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ABSTRACT

Agricultural extension plays a crucial role by bridging the gap between researcher institutions and farming
communities. In India where agriculture extension remains the backbone of economy and livelihood, effective
extension systems are essential for the transfer of technologies, adoption and diffusion of modern
technologies. This review examines the role of agricultural extension in facilitating technology transfer,
improving productivity and promoting sustainable agricultural practices and technology. It highlights
how various theories and models such as the diffusion of innovation, innovation decision process,
agricultural knowledge and information systems etc explain technology adoption among farmers. The
paper also explores innovation approaches like ICT based services, farmer field school, public private
partnerships and participatory methods that enhance the effectiveness of extension systems. Overall the
review emphasizes that strengthening extension services is crucial for accelerating agricultural
transformation, ensuring food security and achieving inclusive rural development in India.
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Introduction

Agriculture remains a vital component of India’s
economy, employing nearly half of the population
and contributing significantly to rural livelihoods
and national food security. Despite advancements in
agricultural research, a significant gap persists be-
tween technological innovations development in
research institution and their practical application at
the farm level. This gap is primarily bridged by ag-
ricultural extension, which acts as intermediaries the
transfer of scientific innovations to the rural farming
communities (Ray, 2017; Rivera and Alex, 2024).
Agricultural extension is broadly defined as an

out of school education system aimed at transferring
agricultural knowledge, practices and technologies
from research institution to farmers field, with the
objective of improving agricultural productivity,
sustainability and the rural livelihoods (National
Commission on Agriculture, 1976; Altalb et al.,
2013). In India context, agricultural extension has
largely centered around the Transfer of Technology
(TOT) approach, which focuses on moving research
based innovations from institution to farms (Ander-
son et al., 2007).

The process of transfer of technology done
through agricultural extension methods. This in-
cludes a two way communication process that not
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only disseminate information or technology but also
incorporate feedback from farmers to refine tech-
nologies and practices (Wijeratneand and Silva,
2023). Extension worker play a critical role in mak-
ing scientific information accessible and actionable,
particularly in rural areas where literacy levels, in-
frastructure and access to resources may be limited
(Arowosegbe, 2025).

Agricultural extension services do more than
merely inform farmers, they empower rural com-
munities through capacity building, encouraging
adoption of modern and sustainable farming prac-
tices and support policy objectives like food security,
climate resilience and rural development
(Arowosegbe, 2025; Priya, 2025).

This review paper aims to explore the role of ag-
ricultural extension services in the transfer of tech-
nology in India, with a particular focus on the pro-
cess, models of adoption and challenges and im-
pacts. Through a comprehensive examination of re-
cent literature, case studies and theoretical perspec-
tives, this paper will highlight the effectiveness,
challenges and evolving nature of extension system
in bridging the gap between research and practices
in India agriculture.

Importance of agricultural extension services

Extension is defined to as an out of school education
and services to members of the farm family and oth-
ers directly or indirectly involved in agricultural
production that they can adopt improved practices
in production, management, conservation and mar-
keting (National Commission on Agriculture, 1976).
An extension service is mainly to provide educa-
tional service to the people as per their need, for
improving their life through better working (Ray,
2017). Agricultural extension services play a vital
role in connecting research centre or institutions and
farmers; act as intermediaries to facilitating the
transfer of knowledge, innovations and technologies
from researchers to farmers (Wijeratne and De Silva
2023).

The concept of agricultural extension in India is
“Transfer of technology”. Agricultural technology
transfer is used to describe the process of formally
transferring new agricultural discoveries, advanced
technologies or innovation that may results from
research centers or institutions into the agricultural
sector Agricultural extension is the process of trans-
ferring the scientific agricultural technology to the
farmers’ fields so that famers can use the knowledge
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and create a better economy (Solon, 2023).

Where agricultural extension services seek to im-
part the necessary skills to the farmers for undertak-
ing improved agricultural operations, to make avail-
able to them timely information, improves practices
in an easily understandable form suited to their
level of literacy and awareness, and to create in
them a favorable attitude for innovation and change
(Altalb, 2015).

Process of transfer and adoption of agricultural
technology

Agricultural extension aims to transfer of agricul-
tural technology from research station to farmer
field and to adopt and use these technologies on
their farms, because farmers need that new and
modern technology to increase agricultural produc-
tion in various types of agricultural crops, as well as
the qualities and quantities of consumer goods on
the market (Ullah, and Zafarullahkhan, 2014). These
new and innovative agricultural technologies must
be better and superior to the old agricultural tech-
niques followed by the farmers in Oder to be

adopted (Muzari et al., 2012.

The process of transfer of agricultural technology
takes place in two stages. The first is the transfer and
dissemination of agricultural technology from re-
search station to famer’s field, and second is to con-
vince farmers to use these agricultural technologies
on their farms (Tai, 2012). The function transfer of
technology regarded as the responsibility of the ad-
visory service or agricultural extension of the vari-
ous organizations (AL Jubury, 2006). The process
can be defined as a transfer of technologies integrat-
ing and interconnecting a series of sub-processes,
which include (Altalb et al., 2015; Ann, 2013):

o Transfer of new technology from the research in-
stitution (source) to the farmers’ field (target
area),

e Process of localization of technology, which is
intended to make the technical fit with agro cli-
matic conditions in the target area and is compat-
ible with the existing agricultural system in the
region through a test and confirmatory test of the
technique in the target and promotion of the re-
gion,

e Encouraging farmers to adopt modern technol-
ogy

e Enabling targeted farmers to implement the new
technology on their farms and providing them
with the knowledge and skills necessary to do so,
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e Provide technical application requirements,

The adoption process as a mental process of an
individual (Ann, 2013). According to Wilkening
(1953) “adoption of innovation as a process com-
posed of learning, deciding and acting over a period
of time”. Adoption is essentially a decision making
process (Rogers, 2003; Wilkening, 1953). The North
central Rural Sociology Subcommittee for the Study
of Diffusion of Farm Practices (1955) identified five
stages of the adoption process. These are; “aware-
ness, interest, evaluation, trail and adoption” (North
central Rural Sociology, 1955).

Theories and Models in technology adoption

The following theories and models explain how ag-
ricultural extension services function and their im-
pacts are:

Model for Innovation Decision Process: according
to E M Roger, the innovation decision process de-
scribes how individual come to adopt or reject an
innovation. It involves five key stages (Rogers,
2003):
¢ Knowledge- the individual becomes aware of the

innovation and gains understanding of how its

functions.

e Persuasion- the individual form favourable or
unfavourable attitude towards the innovation.

¢ Decision- the individual chooses to adopt or re-
ject the innovation.

e Implementation- the individual put the idea into
use

¢ Confirmation- the individual seek reinforcement
for the decision made and may continue or dis-
continue adoption.

This model helps agricultural extension workers
to understand how farmers move through the pro-
cess of adopting new practices or technologies

Theory of Diffusion of Innovation: Roger ex-
plain the diffusion of innovation theory, how inno-
vation spread within a social system over a period of
time. It identifies categories of adopters such as “in-
novators, early adopters, early majority, late major-
ity and laggards” and emphasizes innovation, com-
munication channels, time and social system as key
factors in the diffusion process (Rogers, 2003).

In agricultural extension, this theory is used to
understand how new agricultural technologies,
practices, and information spread among famers
and rural communities.

Human Capital Theory: this theory is suggests
that investment in education, training and skills in-
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creases an individual’s efficiency and productivity

(Becker, 1964). In agricultural context, extension ser-

vices enhance farmers” human capital by improving

their knowledge, skills and attitudes, thereby pro-
moting adoption modern technologies.

Agricultural Knowledge and Information System
(AKIS): this model describes the relationships and
information flows between people and institutions
involved in agricultural innovation such as exten-
sion agents, researchers, policymakers and farmers.
It emphasized the mutual exchange of knowledge
rather than one-way transfer from research to
farmer, supported co-learning and collaboration for
technology adoption.

Transtheoretical model (TTM): This model was
developed by Prochaska and Di Clemente in the
1970s. It is based on the individual’s ability to make
decisions that reflect the process of changed based
on the individual’s intentions. This model suggests
that each person will go through six stages of
change:

e Precontemplation- no inetnesion to change
behvaiour

e Contemplation- awareness of needs for change

e Preparation- intention and planning to take ac-
tion

e Action- implementation of new behaviour

e Maintenance- sustained behaviour change over
time

e Termination- the behaviour becomes permanent
and integrated. These various strategies will
make sure to lead the individual towards the
stage of maintenance which is the desired stage
of behvaiour change (Dissanayake et al., 2022).
This model helps understand how farmers
progress toward sustained use of new technolo-
gies.

The basic requirements that is reliable in choice
the agricultural technology for farmers:

There are following basic requirements that must
be satisfied in choice of agricultural technology for
farmers (National Commission on Agriculture, 1976;
Rogers,2003; Aremu et al., 2015).

e Technical feasibility refers to a technology’s abil-
ity to increase productivity given the technical
elements and trail ability that is the degree to
which a technology may be tried on a small scale
to determine its efficacy before final adopting it
on a large scale.

e Economic viability or feasibility, which reflects
the possibilities of reliability and risk reduction,
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low initial costs, time savings, psychological sat-
isfaction, conveniences or reduced inconve-
nience. A cheaper technology will be adopted
faster than an expensive technology.

Social compatibility, which is acceptance with
community structure, beliefs and norms. In social
computability, an innovation is perceived as con-
sistent with the past experiences, existing values
and needs of potential adopters. Technologies
that compatible with existing farm practices en-
courage a positive attitude towards change, im-
prove agent credulity and can be adopted faster.
Infrastructural compatibility, which is the ability
to be accommodated by the present level of in-
frastructure

Relative advanced, which an innovation is per-
ceived as being better than the idea it supersedes.
New technology increase yield or income, save
labour costs and time, or reduces risk compared
to the existing one

Complexity refers to an innovation is perceived
to be relatively difficult to understand and use.
Technologies that are more complex to under-
stand and use have lower adoption rates.
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e Trialability means that a technology may be ex-
perimented on a small scale or limited basis.

e Observability or visibility is the degree to which
the results of a new technology are observable or
visible to others.

Role of extension services in dissemination

¢ Knowledge dissemination: agricultural extension
services serve as conduits for the latest agricul-
tural research and practices. Where extension
workers translate complex scientific information
into practical, easy to understand advice that
farmers can easily use. This includes knowledge
on crop management, soil conservation animal
husbandry, insect pest control, etc. to ensure that
farmers are aware of effective and sustainable
practices (Arowosegbe et al., 2024).

e Training and capacity building of famers: one of
the primary responsibilities of extension workers
is to provide hands on training to farmers. This
includes conducting on farm testing, field dem-
onstration, and workshops etc., which help farm-
ers acquire practical skills in advanced farming
techniques, post harvest management, and re-
sources management (Rivera and Alex, 2024).

Innovative Approaches

Information and Communication
Technology (ICT)

Famers Field School (FFS)

Public Private Partnership (PPP)

Decentralization

Capacity building of extension
personnel

Participatory approach

Helps farmers to collect, store, retrieve, process and distribute essential
information efficiently.

Through agricultural apps, e-learning platforms, Portal, Mobile divisor
services, SMS alerts etc, farmers can access timely information improved
farming techniques, weather forecasts, market prices, insect pest man
agement etc.. These tools overcome distance and time and promote rapid
knowledge dissemination (Priya, 2025; Aremu et al., 2015).

FFS approach is a participatory and experiential learning method. It is
Form of adult education centre where Farmers learn by observing and
doing rather than through lecture based instruction (Altalb et al., 2013).
This approach enhances empowerment, ownership and adoption of new
agricultural technology since farmers are actively engaged in the
learning process (Wycliffe and Lvy 2025).

PPP involve collaboration between government agencies, NGOs, Private
companies and community organizations to provide agricultural services
(Rivera and Alex 2024).

Through ATMA, SMS, local institutions, community based agents
(Kumar, et al., 2023).

Capacity building focused on enhancing the social, technical and
managerial competencies of extension agents. It equips extension
personnel with skills in sustainable agriculture practices, climate change,
social inclusion etc, enabling them to effectively support farmers in
adopting innovative technologies and practices (Devis and Sulaiman 2014).
It is start from the situation analysis with active participation of the
village members at grassroots level and moves other stage of the
planning cycle.

It is a Bottom-up phenomenon (AL Jubury, 2006 ).
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e Encouraging adoption of sustainable technolo-
gies and practices: Extension workers are instru-
mental in encouraging the adoption of innovative
technologies such as improved seed varieties,
precision farming techniques or tools, irrigation
system, and mechanized equipment, etc. They
help farmers understand the benefits of these
technologies and provide guidance on how to
integrate them into farming practices (Davis and
Heemskerk 2012).

e Social and equity roles: social and equity role like
PGACE (Participatory Gender Analysis in Com-
munity Extension) recommended adopting gen-
der sensitive and participatory methodologies to
ensure that agricultural extension services are so-
cially equitable (Solon, et al., 2023).

e Facilitating access to resources: extension agents
help farmers” access essential resources, includ-
ing quality seeds, credit facilities, fertilizers, etc.
They often work in collaboration with govern-
ment agencies, private sector and NGOs to en-
sure that farmers can secure the inputs and sup-
ports they need to increase productivity (Rogers,
2003).

Impacts

1. Agricultural extension services have been associ-
ated with improved productivity in many cases.
For smallholders, yield increases, lower input
costs better soil and water management have
been reported. (Anil, 2024).

2. Enhanced climate resilience by adoption of resil-
ient cropping, improves risk management.
(Priya, 2025).

3. Diversification and income stability: agricultural
extension services help farmers diversify crop-
ping systems also connect them to nonfarm live-
lihood options. Wycliffe and Lvy 2025).

4. Environmental improvement: better soil health,
reduced chemical usage, water conservation in
some cases (Anil, 2024).

Innovative approaches

There are some innovative approaches are as follow:
Conclusion

Agricultural extension services act as a vital link
connecting researchers, policymakers, and farmers,
ensuring that scientific innovations reach the field
and are effectively adopted. The review shows that
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through knowledge dissemination, training, partici-
patory learning, and capacity building, extension
services empower farmers to make informed deci-
sion, adopt appropriate practices and increase agri-
cultural productivity. Innovative approaches such
as ICT, famer field school, public private partner-
ship have further strengthened the reach and effi-
ciency of the extension system, making agricultural
information more accessible and context specific. In
conclusion, a well structured and dynamic agricul-
tural extension system is essential for the successful
transfer and adoption of agricultural technologies.
Strengthening these services will not only bridge the
gap between researcher and farmers but also con-
tribute significantly to achieving sustainable agricul-
tural growth, rural empowerment and national food
security.
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