksit Bharat 2047.

Challenges Before Indian Farmers

Present Status of Indian Agriculture and Challenges Before Farmers Indian agriculture has made
remarkable progress since Independence and today India is among the world’s leading producers
of food grains, milk, fruits and vegetables. The country’s total food grain production has crossed
353 million tonnes, reflecting the dedication and hard work of Indian farmers. Significant growth
has been observed in wheat, rice, pulses, horticulture and dairy production, contributing greatly to
national food security and rural employment. Despite these achievements, high production alone
cannot ensure rural prosperity. Farmers also require fair prices, reduced production costs, better
storage facilities, improved market access, climate protection and modern technologies to achieve
sustainable growth and improved livelihoods.

Small and Fragmented Landholdings

One of the biggest challenges facing Indian agriculture is the small and fragmented nature of
landholdings. The average farm size in India is around 0.7 hectare, which limits the adoption of
advanced machinery and modern farming practices. Small farmers often cannot afford tractors,
harvesters, irrigation systems and other costly technologies individually. As a result, production
costs remain high while productivity and profitability remain comparatively low. Limited bargaining
power in purchasing inputs and selling produce further weakens farmer incomes and increases
dependence on intermediaries.

Dependence on Rainfall and Climate Change

A large portion of Indian agriculture still depends on monsoon rainfall. Nearly 61 percent of
cultivated land is rain-fed, making farming highly vulnerable to irregular rainfall, droughts and
floods. Climate change has intensified these risks through rising temperatures, heat waves,
unseasonal rains, pest outbreaks and water scarcity. Sudden weather changes frequently damage
standing crops and reduce agricultural productivity, threatening both farmer livelihoods and
national food security. Therefore, climate-resilient agriculture and sustainable water management
have become essential for future agricultural sustainability.

Low Irrigation Coverage and Water Stress

Although irrigation plays a crucial role in stable crop production, the adoption of efficient irrigation
systems remains limited. Modern micro-irrigation methods such as drip and sprinkler irrigation help
conserve water and improve productivity, yet their coverage remains low in many regions. Many
farmers continue using traditional irrigation methods that waste water and increase cultivation
costs. Expanding irrigation infrastructure and promoting water-saving technologies are necessary
for improving water-use efficiency and conserving groundwater resources.
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Post-Harvest Losses and Poor Market Infrastructure

Inadequate storage, transportation and processing facilities cause heavy post-harvest losses in
India, particularly in fruits and vegetables. Many farmers are forced to sell produce immediately
after harvest at low prices due to the absence of warehouses, cold storage units and efficient supply
chains. Poor rural roads and weak market infrastructure further reduce profitability and increase
food wastage. Strengthening cold chains, food processing and rural infrastructure can significantly
improve farmer incomes and market efficiency.

Limited MSP Benefits and Rural Indebtedness

Although the Minimum Support Price (MSP) system provides price support for selected crops, only
a limited number of farmers directly benefit from government procurement systems. Many small
farmers continue to sell their produce at low prices in local markets. In addition, dependence on
informal credit sources and moneylenders continues in rural areas, increasing indebtedness and
financial insecurity. Strengthening institutional credit, expanding procurement systems and
improving market access are essential for ensuring long-term agricultural prosperity and achieving
the vision of a developed India by 2047.

Why Small Farmers Are the Real Strength of India

Small and marginal farmers form the backbone of Indian agriculture and play a crucial role in
ensuring national food security and rural development. Although they own only about 24 percent
of the total agricultural land, small farmers contribute nearly 41 percent of the country’s food grain
production and around 70 percent of vegetable production, highlighting their high productivity and
hard work (Government of India, 2024). These farmers sustain millions of rural households and
support the country’s food supply despite facing challenges such as limited land, inadequate
irrigation, low access to markets and rising production costs (FAO, 2023). Strengthening small
farmers through improved technology, credit access and market support can significantly enhance
agricultural growth and rural prosperity.

Importance of Local Food Systems

Local food systems are becoming increasingly important for building self-reliant and sustainable
rural economies. A strong local food system includes local production, processing, storage,
marketing and employment generation within villages and nearby towns (NITI Aayog, 2023). Such
systems reduce dependence on distant markets and improve the resilience of rural communities.
Farmers benefit by selling produce directly to consumers, which helps them receive better prices
and increases farm income. Local food processing and value addition activities such as dairy
processing, flour mills and fruit preservation also generate employment opportunities for rural
youth and women (Rao & Birthal, 2022).

Local storage and processing facilities help reduce post-harvest losses and food wastage, especially
for perishable commodities such as fruits and vegetables (Ministry of Agriculture & Farmers
Welfare, 2024). In addition, shorter supply chains reduce transportation costs, fuel consumption
and environmental pollution. Money earned through local food systems circulates within villages,
strengthening the rural economy and promoting inclusive development. Therefore, supporting
small farmers and local food systems is essential for achieving the vision of Viksit Bharat 2047.

Viksit Gram: The Foundation of Viksit Bharat
The concept of Viksit Gram (developed village) is central to achieving the vision of Viksit Bharat
2047 because India’s true development depends on the prosperity of its villages (NITI Aayog, 2023).
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A developed village is characterised by good roads, pucca houses, irrigation facilities, digital
connectivity, employment opportunities, financially empowered women and modern farming
systems (Government of India, 2024). Strong rural infrastructure improves agricultural productivity,
market access and quality of life for rural communities. Better irrigation, education, healthcare and
skill development further improve rural livelihoods and reduce migration to urban areas (Ministry
of Rural Development, 2024).

Digital technologies and modern farming practices help farmers increase efficiency and income,
while women’s participation in Self-Help Groups and rural enterprises strengthens economic
development (FAO, 2023). Therefore, prosperous and self-reliant villages are essential for inclusive
growth, sustainable agriculture and building a strong, developed and self-reliant India by 2047 (Rao
& Birthal, 2022).

Women Empowerment in Agriculture

Women are emerging as major drivers of rural transformation and agricultural development in
India. Their contribution to farming and allied sectors is essential for ensuring household food
security, nutritional well-being and rural livelihoods. Nearly 80 percent of rural women participate
in agriculture as farmers, agricultural labourers, dairy workers, entrepreneurs and members of Self-
Help Groups (SHGs) (FAO, 2023). Despite their significant role, women often face challenges such
as limited land ownership, restricted access to credit, technology, training and decision-making
opportunities. Strengthening women’s participation in agriculture is therefore essential for
achieving inclusive rural development and the vision of Viksit Bharat 2047.

Contribution of Women in Rural Agriculture:

e Women contribute extensively to crop production, livestock management, seed
preservation, food processing and kitchen gardening.

e They play a vital role in sowing, transplanting, weeding, harvesting and post-harvest
operations, contributing significantly to farm productivity and household income
(Government of India, 2024).

e Women are also custodians of traditional agricultural knowledge, especially in preserving
indigenous seeds and maintaining biodiversity.

e Their involvement in dairy farming, poultry, mushroom cultivation and small-scale food
enterprises supports rural entrepreneurship and nutritional security (Rao & Birthal, 2022).

e Furthermore, SHGs have empowered rural women financially by promoting savings, credit
access and small business activities, thereby improving their social and economic status (NITI
Aayog, 2023).

Empowering women through education, skill development, digital literacy and access to resources
can greatly strengthen sustainable agriculture and rural prosperity.

Lakhpati Didi Initiative

The Lakhpati Didi Initiative is an important government programme aimed at empowering rural
women economically by helping them earn an annual income of more than X1 lakh through
sustainable livelihood activities. The initiative is closely linked with Self-Help Groups (SHGs) under
the Deendayal Antyodaya Yojana—National Rural Livelihood Mission (DAY-NRLM) and focuses on
improving women’s financial independence, entrepreneurship and participation in rural
development (Ministry of Rural Development, 2024). The programme supports skill development,
access to credit, market linkages and enterprise promotion for rural women across the country.
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Women-Led Rural Enterprises

Millions of rural women are already benefiting from the initiative through activities such as dairy
farming, mushroom cultivation, food processing, poultry farming, beekeeping and small-scale
businesses. These income-generating activities not only improve household earnings but also create
employment opportunities within villages (Government of India, 2024). Women-led enterprises
contribute significantly to strengthening local food systems, improving nutritional security and
promoting rural entrepreneurship. Participation in SHGs has also increased women’s confidence,
decision-making ability and financial inclusion (NITI Aayog, 2023).

The initiative has further encouraged women to adopt modern technologies, value addition and
market-oriented production systems. Women entrepreneurs involved in dairy cooperatives, food
processing units and agri-based enterprises are helping strengthen village economies and reducing
dependence on external markets (FAO, 2023). Empowering women through such initiatives plays a
crucial role in achieving inclusive growth, rural prosperity and the vision of Viksit Bharat 2047 (Rao
& Birthal, 2022).

Self-Help Groups (SHGs): Rural Economic Revolution

Self-Help Groups (SHGs) have emerged as powerful instruments of rural transformation and women
empowerment in India. The country has nearly 9 million SHGs involving more than 100 million rural
women who are actively participating in savings, credit management, entrepreneurship and
community development activities (Ministry of Rural Development, 2024). SHGs promote financial
inclusion by encouraging regular savings and providing easy access to small loans for livelihood
activities. These groups help rural women become economically independent and socially
empowered while strengthening household income and food security.

Role of SHGs in Rural Development

SHGs support a wide range of activities such as collective farming, dairy farming, food processing,
poultry, handicrafts and small-scale enterprises. Through group-based approaches, rural women
gain access to institutional credit, training programmes and market opportunities that are often
difficult to access individually (NITI Aayog, 2023). SHGs also promote social awareness, leadership
development and community participation among women. Many SHGs are successfully involved in
food processing, value addition and local marketing activities, which create employment
opportunities and strengthen village economies (FAO, 2023). As a result, SHGs are becoming major
engines of inclusive rural development and poverty reduction.

Farmer Producer Organisations (FPOs)

Farmer Producer Organisations (FPOs) are collective groups formed by farmers to improve
production, marketing and profitability through cooperation and collective action. FPOs enable
farmers to work together for input purchase, machinery sharing, storage, processing, marketing
and export of agricultural produce (Ministry of Agriculture & Farmers Welfare, 2024). These
organisations are particularly beneficial for small and marginal farmers who individually face
difficulties in accessing markets, technology and financial resources.

Benefits of FPOs

FPOs improve farmers’ bargaining power by enabling collective marketing and better price
negotiation. Bulk purchase of seeds, fertilizers and other inputs reduces production costs and
increases profitability. Shared machinery and custom hiring centres also make modern technologies
affordable for small farmers (Rao & Birthal, 2022). In addition, FPOs help farmers access larger
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markets, digital trading systems and e-NAM platforms, thereby improving market linkages and
reducing dependence on middlemen. By strengthening collective action, SHGs and FPOs are playing
a crucial role in promoting sustainable agriculture, rural entrepreneurship and the vision of Viksit
Bharat 2047.

Role of Technology in Viksit Bharat Agriculture

Technology is becoming a major driving force in transforming Indian agriculture into a more
productive, profitable and sustainable sector. Modern agriculture requires smart technologies that
can help farmers improve efficiency, reduce production costs and manage climate-related risks. The
vision of Viksit Bharat 2047 strongly emphasises the use of digital technologies, artificial intelligence
and data-driven farming systems to strengthen rural livelihoods and agricultural sustainability (NITI
Aayog, 2023). Technological advancement can help farmers make informed decisions and improve
farm productivity while conserving natural resources.

Digital Agriculture: Digital agriculture is playing an increasingly important role in improving
agricultural management and farmer awareness. Digital tools and mobile-based applications help
farmers access weather forecasting, pest alerts, soil testing services, crop advisory information and
real-time market prices (Government of India, 2024). These services enable farmers to take timely
decisions regarding sowing, irrigation, fertilizer application and pest management. Mobile apps and
digital platforms also help reduce farming risks by providing scientific recommendations and
improving market transparency. In addition, digital payment systems and e-commerce platforms
are improving farmers’ access to financial services and agricultural markets (FAO, 2023).

Artificial Intelligence (Al) and loT in Agriculture: Artificial Intelligence (Al) and Internet of Things
(loT) technologies are revolutionising modern farming practices. Al-based systems can support
precision farming, water management, fertilizer efficiency and pest detection through data analysis
and sensor-based monitoring (Jat et al., 2023). loT devices such as soil moisture sensors, smart
irrigation systems and automated weather stations help optimise resource use and improve crop
productivity. These technologies not only increase efficiency but also reduce input costs, labour
requirements and environmental impacts. Precision agriculture can therefore contribute
significantly to climate-smart and sustainable farming systems.

Digital Krishi Sakhis: Digital Krishi Sakhis are village-level trained women who help farmers adopt
digital technologies and improve agricultural knowledge. They assist rural communities in using
smartphones, agricultural applications, digital payment systems and online marketing platforms
(Ministry of Agriculture & Farmers Welfare, 2024). Such local support systems are especially
important for small and marginal farmers who may lack technical knowledge and digital literacy.
Digital Krishi Sakhis act as a bridge between technology providers and rural farmers, helping expand
the adoption of modern agricultural innovations. Therefore, technology-driven agriculture
combined with community-based support systems can play a crucial role in achieving the vision of
Viksit Bharat 2047.

Importance of Climate-Smart Agriculture

Climate change is becoming one of the biggest challenges for Indian agriculture, making climate-
smart agriculture essential for ensuring future food security and sustainable rural development.
Rising temperatures, irregular rainfall, droughts, floods and pest outbreaks are negatively affecting
crop productivity and farmer income (IPCC, 2022). Therefore, future agriculture must become
climate resilient by adopting sustainable farming practices that improve productivity while
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conserving natural resources. Climate-smart agriculture not only helps farmers adapt to changing
climatic conditions but also reduces environmental degradation and improves long-term
agricultural sustainability.

Climate-Smart Agricultural Practices: Farmers should increasingly adopt climate-smart practices
such as crop diversification, cultivation of millets and coarse cereals, drip irrigation, organic manure
application, mulching, agroforestry and water harvesting techniques. Crop diversification reduces
the risk of total crop failure and improves farm income stability. Drip irrigation and water harvesting
help conserve water and improve irrigation efficiency, especially in drought-prone regions (Ministry
of Agriculture & Farmers Welfare, 2024). Similarly, mulching and organic manure improve soil
moisture retention, soil fertility and microbial activity while reducing dependence on chemical
fertilizers. Agroforestry systems also support biodiversity conservation, carbon sequestration and
additional income generation for farmers (FAO, 2023).

Millets: Future Crops for India: Millets such as bajra, jowar and ragi are emerging as future crops
for climate-resilient agriculture. These crops are highly drought tolerant, require less water and can
grow well under harsh climatic conditions (ICAR, 2023). Millets are also rich in nutrients, fibre, iron
and minerals, making them important for improving nutritional security. Promoting millet
cultivation can therefore support both environmental sustainability and healthier diets while
reducing pressure on water-intensive crops.

Importance of Indigenous Knowledge: Traditional Indian farming knowledge also has great value
in sustainable agriculture. Indigenous agricultural practices help preserve biodiversity, improve soil
health, conserve local seed varieties and reduce chemical dependency (NITI Aayog, 2023). Farmers
have historically used mixed cropping, organic manure and traditional water conservation
techniques to maintain ecological balance. Combining traditional wisdom with modern scientific
innovations can create resilient, sustainable and environmentally friendly farming systems that
support the vision of Viksit Bharat 2047.

Agricultural Infrastructure for Rural Prosperity

Strong agricultural infrastructure is essential for improving farmer income, reducing post-harvest
losses and promoting sustainable rural development. Rural prosperity depends not only on higher
agricultural production but also on efficient storage, processing, transportation and energy
systems. Inadequate infrastructure often forces farmers to sell their produce immediately after
harvest at low prices, reducing profitability and increasing food wastage (Government of India,
2024). Therefore, strengthening agricultural infrastructure is a key requirement for achieving the
vision of Viksit Bharat 2047.

Cold Storage and Warehouses: Proper storage facilities such as warehouses and cold storage units
play a crucial role in protecting agricultural produce and stabilising farmer income. Scientific storage
helps farmers avoid distress sales during periods of low market prices and preserves the quality of
grains, fruits and vegetables for longer durations (FAO, 2023). Village-level cold chains are especially
important for perishable commodities because they reduce spoilage and post-harvest losses.
Improved storage infrastructure also enables farmers to wait for better market prices and
participate more effectively in organised supply chains. Expanding rural warehouses, cold storage
facilities and refrigerated transportation systems can significantly strengthen local food systems
and rural economies.
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Food Processing and Value Addition: Food processing is another important component of
agricultural infrastructure that adds value to farm produce and creates employment opportunities.
Processing activities such as tomato sauce preparation, pickle making, fruit juice production, flour
milling and dairy product manufacturing increase the shelf life and market value of agricultural
commodities (Ministry of Food Processing Industries, 2024). Food processing industries generate
rural employment for youth and women while improving farmer income through value addition.
Small-scale processing units established near villages also reduce transportation costs and
strengthen local entrepreneurship.

Solar Energy in Agriculture: Solar-powered irrigation systems are becoming increasingly popular in
Indian agriculture because they provide reliable and environment-friendly energy solutions. Solar
pumps help reduce electricity and diesel costs while ensuring timely irrigation for crops (MNRE,
2023). Farmers can also generate additional income by selling surplus solar power to the grid, a
concept often described as “solar as a third crop.” Solar energy not only improves farm profitability
but also supports clean energy adoption and sustainable agricultural development. Therefore,
investment in agricultural infrastructure and renewable energy systems is essential for building
resilient and prosperous rural communities.

Role of Government Schemes in Viksit Bharat Agriculture

Government schemes are playing a major role in strengthening Indian agriculture, improving rural
livelihoods and supporting the vision of Viksit Bharat 2047. These programmes focus on farmer
welfare, irrigation development, rural infrastructure, skill development, financial inclusion and
climate resilience. Through various initiatives, the government is helping farmers increase
productivity, reduce risks and improve income security (Government of India, 2024). Effective
implementation of these schemes is essential for achieving sustainable agricultural growth and
inclusive rural development.

PM-KISAN and Irrigation Development: The Pradhan Mantri Kisan Samman Nidhi (PM-KISAN)
scheme provides direct income support to farmers, helping them manage agricultural expenses and
household needs. This financial assistance strengthens the economic security of small and marginal
farmers and improves their ability to invest in farming activities (Ministry of Agriculture & Farmers
Welfare, 2024). Similarly, the Pradhan Mantri Krishi Sinchai Yojana promotes irrigation expansion,
water conservation and efficient water management through micro-irrigation systems such as drip
and sprinkler irrigation. These measures improve water-use efficiency and support climate-resilient
agriculture.

MGNREGA and Agricultural Infrastructure: The Mahatma Gandhi National Rural Employment
Guarantee Act (MGNREGA) creates rural employment opportunities while developing productive
community assets such as farm ponds, rural roads and water harvesting structures (Ministry of Rural
Development, 2024). These assets strengthen agricultural productivity and rural infrastructure. In
addition, the Agriculture Infrastructure Fund supports the development of warehouses, cold
storage units and food processing facilities, helping reduce post-harvest losses and improve market
access for farmers. Improved infrastructure promotes value addition and strengthens local food
systems (FAO, 2023).

Skill Development and Financial Inclusion: The Deen Dayal Upadhyaya Grameen Kaushalya Yojana
provides skill development training in food processing, agri-business and rural entrepreneurship,
creating employment opportunities for rural youth and women (NITI Aayog, 2023). Financial
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inclusion is equally important for achieving Viksit Bharat 2047. Every farmer should have access to
bank accounts, affordable loans, crop insurance and digital payment systems. Crop insurance
schemes protect farmers against droughts, floods, pest attacks and other natural disasters, reducing
financial risks and improving agricultural resilience.

Role of Panchayats in Rural Development: Village panchayats are key drivers of rural development
and play an important role in planning local development activities, implementing government
schemes, managing water resources and developing rural infrastructure. Strong panchayats ensure
better coordination among different government programmes and encourage community
participation in village development activities (Rao & Birthal, 2022). Therefore, empowering
panchayats and strengthening local governance systems are essential for building prosperous and
self-reliant villages under the vision of Viksit Bharat 2047.

Agriculture and Rural Employment

Agriculture remains the primary source of livelihood for millions of rural families in India, but
farming alone often does not provide sufficient and stable income for small and marginal farmers
(Government of India, 2024). Therefore, diversified livelihood opportunities are essential for
improving rural economic stability and reducing poverty. Activities such as dairy farming, poultry,
fisheries, beekeeping, mushroom cultivation, food processing and rural enterprises provide
additional income and employment opportunities for rural households (FAO, 2023). These allied
sectors help farmers reduce dependence on seasonal crop income and improve resilience against
climate and market risks.

Importance of Diversified Livelihoods

Dairy farming and poultry provide regular daily income, while fisheries and beekeeping support
nutrition and entrepreneurship development. Mushroom cultivation and food processing create
value-added products and employment opportunities for rural youth and women (NITI Aayog,
2023). Rural enterprises also encourage self-employment and strengthen local economies.
Diversified farming systems improve economic security, generate year-round employment and
contribute significantly to sustainable rural development and the vision of Viksit Bharat 2047 (Rao
& Birthal, 2022).

Agriculture and Environmental Sustainability

Sustainable agriculture is essential for protecting natural resources, ensuring food security and
supporting future generations. Indian agriculture faces increasing pressure from soil degradation,
water scarcity, climate change and excessive chemical use, making environmentally sustainable
farming practices more important than ever (FAO, 2023). Sustainable agriculture focuses on
improving productivity while conserving soil, water and biodiversity. Such practices help maintain
ecological balance, reduce environmental pollution and improve long-term agricultural resilience,
which is vital for achieving the vision of Viksit Bharat 2047.

Key Sustainable Practices

Soil health management is one of the most important components of sustainable agriculture.
Farmers are encouraged to use organic manure, crop rotation and green manuring to improve soil
fertility, increase organic carbon and enhance microbial activity (Ministry of Agriculture & Farmers
Welfare, 2024). These practices reduce dependence on chemical fertilizers and improve long-term
soil productivity. Water conservation is equally important because agriculture consumes a large
share of India’s freshwater resources. Rainwater harvesting, drip irrigation and farm ponds help
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improve water-use efficiency and support climate-resilient agriculture (NITI Aayog, 2023). Balanced
fertilizer application and reduced chemical use further protect soil and water quality while reducing
environmental damage.

Economic Multiplier Effect of Local Agriculture

Local agriculture also creates a strong economic multiplier effect within rural communities. When
farmers earn higher incomes, rural businesses, transport services and local markets also benefit,
leading to greater employment opportunities and economic growth (Rao & Birthal, 2022). Increased
agricultural income supports local shops, food processing units and service sectors, improving the
overall rural economy. Youth employment and rural entrepreneurship also increase as local
agricultural activities expand. Therefore, sustainable and locally driven agriculture not only protects
the environment but also strengthens rural livelihoods and promotes inclusive economic
development.

Economic Multiplier Effect of Local Agriculture

Local agriculture creates a strong economic multiplier effect by generating employment, increasing
rural income and strengthening village economies. When money is spent within local food systems,
it circulates among farmers, traders, transporters and rural businesses, thereby creating additional
economic activity (FAO, 2023). Higher farmer income increases demand for transport services,
agricultural inputs and local market goods, which supports rural shops and small enterprises (NITI
Aayog, 2023). Improved agricultural prosperity also creates employment opportunities for rural
youth in food processing, marketing and agri-based enterprises. Therefore, agriculture not only
provides food security but also acts as the foundation of sustainable rural economic development
and inclusive growth (Rao & Birthal, 2022).

Pathway from Dependency to Dignity

India’s agricultural transformation must move farmers from subsistence farming to prosperity,
dignity and self-reliance. Farmers should shift from unorganised markets to digital platforms and
modern value chains that ensure fair prices and better market access. Collective farming through
FPOs and cooperatives can help small farmers access technology, finance and markets more
effectively. Rural development must also promote entrepreneurship, food processing and rural
industries to generate employment and reduce migration. By 2047, Indian villages should become
digitally connected, economically self-reliant, climate-resilient, technologically advanced and
environmentally sustainable. Villages should emerge not only as food producers but also as centres
of innovation, entrepreneurship and rural economic growth, forming the foundation of Viksit
Bharat.

Summary and Conclusion

Agriculture remains the backbone of India’s economy and the strongest foundation for achieving
the vision of Viksit Bharat 2047. Indian agriculture has made remarkable progress in food grain
production, horticulture, dairy development and rural infrastructure. However, farmers still face
several challenges such as small and fragmented landholdings, climate change, water scarcity, post-
harvest losses, limited market access and rising production costs. The paper emphasises that
strengthening small farmers, promoting local food systems and improving rural livelihoods are
essential for building a self-reliant and prosperous India.

The importance of women empowerment, Self-Help Groups (SHGs), Farmer Producer Organisations
(FPOs), digital agriculture and climate-smart farming practices in transforming rural India has been
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fully recognised. Sustainable agriculture, efficient water management, renewable energy, food
processing and rural entrepreneurship can create employment opportunities and improve farmers’
income. Government schemes, rural infrastructure and empowered panchayats also play a crucial
role in achieving inclusive agricultural growth.

In conclusion, India’s journey towards Viksit Bharat 2047 depends on prosperous villages,
empowered farmers and sustainable agriculture. If every village becomes digitally connected,
economically self-reliant, climate-resilient and technologically advanced, agriculture will not only
feed the nation but also drive innovation, rural prosperity and national development.
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Abstract

The vision of Viksit Bharat 2047 aims to transform India into a developed and technologically
advanced economy, with agriculture playing a key role. Aquaculture, as a rapidly growing sector,
contributes significantly to food security, livelihoods, and export earnings but faces challenges such
as climate variability, disease outbreaks, and inefficiencies in resource utilization. Implementing
smart aquaculture and digital transformation are essential in overcoming these challenges and
boosting sectoral productivity. Innovative technologies, such as Internet of Things (loT)-based
monitoring, artificial intelligence (Al) driven analytics, remote sensing, and blockchain-enabled
traceability, facilitate precision aquaculture by enabling real-time decision-making, optimizing
resource utilization, and enhancing supply chain transparency. Despite the challenges associated
with costs, digital literacy, and scalability, the integration of smart technologies has the potential to
enhance sustainability, resilience, and competitiveness, thereby positioning aquaculture as a vital
component of agricultural transformation within the framework of Viksit Bharat 2047.

Keywords: Artificial Intelligence, Internet of Things, Smart Aquaculture, Precision, Viksit Bharat 2047

Introduction

India’s vision of Viksit Bharat 2047 aimed to transform the nation into a developed, inclusive, and
technology- oriented economy, with agriculture serving as a key component of this transition. In this
context, aquaculture has emerged as one of the fastest-growing and rapidly expanding agri-food
sectors, contributing substantially to food security, export earnings, and rural livelihoods (FAO,
2022). However, the sector continues to encounter ongoing difficulties, including climate
fluctuations, disease outbreaks, resource inefficiencies, and restricted access to real-time farm
management tools (Bostock et al., 2010; Troell et a., 2014). Conventional aquaculture practices are
often exhibit low input optimization and inadequate monitoring of essential parameters such as
water quality and feed efficiency, leading in fiscal losses and environmental concerns. Recently, the
advent of digital technologies has opened new avenues for transforming aquaculture into a more
precise, efficient, and sustainable practice. Developments such as Internet of Things (loT)-based
sensors, artificial intelligence (Al), big data analytics, and blockchain-enabled traceability are
facilitating data-driven decision-making optimize resource use, ensure traceability and improving
productivity while minimizing risks (Nasir et a., 2020; Verdouw et a., 2016). Alignment with national
programs such as the Pradhan Mantri Matsya Sampada Yojana (PMMSY) and the Blue Economy
framework, smart aquaculture holds the promise of expediting sectoral modernization. By
integrating digital technologies with traditional practices, it is possible to improve production
efficiency, promote environmental sustainability, and fortify value chains. Therefore, smart
aquaculture and digital transformation have the potential to drive India’s agricultural future and
achieving the goals of Viksit Bharat 2047.
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Aquaculture in India: Current Status and Significance

India's aquaculture industry has witnessed significant expansion, with production surpassing 16
million tonnes, playing a crucial role in food security and export revenues (FAO, 2022). The shrimp
farming segment, especially Penaeus vannamei, leads in exports and makes a considerable
contribution to foreign exchange (Naylor et a., 2021). However, the productivity per unit area is still
below global benchmarks, underscoring the necessity for technological advancements and
enhanced farm management strategies (Troell et al., 2014).

Concept of Smart Aquaculture

Conventional aquaculture methods encounter several limitations like disease outbreaks (Lightner,
2011), environmental fluctuations that impact growth and survival rates (FAO, 2022), inefficiencies
in feed usage led to increased pollution and elevated costs (Boyd et al., 2024), absence of real-time
monitoring that results in suboptimal decision-making. These issues highlight the need for the
implementation of advanced technologies. The phrase "smart aquaculture" refers to the integration
of advanced technologies such as the loT, Al, and cloud computing to optimize aquaculture
operations. loT devices, which include water quality sensors, cameras, feeding machines, and
environmental monitoring systems, continuously collect data from aquaculture facilities. Following
this, Al algorithms process this data to provide insights and support the automated management of
farming activities. For example, smart aquaculture platforms can aggregate data from multiple
sensors, providing farmers with a comprehensive dashboard that presents real-time information on
pond conditions, animal behaviour, and feeding schedules. Automated control systems can adjust
aeration, feeding, and water exchange based on Al predictions (Figure 1). These integrated systems
enhance farm productivity, minimize labour needs, and promote sustainable production. Smart
aquaculture integrates digital technologies into aquaculture systems to improve productivity and
sustainability. It enables real-time monitoring, automation, and data-driven decision-making (Nasir
et al., 2020). This transition from conventional to precision aquaculture is critical for future growth.
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Figure 1. Smart Aqiuaculture system

Digital transformation: Applications in smart aquaculture

Water quality monitoring

The quality of water plays a crucial role in aquaculture, having a direct impact on the health of fish
and shrimp. Key parameters such as temperature, dissolved oxygen, pH, salinity, ammonia, and

— EE—
Special Issue | June, 2026 | 14 |



I —
ISSN : 2583-0910

Agri-India TODAY

visit us at www.agriindiatoday.in

Peer reviewed
monthly newsletter

turbidity need to stay within optimal limits. Systems powered by Al utilize sensor data and cloud-
based analytics to continuously monitor these parameters, identify anomalies, and initiate alerts or
automated responses like aeration. Furthermore, Al has the capability to forecast future changes in
water quality, allowing for preventive measures that minimize stress and mortality while enhancing
overall production efficiency.

Precision feeding and feed management

Feed constitutes the largest expense in aquaculture, accounting for 50—-70% of costs, which makes
efficient feeding crucial. Al-driven systems leverage sensors, cameras, and machine learning to
observe animal behaviour and optimize both the timing and quantity of feed in real time.
Technologies such as computer vision are employed to identify feeding activities and mitigate the
risk of overfeeding, while predictive models modify feeding strategies based on factors like
temperature, size, and growth stage. In the context of shrimp farming, intelligent feeding trays
equipped with image recognition technology further enhance accuracy, leading to improved feed
efficiency and a reduction in environmental waste.

Disease detection and health monitoring

Disease outbreaks pose a significant risk in aquaculture, leading to considerable economic losses.
Al facilitates early detection by employing computer vision and machine learning to recognize
unusual behaviour, physical symptoms, and hazardous environmental conditions. Sophisticated
systems equipped with biosensors can identify pathogens or stress signals and notify farmers in real
time. This capability enables prompt interventions, thereby decreasing mortality rates and
enhancing the efficiency of disease management.

Automated animal counting

Precise estimation of stock and biomass is crucial in aquaculture; however, conventional methods
tend to be labour-intensive and stressful. Al-driven computer vision systems utilize cameras or
drones to automatically count fish and shrimp, even within dense populations. These systems
monitor growth, estimate biomass, and track changes in population, facilitating improved decision-
making regarding feeding, stocking, and harvesting, particularly in large-scale operations.

Production Forecasting

Al aids in forecasting aquaculture output by examining elements such as water quality, feeding
practices, disease prevalence, and environmental conditions. Machine learning algorithms utilize
past data to anticipate growth rates, feeding requirements, and harvest outputs, facilitating
improved scheduling of stocking, feeding, and harvesting activities. These technologies also assist
both the industry and governmental bodies in anticipating production patterns and market
availability.

Challenges in smart aquaculture

Despite its advantages, smart aquaculture encounters obstacles including elevated costs, gaps in
digital literacy, and limitations in infrastructure (FAO, 2022). One of the main limitations is the
substantial initial investment for installing Al-based monitoring systems, sensors, and automated
machinery. Small-scale farmers may find it difficult to invest in advanced technologies without
financial assistance. Another challenge is the lack of high-quality data necessary to train Al models.
In many aquaculture regions, farm data is often not systematically documented, making it difficult
to develop precise predictive algorithms. Additionally, technical expertise is essential to operate and
maintain Al systems. Farmers may need training to effectively interpret Al-generated
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recommendations and incorporate them into their daily farm management practices. Furthermore,
environmental variability in aquaculture systems can sometimes reduce the accuracy of Al
predictions, particularly when models are developed using limited datasets. Addressing these
challenges will necessitate collaboration among researchers, technology developers, governments,
and aquaculture producers. Nevertheless, the rise in investment in agri-tech and backing from the
government offers substantial opportunities for expansion.

Future Perspectives

Al is expected to assume a progressively significant in the future of aquaculture. Developments in
machine learning, sensor technologies, and cloud computing will render Al systems more affordable
and accessible to farmers. In the years ahead, Al could facilitate entirely automated aquaculture
farms where feeding, water quality management, and disease monitoring are managed by
intelligent systems. The integration of satellite data, climate models, and genetic information may
further improve the precision of aquaculture management tools. Moreover, Al technologies can aid
in promoting more sustainable aquaculture by reducing feed waste, minimizing environmental
impacts, and improving resource efficiency. As the global demand for seafood continues to grow,
the implementation of smart technologies such as Al will be crucial for boosting aquaculture
productivity while ensuring environmental sustainability.

Conclusion

Artificial intelligence is transforming aquaculture management by offering innovative solutions for
monitoring, decision-making, and automation. Applications such as Al-based water quality
monitoring, precision feeding, disease detection, automated counting, and production forecasting
are already improving the efficiency of aquaculture operations. Despite challenges related to cost,
data availability, and technical expertise, ongoing technological advancements are anticipated to
boost the adoption of Al in aquaculture. By integrating Al with loT and smart farming technologies,
the aquaculture industry can progress towards more sustainable, efficient, and resilient production
systems. The use of Al in aquaculture represents a significant step toward precision aquaculture,
where data-driven management can improve productivity, mitigate risks, and foster the long-term
growth of the global aquaculture sector.
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Introduction

Indian agriculture must simultaneously deliver food and nutrition security, raise farm incomes, and
respond to accelerating climate risks over the next two decades. Recent assessments highlight that
climate change is already manifesting through rising temperatures, erratic monsoons, and more
frequent extreme events, all of which directly affect production and livelihoods (Drishti IAS, 2026).
Small and marginal farmers—who constitute the overwhelming majority of cultivators—are
particularly vulnerable because of their limited assets, thin risk-bearing capacity, and high
dependence on rain-fed production systems (Asia Foundation, 2024; TRIF, 2023).

The national vision of Viksit Bharat 2047 demands that agriculture become more productive,
resilient, resource-efficient, and inclusive in order to advance Sustainable Development Goals
(SDGs) 2 (Zero Hunger), 12 (Responsible Consumption and Production), and 13 (Climate Action). To
achieve this, India has adopted an integrated approach combining climate-smart agriculture (CSA),
digital and precision agriculture, and Mission LiFE (Lifestyle for Environment) as complementary
pillars of transformation (Government of India, 2023; Ministry of Environment, Forest and Climate
Change [MoEFCC], 2022).

This article argues that integrating CSA and digital agriculture within the behavioral and institutional
framework of Mission LiFE can provide a robust, smallholder-centred pathway to agricultural
transformation by 2047. It outlines the conceptual foundations, reviews current initiatives, develops
a simple analytical framework with equations, and proposes a roadmap consistent with the
thematic focus areas of the special issue such as climate-smart agriculture, digital farming, natural
and regenerative practices, farmer producer organizations (FPOs), and policy reforms.

Climate-Smart Agriculture: Concept and Relevance

The Food and Agriculture Organization (FAO) defines climate-smart agriculture as an approach that
“sustainably increases productivity, enhances resilience (adaptation), reduces or removes
greenhouse gas emissions (mitigation) where possible, and enhances achievement of national food
security and development goals” (Lipper et al.,, 2014, as cited in CGIAR, 2015). This definition
emphasizes three interlinked pillars: (a) productivity and income enhancement, (b) adaptation and
resilience, and (c) mitigation through reduced emissions or increased carbon sequestration (FAO,
2010; World Bank, 2023).

FAO conceptualizes CSA as a pathway based on these pillars, noting that specific practices must be
tailored to local agro-ecological and socio-economic conditions (FAO, 2010). Typical CSA
interventions include conservation tillage, integrated nutrient management, stress-tolerant
varieties, agroforestry, improved water management, and diversified farming systems that spread
risk and enhance ecosystem services (United Nations Framework Convention on Climate Change
[UNFCCC], 2021).
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In India, several case studies show that CSA practices can stabilize yields under climate stress, reduce
input costs, and improve the resilience of smallholders (GeoJournal, 2023; Asia Foundation, 2024).
For example, district-level research in Punjab has documented how crop diversification, residue
management, and water-saving technologies improve both productivity and resilience relative to
conventional practices (Geolournal, 2023).

Mission LiFE: Behavioral Foundation for Sustainable Agriculture

Mission LiFE—announced by the Prime Minister at COP26—seeks to transform the dominant
“use-and-dispose” culture into a circular economy characterized by “mindful and deliberate
utilization” of resources (NITI Aayog, 2026). It is envisaged as an India-led global mass movement to
nudge individual and community-level actions that collectively generate significant climate
co-benefits (MoEFCC, 2022). The mission aims to mobilize at least one billion Indians and other
global citizens to adopt environment-friendly behaviors between 2022 and 2027, with a target of
making at least 80 percent of Indian villages and urban local bodies environmentally sustainable by
2028 (India Brand Equity Foundation [IBEF], 2023; MoEFCC, 2022).

Agriculture is central to Mission LiFE because it shapes land use, water and energy consumption,
and dietary patterns. Official documents list LiFE actions such as reducing food waste, promoting
millets and other climate-resilient crops, composting organic waste, minimizing chemical input use,
and encouraging local food systems (MoEFCC, 2022; Prepp, 2024). The Ministry of Agriculture and
Farmers’ Welfare has linked Mission LiFE to programs promoting natural farming, organic
agriculture, and water-efficient technologies, as highlighted in national events on World
Environment Day (Government of India, 2023).

By embedding CSA practices within Mission LiFE, India reframes climate action in agriculture as both
a technological and behavioral challenge. This integration encourages farmers, consumers, and
value-chain actors to choose production and consumption patterns that are simultaneously
climate-resilient and resource-efficient (IBEF, 2023).

Digital and Precision Agriculture as Enablers

While CSA identifies what needs to be done, digital and precision agriculture provide powerful tools
for how to implement it efficiently and at scale. The Digital Agriculture Mission (DAM) 2021-2025
aims to transform Indian agriculture through data-driven solutions using artificial intelligence (Al),
blockchain, drones, remote sensing, and Internet-of-Things (loT) devices (NextlAS, 2025). Its core
components include a unified farmer database, geo-referenced village maps, a digital crop survey,
and a decision-support system that integrates multiple data streams for real-time advisories
(Sanskriti IAS, 2025).

The mission envisions an “AgriStack” as a digital public infrastructure for agriculture, enabling
precise targeting of schemes, improved crop insurance, and Al-enabled pest and disease forecasting
(Sanskriti IAS, 2025). Complementing these public initiatives, numerous agri-tech start-ups provide
satellite-based crop monitoring, mobile-phone-based extension, and data analytics services that
convert high-resolution information into simple, localized advisories (Economic Times, 2026).
Evidence from such platforms indicates that precision recommendations on sowing dates, fertilizer
doses, and irrigation scheduling can reduce input use, lower greenhouse gas emissions, and improve
yields, thereby directly supporting the three pillars of CSA (ARCC Journals, 2026; World Bank, 2023).

Digital tools can also strengthen value-chain resilience by improving yield forecasting, traceability,
price discovery, and access to credit and insurance, which are critical for smallholders facing
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climate-induced market volatility (Economic Times, 2026; NextlAS, 2025). However, their impact
depends on bridging the digital divide across regions, gender, and socio-economic groups, and on
ensuring that farmers retain control over their data (Sanskriti IAS, 2025).

Analytical Framework: Measuring Climate-Smart Digital Agriculture

To conceptualize how CSA and digital agriculture jointly contribute to Viksit Bharat 2047, a simple
composite indicator can be outlined. Let the Climate-Smart Digital Agriculture Index for a given
farm or region be expressed as

CSA_D Y +pB R E
= a— —_— -y,

T PR T

where Y denotes current yield or income, R denotes a resilience measure (for example, yield

stability or probability of loss), E represents greenhouse gas emissions per unit output, and Yy, Ry,

and E, are baseline values for a conventional system; a, 5, and y are weights reflecting national

priorities.

This formulation reflects FAQO’s three pillars of CSA—productivity, resilience, and mitigation—while
allowing digital technologies to influence the numerator of each component by improving decision
making, resource efficiency, and risk management (FAO, 2010; World Bank, 2023). In practice, the
resilience term could use indicators such as variance of yields or frequency of crop failure, while the
emissions term could be based on life-cycle assessments of input use and land-use change (FAO,
2010).

Water productivity, a key CSA objective in water-stressed regions, can be represented as
Y
WP = T
where WP is water productivity, Y is crop yield, and ET is crop evapotranspiration. Precision
irrigation systems driven by soil-moisture sensors and weather forecasts aim to maximize WP by
increasing yields while maintaining or reducing evapotranspiration (UNFCCC, 2021).

Similarly, the carbon footprint per unit output can be approximated as
j=1 Ej

—y

where E; denotes emissions from different sources such as fertilizers, fuel, and residue burning. CSA

practices like reduced ftillage, agroforestry, and residue incorporation seek to minimize CF, and

digital monitoring can provide the data needed for carbon accounting and participation in

climate-finance mechanisms (FAO, 2010; World Bank, 2023).

CF =

These equations do not require primary data in this conceptual article but provide a framework that
researchers can operationalize using plot-level or district-level datasets for empirical analysis.

Indian Policy Architecture for Climate-Smart Digital Agriculture

India’s policy architecture already contains several elements needed to operationalize climate-smart
digital agriculture. Under the National Action Plan on Climate Change, the National Mission for
Sustainable Agriculture (NMSA) promotes soil health management, water-use efficiency, rain-fed
area development, and climate-resilient agriculture (Prepp, 2024). The National Initiative on
Climate Resilient Agriculture (NICRA), implemented by the Indian Council of Agricultural Research
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(ICAR), focuses on strategic research, technology demonstration, and capacity building for
climate-resilient technologies across vulnerable districts (CCAFS, 2021; Vajiram & Ravi, 2025).

Press releases from the Ministry of Agriculture indicate that ICAR has developed a large number of
climate-resilient crop varieties and management practices, which are being showcased through
Kisan Melas and demonstration villages (Government of India, 2023). NMSA, NICRA, Pradhan Mantri
Krishi Sinchai Yojana (PMKSY) and other schemes together address climate adaptation, resource
conservation, and risk reduction, though their implementation remains uneven across states
(DrishtilAS, 2026).

Parallelly, the Digital Agriculture Mission is building digital public infrastructure through farmer
registries, geo-referenced village maps, and crop-sown registries, which will enable precise targeting
of subsidies, credit, and insurance, as well as Al-based pest forecasting (NextlAS, 2025; Sanskriti IAS,
2025). Private agri-tech firms are partnering with government agencies under public—private
partnership models to offer digital advisory, yield mapping, and climate-risk analytics to farmers
(Economic Times, 2026).

Mission LiFE, anchored by NITI Aayog and MoEFCC, provides a unifying behavioral framework for
these initiatives by emphasizing resource-conserving lifestyles and enumerating 75 actionable LiFE
practices, many of which pertain to agriculture and food systems (MoEFCC, 2022; NITI Aayog, 2026).
Integrating these missions at the district level through convergence planning and digital monitoring
can help mainstream CSA-digital solutions into routine agricultural development.

Smallholders, FPOs, and Inclusive Transformation

Any roadmap toward Viksit Bharat 2047 must be explicitly smallholder-centric, given that holdings
below two hectares constitute more than 86 percent of India’s farms (Asia Foundation, 2024; TRIF,
2023). Studies show that most marginal farmers wish to remain in agriculture but require better
access to technology, credit, and markets to do so sustainably (TRIF, 2023).

Farmer Producer Organizations (FPOs) and cooperatives can serve as critical institutional vehicles
for inclusive climate-smart digital agriculture. They aggregate smallholders, reduce per-unit costs of
adopting technologies such as drones and sensors, and enhance bargaining power in input and
output markets (Asia Foundation, 2024). Government documents and press releases highlight
examples where FPOs collectively manage natural farming clusters, composting units, and
micro-irrigation systems, thereby converting LiFE principles into concrete practices (Government of
India, 2023).

Digital platforms can be routed through FPOs to provide advisory services, soil testing, crop
insurance, and market information, while also ensuring data stewardship and fair benefit-sharing
(NextlAS, 2025; Sanskriti IAS, 2025). Women's self-help groups (SHGs) and youth-led enterprises can
further deepen inclusion by acting as local service providers for climate-smart digital solutions,
leveraging their relatively higher digital literacy and social networks (ARCC Journals, 2026). This
approach directly contributes to SDGs 2 and 5 by enhancing food security and gender equality
alongside climate action (UNFCCC, 2021).

Roadmap to 2047: Strategic Priorities
Building on the above analysis, an indicative roadmap for integrating CSA, digital agriculture, and
Mission LiFE toward Viksit Bharat 2047 can be structured around five strategic priorities.

Special Issue | June, 2026 | 20 |



ISSN : 2583-0910
Agri-India TODAY

visit us at www.agriindiatoday.in

Peer reviewed
monthly newsletter

1. Design and dissemination of location-specific CSA-digital packages. Research organizations
and state agricultural universities should formulate agro-ecology-specific “climate-smart
packages” that combine climate-resilient varieties, water-saving technologies, diversified
cropping patterns, and nutrient-efficient practices, delivered through digital advisory systems
linked to the DAM infrastructure (CCAFS, 2021; NextIAS, 2025).

2. Building climate-ready digital public infrastructure. Completing the farmer registry,
geo-referencing land parcels, and operationalizing the crop-sown registry will enable
high-resolution monitoring of adoption and impact, facilitate parametric insurance, and open
pathways for smallholders to participate in carbon and ecosystem-services markets (Sanskriti
IAS, 2025; World Bank, 2023).

3. Mainstreaming Mission LiFE practices in agriculture. State action plans should explicitly
integrate LiFE actions such as reduced food waste, millet-based cropping systems, organic
waste composting, and plastic-free input management into agricultural extension, with digital
tools tracking behavioral change indicators over time (MoEFCC, 2022; IBEF, 2023).

4. Strengthening FPOs and local governance for climate-smart digital services. Financial and
capacity-building support should enable FPOs to operate as hubs for digital and CSA services—
offering drone-based crop monitoring, soil testing laboratories, and community irrigation
systems—while ensuring participation of women and youth in leadership roles (Asia
Foundation, 2024; Government of India, 2023).

5. Ensuring ethical and just transitions. Clear frameworks for data ownership, consent, and
benefit-sharing must be established so that farmers remain primary rights-holders over their
data and environmental services (Sanskriti 1AS, 2025; Economic Times, 2026). Social
safeguards, grievance-redress mechanisms, and inclusive design processes are necessary to
prevent digital exclusion and unintended concentration of benefits (DrishtilAS, 2026).

Conclusion

The convergence of climate-smart agriculture, digital and precision technologies, and Mission LiFE
offers India a coherent and powerful strategy for transforming agriculture in line with the aspirations
of Viksit Bharat 2047. CSA provides a framework for increasing productivity, resilience, and
mitigation; digital tools operationalize this framework through data-driven decisions and efficient
resource use; and Mission LiIFE embeds these changes within a broader behavioral shift toward
sustainable lifestyles (FAO, 2010; NITI Aayog, 2026; World Bank, 2023). If implemented through
smallholder-centric institutions such as FPOs, supported by robust digital public infrastructure and
ethical data governance, this integrated approach can help India achieve SDGs 2, 12, and 13 while
raising farm incomes and safeguarding ecosystems. The conceptual equations and policy roadmap
outlined in this article provide a basis for further empirical research and programmatic design,
aligning closely with the focus areas of climate-smart and resilient agriculture, digital precision
farming, agro-ecology, and policy reforms envisaged for the special issue.
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Abstract

Indian agriculture is undergoing a major technological transformation as the country moves towards
the vision of Viksit Bharat 2047. Increasing pest outbreaks, climate variability, pesticide resistance,
labour shortages, and environmental concerns are challenging conventional crop protection
systems. Artificial Intelligence (Al), remote sensing, drones, Internet of Things (loT), robotics, and
machine learning based smart technologies are emerging as powerful tools for modern pest
monitoring and precision pest management. These technologies enable real time surveillance,
automated insect detection, predictive analytics, early warning systems, and targeted pesticide
application, thereby reducing crop losses and minimizing excessive pesticide use. Al-powered smart
traps, computer vision systems, multispectral imaging, and UAV-based surveillance are
revolutionizing Integrated Pest Management (IPM) by making pest management more accurate,
economical, and environmentally sustainable. India has also accelerated the adoption of digital
agriculture through initiatives such as the Digital Agriculture Mission, Drone Didi Scheme, AgriStack,
and Al-based advisory platforms. Smart pest management technologies have immense potential to
improve productivity, strengthen food security, reduce environmental contamination, and empower
Indian farmers with climate resilient crop protection solutions. The integration of Al and precision
agriculture will play a pivotal role in transforming Indian agriculture into a sustainable, technology
driven, and globally competitive sector under the Viksit Bharat 2047 vision.

Keywords: Artificial Intelligence, Smart Pest Monitoring, Precision Agriculture, Integrated Pest
Management, Remote Sensing, Viksit Bharat 2047

Introduction

Agriculture remains the backbone of the Indian economy, supporting the livelihoods of millions of
farmers and contributing significantly to national food security. However, Indian agriculture is
presently facing multiple challenges, including climate change, declining natural resources, labour
scarcity, emerging invasive pests, pesticide resistance, and increasing crop losses due to insect pests
and diseases. According to the Food and Agriculture Organization (FAO), insect pests alone are
responsible for nearly 20-40% reduction in global crop yields annually (Rahman and Ravi, 2022).
Under changing climatic conditions, pest outbreaks are becoming more frequent, unpredictable,
and economically damaging.

Traditional pest management approaches mainly depend on manual scouting and indiscriminate
pesticide application. Although chemical pesticides have contributed significantly to increased crop
production, their excessive and unscientific use has created several ecological and health concerns
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such as pesticide resistance, resurgence of secondary pests, environmental contamination,
destruction of natural enemies, and pesticide residues in food products (Naveed et al., 2023). These
concerns have created an urgent need for more sustainable, precise, and intelligent pest
management systems.

In recent years, Artificial Intelligence (Al) and smart agricultural technologies have emerged as
transformative tools in modern agriculture. Al refers to the ability of computer systems to perform
tasks that normally require human intelligence, including learning, reasoning, prediction, and
decision-making (Angermueller et al., 2016). The integration of Al with machine learning (ML), deep
learning, remote sensing, Internet of Things (loT), robotics, and unmanned aerial vehicles (UAVs) is
revolutionizing agricultural pest monitoring and crop protection systems (Aziz et al., 2025). These
technologies provide real time field surveillance, automated pest identification, predictive
forecasting, and precision pesticide application, enabling farmers to take timely and informed pest
management decisions.

Artificial Intelligence in Modern Agriculture

Artificial Intelligence has rapidly expanded its role in agriculture by enabling data-driven decision
making and precision farming practices. Al systems analyse massive datasets collected through
sensors, drones, satellite imagery, weather stations, and mobile applications to generate accurate
recommendations for farmers (Rahman and Ravi, 2022). Machine learning algorithms can identify
patterns in pest population dynamics, crop growth, climatic conditions, and disease occurrence,
thereby helping farmers implement preventive management strategies.

The emergence of Agriculture 4.0 has further accelerated digital transformation in farming systems.
Technologies such as loT enabled smart sensors, cloud computing, Al-based advisory systems, and
autonomous machinery are making agriculture more efficient and sustainable (Wolfert et al., 2017).
Al-powered agriculture can significantly improve resource-use efficiency, reduce production costs,
and increase farm profitability.

India is also witnessing rapid growth in digital agriculture innovations through government-
supported initiatives such as the Digital Agriculture Mission, National e-Governance Plan in
Agriculture (NeGPA), AgriStack, and Kisan Drone programs. These initiatives aim to integrate digital
technologies into farming systems and strengthen climate resilient agriculture under the Viksit
Bharat framework.

Table 1. Major Smart Technologies Used in Pest Management

Technology Major Application
Artificial Intelligence (Al) Pest identification and prediction
Machine Learning Pest outbreak forecasting
Remote Sensing Crop stress and pest surveillance
Drones (UAVs) Precision spraying and scouting
loT Sensors Real-time field monitoring
Smart Traps Automated insect detection
Robotics Precision pest control

Source: Compiled from Rahman and Ravi (2022), Aziz et al,. (2025), and Chakrabarty et al., (2026).

Special Issue | June, 2026 | 24 |



ISSN : 2583-0910
Agri-India TODAY

visit us at www.agriindiatoday.in

Peer reviewed
monthly newsletter

Smart Pest Monitoring and Early Detection Systems

Early detection of insect pests is one of the most important components of successful pest
management. Conventional pest scouting methods are labour intensive, time consuming, and often
inaccurate. Al-based smart pest monitoring systems provide automated, continuous, and highly
accurate pest surveillance.

Computer vision technology combined with deep learning models such as YOLO, Faster R-CNN, and
Convolutional Neural Networks (CNNs) can automatically identify insect pests from digital images
with very high accuracy (Chakrabarty et al,, 2026). Smart insect traps integrated with cameras,
sensors, and Al software can capture insect images, classify pest species, and transmit real time
information to farmers through mobile applications (Passias et al., 2024). Recent studies have
demonstrated pest identification accuracies exceeding 90-97% under controlled conditions using Al-
based image recognition systems (Buschbacher et al., 2020). Smart pest monitoring systems are
now being developed for important agricultural pests such as fall armyworm, brown planthopper,
whiteflies, fruit flies, and stem borers.

Al-driven monitoring systems are particularly useful in rice, cotton, maize, sugarcane, and
horticultural crops where pest outbreaks can rapidly spread across large areas. Real time pest alerts
enable farmers to take timely control measures before economic damage occurs.
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Figure 1. Al-based smart pest monitoring system for automated insect detection
and real-time crop surveillance. Source: Adapted from Chakrabarty et al., (2025)

Role of Remote Sensing and Drones in Pest Management

Remote sensing technologies have revolutionized crop monitoring and pest surveillance. Satellite
imagery, multispectral sensors, hyperspectral imaging, and drone based remote sensing systems can
detect subtle changes in crop health associated with pest infestations (Aziz et al., 2025). Vegetation
indices such as the Normalized Difference Vegetation Index (NDVI) help identify crop stress caused
by insect feeding.

Drones or Unmanned Aerial Vehicles (UAVs) are increasingly being used for field scouting, pest
mapping, crop health monitoring, and precision pesticide spraying. UAVs equipped with thermal
cameras and multispectral sensors can quickly scan large agricultural fields and identify pest
hotspots with high precision. This technology reduces scouting time and improves pest detection
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efficiency. Drone based pesticide application has gained significant attention in India because of its
ability to reduce labour dependency and optimize pesticide use. Precision spraying through drones
ensures uniform droplet distribution and minimizes pesticide drift and environmental
contamination (Faical et al., 2017). UAV spraying is particularly useful in rice ecosystems, cotton
fields, orchards, tea plantations, and inaccessible terrains.

The Government of India has actively promoted drone adoption through the Drone Rules 2021 and
subsidy programs under the Sub-Mission on Agricultural Mechanization (SMAM) (Sidharth et al.,
2023). Initiatives like the “Namo Drone Didi” scheme are empowering rural women and Farmer
Producer Organizations (FPOs) to adopt drone technologies for sustainable agriculture (Kalita et al.,
2025).

Al-Based Predictive Analytics and Decision Support Systems

One of the most promising applications of Al in agriculture is predictive pest forecasting. Al
algorithms analyse weather parameters, crop stage, humidity, temperature, rainfall, and historical
pest incidence data to predict future pest outbreaks (Ibrahim et al., 2022). Such predictive systems
help farmers implement preventive control measures rather than reactive pesticide applications.

Machine learning models such as Support Vector Machines (SVM), Random Forest (RF), Deep Belief
Networks (DBN), and Long Short-Term Memory (LSTM) networks are increasingly being used for
pest population prediction and disease forecasting (Vishnu et al., 2025). These systems support
decision making by recommending the appropriate timing, dosage, and method of pest
management. Al-enabled mobile applications are also becoming popular among farmers. Platforms
such as Plantix, Cotton Ace, and Al-based crop advisory tools help farmers diagnose pest problems
through smartphone images and receive instant management recommendations (Rahman and Ravi,
2022). Such digital advisory systems are highly valuable for smallholder farmers who lack access to
agricultural experts.

Smart Technologies and Integrated Pest Management (IPM)

Integrated Pest Management (IPM) focuses on sustainable pest suppression using a combination of
cultural, biological, mechanical, and chemical methods. Al and smart technologies are strengthening
IPM by improving precision, monitoring efficiency, and decision-making capacity (Demirel and
Kumral, 2021).

Al-based systems can monitor pest thresholds and recommend pesticide application only when
economic threshold levels are reached (Rustia et al., 2022). This reduces unnecessary pesticide use
and conserves beneficial organisms such as pollinators and natural enemies. Smart pest
management systems also support biological control programs by monitoring pest natural enemy
interactions and ecological dynamics (Javed et al., 2025). loT-enabled smart sensors can
continuously monitor field conditions including humidity, temperature, soil moisture, and crop
canopy status. Such data driven systems allow farmers to adopt climate-smart pest management
strategies. Precision IPM approaches can significantly reduce environmental pollution, pesticide
residues, and production costs while improving sustainability.

Role of Robotics and Automation in Crop Protection

Agricultural robotics is another emerging frontier in smart pest management. Autonomous robots
equipped with cameras, sensors, and Al systems can detect pest infestations and apply localized
pesticide treatments (Fue et al., 2020). These robotic systems minimize chemical usage and improve
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spraying accuracy. Advanced robotic technologies are also being explored for greenhouse pest
management, weed control, and pollinator monitoring. Al-enabled robotic systems can operate
continuously and reduce labour dependency in agricultural operations. In developed agricultural
systems, autonomous robots are already being used for precision spraying and crop surveillance
(Sharma and Shivandu, 2024).

Although large scale robotic adoption in Indian agriculture is still limited due to high costs and
infrastructure challenges, rapid technological advancement and government support are expected
to accelerate their future integration into farming systems.

Al, Sustainability, and Viksit Bharat 2047

The vision of Viksit Bharat 2047 aims to transform India into a developed, self-reliant, technologically
advanced, and sustainable nation. Agriculture will play a central role in achieving this vision. Al and
smart pest management technologies directly support several national goals including food security,
environmental sustainability, digital agriculture, climate resilience, and farmer welfare (Govindaraj,
2026).

Al-driven pest management systems can significantly reduce pesticide misuse, conserve
biodiversity, improve soil and water quality, and enhance farm profitability. Precision agriculture
technologies support sustainable intensification by maximizing productivity with minimal
environmental damage. These technologies also contribute to Sustainable Development Goals
(SDGs), particularly SDG-2 (Zero Hunger), SDG-12 (Responsible Consumption and Production), and
SDG-13 (Climate Action).

India’s growing startup ecosystem in agri-tech, expansion of rural internet connectivity, digital
infrastructure development, and government policy support are creating a favourable environment
for Al-driven agricultural transformation.

Table 2. Government Initiatives Supporting Digital Agriculture in India

Initiative Objective

Digital Agriculture Mission Promotion of digital farming

AgriStack Digital farmer database and advisory
Drone Rules 2021 Simplified drone regulations

Namo Drone Didi Drone empowerment for rural women
SMAM Scheme Support for agricultural mechanization
Digital India Mission Rural digital connectivity

Source: Government of India digital agriculture initiatives and Ministry of Agriculture reports.

Challenges in Adoption of Al Technologies

Despite tremendous potential, several challenges still limit the widespread adoption of Al and smart
technologies in Indian agriculture. High initial investment costs, limited digital literacy among
farmers, inadequate rural infrastructure, poor internet connectivity, and shortage of quality datasets
remain major barriers. Al systems also require large, well-labelled datasets for accurate training and
performance. Variability in crop ecosystems, insect morphology, environmental conditions, and field
complexity can affect the reliability of Al models (Goodwin et al., 2021). Small and marginal farmers
may face difficulties in accessing expensive digital tools and advanced technologies.

To overcome these constraints, stronger collaboration among agricultural scientists, engineers,

policymakers, startups, and extension agencies is essential. Capacity building programs, farmer
e
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training, affordable digital tools, and public-private partnerships will be critical for scaling Al
adoption in Indian agriculture.

Conclusion

Artificial Intelligence and smart pest management technologies are rapidly transforming modern
agriculture by making pest monitoring more accurate, timely, and sustainable. Al-driven systems
including remote sensing, drones, smart traps, loT sensors, robotics, and predictive analytics are
strengthening Integrated Pest Management and reducing excessive dependence on chemical
pesticides. These technologies offer enormous potential for improving crop productivity,
environmental sustainability, and climate resilience in Indian agriculture. As India progresses
towards the vision of Viksit Bharat 2047, the integration of Al into agricultural systems can play a
transformative role in building a technologically advanced, sustainable, and globally competitive
agricultural sector. Strengthening digital infrastructure, promoting farmer-centric innovations, and
ensuring inclusive access to smart technologies will be essential for realizing the full potential of Al-
driven agriculture in the coming decades.
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Introduction

In India, agricultural school education started initially at Saidapet of Chennai (Madras Presidency) in
the year 1868, which later shifted to Coimbatore and became the Madras Agricultural College in
1906; similarly, other agricultural colleges were started in Pune (1907), Kanpur (1906), Sabour
(1908) and Nagpur (1906) in different regions of country in the pre independence period for the
Human Resource development purpose in Agriculture for scientific agricultural extension purpose.
Similarly, the first veterinary school was established in 1862 at Babugarh (Uttar Pradesh), followed
by the veterinary colleges at Bombay (1886), Calcutta (1893), Madras (1903), and Bihar (1904) to
train veterinarians for civil and military services. Also, the Indian Agricultural Research Institute and
Indian Veterinary Research Institute kind of premier research institutions also initiated research
centric human resource development purposes. The colleges initially offered diploma and degree
courses focused on crop cultivation, soil science, and animal husbandry, mainly under provincial
governments.

Those days, agriculture sector was the major contributor of economy and food security. So,
considering its importance and regulate the agricultural research activities; Imperial Council of
Agricultural Research (ICAR) was initiated on 16 July 1929 under the Royal Commission on
Agriculture (1926) recommendation then after Independence, the Council was renamed the Indian
Council of Agricultural Research in 1947 and its scope was expanded to include education, research,
and extension in all agricultural disciplines. At the same time, Agriculture is a state subject and so,
considering the vast diversity of agro climatic regions; In 1949, Dr. S. Radhakrishnan, made several
landmark recommendations for reforms in university education, with a strong focus on
establishment of “Rural Universities” to promote rural reconstruction, agricultural development,
and community service and directly influenced the creation of State Agricultural Universities (SAUs)
based on the Land-Grant model of the United States during the 1960s. The first SAU, Govind Ballabh
Pant University of Agriculture and Technology (GBPUAT), was established in Pantnagar, of
Uttarpradesh in present days Uttarakhand in the year 1960; Gradually, the reorganized SAU system
was established in many states under the State Agricultural Universities (SAUs).

Decentralized Agricultural University System in India

The reorganized ICAR Agricultural Education Division strengthened the agricultural education
system of the country through providing technical, ensuring quality standard maintenance through
standard operating procedures for transfer of technology and capacity building in agriculture from
the years 1960s’ to still date. Because of these efforts, country achieved food security and exporting
the agricultural commodities to other countries. Hence, the present need of agricultural university
has shifted in broader perspectives as compare to its vast agro ecological land area coverage and
population settlement in rural areas and livelihoods. Also, one side the liberalization policy
continues to lead innovation in agriculture, animal science, fisheries, and rural development and
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another side of sustainable development, environmental priorities, inclusiveness and farmer
welfare also getting attention under the broader perspectives of Agricultural Universities role in
addressing SDGs in India.

At present India have 74 agricultural universities under the National Agricultural Research and
Education System. It includes 63 State Agricultural, 3 Central Agricultural Universities 4 Deemed
Agricultural Universities and 4 Central Universities that have a faculty of Agriculture. It plays very
important role in not only research, education, and extension; it addresses various goals of the
United Nation Organization’s Sustainable Development Goals. Agriculture is directly and indirectly
contributing Fifteen out of seventeen Sustainable Development Goals.

The Agricultural universities’ role in Green revolution and other advancements also highly
appreciable for Self sustainable food grain production. At the same time in the present context;
India, with its large agrarian base, faces multiple challenges: nutritional security, climate change,
environmental degradation, uneven rural development, and livelihood insecurity. Hence, to
address the system specific issues; the Agricultural Universities mission should be focussed towards
the United Nations’ Sustainable Development Goals (SDGs) which provide a global framework of
(17 goals, 169 targets) to directly and indirectly address the agriculture-related (e.g. SDG 1 — No
Poverty; SDG 2 — Zero Hunger; SDG 13 — Climate Action; SDG 15 — Life on Land) issues with better
solutions. The agricultural universities work as a knowledge generator, education institution,
innovation promotion, extension services, and other supports such as policy, science and farmers’
perspective contributions. This article outlines the roles played by agricultural universities in
advancing the SDGs, followed by the challenges they face, and how their potential can be better
improvement.

UNO Sustainable Development Goals

The UN SDGs are a comprehensive sustainable development which was adopted by UNO in the year
2015 to give focus in the areas to achieve a sustainable, equitable, and prosperous world by 2030;
it gives guidelines to various countries for policy-making, infrastructure development, inclusive
development planning, natural resource conservation and management and social transformation
perspectives. There are 17 SDGs with 169 associated targets and 232 indicators to measure progress.
The major goals and its goal numbers mentioned below,

1. No Poverty
2. Zero Hunger
3. Good Health and Well-Being
4. Quality Education
5. Gender Equality
6. Clean Water and Sanitation
7. Affordable and Clean Energy
8. Decent Work and Economic Growth
9. Industry, Innovation, and Infrastructure
10. Reduced Inequality
11. Sustainable Cities and Communities
12. Responsible Consumption and Production
13. Climate Action
14. Life Below Water
]
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15. Life on Land
16. Peace, Justice, and Strong Institutions
17. Partnerships for the Goals

PEOPLE: SDG 1 NO POVERTY, PLANET: SDG 6 CLEAN WATER,
SDG 2 ZERO HUNGER, SDG 3 GOOD SDG 7 CLEAN ENERGY, SDG 13
HDG 4 QUALITY EDUCATION, SDG CLIMATE ACTION, SDG 14 LIFE
SDG 5 GENDER EQUALITY SDG 15 LIFE ON LAND

N, O/—\i &y o’
E SOy 0

PROSPERITY: SDG 8 DECENT WORK

SDG 9 INDUSTRY & INNOVATION PARTNERSHIPS:
SDG 10 REDUCED INEQUALITIES SDG 16 STRONG INSTITUTIONS
SDG 11 SUSTAINABLE CITIES SDG 17 PARTNERSHIPS FOR GOALS

SDG 12 RESPONSIBLE CONSUMPTION

It aims to create a sustainable development with balanced economic growth across the regions of
the world with social inclusion, and environmental protection. It also encourages governments,
organizations, and individuals to work together to address developmental issues most importantly
poverty and inequality, climate issues and biodiversity loss.

Importance of Agricultural Universities in Addressing SDG’s

The Agricultural Universities in India responsibilities are shifting over the sixty years’ period of time
from academic leadership for human resource development to inclusive sustainable
development perspectives through implementation of various research and extension programs in
broader perspectives. Also, it gives high priority for internationally recognized Academic
responsibilities in connection to all seventeen Goals of UNO’s Sustainable Development Goals. Also,
the sustainable contribution of the institutions continues with merit to showcase their potential
and social learning opportunities. The Agricultural universities’ contributions to science and society
through its valuable education, research and extension and outreach services are highly appreciable
from all over the India and globe. Over the years, it is contributing well in the context of developing
society. The farmers were adopted high technologies and enhanced their production. The
Agricultural Universities are developing improved crop varieties (higher vyield, pest/disease
resistance) and climate-resilient varieties. It improves the productivity and incomes of smallholder
farmers through extension services to address hunger and poverty.

S. No. SDG Contribution of Indian Agricultural Universities (AUs)
Promote livelihood-oriented agriculture, skill development,
1. | No Poverty agricultural-entrepreneurship, Farmer Producer Organizations (FPOs),

and rural employment generation through extension programs.
Develop high-yielding, climate-resilient crop varieties; improve

2. | Zero Hunger | productivity; support food and nutritional security through research
and dissemination (key role since Green Revolution).
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for the Goals

I
S. No. SDG Contribution of Indian Agricultural Universities (AUs)
3 Good Health | Research on bio fortified crops, safe food systems, nutrition-sensitive
" | & Well-being | agriculture, and zoonotic disease control (veterinary sciences).
. Provide specialized higher education in agriculture, fisheries,
4, QualltY veterinary, and allied sectors; modern curricula (Al, |oT, precision
Education . e .
farming) under initiatives like NAHEP.
Increased female enrolment, women-centric programs (e.g., Home
Gender . . . . s .
5. Equality Suencet gender—mclluswe- extension), and institutions like CIWA
promoting women in agriculture.
6 Clean Water | Develop water-efficient irrigation technologies (drip, sprinkler),
" | & Sanitation | watershed management, and water quality research.
7 Affordable & | Promote renewable energy in agriculture (solar pumps, biomass
" | Clean Energy | energy, biofuels) and energy-efficient farm machinery.
Decent Work | Foster agri-startups, agribusiness incubation, skill-based education, and
8. | & Economic industry linkages for employment generation.
Growth
Industry, Develop agri-technologies (precision farming, drones, Al tools),
9. | Innovation & | strengthen agri-infrastructure, and promote innovation ecosystems.
Infrastructure
10 Reduced Outreach programs for smallholders, tribal farmers, and marginalized
"| Inequality communities via Krishi Vigyan Kendras (KVKs) and extension services.
Sustainable Promote urban agriculture, peri-urban farming, waste recycling, and
11.| Cities & sustainable food systems for cities.
Communities
Responsible Work on post-harvest management, food processing, value addition,
12.| Consumption | and reduction of food losses.
& Production
13 Climate Develop climate-resilient agriculture practices, carbon sequestration,
"| Action climate-smart agriculture, and adaptation strategies.
14 Life Below Fisheries universities and institutes promote sustainable aquaculture,
" | Water marine biodiversity conservation, and blue economy.
15.| Life on Land Resea.rch on soil health, biodiversity.conservation, agroforestry, and
sustainable land management practices.
Peace, Justice | Strengthen institutional governance, policy research, and transparent
16.| & Strong agricultural systems supporting food security and stability.
Institutions
Partnerships Collaborate with international bodies (e.g., FAO, World Bank), industry,
17. and government through projects like NAHEP and global knowledge

platform

Agricultural Universities’ Human Resource Development

Agricultural universities provide formal higher education as well as short-course/training programs.
They have been modernizing curricula (e.g. introducing climate change, sustainability, digital
agriculture). Projects like the National Agricultural Higher Education Project (NAHEP) have
enhanced quality and relevance of teaching process. Thus, maintaining a high-quality teaching and
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training environment within higher education institutions is fundamental to their sustainable
success and long-term institutional excellence. It ensures quality teaching and supports a long-term,
impact-oriented human resource development process—both for contributing to globally
competitive job markets and for fostering a new generation of critical thinkers. It is also possible by
development of Human Resource through Graduate and Post-Graduation programmes in
agriculture and allied sciences in a decentralized manner in across the country. The University led
training institutes and research institutions, agricultural start-up incubators support to students and
farmers through Skill development, vocational training, and entrepreneurship programmes. The
agricultural university also reducing inequalities through Inclusive education opportunities for rural
youth, women, farmers and marginalized sections of the mainstreams. Also, various other public
and private sector human resource development programs also supports in the process. The
academic infrastructure such as class rooms, laboratories, libraries, Information and
Communication Technology infrastructures, field observation based research fields, playgrounds,
hostel facilities, accessible various remote locations, connection with National and international
institutions support to enrich the quality of education with extracurricular activities in a sustainable
basis. Though, as a developing society; we face lot of financial issues in both public and private
sectors to build the appropriate infrastructures to the institutions, effective utilization and its
impact to the society. Hence, it addresses the UNO’s SDG Goal numbers of 4 Quality Education, 5
Gender Equality, 8 Decent Work and Economic Growth, 9 Industry, Innovation, and Infrastructure
and 10 Reduced Inequality.

Need based Research & Innovation for Sustainable Agriculture

The agricultural universities play very important role in promotion of precision farming
technologies, resource use efficient Integrated Farming System, natural farming, resource —efficient
and climate resilient technologies, adoption of climate stress tolerant varieties and animal breeds
and organic agriculture for sustainable Agriculture. These activities also play very important role to
provide an evidence based policy suggestions to implement various sustainable development
oriented missions and programs to strengthen sustainable agriculture and rural livelihoods. Hence,
it addresses the UNO’s SDG Goals numbers of 2 Zero Hunger through sustainable food production
for addressing the food and nutrition security issues, Goal number 9 to provide inputs to Industry
and Infrastructure. It also provides Decent Work and Economic Growth in connection with Goal
number 12 and the goal number 13 of Climate Action and finally it addresses the goal number 15
of Life on Land through the natural resources conservation and management process.

Frontline Agricultural Extension & Outreach activities

Several globally recognized and highly ranked universities are performing well in extension and
outreach activities. In recent years, many universities aligned with the UN Sustainable
Development Goals (SDGs) have also grown significantly across the world. Particularly in developing
economies, the role of “lab-to-land” technology diffusion and adoption is crucial in narrowing
development gaps and supporting sustainable growth. The Government of India has implemented
initiatives such as “My village, My pride (Mera Gaon Mera Gaurav)”’ and various entrepreneurship
incubation programmes in collaboration with leading academic institutions to ensure meaningful
impact at the grassroots level. Many universities are actively contributing to these efforts and
demonstrating strong performance in this domain.

Also, the Agricultural Universities in India operates Farm Science centre’s popularly called as a Krishi

Vigyan Kendras (KVKs) plays very important role in transfer of Universities’ technologies in to the
— EE—
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farmers’ field. The directorates of extensions also provide various training programmes to farmers
such as promotion of commercial agricultural activities, nutrition gardens, crop diversification, etc.
for food and nutrition security. It also facilitates capacity building programs to Gender-sensitive
women farmers’ training program, Self Help Group based capacity building activities and drudgery
reduction activities. It also provides research and policy guidelines for promotion of Farmer
Producer Organizations, effective market linkage based effective models and value-chain
development process. Hence, it addresses the UNO’s SDG Goal numbers of 1 through poverty
reduction and reduces the hunger issues which was mentioned in the goal number 2. It also
supports good health and well-being, Gender Equality, supports Responsible Consumption and
Production. It also connects partnerships with various other sustainable Goals. Agricultural
Universities also help in training women farmers, promoting gender-sensitive agricultural
technologies, supporting women’s participation in extension and leadership roles. All together it
addresses the following SDG numbers of 1, 2, 3,5, 12 and 17.

Natural Resource Management activities

The agricultural activities mostly concerned with the effective utilization of natural resources; most
importantly the soil and water conservation is very important and the agricultural universities
research, front line extension and academic programs such as workshop and conferences provide
lot of regulatory mechanism to the development stakeholders. The studies on soil & water
conservation, effective watershed management, micro-irrigation, based activities impact in the
society. Also the studies on circular economy based climate-resilient agricultural practices, carbon
sequestration, and agroforestry models also support the effectively utilize the natural resources.
The marine biodiversity and coastal conservation, sustainable fisheries for livelihood to fishermen
also mostly depends of fisheries research and academic institutions across the coastal regions.
These activities directly address the UNO’s SDGs of water conservation, climate resilience and
sustainable livelihood on life on land. Hence, these Natural Resource Management activities
addresses the SDGs of 6, 13, 14 and 15.

Agricultural Universities responsibilities in Policy Formulation Support & sustainable Governance
Agriculture is the backbone of economy and around 50% of people of the country still depends on
agriculture. The rural development and other activities mostly depends on agricultural sector only.
Also, the recent emergence of data science has given plat form to form a need based policies for
formulation of the development programs. So, the Agricultural universities role in policy formulation
with evidence based data bases and the impact studies of the public sector based scheme
assessments support to various development stakeholders such as extension organizations, NGOs
and private sectors. It also acts as a knowledge hub for agriculture and sustainable development
centric policy formulations. The higher learning institutions are contributing in quality research with
high impact publication, parents and transfer of the laboratory findings in to the real world practical
requirements. The unbiased research problem selection to find out the solution with available
educational infrastructures and financial support is really very tough task as compare to the
developed countries’ works. But, even though finding good opportunities to find out the real need
based problem to get solutions with available resources with the support of innovative research
methods may plays very important role for better research findings and its outscaleing the
technology adoption process for sustainable development of the country and global recognition.
Here, the dedicated researchers and scholars’ role plays very important role. So, the institution
which one is doing good research may rule the academics in any competitive institution
development process. The DST, DBT, ICAR and Ministry of science and development, various foreign
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institution collaboration, students exchange programs, resources sharing opportunities also support
well for effective research led science for better social contributions. Hence, it can strengthen the
effectiveness of various agriculture and allied Institutions to build partnerships with various
stakeholders for addressing the UNQO’s Sustainable development goals.

Role of Agricultural Universities in promotion of Nutrition security, health and community
wellbeing of the country

The agricultural universities played very important role in food security of the developing
economics; most importantly the world highest populated country; Now, issues have raised in
balance diet and nutrition security specific health issues. The agricultural universities are addressing
the issues through nutri- rich fortified crops for addressing the malnutrition issues. The agriculture-
nutrition intensive community models such as agri-nutri village, community kitchen garden and
other nutrition sensitive extension initiatives enhancing awareness and capacities to effectively
integrates Agriculture -nutrition - health to address the UNQO’s SDG’s of hunger reduction for good
health and well-being. It also majorly benefits the women for their nutrition enhancement and
address the SDG of 16 and 17.

Agricultural Universities for promotion of Agricultural Entrepreneurship and Start-up Ecosystem
Technology is changing in major science and technology disciplines in India. Particularly, after
liberalization, lot of changes happened in innovative technology development, information and
communication Technologies adoption process. It requires appropriate human resources through
providing appropriate capacity building programs and need based technology tie-ups with the
existing human resources. The agricultural Universities plays very important role in agribusiness and
start-ups promotion through establishment of Agri-incubation centres, Agri-business management
initiatives and Technology Business Incubators (TBIs) and other technology enabled activities to the
need can support the sustainable management of the institutions with global standards. It
addresses the UNO’s SDGs of 8, 9 and 1 for promotion of innovation oriented industry connection,
support to economic growth and development process.

Clean Energy Affordability and Sustainable Cities

Indian Agricultural Universities contribute to both clean energy transitions and sustainable
community development by promoting resource-efficient, climate-smart agricultural systems. They
advance renewable energy solutions such as solar-powered irrigation, biogas, and biomass-based
energy, while also improving energy efficiency in farm operations and agro-processing. At the same
time, they support sustainable urban and peri-urban agriculture through innovations like rooftop
gardening, vertical farming, and protected cultivation, enhancing local food security in cities. Their
work on waste recycling, composting, and circular bioeconomy approaches helps convert urban
organic waste into valuable inputs, reducing environmental pollution. Through research, education,
and extension services, these universities strengthen resilient food systems, sustainable
infrastructure, and low-carbon rural—urban linkages, contributing holistically to both SDG 7 and SDG
11.

Challenges Facing Agricultural Universities
Despite their potential and some notable progress, agricultural universities in India face several
bottlenecks in more fully contributing to SDGs:
1. The infrastructure plays very important role in the high quality institution building process.
Many SAUs have outdated labs, insufficient funding, lack of modern equipment, limited
digital infrastructure. This limit research, teaching and outreach.
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2. The Agricultural University curricula in some universities are still not fully aligned with
emerging challenges (climate-smart agriculture, precision farming, sustainability, ICT, agri-
business).

3. The Agricultural University’s recruitment process is slow, there is non-replacement of retiring
faculty and insufficient incentives for the activities

4. There is limited agricultural extension and farmer outreach capacity within the Krishi
Vigyan Kendras (KVKs), coupled with a lack of effective integration between research
institutions/universities and farmers or field-level agencies. This gap weakens the flow of
knowledge, technologies, and field-level feedback, thereby affecting the overall efficiency of
agricultural development programmes.

5. Funding/ Financial Constraints: The education institutions are not a business corporate. It is
majorly giving non profitable services to the society and its impact also Measurable in long-
term perspectives only. So, mobilizing adequate financial facilities form funding partners are
very essential to the successful management of the institutions. Because, more than 50% of
the less recognized universities and academic institutions are facing huge financial crisis to
provide a quality services to produce a quality human resources, innovation and science led
research and extension Service for impacting the society. Hence, mobilizing appropriate,
appreciable finance may be the appropriate sustainable management solution to upscale
the institutions to address the upcoming social needs centric development process.

6. Agriculture is often seen as less prestigious, less lucrative. Students may prefer other
disciplines. This reduces intake and innovation in the sector.

Conclusion

Agricultural universities in India plays very important role to address the SDGs through Human
resource development, need based Research & Innovation development process, Frontline
Agricultural Extension & Outreach activities, Natural Resource Management activities,
responsibilities in Policy Formulation Support & sustainable Governance, promotion of Nutrition
security, health and community wellbeing of the country, promotion of Agricultural
Entrepreneurship and Start-up ecosystems. Also to maximize the agricultural universities potential
requires sustained investment, institutional reforms, and stronger linkages between academia,
government, industry, civil society, and farming communities and to address the SDGs in India
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Abstract

Antimicrobial resistance (AMR) is an increasing international issue that impacts agriculture, the
ecosystem, and human health. In agriculture, the accumulation of antibiotic resistance is rapidly
growing because of overuse of antibiotics in animals, which results in the overpopulation of
antibiotic-resistant bacteria and resistance genes within the agricultural environment, which is
known as the antibiotic resistome. Farm manure is a significant distributor, and it aids in spreading
resistance via soil and crops. This interferes with soil microbial equilibrium, lowers productivity and
brings about resistant pathogens into the food chain. The solution to solving this problem lies in
prudent use of antibiotics, treatment of manure and sustainable agricultural practices in a co-
ordinated, One Health strategy.

Introduction

Antimicrobial resistance (AMR) is nowadays considered one of the gravest health issues in the world.
It causes almost 700, 000 deaths each year across the world and this figure may increase to 10
million by 2050 unless it is checked. The widespread use of antibiotics in the production of livestock
in agriculture has also played a role in this crisis. One of the largest consumers of antibiotics in animal
production is India, and this trend is likely to continue in the next few years.The overall collection of
antibiotic resistance-genes and resistant microorganisms in an environment is referred to as
antibiotic resistome. Although resistance occurs naturally, it has increased with the growth of
human activities, particularly the overuse of antibiotics. Farm manure has become a significant
reservoir, it is a linkage between livestock, soil, crops, and finally humans.

Resistance to Spread

Antibiotics are also extensively used in livestock as a treatment, disease prevention, and growth
promotion. A huge percentage of these antibiotics are released as unmetabolized and in
combination with the resistant bacteria.

In applying manure to farmlands, it introduces:
¢ Antibiotic residues
e Antibiotic resistant bacteria
e Antibiotic resistance genes (ARGs): The resistance genes to antibiotics in bacteria are called
antibiotic resistance genes (ARGSs).

Horizontal gene transfer (HGT) also promotes the spread of resistance, in which bacteria exchange
genetic material through:

¢ Conjugation - by cell-to-cell contact.
¢ Change - acquisition of free DNA in the environment.
e
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¢ Transduction - through bacteriophages (viruses)
Impact on Agricultural Systems

The build-up of the resistome in agricultural soils has dire consequences:

1. Soil Health Degradation
Nutrient cycling, soil fertility and beneficial microbes are disturbed, causing soil health to be
impaired in the long term.

2. Reduced Crop Productivity
Distorted interactions between plants and microbes undermine the nutrition and resistance
to diseases in plants, which ultimately impact yield.

3. Food Safety Risks
The food chain can be impacted by crops cultivated in polluted soils that contain antibiotic
resistant bacteria which can be harmful to humans.

Examples of Antibiotic Resistome in Agriculture

In agriculture, the antibiotic resistome is a well-known feature in farm manure and soil systems that
harbours a number of resistant bacteria and genes. An example is Escherichia coli present in cattle
manure which is frequently harbouring resistance genes, such as blaTEM and tetA that confer
resistance to commonly used antibiotics. Likewise, Enterococcus faecalis in poultry waste might
harbour genes like vanA and ermB which result in resistance to some of the key medications like
vancomycin. Others are Salmonella species in pig manure that have sull and aadA genes,
Staphylococcus aureus in dairy farms with mecA gene that causes high-level resistance to antibiotics
and Klebsiella pneumoniae with blaNDM and blaCTX-M genes, which are linked to high-level
resistance to antibiotics. These illustrations underscore the role of agricultural practices in the
perpetuation and dissemination of clinically important resistance characteristics (Tablel).

Table 1: Common antibiotic-resistant bacteria and genes present in farm manure

Bacteria Resistance Genes Source Implication
Escherichia coli blaTEM, tetA Cattle manure Antibiotic-resistant infections
Enterococcus . . .

. vanA, ermB Poultry litter Vancomycin resistance
faecalis
Salmonella spp. sull, aadA Pig manure Foodborne illness

Methicillin-resistant
Staphylococcus .
aureus mecA Dairy farms Staphylococcus aureus
(MRSA infections)
Pseudomonas . . . .

. mex genes Soil/manure mix | Multi-drug resistance
aeruginosa
Klebsiella Mixed livestock .

. blaNDM, blaCTX-M Carbapenem resistance
pneumoniae waste

Management and Control Strategies.

To deal with the resistome, combined strategies are needed:
¢ Prudent use of antibiotics when under the supervision of veterinarian
¢ Treatment of manure (composting, anaerobic digestion, biochar application)
¢ Environmentally friendly (crop rotation, organic inputs) farming practices.
¢ Frequent surveillance with molecular tools
e
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¢ Education on responsible practices to farmers

Ongoing surveillance and observation of resistance genes using the latest molecular technologies
are also important in the understanding and management of the issue (Fig.1).

Resistant B ia
Resistance Genes

(ARGs)
SOURCES ON THE FARM MANURE CONTAMINATION SPREAD TO SOIL IMPACTS ON AGRICULTURE ENTRY INTO FOOD CHAIN
Excreted unmetabolized Manure applied as fertilizer * Dirupts beneficial soi microbes & PUBLIC HEALTH RISK

antibiotics, resistant bacteria, or via contaminated water
and

HOW RESISTANCE SPREADS (Horizontal Gene Transfer) RESULT: A RESISTOME RESERVOIR IN SOIL

Conjugation Transformation Transduction ARGs persist in

(via plasmids) {uptake of free DNA) (via bacteriophages) including hmless soi bacteria
[
| Judicious Manure mmmm Improved water Sustainable |
antibiotic use (MMM. | waste m-napmcm farming practices |
‘ infivestock | anaerobic digestion) |

Bitwct natac of e m:“,,,,,,"'m,w":m NafE fox L Protect soil. Protect crops. Protect health.

MANAGING THE RESISTOME TODAY FOR FOOD SECURITY AND A HEALTHIER TOMORROW

Fig.1: Graphical illustration of the spread of antibiotic resistome to the soil environment
via farm manure, other soil bacteria and the anticipated solution.

Future Perspectives

Future plans need to be directed to:
¢ Creation of alternatives including probiotics and vegetarian antimicrobials.
¢ Genomic surveillance of resistance genes.
¢ Enhancing policies to control the use of antibiotics.

Promoting a One Health approach that incorporates the health of humans, animals, and the
environment.

Conclusion

The antibiotic resistome of farm manure is an insidious yet pernicious risk to agriculture,
environmental sustainability and human health. It facilitates transfer of resistance among soil, crops
and food systems. To prevent future food security and ecosystem health, a proactive strategy of
responsible use of antibiotics, better waste management, and sustainable farming is necessary.
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Abstract

Digital technologies are increasingly reshaping Indian agriculture through mobile applications,
online marketplaces, artificial intelligence-based advisories, digital payments, and weather
forecasting systems. These innovations have the potential to improve productivity, strengthen
market participation, and enhance farmers’ livelihoods. However, the benefits of digital agriculture
remain unevenly distributed, particularly among small and marginal farmers in rural India. Poor
internet connectivity, weak digital infrastructure, irregular electricity supply, and limited access to
smartphones continue to hinder effective digital participation. The digital divide is further
intensified by low literacy levels, lack of technical awareness, economic constraints, and language
barriers, as many digital platforms are not designed for rural users. Women farmers face additional
challenges due to restricted access to technology, financial limitations, and inadequate training
opportunities. Consequently, many farmers remain excluded from timely agricultural information
and government services. Bridging this divide requires affordable digital access, stronger rural
infrastructure, localized platforms, farmer-oriented training, and inclusive policies to ensure
equitable and sustainable agricultural development in India. As a consequence, a large number of
farmers remain excluded from timely information related to weather forecasting, market prices,
crop management, insurance services, and government welfare schemes. Bridging this divide
requires a holistic and inclusive approach involving stronger rural digital infrastructure, affordable
internet access, localized digital platforms, farmer-oriented training programs, and responsive
extension support systems. Sustainable agricultural transformation in India depends not only on
technological advancement but also on ensuring equitable digital participation for every farmer.

Keywords: Digital Divide, Indian Agriculture, Digital Literacy, ICT in Agriculture, Farmer
Empowerment, Agricultural Extension

Introduction

The rapid expansion of digital technologies has introduced a new phase of transformation in Indian
agriculture. Mobile-based advisory services, digital marketplaces, precision farming tools, artificial
intelligence applications, and online financial platforms are increasingly influencing agricultural
production and marketing systems. These technologies promise better decision-making, improved
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efficiency, and enhanced income opportunities for farmers. Yet, the reach of digital agriculture
remains highly unequal.

A substantial proportion of India’s farming population, particularly small and marginal farmers,
continues to face difficulties in accessing and utilizing digital technologies effectively. This inequality
is commonly described as the “digital divide,” which refers not merely to the absence of internet
access but also to disparities in affordability, digital literacy, infrastructure, awareness, and
technological confidence. Rural India continues to lag significantly behind urban regions in digital
penetration, creating structural disadvantages for agricultural communities.

For smallholders, the digital divide compounds existing vulnerabilities such as fragmented
landholdings, unstable income, dependence on traditional farming practices, and limited
institutional support. Farmers who cannot access digital information often remain dependent on
middlemen for market intelligence and advisory services, reducing their bargaining power and
economic resilience. Moreover, the digital transition in agriculture has revealed strong educational
and generational disparities. Younger and better-educated farmers adapt more easily to digital
platforms, whereas elderly and less-educated farmers frequently struggle with technological
adoption.

The issue also possesses a significant gender dimension. Women farmers contribute extensively to
agricultural labour and household food security, yet they remain digitally marginalized due to
restricted device ownership, social barriers, and limited participation in training programs.
Consequently, the benefits of digital agriculture often bypass a large section of rural women.

In this context, understanding the nature and consequences of the digital divide is essential for
developing inclusive agricultural policies. Bridging this gap is not simply a technological necessity
but a social and economic imperative for ensuring equitable rural development.

Digital Divide in Indian Agriculture

The digital divide in agriculture reflects unequal access to information and communication
technologies among farming communities. In India, this divide is closely associated with income
inequality, educational disparities, regional imbalance, and social exclusion. Since agriculture
remains the primary livelihood source for millions of rural households, unequal access to digital
resources directly affects productivity, market participation, and livelihood security. Following are
some key components of digital divide in Indian agriculture.

1. Digital Exclusion Among Small Farmers

Small and marginal farmers constitute the majority of India’s agricultural population. Their limited
financial capacity, low educational attainment, and dependence on uncertain agricultural income
make digital adoption particularly difficult. Farmers without digital access often experience delayed
information regarding weather conditions, crop diseases, market prices, and government support
schemes.

This exclusion reinforces rural inequality. Farmers with digital connectivity gain access to real-time
information and broader market opportunities, while digitally excluded farmers remain dependent
on conventional networks that are often slower, less reliable, and exploitative.

Importantly, digital exclusion is not limited to the ownership of smartphones or internet availability.
It also involves the ability to interpret digital information, trust online systems, navigate applications,
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and apply technological knowledge in practical farming situations. Many small farmers remain
disconnected from agricultural advisories, e-commerce platforms, digital banking systems, and
government portals because multiple barriers operate simultaneously.

Poor Infrastructure Low Productivity
Lack of essential services and Inefficient use of resources and
facilitics labor

Rural Poverty {

Reduced Information

- " _ Availability
Initial state of poverty in + Availability
rual srsats | Scareity of knowledge and

resources

Economic Vulnerability Limited Digital Access

Susceptibility to economic Restricted internet and
shocks technology use

Figurel: Components of the Digital Divide in Indian Agriculture

2. Infrastructural Constraints

Weak rural infrastructure remains one of the most critical barriers to digital agriculture. Many
villages continue to experience unstable electricity supply, poor mobile network coverage, and
inadequate internet speed. Even where connectivity exists, interruptions and low bandwidth limit
the effective use of mobile applications and online advisory systems.

The infrastructural divide is particularly visible in remote regions where technological investments
remain insufficient. Consequently, farmers located near urban centres benefit more from digital
innovations than those living in isolated rural areas, thereby widening regional disparities within
agriculture.

3. Economic Barriers and Affordability

The affordability of digital technologies significantly influences adoption patterns among farmers.
For economically vulnerable households, purchasing smartphones, maintaining internet
subscriptions, and repairing devices represent additional financial burdens. Farmers often prioritize
essential agricultural inputs such as seeds, fertilizers, and irrigation over technological expenditure.

As a result, many households share a single device among several family members, limiting regular
and independent access to digital services. Irregular usage reduces familiarity and confidence,
ultimately weakening the effectiveness of digital agricultural interventions.

4. Digital Literacy and Awareness Gap

Digital literacy is fundamental for meaningful technological participation. A considerable number of
farmers remain unaware of available digital platforms or lack the skills necessary to use them
efficiently. Many depend on younger family members or local intermediaries to operate mobile
applications and online services.

Low educational attainment further restricts digital confidence. Farmers frequently perceive digital
technologies as complex, unreliable, or inaccessible. Without adequate awareness and practical
exposure, the adoption of digital agriculture remains superficial and unsustainable.
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5. Gender Dimension of the Digital Divide

The digital divide is particularly severe among women farmers. Although women play a substantial
role in agricultural production, their access to technology remains disproportionately low. Social
norms, restricted ownership of mobile devices, financial dependence, and limited participation in
training programs collectively reduce women'’s digital inclusion.

This exclusion affects not only women’s access to agricultural information but also household
welfare and farm productivity. When women are excluded from digital systems, families lose
opportunities related to market information, financial services, and climate-related advisories.

6. Importance of Digital Training

Digital training has emerged as a crucial strategy for reducing technological exclusion in agriculture.
Farmer-oriented training programs enhance confidence, improve awareness, and encourage
practical application of digital tools. Training enables farmers to access weather forecasts, market
prices, crop management advisories, and online government services more effectively.

However, one-time training programs often produce limited long-term impact. Continuous learning,
practical demonstrations, and localized support systems are necessary for sustained digital
engagement.

7. Institutional and Community Support

Agricultural extension agencies, rural institutions, self-help groups, and community organizations
play a decisive role in strengthening digital inclusion. Farmers are more likely to adopt digital
technologies when local support systems are available to guide and assist them.

Community-based digital centres, trained rural youth, and farmer groups can function as local
facilitators, reducing fear and uncertainty associated with technology use. Human support remains
essential because technological adoption in rural areas is deeply influenced by trust, social
interaction, and collective learning.

MAJOR CHALLENGES FACED BY SMALL FARMERS
The digital divide creates several practical and economic difficulties for small farmers, including:
e Limited access to timely agricultural information
¢ Dependence on intermediaries for market intelligence
e Reduced participation in online marketplaces
¢ Inability to utilize digital advisory services effectively
e Exclusion from government schemes and digital financial systems
e Lack of confidence in technology-driven platforms
e Gender-based inequality in access to information and resources

Collectively, these challenges reduce farmers’ capacity for informed decision-making and
sustainable agricultural growth.

Gender
Inequality

f—— )
Language Weak
Barriers Extension
o Support

Low adeption
of digital
Agriculture

Figure 2: Barriers Affecting Digital Adoption Among Farmers

Special Issue | June, 2026 | 46 |



ISSN : 2583-0910
Agri-India TODAY

visit us at www.agriindiatoday.in

Peer reviewed
monthly newsletter

STRATEGIES FOR BRIDGING THE DIGITAL DIVIDE
Bridging the digital divide requires a comprehensive and farmer-centred approach that addresses
both technological and social inequalities.

1)

2)

3)

4)

5)

6)

Government Policies: Government policies play a crucial role in promoting digital agriculture
by investing in rural connectivity, supporting innovation, and creating schemes that
encourage farmers to adopt digital technologies. Strong policy frameworks can help ensure
that technological benefits reach even remote farming communities.

Strengthening Rural Infrastructure: Reliable electricity, high-speed internet connectivity,
and stable mobile networks must be prioritized in rural development policies. Digital
agriculture cannot succeed without strong infrastructural foundations.

Ensuring Affordable Digital Access: Subsidized smartphones, affordable data plans, and
community digital centres can reduce financial barriers for small farmers and encourage
regular technology use.

(-]
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Government Language and Rural
Policies Platforms Livelihoods

Policy framework for Making digital tools Brldgmg language Achieving sustainable
rural development accessible barriers growth
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Figure 3: Strategies for Bridging the Digital Divide

Promoting Practical Digital Literacy: Training programs should focus on practical
applications rather than technical complexity. Demonstration-based learning in local
languages can significantly improve confidence and participation.

Developing Localized Digital Platforms: Farmer-friendly applications with regional language
support, voice-based interfaces, and simplified navigation systems are essential for
improving usability among rural populations and encourages community-based support
systems. Village-level digital resource centres and peer-learning groups can create collective
support mechanisms that encourage sustained digital participation.

Inclusive participation of women and small farmers: Extension personnel should function
as digital facilitators who guide farmers in using online platforms, accessing government
schemes, and interpreting digital advisories. Special training initiatives and inclusive policies
are needed to improve women’s access to digital technologies and agricultural information
systems.
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7) Enhanced productivity and livelihoods: In the Indian context, where a large proportion of
the population depends on agriculture, linking digital technologies directly with income
generation and livelihood improvement is one of the most effective ways to reduce the
digital divide. When farmers see technology as a tool for economic progress rather than an
additional burden, adoption becomes more inclusive and sustainable.

Conclusion

The digital divide has emerged as a significant obstacle to inclusive agricultural development in
India. While digital technologies possess immense potential to transform farming systems, their
benefits remain unevenly distributed among rural communities, particularly small and marginal
farmers. Weak infrastructure, affordability constraints, limited digital literacy, language barriers, and
gender inequality collectively restrict meaningful participation in digital agriculture. Bridging this
divide requires more than technological expansion; it demands a socially inclusive and farmer-
oriented development framework. Investments in rural connectivity, affordable digital access,
continuous training, localized platforms, and strengthened extension systems are essential for
ensuring equitable agricultural transformation. Digital inclusion must be recognized not merely as a
technological objective but as a pathway toward rural empowerment, livelihood security, and
sustainable agricultural growth.
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Abstract

Aqguaculture has emerged as one of the most rapidly expanding sectors in global food production,
significantly contributing to food security, employment creation, and export revenues. In India,
aquaculture plays a vital role in the vision of Viksit Bharat 2047, aiming to transform the nation into
a developed economy. Nevertheless, challenges such as disease outbreaks, environmental
degradation, and rising input costs impede sustainable growth. The prospects and obstacles related
to the aquaculture growth in India, emphasizing technological innovations, sustainability, climate
adaptability, and regulatory frameworks. This provides a comprehensive roadmap for achieving a
robust and globally competitive aquaculture sector by 2047.

Keywords: Aquaculture, Blue Economy, Sustainability, Technology, Viksit Bharat 2047

Introduction

Aguaculture in India has undergone a significant transformative journey transformation over the
past eight decades evolving from a gradual transition from traditional capture fisheries to a
scientifically managed and economically vital sector. This progression reflects the dynamic interplay
of research, institutional growth, policy interventions, technological advancements, and substantial
investments, which together have redefined the sector as key driver of food security, livelihoods,
and national economic development.

Production Growth and Structural Transformation

India's aquaculture development can be divided into four key phases (Figure 1). The foundation
phase (1946—-1973) focused building a strong scientific and institutional framework. The
establishment of pioneering institutions like the Deep-Sea Fishing Station (DSFS), Central Marine
Fisheries Research Institute (CMFRI), and Central Inland Fisheries Research Institute (CIFRI)
facilitated systematic resource assessment and the development of marine and inland fisheries. This
period represented a significant transition from subsistence fishing practices to knowledge-driven
management, supported by initial progress in coastal engineering and brackishwater research. The
subsequent phase of expansion and specialization set the stage for commercialization which
became evident during the expansion phase from 1990 to 2009. This period witnessed swift
development in shrimp farming and significant expansion of brackishwater aquaculture. However,
the intensification of production also brought about environmental and sustainability concerns,
prompting the implementation of essential regulatory frameworks such as the Coastal Aquaculture
Authority (CAA) Act (2005) and the Fisheries Regulation Act (2009). These initiatives ensured
governance, resource conservation, and long-term sustainability of the sector. The current growth
phase (2015-2024) of India’s fisheries sector is evident through ascendent production trends and
global positioning (Figure 2) is marked by unprecedented policy support, increasing financial
investments, and swift technological advancements. Key initiatives such as the Blue Revolution, the
Fisheries and Aquaculture Infrastructure Development Fund (FIDF), and the Pradhan Mantri Matsya
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Sampada Yojana (PMMSY) have facilitated infrastructure development, boosted productivity, and
fostered sustainable aquaculture practices. In general, fisheries policy has transitioned from the
production-centric Blue Revolution (2015) to a more sustainable, mission-oriented framework
under PMMSY (2020), shifting its focus from merely increasing output to enhancing efficiency,
resilience, and an integrated value chain development.

Timeline of Key Milestones of ﬁ
Aquaculture Development in India
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Figure 1: Key Milestones of Aquaculture Development in India

Economic Contribution and Market Dynamics

India is the world’s second-largest fish-producing nation, contributing nearly 8% of global
production, and has emerged as a key player in the global fisheries sector. The, fish production has
more than tripled from 5.66 MMT in 2000-01 to 19.77 MMT in in 2024-25, with inland aquaculture
accounting for nearly 75% of total output. This reflects a clear structural shift toward aquaculture-
led growth. India is the world's third-largest producer of whiteleg shrimp next to China and Ecuador.
Shrimp production witnessed remarkable expansion, increasing, from 32,634 tons in 2000-2001 to
over 1.16 million tons in 2023-24, reflecting significant gains in productivity and global
competitiveness. In particular, Penaeus vannamei has driven this transformation, with production
rising from 1,731 tons in 2009-10 to over 1.07 million tons in 2023-24, indicating rapid
commercialization and technological adoption. The shrimp sector now forms the backbone of India’s
seafood exports, contributing nearly 70% of total export value. In FY 2023-24, India exported 1.78
million tons of seafood valued at USS 7.38 billion (X60,523.89 crore). Frozen shrimp dominated
exports, accounting for 7,16,004 tons worth USS 4.88 billion, specifically the cultivation of whiteleg
shrimp, which serves as the primary driver of seafood exports as vannamei shrimp alone
contributed 6,25,475 tons valued at USS 4.25 billion. The sector has demonstrated consistent
growth, with an average annual growth rate of 6.30% over the past five years and 7.58% year-on-
year growth in recent periods. Fisheries play a vital role in India’s agri-food economy, supporting 28
million livelihoods, contributing approximately X1,65,075 crore to Gross Value Added (GVA),
accounting for 1.12% of total GVA and around 7% of agricultural GVA. Serves as fundamental
support by providing subsistence, social security, and economic empowerment to over 30 million
people reliant on aquaculture. The period represents sectoral transition toward technology-driven
and export-oriented growth within India's expanding blue economy, characterized by rising
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productivity, strong value chain integration, and increasing global competitiveness forming a key

pillar of India’s evolving blue economy (Figure 2).
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Figure 2: Current status of fisheries sector in India

Transitioning the Blue Revolution toward Sustainable Blue Growth

The Viksit Bharat 2047 vision intent to position the blue economy as a key engine of national
prosperity by doubling farmers’ incomes and enhancing global competitiveness. It envisages
increasing fish production to over 40 million tons by 2047, boosting seafood exports to X1,00,000
crore, and creating around 55 lakh new employment opportunities within the sector. Beyond
economic contributions, the sector is vital for food security, nutrition, and livelihoods, particularly
in rural and coastal regions. Accordingly, under the Viksit Bharat 2047 vision, India’s fisheries sector
is transitioning toward a Blue Economy framework, emphasizing quality-driven, technology-
enabled, and resource-efficient growth. In due course, it establishes fisheries sector as a high-value,
globally competitive that fosters economic growth, food security, and environmental sustainability.
This strategy prioritizes value addition, sustainability, innovation, biodiversity conservation and
economic diversification, including inland aquaculture and emerging ocean-based sectors in
addressing food security challenges, improving rural livelihoods. Hence addressing these issues
through a balanced and strategic approach is crucial to fully realize the fisheries sector's potential
as a key driver in achieving the vision of Viksit Bharat 2047.
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Figure 3 : Future fish consumption and demand in India
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Assessing Opportunities Amidst Sectoral Constraints

Opportunities in Fisheries and Aquaculture sector

India’s fisheries and aquaculture sector presents substantial scope for expansion, modernization,
and value creation, driven by increasing demand, technological progress, and changing market
dynamics. These factors collectively position the sector positioning the sector as a key pillar in
achieving the vision of Viksit Bharat 2047.

Demand Expansion and Nutritional Security

India’s aspiration toward Viksit Bharat 2047 is closely aligned with the need to build a sustainable
and resilient food system capable of meeting the demands of a rapidly expanding population. India’s
per capita fish consumption, currently around 10 kg annually, is considerably lower than the global
average of about 20.4 kg, underscoring a substantial untapped domestic market. This disparity in
consumption, when viewed alongside rapid population growth, increasing urbanization, and rising
income levels, suggests a fundamental shift towards a greater demand for affordable, protein-rich
aquatic foods. Projections indicate that total fish demand may increase from approximately 13
million tons in 2022 to about 26.5 million tons by 2050, with per capita consumption expected to
rise to 16.07 kg. At the same time, production is projected to reach nearly 51 million tons,
highlighting the dual challenge of meeting domestic nutritional needs while sustaining export
growth. These trends not only reflect changing dietary preferences but also emphasize the
expanding role of fisheries in addressing nutritional security. As a result, the growing demand—
supply gap necessitates a compelling need for scaling up production, strengthening supply chains,
and strategically promoting fish as a vital component of a balanced and nutritious diet.

Technological Innovation and Digital Aquaculture

A major opportunity for advancing aquaculture within the Viksit Bharat framework lies in the
integration of emerging digital and precision technologies, marking a clear shift from traditional,
input-intensive practices to data-driven production systems. The implementation of Artificial
Intelligence (Al), Internet of Things (loT), and big data analytics is facilitating real-time monitoring
and informed decision-making, which in turn boosts productivity and resource efficiency. Ongoing
monitoring of essential water quality indicators—like dissolved oxygen, temperature, ammonia, and
pH—via sensor-based systems enables early identification of stress conditions and disease threats,
while machine learning tools facilitate predictive management and optimization of farming
operations. Specifically, the introduction of automated and Al-driven feeding systems signifies a
critical efficiency gain, given that feed accounts for nearly 60—70% of total production costs. By
synchronizing feed input with animal behavior and environmental factors, these systems improve
feed conversion ratios (FCR), reduce input wastage, and minimize environmental impacts. Moreover,
digital platforms and mobile applications are revolutionizing farm management by allowing remote
monitoring, access to real-time advisory services, market insights, and financial inclusion—an
especially crucial advancement in the context of India’s fragmented aquaculture systems dominated
by smallholders.

Sustainable Intensification and Productivity Enhancement

Meeting the rising demand for aquatic food necessitates substantial gains in productivity, as
traditional aquaculture systems—characterized by low stocking densities and minimal input use—
are inadequate to achieve the targets envisioned under Viksit Bharat 2047. The adoption of

intensive and super-intensive production models is essential to meet the ambitious targets of Viksit
e
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Bharat 2047. In this context, the transition toward intensive and super-intensive production
systems, such as biofloc technology and recirculating aquaculture systems (RAS)offer a strategic
viable pathway for scaling up productivity while minimizing environmental impacts. Biofloc systems
enhance efficiency by converting waste nutrients into microbial protein, thereby reducing feed costs
and improving water quality, while RAS enables near-complete water reuse through advanced
filtration, making it particularly suitable for water-limited regions. By enabling efficient resource use,
reduced water consumption, and nutrient recycling, these systems support sustainable
intensification, these technologies support higher stocking densities, faster growth rates, and
significantly greater productivity per unit area compared to conventional pond-based systems.

Diversification of Species and Farming Systems

Indian aquaculture is predominantly focused on a limited number of species, particularly carps and
shrimp, exposing producers to market and ecological risks. Another important opportunity lies in
the diversification of cultured species and farming systems to enhance resilience and economic
returns. Expanding the range into high-value alternatives species such as tilapia, pangasius, seabass,
and mud crab can improve income stability and cater to evolving domestic and export market
demands. Additionally, niche markets like ornamental fish farming offer high export potential with
relatively low investment requirements. At the systems level, integrated and ecosystem-based
farming approaches such as aquaponics and integrated multi-trophic aquaculture (IMTA) offer
promising efficient pathways for sustainable production. These systems are designed to mimic
natural ecological processes, where waste from one component is efficiently utilized as an input for
another, thereby optimize resource use, enhance nutrient recycling, and reduce environmental
impacts. For instance, aquaponics integrates fish culture with hydroponic plant production, enabling
nutrient recycling, reduced water use, and enhanced productivity. Such models are particularly
relevant for urban and peri-urban areas, contributing to localized food production, resource
efficiency, and improved nutritional security and sustainable intensification.

Climate-Resilient and Sustainable Aquaculture

Climate change presents a dual dynamic for aguaculture, serving as both a source of risk and a driver
for innovation. While rising temperatures, unpredictable rainfall, and extreme weather events
jeopardize production stability, they also prompt the shift towards climate-resilient and adaptive
farming systems. A significant opportunity lies in the development of climate-resilient species and
strains through selective breeding and genetic enhancement, especially those capable of
withstanding temperature fluctuations, changes in salinity, and low levels of dissolved oxygen
conditions. Concurrently, the implementation of sustainable farming practices— minimizing water
exchange, optimizing energy use, and adopting environmentally friendly feed formulations can
mitigate ecological impacts while enhancing system resilience. Integrating circular economy
principles, where waste is efficiently recycled and reused within production systems, further
strengthens sustainability. Additionally, the promotion of low-carbon or carbon-neutral
aquaculture—through interventions such as solar-powered aeration and energy-efficient
infrastructure can aid in achieving emission reduction goals while improving long-term viability.
Together, these strategies establish climate-responsive aquaculture as a critical component of
sustainable sectoral growth in the sector.

Rural Development and Employment Generation

Aquaculture presents considerable opportunities for rural development and employment
generation, supporting millions of livelihoods across the value chain—from hatcheries and feed
e
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production to farming, processing, and marketing. Under the Viksit Bharat 2047 initiative, this sector
is crucial for poverty alleviation and income diversification, especially by enabling smallholder
farmers to integrate aquaculture as a reliable and supplementary income source alongside
conventional agriculture. The sector presents significant opportunities for enhancing social
inclusion. Greater involvement of women in activities like seed production, feed preparation, and
post-harvest processing can foster gender equity and strengthen household incomes. Moreover,
community-oriented approaches, such as cooperatives and producer organizations, can improve
collective contribution, facilitate better market access, and lower transaction costs.

Advances in Genetics, Breeding, and Nutrition

Advancements in genetics, selective breeding, and nutrition offers substantial opportunities to
enhance productivity, resilience, and sustainability in aquaculture. Selective breeding programs
have already delivered quantifiable gains in growth rates, feed efficiency, and disease resistance
among various cultured species, while the development of Specific Pathogen Free (SPF) shrimp and
genetically improved fish strains has contributed to reduced disease risks and more stable
production systems. The use of genomic tools and marker-assisted selection further expedites
genetic enhancement, facilitating robust, high-performing stocks suited to a diverse range of
farming conditions.

Integration with Global Food Systems

Aquaculture is emerging as an essential part of global food systems, offering a more resource-
efficient and scalable source of animal protein compared to terrestrial livestock. In the light of
increasing global demand, this sector offers a strategic opportunity for India to enhance its position
as a reliable supplier of high-quality, sustainably produced seafood to international markets.
Positioning India as a global hub for sustainable aquaculture will necessitates profound integration
with global value chains. This can be achieved through partnerships with international research
institutions, active involvement in trade frameworks, and strict adherence to quality, safety, and
sustainability standards. Such alignment has the potential to improve export competitiveness while
ensuring compliance with the changing demands of the market. Furthermore, aligning aquaculture
development with the Sustainable Development Goals (SDGs) especially those related to food
security, poverty alleviation, and environmental sustainability enhances its strategic significance on
a global scale. This integration not only supports national economic growth but also aids in broader
global initiatives toward resilient and sustainable food systems.

Policy Support, Investment, and Institutional Strengthening

The trajectory of aquaculture in fulfilling the goals of Viksit Bharat 2047 is heavily dependent on
strong policy backing and efficient institutional structures. Government initiatives like the Pradhan
Mantri Matsya Sampada Yojana (PMMSY) have already accelerated sectoral growth by providing
focused financial support, infrastructure, development and fostering capacity-building efforts.
Moving ahead, policy priorities should focus on simplifying regulations, encouraging sustainable and
responsible aquaculture practices, fostering private sector involvement, and strengthened
investment in research and development. Collaborations between the public and private sectors will
be vital for scaling innovations, improving technology adoption, and broadening infrastructure
throughout the value chain. Strategic investments in hatcheries, feed production facilities, cold
chain logistics, and processing plants are essential for enhancing efficiency, minimizing post-harvest
losses, and increasing value addition. Simultaneously, the implementation of digital governance
mechanisms can significantly enhance transparency and operational efficiency. Online licensing
e
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systems, digital monitoring platforms, and integrated service portals can streamline regulatory
processes, reduce administrative delays, and facilitate easier access to institutional support, thereby
enabling a added supportive and responsive environment for aquaculture development.

Innovation Ecosystem and Start-up Opportunities

The emergence of start-ups and innovation- driven ecosystems is opening new avenues for the
transformation of the aquaculture industry. Agri-tech and aqua-tech enterprises are providing
solutions in critical areas such as real-time water quality monitoring, swift disease diagnostics,
precision feeding, and efficient supply chain management, thereby enhancing productivity and
operational efficiency. The expansion of incubation centers, innovation hubs, and access to venture
capital is essential to nurture these enterprises and enhancing their impact. Strengthening
collaboration among academia, industry, and government can further accelerate the translation of
research into commercially viable technologies and practices. Engaging youth in aquaculture
entrepreneurship is particularly essential for promoting innovation and advancing sectoral
modernization. By establishing a supportive environment that encourages experimentation,
investment, and technology adoption, India can cultivate a dynamic, competitive, and future-
oriented aquaculture sector.

Challenges in Fisheries and Aquaculture sector

Disease Outbreaks and Biosecurity Constraints

Infectious diseases continue to pose one of the most critical challenges in aquaculture, frequently
resulting in substantial economic losses and instability in production. The emergence of new and re-
emerging pathogens further intensifies the vulnerability of the sector. The growing intensification
of aquaculture marked by high stocking densities and increased input use has amplified disease
risks. Overcrowded culture conditions facilitate swift pathogen spread, while environmental
stressors such as deteriorating water quality compromise the immune defences of cultured species,
rendering them more susceptible to infections. Effective management of diseases is further
obstructed by inadequate biosecurity measures at the farm level. Many small-scale operations lack
uniform protocols for disinfection, quarantine, and regular health monitoring. Limited access to
rapid diagnostic tools and aquatic animal health services, particularly in rural areas, delays early
detection and timely intervention. Furthermore, the absence of effective vaccines for the majority
of aquatic pathogens remains a critical gap. While alternative methods like immunostimulants and
probiotics are being explored, their efficacy frequently varies among different species and culture
settings. Addressing these issues necessitates a holistic strategy that combines better farm
management, reinforced biosecurity protocols, advanced diagnostic tools, and ongoing research in
the field of aquatic animal health.

Environmental Impacts and Sustainability Concerns

The rapid expansion of aquaculture has intensified concerns about its environmental impacts.
Effluents from aquaculture farms generally contain leftover feed, fecal waste, and chemical residues,
leftover feed nutrient loading and eutrophication in nearby water bodies. Consequently, this
frequently results in detrimental algal blooms, diminished dissolved oxygen concentrations, and a
decrease in aquatic biodiversity. Coastal aquaculture, particularly shrimp farming, has been
associated with the deterioration of ecologically sensitive habitats such as mangrove ecosystems.
The conversion of mangrove areas into aquaculture ponds interferes with natural ecological
processes and reduces coastal resilience, increasing vulnerability to storms, flooding, and shoreline

erosion. Another significant concern is soil salinization, especially in coastal areas where the
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intrusion of saline water impacts nearby agricultural lands. This phenomenon not only reduces soil
productivity but also leads to conflicts between aquaculture and traditional farming practices,
complicating land-use management. Although sustainable technologies like biofloc systems and
recirculating aquaculture systems (RAS) present promising solutions to minimize environmental
impacts, their widespread adoption is constrained by high capital investment and technical
challenges. Ensuring environmental sustainability in aquaculture therefore requires a balanced
strategy that combines responsible intensification with ecosystem conservation, supported by
effective regulatory policies and incentives to promote environmentally friendly practices.

Climate Change and Environmental Variability

Climate change represents a long-term challenge for aquaculture. Rising global temperatures,
shifting rainfall patterns and increased frequency of extreme weather events such as cyclones and
floods directly affect aquaculture productivity. Variations in temperature can significantly affect the
metabolism, growth, and reproductive cycles of cultured species. Higher temperatures often lead
to reduced dissolved oxygen levels, increasing stress and susceptibility to diseases. In addition,
fluctuations in salinity due to erratic rainfall or seawater intrusion can negatively impact species that
have narrow tolerance ranges. Extreme weather events further exacerbate risks by damaging
aquaculture infrastructure, resulting in stock losses and economic disruptions. Coastal aquaculture
systems are particularly at risk due to sea-level rise, storm surges, and coastal flooding. Extreme
weather events can cause physical damage to aquaculture infrastructure, leading to stock losses and
economic setbacks. Coastal aquaculture systems are particularly vulnerable to sea-level rise and
storm surges. Addressing these challenges requires the climate-resilient aquaculture systems,
including the use of tolerant species, improved farm design, and the implementation of early
warning and monitoring systems. However, the implementation of such measures is constrained by
limited awareness, and financial constraints.

Rising Input Costs and Economic Pressures

Economic sustainability poses a significant concern for aquaculture farmers, particularly in the
context of rising input costs. Feed, which accounts for 50-70% of overall production expenses, has
seen a notable rise in price due to the escalating costs of fishmeal, fish oil, and various other
ingredients. Seed quality and availability significantly affect production outcomes. The reliance on
high-quality seed, such as Specific Pathogen Free (SPF) shrimp, raises operational expenses.
Additionally, energy costs associated with aeration, pumping, and various farm activities add to the
overall expenditure. Small-scale farmers are particularly vulnerable to these cost pressures, due to
their limited access to credit and financial assistance. Price volatility in both domestic and
international markets further intensify economic uncertainty, making it difficult for farmers to plan
and invest. Confronting these challenges calls for the formulation of budget-friendly feed
alternatives, increased supply chain efficiency, and access to affordable financing options.

Limited Access to Technology and the Digital disparity

Although technological innovations have the potential to significantly improve aquaculture
productivity, their implementation is inconsistent across the sector. Many small and marginal
farmers face challenges in accessing advanced tools such as Al-based monitoring systems,
automated feeding solutions, and digital management platforms. A major constraint is the digital
disparity particularly in rural areas where internet access and technical proficiency are often
inadequate. Even when these technologies are available, their high costs and operational intricacies
may deter widespread adoption. Additionally, extension services and capacity-building initiatives
e
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often fall short in facilitating effective technology transfer. As a result, the benefits of innovation
tend to be concentrated among larger, better-resourced farms, widening inequalities within the
sector. Addressing this issue requires inclusive and scalable approaches for technology
dissemination, including the development of affordable solutions, offering targeted training
programs, and enhancing public—private partnerships to ensure wider accessibility and adoption.

Market Volatility and Export Dependency

India’s aquaculture sector, particularly shrimp farming, relies heavily on export markets. Although
this provides substantial revenue opportunities, it also exposes the sector to global market
fluctuations, trade restrictions, and geopolitical uncertainties. Changes in consumer preferences,
food safety regulations, and trade policies in importing nations can have immediate impacts on
export volumes and prices. For example, rigorous quality standards and certification requirements
can pose challenges for small-scale producers. Although domestic markets for aquaculture products
are expanding, they have not yet fully developed to accommodate production surpluses. This
imbalance increases vulnerability to external shocks. Diversification of markets, development of
domestic value chains, and promotion of value-added products are crucial to enhance resilience
against market volatility.

Infrastructure Deficiencies and Supply Chain Gaps

Infrastructure constraints continue to pose a major obstacle to the efficient functioning of the
aquaculture sector. Limited availability of cold storage, inadequate processing facilities, and fragile
transportation networks contribute to significant post-harvest losses and deterioration in product
quality. Inefficiencies within the supply chain further impede both domestic distribution and export
performance. Transportation delays and disruptions can compromise the freshness, safety, and
overall market value of seafood products, ultimately impacting competitiveness in both local and
global markets. Strengthening infrastructure particularly cold chain systems, modern processing
units, and reliable logistics is critical for sustainable sectoral growth. Strategic investments,
supported by public—private partnerships, can play a vital role in bridging these gaps and improving
overall supply chain efficiency.

Skill Gaps and Human Resource Constraints

Human resource development is a vital yet often overlooked component of aquaculture
development. Many farmers lack the technical expertise necessary for contemporary aquaculture
practices, such as managing water quality, controlling diseases, and optimizing feed. Training and
extension services are often limited in scope and reach. Consequently, this leads to suboptimal farm
management practices and reduced productivity. The involvement of youth in aquaculture is also
limited, partly due to the perception of aquaculture as a traditional and less appealing occupation.
It is crucial to promote youth involvement through education, training, and entrepreneurial
opportunities for the future of the sector.

Research Gaps and Innovation Constraints

Although India has a strong network of research institutions, there are gaps in translating research
outcomes into practical applications. Despite India's extensive network of research institutions,
there exist gaps in translating research outcomes into practical applications. Limited collaboration
between academia, industry, and farmers restricts the dissemination of innovations. Research
efforts in fields like disease management, climate resilience, and feed development must be
enhanced. Furthermore, the commercialization of novel technologies and products necessitates
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supportive policies and investment. Establishing a robust innovation ecosystem that integrates
research, industry, and policy is essential for promoting sustainable aquaculture development.

Policy, Governance, and Institutional Strengthening

Aqguaculture development is increasingly supported by evolving governance frameworks and
government initiatives such as the Pradhan Mantri Matsya Sampada Yojana, which are driving
sectoral growth. Streamlining regulatory processes, harmonizing standards across regions, and
improving coordination among agencies present strong opportunities to enhance efficiency and
ease of operations. The adoption of digital governance tools and data-driven decision-making can
further improve transparency, monitoring, and policy implementation. Strengthening institutional
capacity and fostering better collaboration will enable more responsive, efficient, and sustainable
management of the aquaculture sector.

A proactive and coordinated approach to addressing these challenges can empower India to
strengthen its position as a global leader in sustainable aquaculture, while also making substantial
progress towards the goals of Viksit Bharat 2047.

Future Prospects under Viksit Bharat 2047

India’s fisheries and aquaculture sector is poised for demand- driven expansion, underpinned by
low per capita fish consumption in conjunction with rising population, urbanization, and incomes.
Future development will rely on technology-enabled intensification, where Al, loT, and precision
aquaculture systems improve productivity, resource efficiency, and real-time facilitate decision-
making at the farm level. Sustainability will continue to be a focal point, with climate-resilient
production systems, stress-tolerant species, and adaptive management practices ensuring
production stability amid environmental variability. At the same time, circular economy approaches
such as waste recycling and efficient feed utilization will reinforce ecological sustainability. From an
economic standpoint, the sector holds significant scope for value addition, diversifying exports, and
expanding the domestic market, supported by advancements in cold chain logistics, processing
facilities, and traceability systems to enhance global competitiveness. On the institutional front,
coherent policies, digital governance frameworks, and inclusive support systems (credit, insurance,
extension) will be key drivers. Strengthened public—private partnerships and sustained investment
in research and innovation will further expand technology dissemination and sectoral
transformation. Overall, the sector is expected to transition into a high-value, technology-oriented,
and climate-resilient industry, playing a strategic role in achieving the goals of Viksit Bharat 2047.

Conclusion

India’s fisheries and aquaculture sector has evolved into a vital component of the agri-food
economy, driven by aquaculture-led growth and rising economic importance, yet constrained by
challenges related to disease, environmental sustainability, climate variability, and governance.
Achieving the vision of Viksit Bharat 2047 necessitates a strategic shift toward sustainable,
technology-driven, and inclusive development, with emphasis on biosecurity, climate resilience,
value chain enhancement, and policy coherence. In summary, the alignment of technological
innovation with responsible environmental management and effective governance can empower
India to become a globally competitive, resilient, and sustainable leader in aquaculture by 2047.
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Abstract

Climate change poses significant challenges to Indian agriculture, particularly in terms of water
scarcity, soil degradation, and production instability. The Pradhan Mantri Krishi Sinchayee Yojana
(PMKSY) 2.0 represents a strategic shift from conventional irrigation development toward climate-
resilient resource management. This paper examines the role of PMKSY 2.0 in promoting climate-
smart agriculture through efficient water use, watershed development, and sustainable soil
management. It highlights how integrated approaches under the scheme enhance agricultural
productivity, strengthen resilience, and support long-term sustainability. The study underscores the
importance of technological innovation, community participation, and policy support in achieving
climate-resilient farming systems in India.

Keywords: Climate-smart agriculture, PMKSY 2.0, water management, soil health, watershed
development, resilience

Introduction

Agriculture remains a cornerstone of India’s economy, employing a large proportion of the
population and ensuring food security. However, increasing climate variability—manifested through
erratic rainfall, rising temperatures, and frequent droughts—has intensified pressure on agricultural
systems. Traditional irrigation practices and unsustainable land use have further aggravated water
scarcity and soil degradation.

In response, the Government of India introduced the Pradhan Mantri Krishi Sinchayee Yojana
(PMKSY), with PMKSY 2.0 representing an advanced phase focused on sustainability and resilience.
The program emphasizes the principles of “Har Khet Ko Pani” and “Per Drop More Crop,” integrating
irrigation efficiency with climate adaptation strategies.

Conceptual Framework: Climate-Smart Agriculture

Climate-smart agriculture (CSA) is built on three fundamental pillars:
1. Enhancing agricultural productivity
2. Strengthening resilience to climate change
3. Reducing greenhouse gas emissions

CSA promotes resource-efficient and environmentally sustainable practices. Within this framework,
water and soil management are central components, as they directly influence crop productivity
and ecosystem stability. PMKSY 2.0 aligns closely with CSA principles by integrating irrigation
efficiency with conservation-based approaches.

PMKSY 2.0: A Paradigm Shift in Water Management
PMKSY 2.0 moves beyond conventional irrigation expansion to focus on integrated water resource
management. Its major components include:
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e Micro-irrigation (Per Drop More Crop): Promotes drip and sprinkler systems to optimize
water use efficiency.

¢ Har Khet Ko Pani: Expands irrigation access to underserved and rain-fed areas.

o Watershed Development: Encourages rainwater harvesting, groundwater recharge, and soil
conservation.

e Infrastructure Development: Strengthens irrigation networks and water storage systems.

This integrated approach ensures both supply-side and demand-side management of water
resources.

Soil and Water Synergy in Climate Resilience
Soil and water are interdependent resources that determine agricultural sustainability. PMKSY 2.0
enhances this synergy through:
¢ Improved Soil Moisture Retention: Efficient irrigation ensures optimal water availability for
crops.
e Reduced Soil Erosion: Watershed interventions such as contour bunding and check dams
prevent topsoil loss.
o Enhanced Soil Fertility: Balanced water application minimizes nutrient leaching and salinity.

Healthy soils improve water infiltration and storage, thereby increasing resilience to droughts and
extreme weather events.

Technological Interventions and Innovation
PMKSY 2.0 incorporates modern technologies to enhance decision-making and resource efficiency.
These include:

e Geographic Information Systems (GIS) for planning watershed activities

e Remote sensing for monitoring land and water resources

e Mobile-based advisory services for farmers

e Emerging tools such as artificial intelligence and climate forecasting

Such innovations enable precision agriculture and adaptive management under changing climatic
conditions.

Socio-Economic Impacts
The implementation of PMKSY 2.0 has significant socio-economic implications:
o Increased Agricultural Productivity: Reliable irrigation supports multiple cropping and
higher yields.
¢ Income Enhancement: Efficient resource use reduces costs and increases profitability.
o Risk Mitigation: Reduced dependence on monsoons lowers vulnerability to climate shocks.
o Employment Generation: Watershed and irrigation projects create rural job opportunities.

These outcomes contribute to rural development and poverty reduction.

7. Challenges and Constraints
Despite its potential, PMKSY 2.0 faces several challenges:
e Uneven adoption of micro-irrigation technologies
¢ Limited awareness and technical knowledge among farmers
e Regional disparities in implementation
¢ Financial and institutional constraints
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Addressing these issues requires coordinated efforts, policy support, and capacity-building
initiatives.
Way Forward
To strengthen the impact of PMKSY 2.0, the following measures are recommended:
e Scaling up awareness and training programs for farmers
¢ Integrating traditional knowledge with modern practices
¢ Enhancing financial support and incentives for micro-irrigation
e Strengthening institutional coordination and monitoring mechanisms
e Promoting community-based water governance systems

A holistic approach combining technology, policy, and community engagement is essential for long-
term sustainability.

Conclusion

PMKSY 2.0 represents a transformative step toward climate-smart and resilient agriculture in India.
By integrating efficient water management with soil conservation and technological innovation, it
addresses the critical challenges posed by climate change.

The success of the initiative lies in its ability to balance productivity with sustainability while
empowering farmers and communities. As India moves toward a more resilient agricultural future,
PMKSY 2.0 will play a crucial role in ensuring that every field has access to water and every farmer
has the opportunity to prosper.
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Background

India, since ancient times, has been a land of sages and prosperous agriculture. In the present era,
when the entire world is caught in the race of industrialization, India remains a country whose soul
resides in its villages and fields. The soil here not only produces food grains but also nourishes
culture, tradition, and consciousness. The true strength of India lies neither in industries nor in
markets, but in the fertility of its fields and in the seeds sown by farmers with devotion, ensuring
the nation’s food security.

Indian agriculture has traversed centuries of evolution from the Vedic period to modern science.
Despite adversities such as foreign invasions, natural calamities, and policy failures, it continues to
sustain millions of lives. As we envision a “Developed India,” it is essential to understand, respect,
and modernize our agricultural heritage.

Agricultural Traditions in Ancient India

In the Vedic era, agriculture was regarded as a divine activity. The Earth was revered as a mother,
and farmers as her sons. Agricultural prosperity was linked with religious rituals and yajnas.
References in the Rigveda highlight the harmonious relationship between agriculture and nature,
emphasizing balance with natural elements such as rain, sun, air, and soil.

Ancient rulers established observatories to predict climatic patterns and guide agricultural practices.
Folk scholars like Ghagh and Bhaddari composed agricultural wisdom blending science and
experience, which remains relevant in rural India even today. Archaeological findings from Mohenjo-
daro and Harappa reveal granaries, ploughs, and irrigation systems, indicating a well-organized
agricultural system. The Saraswati region practiced double cropping, bullock-driven ploughing, and
advanced water management techniques. Kautilya’s Arthashastra outlined clear policies on
agricultural taxation, irrigation, seed storage, and price regulation. Texts like the Charaka Samhita
and Sushruta Samhita provided valuable insights into soil quality, farming practices, and medicinal
plants. Agriculture was largely organic and cattle-based, integrating food production with cultural
and ecological sustainability. Crop selection was based on soil suitability, as mentioned in ancient
texts “Subeejam Sukshetre Jayate Sampadyate”.

Agriculture in Medieval India

During the Bhakti movement, land, food, and farmers were revered as sacred. Poets like Kabir,
Tulsidas, Rahim, and Surdas depicted both the struggles and dignity of farmers. Under Mughal rule,
Raja Todar Mal introduced a structured land revenue system. While administratively efficient, it
gradually increased the burden on farmers. During colonial rule, the forced cultivation of cash crops
like indigo, opium, and cotton led to famines and agrarian distress. Literary works such as
Dinabandhu Mitra’s Nil Darpan and Munshi Premchand’s Godaan portrayed the exploitation of
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farmers. Zamindari practices, moneylenders’ debts, and exploitative taxation led to several agrarian
revolts, including the Santhal and Indigo rebellions.

Challenges in Contemporary Indian Agriculture

Despite technological advancements, Indian agriculture faces complex challenges. Climate change
has disrupted traditional stability, causing erratic monsoons, prolonged droughts, and sudden
floods. Approximately 85% of farmers belong to small and marginal categories, lacking access to
land, resources, technology, and capital. Farmers sow seeds with hope, but inadequate irrigation,
fertilizers, and technical knowledge limit productivity and profitability. Market inefficiencies further
worsen their condition, as farmers have little control over price determination and remain trapped
in middlemen networks. These socio-economic pressures often lead to mental stress, depression,
and, tragically, farmer suicides, reflecting a deep national concern.

Reconstruction of Agriculture in Independent India

Post-independence, agricultural practices evolved with changing needs. Rising population and
shrinking cultivable land necessitated modernization. Agricultural education was strengthened,
beginning with initiatives like postgraduate programs at Pusa in 1923. The Green Revolution, driven
by improved crop varieties, chemical fertilizers, and irrigation, made India self-sufficient in food
production. Subsequent revolutions: White, Blue, Yellow, and others diversified agriculture.
However, these advancements also led to ecological challenges such as declining groundwater
levels, soil degradation, and environmental pollution, along with regional disparities in benefits.

Opportunities for Agriculture in a Developed India

Modern agricultural education and practices have enhanced productivity through soil management,
climate-resilient farming, crop diversification, and integrated pest management. Yet, population
pressure demands further innovation. Efforts have been made to preserve indigenous knowledge
and traditional seeds through gene banks. Initiatives like Soil Health Cards and precision farming
promote efficient resource use. Advanced technologies such as gene editing have enabled the
development of improved crop varieties, including India’s first genome-edited rice varieties (DRR
Dhan-100 and Pusa DST Rice-1). Climate-resilient strategies such as crop diversification,
hydroponics, aeroponics, and the revival of millets have been adopted to address environmental
and nutritional challenges. Geographical Indication (Gl) tagging of region-specific agricultural
products enhances farmers’ income and recognition. Legal frameworks like the Protection of Plant
Varieties and Farmers’ Rights (PPV&FR) Act safeguard innovations.

Today, Indian agriculture is undergoing a digital transformation through remote sensing, artificial
intelligence, robotics, and drone-based technologies. The future may even witness remote farming
and agricultural expansion beyond Earth. India has also initiated space agriculture experiments
under ISRO’s Axiom-4 mission, studying the germination and growth of crops like moong, fenugreek,
beans, sesame, tomato, brinjal, and rice under microgravity. Research on microalgae such as
spirulina and chlorella explores their potential for oxygen production, waste recycling, and nutrition
in space environments.

Conclusion

Indian agriculture is poised to reclaim its historic glory and emerge as a global leader by 2047.
However, it is crucial to remember that the foundation of all agricultural progress lies in India’s rich
traditional heritage. By integrating ancient wisdom with modern innovation, India can truly achieve
sustainable agricultural development and global leadership.
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Abstract

The tea gardens of Darjeeling and the Dooars lowlands of North Bengal share a common wound:
the sudden collapse of a plantation economy that once defined every dimension of workers’ lives.
Tens of thousands of families, mostly Adivasi, mostly women have been left on land they cannot
legally call their own, without wages, rations or any meaningful fallback. Clinical research now
documents the consequences: one in four tea garden workers in Darjeeling is undernourished;
morbidity in Dooars communities tracks directly to food insecurity and poverty. Yet the women in
these communities have not been passive. Self Help Groups (SHGs) formed by women from closed
garden households are the most resilient institution still standing in this landscape. This article
argues that federating these SHGs, connecting them to natural farming on abandoned plantation
land, and linking them to markets and institutional credit can offer a realistic, affordable and scalable
path toward revival, one that aligns squarely with the goals of Viksit Bharat 2047, SDG 2, SDG 12,
SDG 13 and Mission LiFE.

Keywords: Closed tea gardens, Adivasi women workers, SHGs, Viksit Bharat 2047, Mission LiFE

Introduction

Every cup of Darjeeling tea carries a geography, mist-covered ridges, altitude-cooled air, and a
flavour so particular that no other place on earth can replicate it. What it rarely carries is the story
of the people who made it. For generations, tea plantation workers in the Darjeeling hills and the
Dooars plains of North Bengal lived and worked entirely within the plantation system. The garden
was not just a workplace; it was a world which provided wages, rations, housing, schools and
hospitals, all within its boundaries.

When that world collapsed, there was nothing waiting on the other side. North Bengal has
approximately 450 tea gardens spread across Darjeeling Hills, Terai and Dooars (Sonar, 2024). The
closure crisis has accelerated sharply in the past decade. In 2022 alone, DOTEPL (Darjeeling Organic
Tea Estates Pvt. Ltd.) abandoned ten estates including Happy Valley, Ambootia and Rangaroon,
leaving their workers without wages, statutory benefits or clear legal recourse. The Darjeeling Tea
Association has publicly stated that nearly 30 per cent of gardens are defaulters on provident fund
and gratuity obligations (Singh, 2023).

The Human Cost of a Closed Garden
A tea garden closure is unlike a factory shutdown in one critical way: workers do not just lose a job,
they lose an entire ecosystem of survival. The plantation system historically provided housing,
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weekly rations of rice and wheat, access to a garden hospital, and schools for children, all of which
cease the moment management abandons a garden. Research in the closed gardens of Dooteriah,
Kalej Valley and Peshok in the Darjeeling hills found that workers absorbed into MGNREGS after
closure earned an average of just Rs 8,000-12,000 per year which is a fraction of their previous
income and depended on multiple casual sources to survive (Hannan and Golay, 2022).

Fig. 1: Cascading Impact of Tea Garden Closure

Tea Garden Loss of Wages 4
Closure & Rations

Women &
Youth Distress

Land
Abandonment

Fig. 1: Cascading Impact of Tea Garden Closure on Communities

The health consequences of this collapse are now clinically documented. A 2023 investigation of tea
garden laborers in the Darjeeling district revealed that a quarter of the population experienced
undernutrition, with household food insecurity identified as a key contributing factor (Mandal et al,,
2023). Furthermore, a 2022 study conducted in Alipurduar, located in the Dooars region,
corroborated the interconnectedness of poverty, undernutrition, and morbidity within plantation
communities, with women disproportionately affected (Yasmin et al., 2022). These findings are not
isolated instances; rather, they signify a systemic crisis that has been developing over the past
twenty years.

Women have borne the heaviest burden of this collapse. In the Dooars tea belt, women, primarily
Adivasi from the Oraon, Munda, Kharia, and Santhal communities, who were brought in as
indentured laborers in the late 1800s, make up almost 60% of the workforce (Bhattacharya, 2024).
Gurung and Mukherjee's (2018) research showed that the limited education and skills of tea
workers, along with the isolated nature of plantation life, significantly restrict their ability to move
up in their jobs, especially for women. The land itself pays a cost too. Decades of tea monoculture
have left plantation soils acidic and low in organic matter. Abandoned slopes on Darjeeling’s steep
terrain erode rapidly without root cover. What was once among the most biologically productive
hillside terrain in the subcontinent deteriorates quietly alongside the communities that depended
on it.

What Women'’s SHGs Are Already Doing

In the middle of this crisis, Self Help Groups have emerged as the most resilient institution still
functioning in closed tea garden communities. Formed primarily by women from affected
households, these groups save small amounts every week, extend interest-free emergency loans to
members, and serve as informal social security for communities whose formal welfare systems have
disappeared. In West Bengal, which has some of the highest SHG coverage under the National Rural
Livelihoods Mission (NRLM) in the country their reach is substantial (Bhattacharjee et al., 2024).
Research across the state has consistently shown that SHG membership improves women’s socio-
economic conditions, strengthens their confidence and increases their ability to access government
entitlements (Cheek and Corbett, 2024).

In the tea belt, SHGs have done more than save. Members have taken up kitchen gardening on

whatever land they could access, producing vegetables that reduce household food expenditure
e
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and, in some cases, generate small local income. Groups have moved into food value addition, dried
herbs, forest honey, pickles, fermented bamboo shoots, finding buyers in town markets. Where
SHGs are active, families are demonstrably more likely to have accessed PM-KISAN, MGNREGS and
PMAY entitlements, because the group acts as a bridge into a bureaucratic system that otherwise
feels inaccessible.

India’s Economic Survey 2022-23 described SHGs as a little-known but high-impact institution,
noting that India’s 12 million SHGs cover 142 million families with savings of over Rs 47,000 crore
and a loan repayment rate exceeding 96 per cent, figures that reflect an institutional trust built
entirely from below (Gol, 2023). In the tea belt of North Bengal, this trust already exists. What is
missing is the infrastructure to convert it into agricultural and economic productivity at scale.

A Practical Framework for Revival

Fig. 2: The Integrated Three-Pillar Model

VIKSIT BHARAT 2047 — Inclusive Agricultural Transformation

PILLAR 1 PILLAR 2 PILLAR 3
SHG Enterprise Clusters Youth Wings in SHGs Natural Farming Backbone
* Federated SHG groups * ARYA-model training * ZBNF practices
* Shared business plan * KVK convergence * PGS organic certification
* FPO & NABARD linkage * Drone & digital enterprise * Agroforestry integration
» Market access (e-NAM/GeM) * Youth-elder partnership * Carbon sequestration
| | |

Mission LiFE

Fig. 2: An Integrated Framework for SHG-Led Agricultural Revival in
Closed Tea Garden Communities

Federated SHG Clusters: Individual SHGs are effective at saving and mutual support. They are less
equipped, alone, to negotiate prices, access institutional credit or apply for collective certification.
When five to eight groups in the same locality come together around a shared business plan,
forming an Agri-Enterprise Cluster, they gain the scale to do all these things. Formal linkage with
Farmer Producer Organisations (FPOs) gives clusters access to e-NAM and GeM portals, enabling
direct institutional sales. NABARD’s dedicated credit windows for federated SHG structures are
already in place; the critical gap is ensuring that groups in closed tea garden areas are actively
connected to them (NABARD, 2022).

Bringing Youth into the Cluster Economy: Youth outmigration from the tea hills is not a cultural
inevitability; it is a rational response to the absence of economic opportunity. Evidence from Andhra
Pradesh’s natural farming programme shows that when SHGs are given real productive activity and
youth are embedded within that economy with defined roles in processing, digital sales and account
management intergenerational participation in local agriculture becomes viable (Bharucha et al,,
2020). The same principle applies to North Bengal: creating an SHG cluster economy gives young
people from closed garden households a reason to stay and a productive role within it.

Natural Farming on Abandoned Plantation Land: The abandoned slopes of Darjeeling’s closed
estates are not dead land. Research from the ICAR Research Complex for NEH Region, Meghalaya
demonstrates that an Integrated Organic Farming System (IOFS) which incorporates crops,
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horticulture, livestock, rainwater harvesting and local nutrient recycling, significantly improves farm
income and livelihood security for hill farmers in precisely this kind of terrain (Ansari et al., 2023).
The NEH region shares Darjeeling’s altitude gradient, rainfall patterns and soil characteristics,
making this model directly transferable. Natural farming inputs like cow dung, jaggery, gram flour,
leaf mulch cost almost nothing, build soil health over successive seasons and prevent the erosion
that unchecked abandonment accelerates. Collective PGS organic certification gives clusters
premium market access without the cost burden of individual certification. The Darjeeling
geographical indication tag which is globally recognised and legally protected positions these
products for both domestic premium and export markets. Agroforestry layers of fruit trees, large
cardamom and medicinal plants add further income streams while sequestering carbon and
stabilising fragile slopes.

Why This Goes Beyond Darjeeling

The framework described above maps directly onto the national priorities of Viksit Bharat 2047 and
the Sustainable Development Goals. SDG 2 (Zero Hunger) is addressed when SHG kitchen gardens
and federated cluster farms restore food production in communities that lost subsidised rations
overnight. A 2022 peer-reviewed study found that women farmers in hilly areas who used traditional
agroecological methods had a more varied diet than those who only bought food from the market.
This is especially relevant for natural farming in closed tea garden areas (Layek et al., 2023). Natural
farming supports SDG 12 (Responsible Production) through composting, water conservation, the
elimination of chemicals, and the efficient recycling of organic materials on the farm, creating truly
circular systems. In addition, SDG 13 (Climate Action) is supported by the agroforestry and carbon
capture potential of restored plantation slopes.

Mission LiFE which is India’s national call for a lifestyle in harmony with nature finds perhaps its
most authentic expression in this context. The women of Darjeeling’s tea belt did not adopt natural
farming as a philosophical preference. They turned to low-input, locally sourced methods because
they had no other option. Their practice is already what Mission LiFE calls for. What is needed is not
a change in behaviour, but institutional recognition of, and sustained support for, the behaviour that
already exists.

This model is also replicable. The plantation closure crisis is not confined to Darjeeling. Assam, the
Nilgiris, and parts of Kerala face similar trajectories of estate abandonment, indigenous worker
displacement and the deterioration of captive agricultural communities. A tested, evidence-backed
revival model from North Bengal would have national and potentially regional significance.

What Needs to Happen

e Secure land access: Workers living on closed garden land must be given the legal right to
cultivate it through long-term lease, cooperative tenure or community land titles. Without
this, every other recommendation in this article remains aspirational. This is the precondition
for everything else.

e Dedicated credit for SHG clusters: NABARD and state cooperative banks should create a
targeted credit window for federated SHG clusters in closed tea garden areas, treating group
savings history as collateral. Existing NRLM infrastructure should be used to identify and
register eligible groups.

e Subsidised PGS organic certification: Group certification under the Participatory Guarantee
System should be facilitated through KVKs and State Agriculture Departments, with first-cycle
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costs fully subsidised. This single intervention unlocks premium market access for natural
produce under the Darjeeling brand.

e Youth integration through applied skilling: Short, hands-on training in natural farming, food
processing and digital market access which is designed for youth from closed tea garden
households should be delivered through KVKs and State Agricultural Universities in Darjeeling,
Jalpaiguri and Alipurduar districts. The IOFS models demonstrated in Meghalaya and Sikkim
by ICAR provide ready-to-adapt templates.

Conclusion

The communities living inside Darjeeling’s closed tea gardens did not simply wait for policy to find
them. Without wages, without rations and without land titles, the women of these communities
built what they could: savings groups that met weekly, kitchen plots on whatever ground they could
access, networks of mutual support that kept the most vulnerable households from complete
collapse. That this happened at all — in conditions of near-total institutional abandonment — is
both remarkable and instructive. Viksit Bharat 2047 is a national vision of a developed, equitable
India. Its credibility will not rest on rising GDP figures or export milestones alone. It will rest on
whether the Adivasi woman who spent her working years plucking leaves for a garden that then
abandoned her is part of the story of 2047. The path forward is not complicated: connect her SHG
to land, credit and markets, support natural farming on slopes that are already hers in practice if not
in law, and create a real reason for her children to stay. No new institution is required. No untested
model is needed. What is required is the political will to recognise and invest in what already exists.
That is achievable. It is also long overdue.
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Abstract

Farmer Producer Organizations (FPOs) have emerged as a pivotal institutional mechanism for
improving the socio-economic status of small and marginal farmers in India. This is particularly
critical in Eastern India, notably West Bengal, where extreme land fragmentation and restricted
market access hinder agricultural growth. Utilizing secondary data, this study evaluates the
operational performance and systemic hurdles faced by FPOs in the region. The findings indicate
that while FPOs successfully achieve economies of scale as evidenced by reduced input costs and
enhanced technical literacy—significant constraints remain. Persistent challenges such as
inconsistent procurement, inadequate post-harvest infrastructure and credit constraints undermine
long-term sustainability. The study concludes that for FPOs to transition from survival to scalability,
targeted interventions in credit accessibility, professionalized management, and robust market
linkages are essential.

Introduction

Agriculture plays a crucial role in the economy of Eastern India, which includes states such as West
Bengal, Bihar, Odisha, Jharkhand and Assam. The region is characterized by a large number of small
and marginal farmers who depend on agriculture as their key income stream for livelihood despite
having favorable agro-climatic conditions and rich natural resources. The farmers of eastern regions
face several structural challenges like small landholdings, high input costs, limited access to quality
input, inadequate market linkages, good source of knowledgeable support and weak bargaining
power.

In recent years, a cluster of institutions such as Farmer-Producer Organizations (FPOs) have been
promoted as an effective strategy to address these challenges to mitigate the burning situation of
Indian farmers. FPOs aim to organize them into groups so that they collectively purchase agricultural
inputs, adopt improved technologies and market their production more efficiently. FPOs as farmer-
owned enterprises help to strengthen their bargaining power and improve access to markets,
financial services, and technical knowledge. As a result, FPOs are increasingly recognized as an
important institutional mechanism for enhancing farmer’s income and promoting sustainable
agricultural development in Eastern India.

Concept

A Farmer Producer Organization (FPO) is a coalition of farmers formed to promote the common
economic and social interests of its members. It has a formal structure, defined membership, and
established rules and regulations for its functioning. Primarily farmers are organized at the village
level into small groups of about 15-20 members, commonly known as Farmer Interest Groups
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(FIGs), Mishra et al., (2022). These groups are then aggregated to form a larger organization called
Farmer Producer Organization (FPO). The main objective of FPO is to boost the farmers income
through combined action, improve access to resources, technology, and markets and hence elevate
their incomes (FAO, 1990). Various institutions play a crucial role in promoting and developing FPOs
in India. Small Farmers’ Agribusiness Consortium (SFAC) and the National Bank for Agriculture and
Rural Development (NABARD) are key agencies supporting FPOs. These organizations assist in the
form of capacity building, training and skill development of members, financial support and access
to credit. Such support significantly contributes to enhancing the performance and sustainability of
FPOs in India.

Benefits of FPOs

Farmer Producer Organizations (FPOs) play a vital role to ameliorate the economic condition of
farmers, especially small and marginal farmers. One of the major benefits of FPOs is to deliver
agricultural resources at lower costs. FPOs obtain licenses for supplying seeds, fertilizers and
pesticides, which allows FPOs to provide raw materials to their members at relatively lower rates
than the open market. This helps in reducing the cost of cultivation.

The primary objective of the Farmer Producer Organization (FPO) model is to enable the transition
from individual subsistence farming to collective commercialization. By aggregating agricultural
produce, FPOs attain the scale required to bypass traditional, multi-layered intermediaries, thereby
allowing farmers to capture a greater share of the consumer rupee. This structural transformation
significantly improves price realization and strengthens the collective bargaining power of small and
marginal farmers.

Moreover, FPOs serve as vital institutional mechanisms for human capital development. Through
structured extension services and targeted technical training, they promote the adoption of efficient
farming practices and modern agricultural technologies. In doing so, FPOs help bridge the
productivity gap associated with fragmented landholdings, enhancing both farm-level efficiency and
overall rural livelihoods.

Field observations from Northern West Bengal reveal that several FPOs provides seeds, fertilizers
and pesticides to their members at relatively lower prices. Some organizations also assist with
training and information on improved agricultural practices, hence highlighting the practical role of
FPOs in supporting farmers at the grassroots level.

Status of FPOs in Eastern India
Table: Distribution of Farmer-Producer Organizations (FPOs) and their membership across
selected states of Eastern India.

Total Average Members | Rank (Based on
State No. of FPOs Shareholders per FPOs No. of FPOs)
Odisha 1899 480146 253 1
Bihar 1840 756029 411 2
West Bengal 1806 223807 124 3
Assam 1198 70238 59 4
Jharkhand 776 142760 184 5

Source: TCl, 2026
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Among the major states in Eastern India, Odisha ranks first in terms of the number of FPOs (1899)
followed by Bihar (1840) and West Bengal (1806). Assam and Jharkhand occupy the fourth and fifth
positions, respectively, representing comparatively lower numbers of FPOs in these states. In terms
of membership strength, Bihar shows the highest average number of members per FPO (411),
suggesting stronger farmer aggregation and participation. Odisha and Jharkhand also demonstrate
moderate membership levels, while West Bengal shows a relatively lower average membership
(124). Assam accounts the lowest average (59) signifying a smaller FPO size in the state.

Challenges of FPOs in Eastern India

Despite the growing importance of Farmer Producer Organizations (FPOs), they face several
challenges that limit their effectiveness, particularly in Eastern India. One of the major constraints
is the lack of professional management. Many FPOs are managed by farmers who have limited
resources and technical expertise, which affects decision making and business activities. Poor
infrastructure including lack of warehouse facilities, transportation and processing units are major
issues that limits the operational capacity of FPOs in the region. Another significant challenge is the
meagre amount of capital which further accelerates financial constraints and limited access to
institutional credits. Therefore, this major restriction creates huge hurdles in their ability to expand
business activities such as procurement, storage and value addition throughout the areas. In
addition, fragile market linkages further reduce their competence as many FPOs struggle to connect
directly with larger markets and often depend on local traders.

Field survey evidence from Dakshin Dinajpur district of West Bengal describes that irregular
procurement of production; post-harvest management facilities, low price realization and
insufficient finance are huge constraints which the FPOs members are finding it hard to come up
with on daily basis. (Gupta & Dutta,2026).

Way Forward

To improve the performance and sustainability of Farmer-Producer Organizations (FPOs) in Eastern
India, several policies including capacity building and collaborative thinking of the members are
need to be reinforced. Government initiatives under the “Formation and Promotion of 10,000 FPOs”
scheme provides training and handholding support for five years which enhances in developing
managerial and entrepreneurial skills among farmers (Government of India, 2025). Another
important aspect is to bolster the economic connections of the farmers through many new
networks. Therefore, platforms such as the electronic National of Agriculture Market (e-NAM) can
help FPOs to access wider markets and ensure better price discovery for farmers (SFAC, 2025).
Regulations in the form of equity grants, credit guarantee schemes and financial assistance up to
X18 lakh per FPO have been introduced to encourage the financial base of these organizations
(Government of India, 2021).

After achieving the target of forming 10,000 FPOs, the Government of India is now focusing on
strengthening and supporting of existing FPOs. Hence, recently the government has adopted
regulations highlighting the need to develop FPO federations, promoting value addition and
improving institutional support to ensure long-term sustainability of FPOs.

Conclusion

Farmer Producer Organizations (FPOs) have emerged as an important institutional mechanism for
improving the economic sustenance of small and marginal farmers in Eastern India. The analysis
highlights in reducing input costs, improving market connections and strengthening the bargaining
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power of farmers and management of crop yields along with mitigating post-harvest losses. Field-
based evidence from West Bengal further reflects that FPOs are actively involved in providing
resources and technical guidance to their members, contributing to better farm practices and the
enhancement of income. However, depending on the field supported data of the states under study
the performance of FPOs is not uniform across the areas as several challenges emerged out such as
limited capital framework, fragile market linkages, lack of professional management in coaching and
inadequate infrastructures continue to affect their effectiveness creating obstacles which can be
attenuated through proper institutional governance for long term success in the eastern region of
India.

In this context, the focus of policy should move beyond increasing the number of FPOs towards
consolidating their operational capacities and financial sustainability by promoting value addition
and developing marketing abilities. Overall, FPOs hold significant potential to transform the
agricultural sector in Eastern India, provided that adequate support mechanisms are in place to
ensure their growth and efficiency.
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The scientific community, particularly within government research institutions such as the Indian
Council of Agricultural Research (ICAR), is currently experiencing a growing shift in expectations.
Scientists and technical personnel are increasingly expected not only to conduct research but also
to generate innovative technologies, patents, and practical solutions that can directly contribute to
agricultural and livestock development. While this objective is important for national growth and
institutional reputation, the framework under which scientists are functioning often creates
confusion and contradiction between the concepts of “research” and “innovation.” Traditionally,
research refers to the systematic investigation of a scientific problem through experimentation,
validation, and analysis. The primary objective of research is to generate reliable knowledge
supported by scientific evidence and previously published literature. Most projects in ICAR institutes
are funded under research budget heads, where scientists are required to formulate hypotheses,
conduct trials, validate results, and publish findings in peer-reviewed journals. Scientific publications
also demand strong literature support, proper citations, and references from earlier studies. In this
process, researchers often revisit, repeat, or refine previously studied concepts. In many ways, the
term “research” itself implies “re-searching” or investigating existing knowledge further to improve
scientific understanding.

However, alongside these conventional expectations, scientists are simultaneously encouraged to
develop entirely new technologies, innovations, and inventions. Institutes are often evaluated based
on the number of technologies released, patents filed, or innovative products developed. Higher
authorities expect institutions to contribute novel technologies that can strengthen institutional
reputation, improve extension outreach, and support farmers and industries. While such
expectations are understandable and beneficial, they also create a contradiction within the existing
scientific system.

The contradiction arises because innovation and invention require freedom of thought,
experimentation beyond existing literature, and practical problem-solving approaches. At the same
time, the current research framework places heavy emphasis on references, prior publications, and
established methodologies. When every scientific observation must be justified using earlier
literature, the possibility of producing completely original ideas becomes restricted. A scientist
attempting to introduce a novel field-based innovation may face criticism if supporting references
are unavailable, even though originality itself implies limited prior documentation.

This challenge becomes more significant in agricultural and livestock sciences, where practical field
innovations are often developed through experience, observation, and localized problem-solving
rather than through conventional laboratory research alone. Farmers, field technicians, and
scientists working closely with rural communities frequently identify unique practices or
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technologies that may not yet be scientifically documented. However, due to the rigid structure of
research evaluation, such innovations may struggle to gain institutional recognition unless they are
converted into formal research publications supported by references and repeated trials.

Therefore, there is a need to reconsider the terminology and framework under which innovation-
oriented scientific work is carried out in government institutions. One possible approach is to
distinguish between “research” and “search” or exploratory innovation activities. Research may
continue to focus on hypothesis testing, scientific validation, and academic investigation, while
“search” could represent exploratory, innovation-driven activities aimed at solving practical
problems and developing new technologies.

Under such a framework, scientists and technical staff could be encouraged to pursue creative ideas,
indigenous technologies, field-based innovations, and practical engineering solutions without
excessive dependence on existing references. Instead of solely relying on literature review as the
primary measure of scientific value, institutions could establish robust technical evaluation
committees comprising subject experts, engineers, extension specialists, and policymakers. These
committees could evaluate innovations based on originality, applicability, scientific soundness,
economic feasibility, and farmer benefit.

Such an approach would create a more supportive environment for creativity and innovation within
government institutions. Scientists would have greater intellectual freedom to experiment with
unconventional ideas and practical technologies. Technical staff, who often possess valuable field-
level experience, would also gain opportunities to contribute meaningfully to innovation processes.
This may ultimately lead to the development of low-cost, location-specific, and farmer-friendly
technologies that directly address real-world agricultural challenges.

Furthermore, differentiating research from innovation-oriented “search” activities could help
reduce the psychological pressure currently experienced by many scientists and technical staffs. At
present, scientists and technical staffs are expected to simultaneously publish high-impact research
papers, secure external funding, develop technologies, file patents, and achieve extension
outcomes. Balancing all these expectations within a single framework can become difficult and may
discourage risk-taking or creative experimentation. A dual framework recognizing both academic
research and exploratory innovation could provide a more balanced and productive scientific
ecosystem.

Research in its traditional form may remain particularly relevant within academic programs such as
Master’s and PhD studies. Students pursuing postgraduate education work within limited time
periods and are primarily trained in scientific methodology, experimentation, literature review, and
evidence-based analysis. Their work naturally emphasizes validation and scholarly publication. In
contrast, scientists and technical staffs working in long-term institutional service roles often engage
directly with field problems, farmer needs, and technological applications. Therefore, their
contributions may extend beyond conventional academic research toward innovation, adaptation,
and technology development.

Conclusion

In conclusion, the growing expectations placed upon scientists and technical staffs in institutions
such as the Indian Council of Agricultural Research reveal an important ambiguity between the
concepts of research and innovation. While research remains essential for scientific advancement
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and academic credibility, innovation requires flexibility, originality, and freedom from excessive
procedural limitations. The present system often places scientists and technical staffs in a
contradictory position where they are expected to produce entirely new technologies while
simultaneously remaining confined within conventional research frameworks heavily dependent on
previous references and validations.

Therefore, there is a need to rethink the terminology and operational framework used in
government scientific institutions. The term “research” may gradually be replaced or supplemented
by the concept of “SEARCH” — representing Scientific Exploration, Application, Resourcefulness,
Creativity, and Human-centerd innovation. Such a framework would encourage scientists and
technical personnel to focus more on discovery, practical problem-solving, indigenous innovation,
and technology development rather than only re-validating previously established knowledge.
Adopting the concept of “SEARCH” could provide greater intellectual freedom, promote creativity,
and create a more innovation-friendly scientific ecosystem. Instead of emphasizing only publication-
oriented outputs, institutions could encourage real-world solutions, field-based technologies, and
farmer-centred innovations evaluated through strong technical committees and practical
applicability. This transition may ultimately help government institutions achieve both scientific
excellence and meaningful technological advancement for society.
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Abstract

Agriculture is still important to the Indian economy, despite the decreasing role in GDP, providing
food security and livelihoods. The paper will discuss how policy reforms have spurred agricultural
transformation in the form of subsistence based to market based and technology intensive
production. It examines the important stages such as the Green Revolution, liberalization since
1991, and recent income support, risk reduction, and market integration initiatives. Empirical data
shows that there is an ongoing structural imbalance whereby agriculture has a huge proportion of
the workforce in comparison to its GDP contribution implying low labour productivity. The
production patterns indicate that the food-grains are replaced by horticulture which exceeded the
level of food-grains production since 2012-13. Nonetheless, there are still problems like small
landholdings, fluctuation in prices, infrastructure gaps and risk associated with climatic changes. The
paper points out the necessity of extensive sustainable policy changes.

Keywords: Agricultural transformation, policy reforms, structural imbalance, horticulture
diversification

Introduction

Agriculture is still an element of the Indian economy, providing a large share of the population and
contributing to food and nutritional security (Satyasai and Shukla, 2016). The sector has structural
imbalances as it still has a significant number of workers even though its share in Gross Domestic
Product (GDP) has been decreasing (Patel et al., 2022). Agricultural transformation is the process of
the transition of traditional, subsistence-based agriculture to a more productive, market-based and
technologically-intensive one (Barrett et al.,, 2023). This has been influenced in India by several
policy interventions, institutional developments and the technological advancements and it is
important to understand how policy reforms can contribute to this transition in order to design
future strategies to enhance the income of farms and make them sustainable (Gulati and Juneja,
2018).

Evolution of agricultural policy reforms
The policies of agriculture in India have changed drastically over time as the focus has changed to
income growth and to sustainability instead of food security.

Early phase: Productivity Enhancement: The Green Revolution was a time of change that brought
in high yielding varieties, the extension of irrigation, and the use of chemicals. This resulted in a
significant food grain production and contributed to self-sufficiency.

Liberalization and market reforms: The economic reforms of the post-1991 period were focused on
market orientation, decreased state intervention, and promotion of participation of the private
sector. These reforms enabled superior integration of agriculture to national and global markets.
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Recent policy initiatives: Recent reforms are aimed at income support, risk management, and
market efficiency:

e Price assurance minimum support price (MSP).

e PM-KISAN as direct income transfers.

e Pradhan Mantri Fasal Bima Yojana (PMFBY) to reduce risks.

e e-NAM to integrate the digital market.

All these policies are meant to enhance income of farmers, minimize vulnerability and efficiency.

Trends in agricultural transformation

Structural changes: The transformation of Indian agriculture has been the gradual change in
subsistence farming to commercialization. There is a noticeable decline in the share of agriculture
in GDP, accompanied by continued dependence of the population on the sector.

Diversification: Farmers are also moving out of the traditional cereals to high-value crops like fruits,
vegetables, livestock and fisheries. This transformation is facilitated by the evolving consumption
patterns, urbanization and improvement in market opportunities.

Technological advancement: The embrace of better seeds, mechanization and irrigation
technologies and online platforms have resulted in a high level of productivity. New technologies,
like precision farming and data-driven agriculture are only increasing the pace of transformation.

Market Integration: There has been increased connectivity, infrastructural development and digital
platforms, which have enhanced the relationship between farmers and markets. Nevertheless, there
exists regional differences in access to markets.

Empirical trends

Structural transformation in Indian agriculture:

This (Figure 1.) demonstrates how an economy has changed structurally in four decades with a
gradual decrease in the

proportion of agriculture both in Figure 1. Decadal share (%) of agriculture in GDP Vs
terms of GDP (25.68 % to 17.0 %) employment

and its share of employment 70 61.80 5574

(61.80 % to 43.18 %). The fact that  ©0 4504
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contribution by a factor of about 3 .\18:2 1009 70!
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other sectors and inadequate 0 1990s 20008 2010s 2020s
structural transformation, and the
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the 2020s, could indicate (Source: www.data.worldbank.org)

opportunities to increase
agricultural labor productivity or sector shocks.
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Growth in agricultural output

The table (Table 1.) sheds light on the structural change of agricultural production in India by
comparing the food-grain and horticultural production in the selected years. During the initial years
(1991-92), food-grain production (168.38 million tonnes) was much more than horticultural
production (97 million tonnes) and therefore the difference between them was enormous. This
shows that there was domination in traditional cereal-based agriculture.

Table 1. Shift from food-grains to horticulture production in India

Year Food grains (million tonnes) Horticulture (million tonnes) Difference (H—F)
1991-92 168.38 97 -71.38
2010-11 244.49 241 -3.49
2012-13 257.13 269 +11.87
2024-25 357.73 370.74 +13.01

(Source: www.indiastat.com)

Both industries grew over time but horticulture grew at a higher rate. By 2010-11, foodgrain
production was nearly close to horticulture production 244.49 and 241 million tonnes respectively.
The biggest shift was made in 2012-13, when the horticultural production (269 million tonnes)
overtook foodgrain production (257.13 million tonnes). This negative to positive difference change
is a structural change to high-value agriculture. By 2024-25, production of horticulture (370.74
million tonnes) surpassed food production (357.73 million tonnes), further supporting the long-
term leadership of horticulture in terms of output.

Challenges in agricultural transformation

Regardless of this progress, there are still a number of limitations to agricultural transformation:
Limited economies of scale due to small and fragmented landholdings.

Market uncertainty and volatility of prices.

Poor infrastructure such as storage and transportation.

Inequality in development in regions.

Poor institutional credit and extension facilities.
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Such obstacles limit the success of the policy interventions and restrict income growth of farmers.

Policy implications and way forward

In order to realize sustainable agricultural transformation that is inclusive, the following policy
actions are necessary:

Enhancing market reforms to guarantee improved price realization.

Increasing infrastructure investment such as cold chains and logistics.

Moving towards climate-resilient agriculture.

Using digital technologies to realize precision farming and market intelligence.

Ensuring better agricultural extension systems.
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The government, the private sector and the farmer institutions need to work in a coordinated
manner to bring about long-term change.

Conclusion
Agricultural transformation in India has been shaped by a series of policy reforms aimed at
improving productivity, ensuring food security, and enhancing farmers’ income. While significant
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progress has been made, the sector continues to face structural and institutional challenges. Future
policy efforts must focus on bridging regional disparities, strengthening market linkages, and
promoting sustainable practices. A holistic and inclusive approach will be key to achieving resilient
and prosperous agricultural systems.
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Abstract

India’s vision of becoming a fully developed nation by 2047 known as Viksit Bharat 2047 rests
significantly on transforming its agriculture sector, which employs nearly 46 percent of the national
workforce and contributes around 18 percent of GDP. The Kisan Credit Card (KCC), launched in 1998
on the recommendation of the R.V. Gupta Committee and implemented by NABARD in partnership
with commercial banks, regional rural banks, and cooperative banks, is one of India’s most far-
reaching instruments for delivering institutional credit to farming households. Despite its scale, with
over 7.4 crore active accounts with an aggregate credit limit exceeding Rs. 8.9 lakh crore as of 2023.
Significant gaps remain in awareness, digital access, and equity of coverage. This article examines
how the KCC scheme can be strategically repositioned not merely as a credit delivery tool but as a
catalyst for financial inclusion and sustainable agricultural development, thereby contributing to
the aspirations of Viksit Bharat 2047. The article also identifies persistent barriers and offers
actionable policy recommendations.

Keywords: Kisan Credit Card, Financial Inclusion, Viksit Bharat 2047, Sustainable Agriculture, Rural
Credit, Agricultural Finance, India

Introduction

Agriculture remains the backbone of India’s rural economy, yet the very people who sustain the
nation’s food security are among its most financially vulnerable. Access to affordable institutional
credit is widely recognised as a decisive factor in determining whether a farmer can invest in quality
inputs, modern machinery, irrigation infrastructure, and crop insurance. Without formal credit
channels, small and marginal farmers routinely turn to moneylenders who charge exorbitant
interest rates, perpetuating debt cycles that erode farm incomes across generations. The Kisan
Credit Card scheme was conceived precisely to break this cycle. After the R.V. Gupta Committee’s
1998 recommendation, NABARD and the banking sector jointly rolled out a revolving credit facility
that allowed farmers to meet their seasonal production needs without repeatedly applying for fresh
loans. Over the following two decades, the scheme was progressively expanded to cover allied
activities, household consumption needs, and medium-term farm investments. The Government of
India’s articulation of Viksit Bharat 2047 as a centenary development goal calls for inclusive and
sustainable growth across all sectors of the economy. For agriculture, this translates into a dual
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mandate: improving farmer incomes through institutional support, and transitioning toward
ecologically responsible production systems. The KCC, when reimagined and fully leveraged, can
serve both objectives simultaneously. This article explores that convergence in detail.

Evolution and Coverage of the Kisan Credit Card Scheme

From its inception as a crop loan instrument, the KCC underwent substantial restructuring in 2004
to include long-term credit components and farm maintenance expenses, and again in 2012 when
a simplified application process, a smart card facility, and an ATM-enabled RuPay card were
introduced. These revisions made the scheme far more practical, enabling farmers to access credit
at their convenience rather than making repeated bank visits during peak agricultural seasons. A
landmark expansion came in 2020 under the Pradhan Mantri Kisan Samman Nidhi (PM-KISAN)
framework, which launched a saturation drive linking all eligible PM-KISAN beneficiaries to the KCC.
By 2023, active KCC accounts exceeded 7.4 crore with an aggregate credit limit crossing Rs. 8.9 lakh
crore. This expansion was particularly notable in historically underserved states such as Uttar
Pradesh, Bihar, Jharkhand, and West Bengal, where institutional credit penetration had remained
low for decades. The interest subvention scheme associated with KCC ensures that prompt-
repaying farmers receive credit at an effective rate as low as 4 percent per annum.

KCC as a Vehicle for Financial Inclusion

The Kisan Credit Card (KCC) has become a cornerstone of financial inclusion in India, bridging the
gap between simply owning a bank account and actively utilizing formal credit. While initiatives like
Jan Dhan Yojana achieved high account ownership, the KCC ensures these accounts remain
functional and productive for the rural workforce.

Key Impacts of the KCC Scheme

e Boosting Agricultural Productivity: KCC holders show higher confidence in managing
operational costs. Access to credit encourages investments in high-quality seeds, micro-
irrigation, and modern storage, directly improving farm yields and income stability.

o Empowering Women Farmers: Recent government efforts have successfully linked women
to the KCC network. Research indicates that female beneficiaries are more likely to reinvest
their earnings into their farms than those relying on high-interest informal lenders, fostering
greater gender equity in agriculture.

o Building Creditworthiness: Beyond immediate loans, the KCC helps unbanked households
establish a formal financial footprint. Long-term cardholders find it significantly easier to
secure additional institutional loans for diversifying their businesses or purchasing assets.

Linking KCC with Sustainable Agriculture

The integration of the Kisan Credit Card (KCC) with sustainable farming practices is a critical shift
toward long-term agricultural health. By providing reliable credit, the KCC reduces the pressure on
farmers to prioritize immediate, high-yield results that often degrade soil and water resources.

How KCC Supports Sustainable Farming:

o Eliminating Distress Sales: Reliable institutional credit prevents farmers from selling their
produce prematurely at low prices. This financial stability allows them to invest in soil health,
crop rotation, and organic composting rather than relying on quick-fix chemical inputs.

e Green Investment Incentives: Recent NABARD guidelines encourage banks to offer specific
KCC sub-limits for eco-friendly infrastructure, such as drip irrigation, farm mechanization,
and organic inputs.
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¢ Integrated Digital Ecosystem: By linking credit with insurance (PMFBY), infrastructure funds
(AIF), and digital markets (e-NAM), farmers gain a streamlined support system. Evidence
from pilot projects in Gujarat and Punjab shows that this integrated approach can boost
farmer income by 15% to 25% over two seasons.

¢ Higher Net Returns: Farmers utilizing "green credit" instruments are statistically more likely
to adopt sustainable methods, leading to better net returns per hectare compared to those
using traditional informal borrowing.

Challenges in Realizing the Full Potential of KCC

Despite its transformative reach, the KCC scheme continues to face structural and operational
challenges that must be squarely acknowledged. A NABARD survey conducted in 2023 found that
over 35 percent of eligible farmers in Bihar and Uttar Pradesh were unaware of the scheme or its
revised benefits. Extension workers and bank officials often struggle to communicate updated
terms, especially in remote and tribal areas where literacy rates remain lower and banking
infrastructure is sparse. The digitisation of KCC processes, while broadly beneficial, has created an
unintended exclusion of farmers who lack smartphones, stable internet connectivity, or digital
literacy. Patel and Chauhan (2023) documented that the shift toward online application portals,
while reducing turnaround time in peri-urban areas, paradoxically disadvantaged the most
marginalised farmers in interior villages who cannot navigate digital interfaces independently.
Collateral and documentation requirements continue to deter small and marginal farmers,
particularly tenant cultivators and sharecroppers who lack formal land ownership records. Despite
RBI and NABARD guidelines relaxing norms for small borrowers, branch-level implementation
remains inconsistent, with many bank officials continuing to demand land documents or guarantors
that vulnerable groups cannot easily furnish. Repayment distress during adverse seasons caused by
floods, droughts, or pest outbreaks results in KCC accounts turning non-performing, after which
affected farmers are effectively excluded from formal credit. While PMFBY crop insurance is
designed to address seasonal losses, protracted claim settlement delays and basis risk frequently
leave farmers without timely relief, undermining the credit discipline that the KCC system is built to
encourage.

Source: Al-generated illustration (created using OpenAl image generation tools)
based on the concepts and policy recommendations presented in this article.
e
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Policy Recommendations for Aligning KCC with Viksit Bharat 2047

To align the Kisan Credit Card (KCC) with the Viksit Bharat 2047 vision, the program must evolve
from a basic loan scheme into a strategic tool for sustainable development. Experts suggest a shift
toward "smarter" and more equitable credit to drive rural prosperity.

Policy Framework for Future-Ready Agricultural Credit:

e Hyper-Local Outreach and Literacy: Enrolment should be decentralized to the panchayat
level, utilizing Gram Sabhas and Krishi Vigyan Kendras. Training extension officers in financial
counseling and establishing peer-learning networks can bridge the awareness gap
effectively.

o Digital Accessibility: To reach the most marginalized, KCC services must be available via
USSD on feature phones. Streamlining the e-KYC process to ensure a seven-day
disbursement window will build trust among first-time borrowers.

e Introduction of "Green KCC": A new sub-category should offer lower interest rates and
higher credit limits for farmers practicing ecological stewardship. Rewarding organic
farming, soil health adherence, and watershed management aligns credit with India’s
climate goals.

¢ Inclusivity for Landless Cultivators: Barriers for tenant farmers, women, and sharecroppers
must be removed. Leveraging Joint Liability Groups (JLGs) and Farmer Producer
Organisations (FPOs) allows for credit access based on collective trust rather than individual
land titles.

Key Recommendations at a Glance

Strategy Primary Objective
Financial Counseling Integrated agronomy and financial literacy at the village level.
Green Incentives Preferential rates for verified sustainable agricultural practices.
Institutional Buffers Using FPOs and JLGs to vouch for those without formal land records.
Conclusion

The Kisan Credit Card scheme, now in its third decade, stands at a critical juncture. It has already
achieved remarkable scale reaching over 7.4 crore farming households and channeling trillions of
rupees into agricultural production across India. Yet the full arc of its potential as a connector
between financial systems and sustainable land use, between rural households and national
development goals, remains substantially unrealised. The vision of Viksit Bharat 2047 demands that
no farmer be left behind not by poverty, not by geography, not by gender, and not by ignorance.
The KCC, when implemented with equity, innovation, and ecological consciousness, is more than a
credit card. It is an institutional commitment that India’s farmers matter that their labour deserves
structured support, and that sustainable agriculture is the foundation, not the footnote, of a
developed India. Sharma and Mishra (2023) concluded that KCC-linked households in Eastern India
showed not only higher agricultural productivity but also greater household resilience against
climate shocks. That finding captures the dual promise of this scheme: it is simultaneously a
poverty-alleviation instrument and a climate-adaptation tool. As India charts its course toward
2047, the Kisan Credit Card must be at the centre of that journey expanded, deepened, and aligned
with the sustainable future the nation aspires to build.
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Abstract

India currently stands as the global leader in pulse production, yet the sector faces significant
hurdles, with 85-87% of cultivation remaining rain-fed and highly susceptible to erratic monsoons
and climate stress. Despite a rising national demand projected to reach 32 million tonnes by 2030,
productivity is often hampered by the use of nutrient-deficient marginal lands, low irrigation
coverage, and the slow adoption of high-yielding varieties (HYVs). To address these challenges, the
Mission for Aatmanirbharta in Pulses (2025—-31) has been launched as a strategic framework to
achieve self-sufficiency by boosting domestic output and reducing import dependency.
Furthermore, self-reliance empowers the nation's small and marginal farmers—who constitute the
bulk of the agricultural workforce—by providing them with stable income through guaranteed
procurement schemes like PM-AASHA and higher Minimum Support Prices (MSP). Beyond the
economic benefits, increasing pulse cultivation naturally enhances soil health through nitrogen
fixation, promoting more sustainable farming cycles and reducing the need for chemical fertilizers.
Ultimately, a self-sufficient pulses sector strengthens rural prosperity, drives employment in new
post-harvest processing hubs, and aligns with the broader national vision of a resilient and
independent "Viksit Bharat."

Keywords: Pulses production, pulses demand, Mission for Aatmanirbharta in Pulses, and food
security.

Introduction

Pulses are more than just a basic agricultural product in India; they are essential to rural economy,
soil health, and national well-being. Even though India is the world's leading producer, importer, and
consumer of pulses. The development of sustainable, independent domestic production is still the
India’s top priority. The increased demand for pulses, which has fueled by rising wages and a growing
emphasis on balanced diets, offers a crucial chance for agricultural expansion. Pulses are a
nutritional powerhouse that goes beyond economics. Pulses are affordable, high-protein (20-30%
protein) staples, providing essential nutrients like iron, zinc, and folate that complement cereal-
based diets. They are vital for combating protein-energy malnutrition. According to the National
Institute of Nutrition, they make up around 25% of India's dietary protein. However, the average
daily intake is still less than the suggested 85 grams, which directly contributes to the country's
persistent protein-energy malnutrition. Significant geopolitical and economic disruptions are being
caused by the continuous confrontation in West Asia between Israel, the United States, and Iran.
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These disruptions have far-reaching effects on global agriculture and India's food security. Energy
and nutrient supply chains have been interrupted by the near closure of the Strait of Hormuz, a
critical chokepoint that handles 20% of the world's oil shipments and roughly 30% of the fertilizer
trade. This has increased costs and threatened crop vyield globally. India, the world's largest
consumer and producer of pulses, imported approximately 5.6—5.7 million tonnes (mt) of pulses in
FY26, valued at $3.57 billion. While imports were historically high in 2024-25, they reduced in 2025-
26 due to higher domestic production and a 35% decline in import value. Key imports include yellow
peas, lentils, and urad.To bridge the demand-supply gap, the Government of India is focusing on
increasing productivity, aiming to reach 350 lakh tonnes by 2030-31 through initiatives like the
Mission for Aatmanirbharta in Pulses.

India’s Pulse Production

Twelve different pulse crops can be grown in India's varied agroclimatic conditions during the
summer, rabi, and kharif seasons. Madhya Pradesh, Maharashtra, and Rajasthan account for roughly
55% of the country's production, with the top ten states producing more than 91% of the total. The
pulse production of different states is given in the fig.1. Closing these gaps is essential to lowering
reliance on imports, guaranteeing nutritional security, and moving the nation closer to
Atmanirbharta in the pulses sector.
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Fig.1. Pulse production by India states

The projected pulse production to rise steadily, with domestic supply estimated to reach 30.59 MT
by 2030 and 45.79 MT by 2047. Gram (chickpea) is dominant ((40%) of total) pulse crop cultivated
in India, followed by tur (arhar). Rabi pulses dominate with over 60 % of total pulse production,
where average productivity is around 764 — 851 kg/ha.

Pulse demand trends in India
Annual consumption is around 28 million tons, with forecasts suggesting a need for 30.59 MT by
2030. Domestic production, often affected by monsoons, averages 25-26 MT, falling short of total
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demand. To bridge the gap, India imports significant quantities. In FY24, imports hit a 6-year high of
4.65 MT. Increasing population and improving dietary standards are pushing up demand for protein-
rich foods. About 80% of pulse production depends on rainfed areas, leading to volatility. To stabilize
prices, the government frequently adjusts duty-free import policies for yellow peas, tur, and urad.
The projected pulse demand forecast is shown in the fig.2. The current per capita availability is
roughly 45-50 grams per day, though nutritionists often recommend higher levels for balanced diets.
India's pulse demand is increasing at an average annual rate of roughly 2-3%. By 2030, the projected
requirement is expected to reach approximately 32 million tonnes. The current per capita availability
is roughly 45-50 grams per day, though nutritionists often recommend higher levels for balanced
diets. While India has significantly boosted production through the National Food Security Mission,
the country still relies on imports (primarily from Canada, Australia, and African nations) to bridge
the gap during years of erratic monsoon rainfall.

Projected Pulse Demand in India (2021 - 2030)
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Fig.2. Project Pulse Demand in India

Mission for Aatmanirbharta in Pulses

The Mission for Aatmanirbharta in Pulses (2025-31) is a strategic initiative designed to achieve
national self-sufficiency by significantly boosting domestic production, reducing import dependency,
and enhancing farmer livelihoods. To expand the cultivation footprint, the Mission targets an
additional 35 lakh hectares by utilizing rice fallows and promoting intercropping and crop
diversification. A central pillar of this strategy is the modernization of seed infrastructure, focusing
on the development and distribution of climate-resilient, high-yielding, and pest-resistant varieties.
This effort includes the production of 126 lakh quintals of certified seeds and the free distribution
of 88 lakh seed kits to farmers. To ensure quality and consistency, the ICAR will oversee breeder
seed production while the SATHI portal manages quality assurance, supported by state-level five-
year rolling production plans. Furthermore, the Mission adopts a holistic approach to agricultural
productivity by integrating soil health management, balanced fertilization, mechanization, and
large-scale technical demonstrations facilitated by ICAR, Krishi Vigyan Kendras (KVKs), and state
agencies. Together, these measures aim to build a resilient and independent pulse production
ecosystem capable of meeting India’s rising domestic demand.
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Through the Pradhan Mantri Annadata Aay SanraksHan Abhiyan (PM-AASHA), the government is
strengthening financial security for farmers by guaranteeing the procurement of essential pulses
such as Tur (Arhar), Urad, and Masoor. Over the next four years, the National Agricultural
Cooperative Marketing Federation of India (NAFED) and the National Cooperative Consumers’
Federation (NCCF) will ensure 100% procurement in participating states, providing fair pricing and
reducing market volatility. This initiative is complemented by a major investment in the post-harvest
value chain, which includes subsidizing 1,000 processing and packaging units at up to %25 lakh each
to minimize losses and create rural employment. Following NITI Aayog's recommendations, a
cluster-based strategy will be employed to optimize resource use and diversify cultivation
geographically. By the 2030-31 season, the Mission aims to reach a production target of 350 lakh
tons and a yield of 1,130 kg/ha across 310 lakh hectares. Ultimately, these efforts seek to eliminate
import dependence and ensure long-term nutritional security through climate-resilient and soil-
friendly farming practices.

Challenges in India’s Pulse Production

The challenges facing pulse production in India are primarily rooted in environmental and structural
constraints. Approximately 85-87% of pulse cultivation remains rain-fed, leaving crops in key
producing regions like Madhya Pradesh and Maharashtra highly vulnerable to erratic monsoons,
drought, and terminal heat stress. Because pulses are often relegated to marginal, nutrient-deficient
lands with less than 15% irrigation coverage, their yields are significantly lower than those of major
cereals. This productivity gap is further widened by a low seed replacement rate and the slow
adoption of high-yielding varieties (HYVs). Furthermore, the high protein content of these crops
makes them a prime target for pests such as the gram pod borer and pod fly, as well as diseases like
Fusarium wilt. The sector is also dominated by small-scale farmers with less than two hectares of
land, who lack the financial capacity to invest in modern technologies or manage market volatility.
Finally, inadequate storage infrastructure leads to substantial post-harvest losses, ultimately
diminishing the marketable surplus available to consumers.

Way forward

The advancement of India’s pulse sector relies on a multifaceted strategy that integrates cutting-
edge science with expanded land use. By leveraging modern breeding tools such as genomics,
genome editing, and speed breeding, researchers aim to develop and deploy high-yielding varieties
with enhanced resistance to biotic stress. A significant portion of production growth is expected to
come from expanding cultivation into non-traditional areas—specifically targeting rice fallows—to
increase the total acreage by 3.5 million hectares. To support this expansion, the seed chain will be
strengthened from the breeder to the certified level through 150 dedicated seed hubs. On the field,
productivity per hectare will be optimized, particularly in rain-fed regions, by promoting line-sowing,
integrated pest management (IPM), and micro-irrigation. Finally, to provide the necessary economic
incentive for farmers to transition from cereals to pulses, the government is committed to ensuring
competitive Minimum Support Prices (MSP) alongside robust procurement systems.

Conclusion

The “Mission for Aatmanirbharta in Pulses” represents a pivotal advancement in securing India’s
nutritional and economic future. By emphasizing self-reliance, the initiative empowers the
agricultural community through the adoption of modern technology, guaranteed procurement, and
improved access to high-quality seeds, all while championing climate-resilient and sustainable

farming techniques. This comprehensive strategy integrates scientific innovation with cluster-based
e

Special Issue | June, 2026 | 90 |



ISSN : 2583-0910
Agri-India TODAY

visit us at www.agriindiatoday.in

Peer reviewed
monthly newsletter

interventions and enhanced value chains, aiming to satisfy domestic demand, eliminate reliance on
imports, and establish India as a global frontrunner in sustainable production. Beyond basic food
security, the Mission’s broader impact encompasses improved soil health, the expansion of rural
employment, and the development of robust post-harvest infrastructure. Ultimately, these efforts
establish a resilient and productive foundation for the pulses sector, driving rural prosperity and
contributing significantly to the vision of a Viksit Bharat.
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Abstract

India has emerged as one of the world’s leading aquaculture producers, contributing both to
domestic nutrition and international seafood markets. However, the extensive use of antibiotics,
pesticides, and veterinary/fishery drugs to manage disease and enhance production presents
significant risks of chemical residues in aquaculture products. Maximum Residue Limits (MRLs) play
a crucial role in safeguarding public health, protecting market access, and promoting sustainable
aquaculture practices. This article discusses the scientific basis of MRLs, the regulatory frameworks
governing residue management in India, farm-level challenges, monitoring mechanisms, and
strategic recommendations to align Indian aquaculture with global food safety and sustainability
standards.

Keywords: Maximum residue limit (MRL), Aquaculture, risk, Withdrawal Period, Sustainable fishing,
regulatory

Introduction

Aquaculture has become a critical contributor to India’s food production system, livelihood security,
and export industry. India ranks second globally in aquaculture output, with farmed fish and shrimp
accounting for substantial income, particularly in coastal and rural areas (FAO, 2020). However,
intensive farming systems are vulnerable to disease outbreaks, prompting the use of antibiotics,
disinfectants, and pesticides to maintain productivity. When these substances are improperly
administered—whether through overdosing, poor-quality drugs, or premature harvesting—
chemical residues can persist in edible tissues. These residues may exceed permissible limits, posing
risks such as toxicity, allergenic reactions, and antimicrobial resistance (AMR). Moreover, non-
compliance with residue standards can result in international trade rejections, harming the national
economy and reputation. In this context, Maximum Residue Limits (MRLs) form the backbone of
seafood safety assurance. MRLs specify the highest allowable concentration of a residue resulting
from legally approved drug use, ensuring products are safe for consumption.

The Scientific and Toxicological Basis of MRLs

MRLs are derived from scientific toxicological assessments. Regulatory authorities evaluate the
pharmacokinetics of drugs in aquatic species, the rate of residue depletion, and the Acceptable Daily
Intake (ADI) for humans. The MRL is then set at a level that ensures consumer exposure remains
well below the ADI throughout life (Codex Alimentarius, 2024).

The principle is simple: proper drug use and correct withdrawal periods prevent harmful residues.

Determining the NOAEL: Regulatory toxicologists first establish the No Observed Adverse Effect
Level (NOAEL) through long-term animal in-vivo studies.
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Calculating the ADI: The NOAEL is divided by uncertainty factors (typically 100-fold or greater to
account for inter-species and intra-species variability) to determine the Acceptable Daily Intake

(ADI) for humans.

Mapping Depletion Kinetics: In target species like shrimp or fish, scientists map out how a drug
metabolizes and clears the body over time. The MRL is set at a tissue concentration that guarantees
an individual's total dietary exposure will remain safely below the ADI over a lifetime.

Permissible and Prohibited Residue Thresholds in Indian Aquaculture

The following table outlines the current statutory Maximum Residue Limits (MRLs) and Extraneous
Maximum Residue Limits (EMRLs) established by Indian regulatory bodies (FSSAI/CAA) for
commercial fish and shellfish tissue:

Established MRL /

Category Drug {“Sat::tance Threshold (mg/kg or Regulatory Status & Context
ppm)
Broad-spectrum antibiotic;
Oxytetracycline 0.1 mg/kg requires careful withdrawal
. tracking.
Permitted Monitored carefully to prevent
Therapeutics Tetracycline 0.1 mg/kg .
. cross-resistance.
I(qStr/Ict MRLs Oxolinic Acid 03 K Quinolone class; clearing times
pply) xolinic Act -3 me/ke vary by water temperature.
. . Often used in combination with
Trimethoprim 0.05 mg/kg sulfonamides.
Chloramphenicol 0.0003 mg/kg Strictly banned; Ii'nke.d to bone
(0.3 ppb) marrow suppression in humans.
Nitrofurans Carcinogenic risk; zero-tolerance
(Furazolidone, Nil / BDL enforcement in export markets.
Prohibited Nitrofurazone, etc.)
Substances (Zero- Highly toxic industrial dye
Tolerance / MRPL) | Malachite Green Nil / BDL historically used as an antifungal
agent.
Completely banned in coastal
Fluroquinolones Nil / BDL aquaculture to protect human
health.
Monitored to evaluate pond soil
Lead (Pb) 1.5 me/ke quality and industrial runoff.
Environmental Bioac.cumuIaTtive heavy metal; key
Contaminants & Mercury (Hg) 1.0 mg/kg n.1eFr|c for wild and farmed
Heavy Metals finfish.
Monitored to detect feed
Cadmium (Cd) 3.0 mg/kg contamination and environmental

exposure.

Indian Regulatory Framework for MRLs in Aquaculture
India utilizes a specialized, multi-agency framework designed to separate domestic oversight from
export-oriented compliance.
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Domestic Oversight

Food Safety and Standards Authority of India (FSSAI): Operates under the Ministry of Health
and Family Welfare. FSSAI codifies statutory MRL allocations for aquaculture products sold
within domestic markets, aligning primarily with international Codex Alimentarius
standards.

Coastal Aquaculture Authority (CAA): Mandated to regulate environmental impacts and
inputs in coastal zones. The CAA maintains a strict registry of approved aquaculture inputs,
explicitly banning hazardous antibiotics and heavy-metal-based compounds in shrimp
farming.

Export Enforcement

Export Inspection Council (EIC): Acting as the official certifying body for outbound food
commodities, the EIC administers the statutory National Residue Control Plan (NRCP). It
ensures all processing establishments undergo strict batch testing prior to export.

Marine Products Export Development Authority (MPEDA) & NaCSA: MPEDA facilitates
international trade compliance, manages farm registration networks, and issues diagnostic
health cards. Its sister society, the National Centre for Sustainable Aquaculture (NaCSA),
organizes small-scale farmers into structured clusters to enforce uniform biosecurity
standards.

Global Market Alignment
Indian exporters must dynamically align operations with strict, evolving international standards:

European Union (EU): Enforces highly sensitive performance limits and utilizes uniform food
safety criteria across all member states.

US Food and Drug Administration (FDA): Deploys import alerts and operates on a strict
approved-drug registry for food-producing animals.

Japan: Utilizes a comprehensive positive list system alongside specialized zero-tolerance
protocols for unlisted veterinary drugs.

( Indian Aquaculture Regulation J

Domestic Markets Export Markets

* FSSAI: Sets MRL « EIC: Executes National
guidelines Residue Plan

¢ CAA: Registers coastal  MPEDA/NaCSA:
farm inputs Smallholder clusters

Strategic Benefits of Comprehensive MRL Compliance

Protecting Public Health: Mitigates immediate toxicological risks like bone marrow suppression
linked to chloramphenicol exposure, prevents antibiotic hypersensitivity, and breaks the
transmission pathway of drug-resistant bacteria from farms to human communities.

Sustaining Global Market Share: Minimizes costly border rejections at international ports of entry.
This sustains high foreign exchange earnings and preserves the reputation of Indian seafood.
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Fostering Ecosystem Integrity: Restricts the discharge of bioactive chemical compounds into
surrounding coastal and freshwater ecosystems. This helps protect wild aquatic biodiversity and
prevents soil microflora imbalances.

Driving Farm Profitability: Shifting focus from reactionary chemical interventions to proactive farm
management directly lowers operational overhead, lowers disease-related mortality, and yields
premium-quality harvests.

Systemic Farm-Level Challenges in India
Despite robust regulatory architectures, several operational vulnerabilities remain at the primary
production level:

o Fragmented Smallholder Demographics: The Indian aquaculture landscape is dominated by
small, non-contiguous homestead ponds. This fragmentation makes uniform biosecurity
training difficult and encourages a reliance on informal peer networks rather than certified
aquaculture pathologists.

e Ad-Hoc Withdrawal Tracking: Driven by fluctuating market prices or sudden disease scares,
farmers occasionally harvest crops prematurely, cutting short the mandatory withdrawal
period.

¢ Counterfeit and Unlabeled Inputs: The market contains mislabeled commercial
preparations or "aqua-shop" blends that conceal banned antimicrobials under generic labels
like "growth promoters" or "feed supplements."

e Decoupled Laboratory Access: While export-oriented facilities utilize advanced analytical
equipment like Liquid Chromatography-Mass Spectrometry (LC-MS/MS), regional farming
hubs often lack rapid, cost-effective diagnostic tools for real-time testing.

¢ Dual-Standard Market Economics: The domestic market rarely enforces the same strict
residue testing applied to exports, reducing the incentive for farmers who do not sell to
export supply chains to adopt rigorous compliance measures.

Monitoring, Testing, and Certification Procedures

The Residue Control Plan overseen by the EIC involves:
e Farm registration and traceability tagging
e Sampling of water, feed, and animal tissue
e Use of LC-MS/MS and HPLC for residue quantification
e Certification based on compliance documentation
¢ MPEDA provides farm health cards and farmer training
e State fisheries departments assist in capacity building

However, ongoing investment in rapid field diagnostic kits and mobile analytical labs is essential.

Actionable Recommendations for a Sustainable Future

To secure the future of Indian aquaculture, the industry should focus on five strategic pillars:

I. Transition to Preventive Biosecurity

Farms must shift from chemical treatments to preventive health management. This includes
maintaining optimized stocking densities, implementing strict water filtration, and deploying
scientifically verified probiotics (competitive exclusion bacteria) and natural immunostimulants to
support animal health.

Il. Standardize Input Supply Chains
Implement mandatory batch-traceability and QR-code labeling for all commercial feeds,
supplements, and water conditioners to ensure transparency from manufacturer to farm.
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I1l. Expand Decentralized Diagnostics
Deploy affordable, field-ready rapid diagnostic kits (such as ELISA or lateral flow strips) at the district
level. This allows farmers to verify residue clearance before planning a harvest.

IV. Launch Targeted Extension Campaigns
Conduct practical training programs through local extension networks to teach smallholders how to
read drug labels, calculate accurate biomass dosages, and track precise withdrawal timelines.

V. Integrate Food Safety and AMR Policies

Align FSSAlI domestic monitoring with the National Action Plan on Antimicrobial Resistance.
Establishing uniform residue standards for both domestic and export streams ensures that all
consumers receive the same high standard of food safety.

Conclusion

Maximum Residue Limits are far more than bureaucratic hurdles; they are essential tools for public
health safety and international trade. For India to retain its position as a global aquaculture leader,
the industry must continue to bridge the gap between regulatory policy and farm-level execution.
By investing in diagnostic infrastructure, enforcing input transparency, and championing preventive
health management, India can ensure its aquaculture growth is both economically robust and
environmentally sustainable.

References

Coastal Aquaculture Authority (CAA) (2023). Approved Aquaculture Input List. Chennai: CAA.

Codex Alimentarius Commission (2024). Maximum Residue Limits for Veterinary Drugs in Food.
FAO/WHO.

Export Inspection Council of India (EIC) (2021). Residue Control Plan for Export of Aquaculture
Products. Ministry of Commerce, Government of India.

Food and Agriculture Organization (FAO) (2020). The State of World Fisheries and Aquaculture 2020.
Rome: FAO.

Food Safety and Standards Authority of India (FSSAI) (2017). Food Safety and Standards
(Contaminants, Toxins and Residues) Regulations. New Delhi: FSSAI.

Ministry of Health and Family Welfare (MoHFW) (2017). National Action Plan on Antimicrobial
Resistance (NAP-AMR). Government of India.

Marine Products Export Development Authority (MPEDA) / NaCSA (2022). Cluster-Based
Aquaculture Management and Traceability Guidelines. Government of India.

Karunasagar, I.D.D.Y.A., 2020. Review of national residue control programme for aquaculture drugs
in selected countries. Asian Fisheries Science, 33, pp.62-74.

Special Issue | June, 2026 | 96 |



ISSN : 2583-0910
Agri-India TODAY

visit us at www.agriindiatoday.in

Peer reviewed
monthly newsletter

Article ID : SI/18/2026
PROSPECT OF SOYBEAN CULTIVATION IN INDIA

P. Basuchaudhuri

Formerly at Indian Council of Agricultural Research, New Delhi, India
Corresponding Email: basuchaudhurip@gmail.com

Abstract

Soybean is the “Wonder Seed ‘of the world. It’s use is of many fold. It provides both protein and fat
to the malnutrition population. Soybean is cultivated in India in a large portion of dry climate area
as well as hilly tract of Himalayas from Punjab to Manipur as Kharif crop. Proper cultural practices
including varieties can influence the best productivity of the crop. Farmers should be provided with
quality inputs and nearby infrastructures in processing the produce. It is expected in this way
productivity at farmer’s level and area of cultivation both can be increased. Thus farmer’s income
may increase appreciably.

Keywords: Soybean, cultivation regions, fat-oil, proteins, farmer’s income

Introduction

Soybean had been originated in China (North Eastern Provinces) and domesticated as early as 11
century B.C. However it spreads to other countries of world possibly during 18 century A.D. In recent
time the spreading of soybean is mainly in countries viz. China, U.S.A., Brazil and Argentina. It is
noted that the production per unit land area is much higher in U.S.A. than that of China. Brazil has
almost equivalent production per unit land area. In India Soybean production per unit land area is
almost one-fourth of U.S.A. productivity. Whereas productivity south asian countries are better than
India (almost double). It is interesting to note that area of cultivation under soybean 11million
hectares and placed under fourth position after U.S.A. Brazil and Argentina but more than that of
China. However, total production of soybean is about 12 million metric tonnes less than that of
China i.e. 16 million metric tonnes. Therefore ample scope for increasing productivity of soybean is
in India. These can be achieved by genetic improvement for yield, incorporation of disease and
lodging varieties, incorporation of planting of seeds, weed control and harvesting machinery.

Introduction of soybean to Indian subcontinent dates back to 1000AD through silk route from
northern India and Himalayan mountains. Soybean cultivation got momentum during the 1970s as
the vast monsoon fallow lands of Madhya Pradesh provided appropriate niche for its cultivation.
Soybean as food plant is being grown in the country since last century under various names in
different parts of country as Bhat, Bhatman, Bhatmas ,Ramkulthi, Bhut, Kalitur, Teliakulth and
Garryakalay (Singh and Saxena,1979). The versatile adoption of soybean was adjusted and
conceived that it can be grown successfully in areas wherever the rainfall does not exceed 35 inches.
Hence the extensive growing of soybean was feasible throughout India, chiefly in the North Indian
tract extending from Punjab to Khasi and Manipur hills and in Sindh. It was also grown on the slope
of the Himalayas (Dupare et al., 2008).

Uses
The crop is known for its high food value from centuries and it was used for food purposes (milk,
douche, hamanatto, miso, sheyu, doufu, natto, tempeh, soya flour, green beans, roasted soynuts,
and soybean sprouts) with the dawn of civilization. Major use of soybean is its oil and meal. Qil
extracted from soybean into shortening, margarine, cooking oil and salad dressings. Soy oil is also
e
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used in industrial paint, varnishes, caulking compounds, linoleum, printing inks, and products. In
recent years soy based lubricant and fuel products are replacing non-renewable petroleum
products. Lechithin extracted from soy oil is a natural emulsifier and lubricant used in many food,
commercial and industrial applications. For example, it helps keep the chocolate and cocoa butter
in a candy bar from separating. It is also used in pharmaceuticals and protective coatings. Soy meal
is a very good component of animal feed mixture because of high protein content. Soy flour, grits,
chunks and tofu are made from grinding whole soybeans are used as food items. Soy sauce is also
used in salad and cooking and even industrial derivatives such as biofuels, bio plastics, inks,
lubricants, and adhesives. Historically dominated by soy meal, India’s soybean exports now require
diversification toward premium products to stabilize performance and enhance competitiveness.

Productivity

Production genetics increased yield of soybean cultivars developed from 10 to 30kg halyr?.
Desirable lines are selected as future cultivars based on high and stable yields across years and
locations.

—&— Area (million ha) —e— Production (milliont) —a&—— Yield (kg ha™)

° T + 1400

1

Area/Production

Fig. 1. Area, Production and Yield in India (Yearwise) (after Dupare et al., 2008)

Yield, whether affected by genetic and/or environment factors is controlled by growth of the
soybean plant and seed numbers and growth of seeds. Major 5 states of soybean production are:

Area (Lakh ha.) Pmduf\;'_?r; (Lakh Productivity (Kg/ha)
Madhya Pradesh 59.74 57.89 969
Maharashtra 49.26 66.16 1343
Rajasthan 11.80 12.07 1023
Karnataka 4.60 5.45 1184
Gujarat 2.22 3.73 1682

— EEE——
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It is noted that soybean production per unit land area is more in Gujarat than that of Madhya
Pradesh and Maharashtra. Again Chhattisgarh has higher yield per hectare than Gujarat.

Fig.i. Soybean growing geographical map of India

Cultivation

Little improvements have been made to the quality of soybean seed available in the market. Seed
quality in soybeans is only moderately good, and periodically poor. Moderately good quality,
however, are not now satisfying the expectations of farmers, who are becoming increasingly aware
of the importance of high quality seed for efficient maximal production. The most chronic seed
quality problems in soybeans relate to germinability and vigor. Substantial losses in germinability
and vigor are caused by hot-dry weather during seed maturation, weathering from rainfall and warm
temperatures during the harvest period, and mechanical abuse during harvesting and handling
operations. Production of high quality soybean seed requires timely harvest followed by aeration
and/or drying as necessary to reduce seed moisture content to 12%or less and careful combining
and handling to minimize mechanical damage. Seeds are usually put in farrows 1ft distance in the
field.
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Soybean maturity selection is an important management decision. Maturity group (GM) zones
represent regions where a cultivar is best adopted without implying that MG-specific cultivars

cannot be grown elsewhere.

Climate: Soybean, originally adapted to temperate—subtropical regions of China, is grown in India
under subtropical to tropical conditions, primarily during the kharif season. The ideal growing
conditions for cultivation are between 20 and 30 °C (70 and 85 °F), with temperatures below 20 °C
(70 °F) and above 40 °C (105 °F) severely stunting growth.

Varieties: Improved soybean varieties for India States are evolved considering yield, biotic and
abiotic constrains with prevalent agroclimate of the regions. Modern crop varieties typically require
80 to 120 days from planting to harvest and grow to a height of about 1 m (3 ft).

Andhra Pradesh

LSB-3, NRC-77, MACS-1188

Assam PS 1347, )5S 97-52, SL 688

Bihar PS 1347, SL 688

Chhattishgarh

Delhi PS 1347, SL 688

Gujarat NRC-86 (ahilya-6)

Haryana PS 1347, SL 688

Jharkhand Birsa Safed Soybean-2

Karnataka NRC-77, GC-00209-4-1-1 (Karune), DSb-1, MACS-1188, MAUS-

2(Pooja), Dsb-21, KPS-344

Madhya Pradesh

RVS 2001-4, JS-20-29, JS-20-34, NRC-86 (ahilya-6), Raj Soya-18, Raj
Soya-24

Marathwada & Vidarbha region
of Maharashtra

MAUS-158, NRC-77, MACS-1188, JS-20-29, JS-20-34, Dsb-21, NRC-86
(ahilya-6), KPS-344, Raj Soya-24

Punjab PS 1347, SL 688, SL 744

Rajasthan RKS-24, RKS-45 Pratap Soya 45), JS-20-29, JS-20-34, NRC-86 (ahilya-6),
Raj Soya-24

Tamil Nadu NRC-77, MACS-1188, KPS-344

Uttrakhand VL Soya 59, VL Soya 65, Pusa 97-12, PS-19, VL Soya 77, VL Bhat 201,

Pant Soy-24, Pant Soya-21, Pant Soya-23

Uttar Pradesh

PS 1347, SL 688, JS-20-29, JS-20-34, NRC-86 (ahilya-6), Pant Soy-24,