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ABSTRACT

Extension education serves as a critical bridge between scientific research and practical
application, facilitating knowledge transfer, technology adoption, and capacity building among
farming communities worldwide. This review paper examines the evolution of extension
education from traditional top-down approaches to contemporary participatory and digitally-
enabled models. The paper analyses key extension methodologies, including the Training and
Visit (T&V) system, Farmer Field Schools (FFS), and ICT-based extension services, highlighting
their strengths and limitations. The role of extension education in achieving Sustainable
Development Goals (SDGs), particularly those related to food security, poverty alleviation,
gender equality, and climate action, is critically evaluated. Emerging trends such as artificial
intelligence, mobile-based advisory systems, and e-learning platforms are discussed in the
context of modernising extension delivery. The review identifies persistent challenges including
digital literacy gaps, inadequate infrastructure, and insufficient funding, while proposing
integrated, pluralistic, and technology-driven strategies for strengthening extension systems to
support sustainable agricultural development.
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INTRODUCTION

Extension education is a systematic process of
transferring knowledge, skills, and
technologies from research institutions to rural
communities, enabling them to improve their
livelihoods  and achieve  sustainable
development. The term “extension” originates
from the Latin word “extendere,” meaning to
stretch out or extend, reflecting the
fundamental goal of extending scientific
knowledge beyond the boundaries of academic
institutions to the wider community (Swanson
& Rajalahti, 2010). Agricultural extension, as
the most prominent form of extension
education, has been instrumental in
transforming farming systems across the
globe, serving as the cornerstone of
agricultural development in both developed
and developing nations.

The historical roots of extension
education can be traced to the establishment of
land-grant universities in the United States
during the 1860s, followed by the creation of
the Cooperative Extension Service in 1914
under the Smith-Lever Act (Rogers, 2003). In
India, the concept of extension education
gained momentum after independence in 1947,
with the establishment of Community
Development Programmes in 1952 and the
subsequent creation of State Agricultural
Universities (SAUs) modelled after the
American land-grant system (Reddy &
Swanson, 2006). The first SAU was
established in 1960 at Pantnagar in Uttar
Pradesh, marking a landmark in reorganising
and strengthening the agricultural education
system in India.

Extension education has evolved
significantly over the decades, transitioning
from a linear, top-down model of technology
transfer to more participatory, demand-driven,
and pluralistic approaches (Davis & Sulaiman,
2012). This evolution reflects a growing
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recognition that effective knowledge transfer

requires not merely the dissemination of
information, but the active engagement of
farming communities in the learning process.
Today, extension education encompasses a
broad spectrum of activities, including farmer
training, demonstration trials, advisory
services, capacity building, and community
mobilisation, all aimed at empowering rural
communities to adopt improved practices and
achieve sustainable livelihoods.

In the contemporary context,
extension education faces both unprecedented
opportunities and formidable challenges. The
rapid advancement of Information and
Communication Technologies (ICT) has
opened new avenues for knowledge
dissemination, enabling real-time advisory
services, precision agriculture, and digital
learning platforms (Dutta, 2023).
Simultaneously, the urgency of addressing
climate change, food insecurity, and
environmental degradation has placed renewed
emphasis on the role of extension in promoting
climate-smart agriculture and sustainable
resource management. The United Nations
Sustainable Development Goals (SDGs),
particularly SDG 1 (No Poverty), SDG 2 (Zero
Hunger), SDG 4 (Quality Education), SDG 5
(Gender Equality), and SDG 13 (Climate
Action), provide a comprehensive framework
within  which extension education can
contribute to global development objectives
(FAO, 2025).

This review paper aims to provide a
comprehensive  analysis  of
education, tracing its historical evolution,
examining contemporary approaches and
methodologies, evaluating its role in
sustainable development, and identifying
future directions for strengthening extension
systems globally.

extension
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Figure 1. Conceptual Framework of Extension Education for Sustainable Development

2. Historical Evolution of Extension
Education

2.1 Early Extension Approaches

The earliest forms of extension education were
rooted in the transfer-of-technology (TOT)
paradigm, which assumed a linear flow of
knowledge from research laboratories to
farmers through extension agents. This
approach was dominant during the Green
Revolution era of the 1960s and 1970s, when
the primary objective was to disseminate high-
yielding crop varieties and associated
agronomic practices to maximise agricultural
productivity (Chambers & Jiggins, 1987). The
TOT model, while successful in promoting the
adoption of improved seeds, fertilisers, and
irrigation technologies, was criticised for its
top-down orientation, which often failed to
account for the diverse socio-economic and
agroecological conditions of smallholder
farmers.

2.2 Training and Visit (T&V) System

The Training and Visit (T&V) system,
introduced by the World Bank in the late
1970s, represented a significant attempt to
professionalise extension services and improve
the accountability of extension agents (Benor
& Harrison, 1977). Under this system,
extension workers received regular fortnightly
training from subject matter specialists and
conducted scheduled visits to contact farmers,
who were expected to disseminate improved
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practices among their peers. The T&V system
was implemented in over 40 countries,
including India, where it operated through the
state departments of agriculture. However, the
system was criticised for being rigid, costly,
and financially unsustainable. Feder et al.
(2004) noted that the T&V system covered
approximately 800 farm families per extension
worker, with only 10% selected as contact
farmers, predominantly larger, well-to-do
farmers, leading to inequitable access to
extension services.

2.3 Shift to Participatory Approaches

The limitations of top-down extension models

prompted a paradigm shift towards
participatory approaches in the 1990s.
Participatory ~ Rural ~ Appraisal  (PRA),

Participatory Technology Development (PTD),
and Participatory Extension Approaches
(PEA) emerged as alternative methodologies
that emphasised the active involvement of
farmers in identifying problems, testing
solutions, and making decisions (Chambers,
1994). These approaches recognised farmers
as knowledgeable agents capable of
contributing to the innovation process, rather
than  passive  recipients of  external
technologies. The participatory movement also
highlighted the importance of incorporating
local knowledge systems, gender perspectives,
and socio-cultural factors into extension
programming.
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Figure 2. Evolution of Extension Education Approaches from Traditional to Digital Era

3. Contemporary Extension Approaches
and Methodologies

3.1 Farmer Field Schools (FFS)

Farmer Field Schools (FFS) represent one of
the most influential participatory extension
methodologies developed in the past three
decades. Originally introduced by the Food
and Agriculture Organization (FAO) in
Indonesia in 1989 for integrated pest
management in rice, FFS has since been
implemented in over 90 countries, covering
diverse topics such as soil, crop, and water
management, livestock, aquaculture,
agroforestry, nutrition, and market access
(FAO, 2025). The FFS approach is based on
the principle that the best learning takes place
by doing rather than by telling. Groups of 25—
30 farmers meet regularly during a growing
season to conduct field experiments, observe

agroecosystems, and  make informed
management decisions under the guidance of
trained facilitators.

The FFS methodology follows a systematic
cycle that includes needs identification, group
formation,  season-long  training, field
experiments and observations, agro-ecosystem
analysis (AESA), group discussion and
decision-making, and farmer-to-farmer
dissemination (GFRAS, 2020). Unlike the
traditional transfer-of-technology approach,
FFS emphasises discovery-based learning,
where  farmers  develop  their  own
understanding and decision-making capacity.
Research has demonstrated that FFS can
significantly improve farmers’ knowledge,
reduce pesticide use by up to 35%, and
increase crop Yyields by 10-25% (van den Berg
& Jiggins, 2007).
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Figure 3. Farmer Field School (FFS) Methodology Cycle
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3.2 Pluralistic Extension Systems

The concept of pluralistic extension recognises
that no single organisation or approach can
meet the diverse needs of all farmers. Modern
extension  systems increasingly involve
multiple stakeholders, including government
agencies, non-governmental organisations
(NGOs), private sector companies, farmer
organisations, and academic institutions, each
contributing  specialised  services  within
agricultural value chains (Davis & Sulaiman,
2012). This pluralistic approach requires
effective coordination mechanisms to ensure
complementarity, avoid duplication, and
maintain quality standards. India’s
Agricultural Technology Management Agency
(ATMA) programme, launched in 1998,
exemplifies this approach by promoting
district-level coordination among extension
providers through decentralised planning and
implementation.

3.3 Market-Led and Value Chain Extension
With the increasing commercialisation of
agriculture, extension services have expanded
beyond  production-oriented  advice to
encompass market linkages, post-harvest
management,  quality  standards, and
entrepreneurship  development. Market-led
extension  approaches  recognise  that
smallholder farmers need not only technical
knowledge for improved production but also
business skills and market intelligence to
access profitable markets (Anderson & Feder,
2007). Value chain extension integrates
advisory services across the entire production-
to-consumption continuum, helping farmers
understand market demands, comply with
guality and safety standards, and negotiate
better prices for their produce.

4. ICT and Digital Transformation in
Extension Education

The integration of Information and
Communication Technologies (ICT) has
revolutionised agricultural  extension by
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enabling broader knowledge sharing and real-

time support for farmers. Mobile applications,
SMS-based advisory services, e-learning
platforms, and artificial intelligence (Al)-
powered diagnostic tools have emerged as
transformative instruments for modernising
extension delivery (Dutta, 2023). These digital
innovations address longstanding challenges of
geographical remoteness, limited extension
staff, and the need for timely, location-specific
advice.

Mobile-based advisory platforms, such as
India’s Kisan Call Centre (KCC), mKisan, and
e-Nam, provide farmers with real-time weather
forecasts, pest management alerts, market
prices, and best practice recommendations. Al-
powered applications such as PlantVillage
enable farmers to identify crop diseases and
pests through image recognition technology,
facilitating prompt intervention and reduced
crop losses (The Guardian, 2024). Research by
Okeke et al. (2021) found that Nigerian
extension agents utilise ICT tools at a rate of
72.3%, while studies indicate that the overall
adoption rate of digital farming technologies
has reached approximately 38.95% globally
(Mwangi & Kariuki, 2015).

Social media platforms and  digital
communities  have  further  expanded
knowledge-sharing networks, enabling peer-
to-peer learning among farmers and
facilitating direct interaction between farmers
and agricultural experts. E-learning platforms
and digital libraries provide continuous
education resources, particularly benefiting
farmers in regions with restricted access to
conventional training programmes (FAO,
2014). However, the effective implementation
of ICT-based extension requires addressing
critical barriers including digital literacy,
internet connectivity, affordability of devices,
and the development of locally relevant digital
content in regional languages (Sugihono et al.,
2024).



Nasre et al.

Curr. Rese. Agri. Far. (2025) 6(4), 1-10

ISSN: 2582 — 7146

Integration of ICT and digital technologies
in Agricultural Extension services

Mobile
Applications

Remote
Sensing & GIS

Real-time

Digital

Extension ;??qu Crop Monitoring
Social Media E-Learning
Knowledge Sharing Platforms

SMS Advisory
Services

Al-Powered

i Actionable Improved Farmer
Data Advice Decision Making

Figure 4. Integration of ICT and Digital Technologies in Agricultural Extension Services

5. Role of Extension Education in
Sustainable Development

Extension education plays a pivotal role in
achieving the Sustainable Development Goals
(SDGs) by serving as the primary mechanism
for translating scientific knowledge into
practical actions at the grassroots level. The
United Nations recognises the interlinkages
among supporting sustainable agriculture,
empowering small farmers, promoting gender
equality, ending rural poverty, ensuring
healthy lifestyles, and tackling climate change
(UN, 2015). Extension education contributes
to multiple SDGs through its diverse functions
of education, facilitation, and community
empowerment.

5.1 Food Security and Poverty Alleviation
(SDG 1 and SDG 2)

Extension services are fundamental to
improving agricultural productivity and food
security among smallholder farmers, who
constitute the majority of the world’s poor and
food-insecure populations. By facilitating the
adoption of improved crop varieties, efficient
water management practices, integrated
nutrient management, and post-harvest loss
reduction technologies, extension education
directly contributes to SDG 2 targets of
doubling agricultural productivity and incomes
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of small-scale food producers (FAO, 2025).
Extension’s role in promoting diversified
farming systems, nutrition-sensitive
agriculture, and market access further
strengthens food security outcomes and rural
income generation, contributing to SDG 1 on
poverty alleviation.

5.2 Gender Equality and Women
Empowerment (SDG 5)

Extension  education has increasingly
recognised the critical role of women in
agriculture, who account for approximately
43% of the agricultural labour force in
developing countries (FAO, 2011). Gender-
responsive extension approaches prioritise
women’s access to training, technology, and
resources, addressing longstanding disparities
in extension service delivery. India’s National
Food Security Mission (NFSM) specifies that
small, marginal, and women farmers should
comprise at least 33% of contact farmers in the
extension system (Feder et al., 2004). Women-
focused extension programmes, self-help
groups (SHGs), and gender-sensitive Farmer
Field Schools have demonstrated significant
positive impacts on women’s empowerment,
decision-making  capacity, and income
generation.
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5.3 Climate Action and Environmental

Sustainability (SDG 13 and SDG 15)

Extension education is increasingly oriented
towards climate-smart agriculture (CSA),
equipping farmers with knowledge and skills
to adapt to climate variability, reduce
greenhouse gas emissions, and adopt
sustainable natural resource management
practices.  Extension  services  promote
conservation agriculture,

agroforestry,

poverty reduction
through agriculture

sustainable land
management

climate-smart
agriculture
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efficient water harvesting, integrated pest

management, and soil carbon sequestration as
strategies for building resilient farming
systems. The urgency of climate action has
placed renewed emphasis on extension’s role
in educating farmers about sustainable
environmental practices and facilitating the
adoption of climate-adaptive technologies
(Lal, 2020).
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Figure 5. Extension Education’s Contribution to Sustainable Development Goals

6. Comparative Analysis of Extension

highlighting their key features, strengths, and

Approaches limitations.

Table 1 presents a comparative analysis of

major  extension  education  approaches,

Table 1. Comparative Analysis of Major Extension Education Approaches
Approach Period Key Features Strengths Limitations

Transfer of 1960s-1980s Linear, top-down Rapid Ignores local
Technology knowledge flow dissemination of knowledge;
(TOT) from research to Green Revolution inequitable access

farmers

technologies

Schools (FFS)

participatory,
season-long group
learning

builds decision-
making capacity

Training and Visit | 1980s-1990s Regular visits and Professional and Rigid, costly,
(T&V) fortnightly training | accountable financially
by subject extension delivery unsustainable
specialists
Farmer Field 1989—Present Discovery-based, Empowers farmers; | High per-farmer

cost; scaling
challenges

remote sensing

effective

Pluralistic 2000s—Present Multi-stakeholder Diverse, demand- Coordination
Extension delivery involving driven, context- complexity; quality
public, private, and | specific services variability
NGO sectors
ICT-Based 2010s—Present Mobile apps, SMS, Real-time advice; Digital divide;
Extension Al, e-learning, broad reach; cost- literacy barriers;

connectivity issues
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7. Challenges and Future Directions

7.1 Persistent Challenges

Despite significant advances in extension
methodologies and technologies, several
persistent challenges continue to hinder the
effectiveness of extension education systems
globally. Inadequate funding remains a critical
constraint, with many developing countries
allocating less than 1% of their agricultural
GDP to extension services (Swanson &
Rajalahti, 2010). The extension worker-to-
farmer ratio in many developing countries
remains alarmingly low, with India having
approximately one extension worker for every
1,000 farming households, compared to the
recommended ratio of 1:500 (Reddy &
Swanson, 2006).

Digital literacy and infrastructure
deficits represent major barriers to the
adoption of ICT-based extension services.
Research by Sugihono et al. (2024) in
Indonesia found that the overall digital literacy
among extension officers was only 54.3%,
indicating significant capacity gaps. Limited
internet connectivity in rural areas, high costs
of digital devices, and the absence of locally
relevant digital content in regional languages
further restrict the potential of digital
extension to reach marginalised farming
communities (Islam & Gronlund, 2024).
Gender disparities in extension access remain
a significant concern, with women farmers in
developing countries receiving only 5-10% of
extension services compared to their male
counterparts (FAO, 2011). Other challenges
include  weak  research-extension-farmer
linkages,  inadequate  monitoring  and
evaluation systems, and the difficulty of
scaling successful pilot programmes to
national levels.

7.2 Future Directions and
Recommendations

The future of extension education lies in the
integration  of  traditional  participatory
approaches with emerging digital technologies
to create hybrid delivery systems that are
inclusive, responsive, and sustainable. Key
recommendations for strengthening extension
education include:
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Investing in digital infrastructure and capacity

building to bridge the digital divide, ensuring
that 1CT-based extension services reach
remote and marginalised communities.
Strategic training programmes should enhance
digital literacy among both extension workers
and farmers, with content developed in local
languages and adapted to diverse literacy
levels (Dutta, 2023). Strengthening pluralistic
extension  systems  through  improved
coordination mechanisms, quality assurance
frameworks, and sustainable financing models
involving public-private partnerships.
Mainstreaming gender-responsive extension
approaches that ensure equitable access for
women farmers, youth, and vulnerable
populations. Integrating climate-smart
agriculture into extension curricula and
programmes to build farmers’ resilience to
climate variability and promote sustainable
resource management. Leveraging artificial
intelligence, machine learning, and big data
analytics to develop precision advisory
services that provide tailored, location-specific
recommendations to individual farmers.
Strengthening research-extension-farmer
linkages to ensure that extension content is
evidence-based, relevant, and responsive to
farmers’ evolving needs.

CONCLUSION

Extension education remains an indispensable
instrument for bridging the gap between
scientific knowledge and practical application
in agriculture and rural development. This
review has traced the evolution of extension
education from early top-down transfer-of-
technology models through the Training and
Visit system and participatory approaches to
contemporary ICT-enabled and pluralistic
extension systems. Each successive paradigm
has contributed important lessons and
innovations, while also revealing persistent
challenges related to equity, sustainability, and
scalability.

The Farmer Field School approach has
emerged as a particularly effective
methodology for empowering farmers through
experiential, discovery-based learning,
fostering not only technical knowledge but

8
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also critical thinking, problem-solving, and

community cohesion. The integration of ICT
and digital technologies has created
unprecedented opportunities for expanding the
reach, timeliness, and cost-effectiveness of
extension services, while Al-powered tools
and precision agriculture technologies promise
to transform advisory services in the coming
decades.

However, the full potential of modern
extension education can only be realised
through concerted efforts to address the digital
divide, strengthen institutional capacities,
ensure gender-responsive service delivery, and
integrate  climate-smart  approaches into
extension programming. Extension education’s
contribution to the Sustainable Development
Goals—particularly those related to food
security, poverty alleviation, gender equality,
climate action, and sustainable land
management—underscores its central
importance to global development efforts. As
agriculture confronts the dual challenges of
feeding a growing global population while
safeguarding environmental sustainability,
extension education must continue to evolve,
innovate, and adapt to serve as the vital link
between knowledge and practice for
sustainable development.
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