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Accepted: 04 November 2025 crops, biofertilizers and tissue culture based planting material. Even though these

biotechnological innovations have been demonstrated to have certain technical benefits, the
adoption rate of these innovations in the farm level has not been evenly distributed; this is
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‘ ] the regulations and institutional laggards. Agricultural extension is an important solution to
Biotechnology adoption such challenges as it is a mediator between scientific innovation and the farming community.
Technology transfer The review is a synthesis of the available literature in studying the changing role of
Participatory extension agricultural extension in adoption of biotechnologies among farmers. The paper was
Knowledge mediation composed using a narrative review approach and examines major conceptual frameworks

upon which technology adoption can be based, areas of biotechnology applied in extension
practise, and how informed and participatory adoption can be supported using extension
approaches. It focuses on participatory extension approaches, efficient communication
approaches and application of online tools to increase awareness, trust and capacity of the
farmers. Major constraints restricting Biotechnology adoption are also brought out in the
review, and an extension-led facilitation framework has been suggested that puts stress on
knowledge mediation, farmer involvement, and feedback structures. The paper concludes
that it is necessary to intensify agricultural extension systems to secure responsible, inclusive
and contextual elements of biotechnology adoption to lead to sustainable agricultural growth.

Farmer-centered innovation

1. INTRODUCTION the need to employ novel solutions in agriculture.
These have included biotechnology which has become
Global transformations in Agriculture a major contributor to contemporary farming as
resemble a fast point in scientific and technological genetically modified crops and biofertilizers, bio-
development in making agriculture productive, repellent pesticides and animal tissue culture planting
sustainable, and resilient to increasing global materials have become tools (Kumari et al., 2025).
demands. The increasing population pressure and These inventions have shown significant potential in
fluctuation of climatic features, as well as the enhancing crop yields, resource-use efficiency, and
deterioration of natural resources and an increment in stress tolerance and enabling the production systems
the occurrence of pests and diseases have increased to be sustainable to the environment.
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Although biotechnological innovations are
available and technically effective, their use on a farm-
level is a systemic discriminated practise especially in
developing countries. Mostly, dreams of technologies
do not become an extensive usage because of various
non-technical reasons. Most farmers usually
encounter obstacles regarding insufficient awareness,
limited behaviours of complex technologies, risk
perception, ethical and cultural issues, the
uncertainties on market acceptance, and ambiguity in
regulations  (Thuijsman et al, 2022). Also,
biotechnology benefits are often delivered in a highly
technical language, which could not be easily judged
by the farmers in their local agro-ecological and socio-
economic situation. All these lead to reluctance and
cynicism and even outright acceptance of the
biotechnological interventions in certain instances
(Esquivel et al., 2023).

Agricultural extension systems have the key
role of providing the way out of these challenges since
they are the main site where scientific research and
agricultural ~communities meet.  Historically,
extension was considered a unidirectional process of
technological transfer, where researchers invented
new technologies, which were shared with farmers via
the advisory service. Although it worked well in the
earlier stages of agricultural development, especially
in the Green Revolution, it is being understood that it
does not fit the complex and knowledge-intensive
technologies, like biotechnology (Naveen, 2022). It is
highly anticipated that currently modern extension
systems come in to operate as the facilitators of
learning, the intermediaries of knowledge, and the
participants of the participatory innovation as
opposed to being the channels of technical
information delivery (Prajapati et al., 2025).

The use of biotechnological agents in this
context makes the extension in agriculture more than
just promotion of adoption, but does make certain that
technologies are used in the most informed,
responsible and context-specific manner. The
extension professionals will be expected to analyse
scientific information and convey hazards and
advantages in a clear and transparent manner,
enabling farmers to evaluate technologies in
accordance with their priorities, resources and
constraints. This will include the issue of
misinformation, perception of risk management, and
building trust among the farmers, consumers,
researchers, and regulatory institutions. It is also
important that under extension the farmers capacity
in terms of stewardship i.e. the proper use of the
genetically modified seeds, proper handling of
biofertilizer, and proper handling of disease free
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planting material within the tissue culture systems are
also provided (Gupta & Modi, 2022).

This changing role of extension is in line with
more general changes in making agricultural
development participatory and systems-oriented.
Farmers are also being seen as better participants in
the innovation processes by providing local
knowledge and personal experiences and feedback
that are critical in adapting the technologies to the
different farming systems. On-farm experiments,
farmer field schools, and farmer-to-farmer learning
networks are other forms of participatory extensions
that give us a platform on which to collectively assess
the innovations of biotechnological activities in the
real world. These strategies increase the relevance,
credibility as well as the acceptability of technologies
as well as reinforcing connexions between research,
extension, and farming communities (Hamriri et al,,
2023).

Due to increased  significance  of
biotechnology in agriculture and significance of
extension in academic efforts to promote
biotechnology adoption, there is a rationale to
synthesise current available knowledge on the role of
extension systems to adopt biotechnology. Although
there is extensive literature on the topic of agricultural
biotechnology and extension specifically, there is little
in-depth research on the integrated reviews that
highlight the adoption of biotechnology through
extension. This review aims at filling this gap through
exploring the use of agricultural extension in the
adoption of biotechnology among farmers. In
particular, it will (i) describe the conceptual basis of
biotechnology adoption in the extension viewpoint,
(ii) define the major areas of biotechnology that are
pertinent to the process of extension, (iii) examine the
methodology of extension that can be used in a
manner to facilitate bi-polar and relational
biotechnology application and adoption, and (iv)
introduce an extension-based facilitation model which
would help promote responsible and inclusive
biotechnology use and adoption. The review can help
to get a better understanding of the role of agricultural
extension in enhancing the relationship between
biotechnological  innovation and  sustainable
agricultural development by synthesising the findings
of other authors (Jarial & Sachan, 2021).

2. MATERIALS AND METHODS

The paper has selected a narrative review
research methodology to bring together available
literature on the role of agricultural extension in
supporting the adoption of biotechnological
breakthroughs in agriculture. It was deemed useful to
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use a narrative review to the extent the goal of the study
is to synthesise conceptual, empirical, and policy-
oriented knowledge instead of performing a quantitative
or systematic meta-analysis. Relevant literature was
gathered based on the peer-reviewed journals,
institutional reports and policy documents pertaining to
agricultural extension, agricultural biotechnology and
adoption of technology. The primary sources were
extension education journals, agricultural science
journals where emphasis was placed on adoption and
dissemination and on international and national
organisation publications including FAO, CGIAR, ICAR
among other development agencies. Global and Indian
studies were taken into consideration which comprises
various extension settings.

The choice of the literature was based on its
applicability to (i) the contribution of agricultural
extension to technology dissemination (ii) adoption of
biotechnological innovations like genetically modified
crops, biofertilizers and tissue culture based planting
materials and (iii) participation and communication
strategy applied in the practise of agricultural extension.
Articles that were an analysis of only laboratory method
of biotechnology, molecular methodology, or non-
agricultural application were eliminated. A thematic
analysis of the reviewed literature was conducted in
order to notify the most significant concepts, extension
strategies, limitations, and facilitating processes
associated with the application of biotechnology. The
results of the synthesis were later applied to create an
extension-based facilitation model of responsible and
inclusive biotechnology adoption.

3. CONCEPTUAL BASIS OF BIOTECHNOLOGY
ADOPTION

Implementing biotechnological innovations
in the agricultural sector is a complicated technology-
driven process affecting technological, social,
economic, and institutional aspects. In contrast to
traditional farm operations of conventional farming,
the  implementation of  biotechnology-based
interventions is highly scientific in nature, has a
perceived increase in risk, and increased regulatory
control, which directly influence the decision-making
processes of farmers. Conceptual knowledge in the
area of technology acceptance is thus critical in the
development of effective agricultural extension
programmes that facilitate informed and sustained
technology adoption of biotechnology (Niklas et al.,
2025).

3.1. Technology Adoption and Diffusion Perspective
The theory of diffusion of innovations offers a

practical model that can be used to explain the process
of evaluation and adoption of new technologies and
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methods of farming among farmers. Under this school
of thought, the adoption processes are influenced by
the perceived innovation character such as relative
advantage, compatibility with current practises,
complexities, trialability and observability. These
qualities are of great significance in the region of
biotechnology. Although biotechnological
innovations potentially provide a clear relative benefit
with regard to yield enhancement or stress resistance,
they are wusually viewed as complicated and
incompatible with knowledge about the conventional
farming practises. This is further limited by the fact
that limited opportunities to trial under local
conditions and where immediate benefits could be
frowned upon complicates the adoption.

Extensions of agriculture have the capacity to
impact these adoption characteristics by easing
technical data by simplifying them, participation in
experimentation as well as farmer-to-farmer learning.
Demonstrations, field trials and learning platforms
become important in decreasing uncertainty, and
enable farmers to evaluate biotechnological
inventions along with parameters that are distributed
in their immediate environment like cost, labour
demands, market acceptance. Extension services
increase the confidence of farmers in biotechnology-
based solutions by increasing the observability and
trialability (Bell et al., 2023).

3.2. Role of Perceived Risk and Uncertainty

A key indicator in the adoption of
biotechnology is the risk perception. Bio-technological
innovations especially genetically modified crops and
microbial inputs are associated with uncertain
environmental, health, and market related
uncertainties among farmers. Such issues are
enhanced by divergence in information, social
discussions, and the lack of awareness of the
enforcement  procedures. Construction unlike
traditional technologies, the risks involved in
biotechnologies are not necessarily immediately
visible and this makes biotechnologies raise more
questions and opposition within farming societies.

The agricultural extension is very key in
dealing with perceived risk through availing clear
acceptable and believable information. The extension
agents serve as trusted mediators and can
communicate the scientific principles of technologies,
elucidate regulatory protection and myths.
Participatory discussions, community meetings, and
farmer field schools are methods of risk
communication that can enable farmers to make
sound decisions instead of basing on rumours or
misinformation. Successful extension therefore
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propels the usage of bio technology as a fear based
reaction to a rigorous judgement (Davis et al., 2018).

3.3. Shift from Linear Transfer to Participatory
Innovation Systems

Old experimental models of agricultural
extension focused on a progressive knowledge flow
between research sector and farmers. As much as this
strategy helped to spread standardised technologies,
it is no longer satisfactory in the adoption of
biotechnology which involves contextual adaptability
and social acceptability. Modern extension theory
focuses more on systems of participatory innovation
in which farmers, scientists, extension employees and
other interested parties share their efforts to develop
and perfect technologies.

Farmers in participatory systems are known
to be co-creators of knowledge as opposed to passive
receivers. Local conditions and their socio-cultural
values are incorporated in the assessment of the
biotechnological interventions because of their
experiential knowledge. This will improve the
applicability and validity of biotechnology as well as
building trust among the stakeholders. The
mechanisms of these interactions are supported with
the help of extension systems which organise the
innovation platforms, experimental activities on
farms, and feedback systems which bridge
experiences of farmers with research and policy
processes (Gava et al., 2024).

3.4. Agricultural Extension as a Knowledge Mediator

One of the key conceptual positions of the area
of application of agricultural extension in
biotechnology involves the knowledge mediation one.
The extension professionals convey the complicated
scientific knowledge into the context-related messages
that can be comprehended and utilised by the farmers.
In this mediation, it is not only the simplification of
technical content but also addressing the
correspondence of technical content to the goals,
values, and risk perception of farmers.

Knowledge  mediation also  involves
mediating between the stakeholders, resolving issues,
and making sure that the concerns with farmers are
relayed accredited to the researchers and institutions.
On the basis of sustained feedback circuits, extension
systems can promote adaptive learning and iterative
enhancement of biotechnological innovations. When
the art of assessment of the extension is placed as a
mediator of the technology instead of a promoter,
adoption processes will be more comprehensive as
well as open and sustainable (Dey et al., 2023).
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4. BIOTECHNOLOGY AREAS RELEVANT TO
EXTENSION

Biotechnology is quite a broad topic, having a
great number of tools and applications in the
agricultural sphere, but only those technologies that
reach the farm level and demand making the choice of
farmers belong to the practical field of agricultural
extension. The most common types of biotechnology
applications that are involved with the extension
systems include the role of impacting -crop
production, input management, and the quality of the
planting materials. Among them, the genetically
modified crops, biofertilizers and biopesticides, and
tissue culture-based planting materials are the areas
that are most relevant to the extension practise as they
directly contact the farmers and how they influence
the dissemination of knowledge, the ability to
communicate the risks, and capacity building (Singh
et al.,, 2022).

4.1. Genetically Modified Crops

One of the most controversial uses of
agricultural biotechnology and the extension systems
do not have a simple case of GM modified crop.
Although GM crops may be beneficial in terms of
resistance to pests, abilities to endure abiotic stresses
and increased productivity, perceptions of risk,
accepting of the products in the market, and
adherence to regulations are some of the factors that
frequently determine whether farmers adhere to
them. The extension professionals are important in
developing the awareness regarding agronomic
advantages and constraints of GM crops, clarification
of the biosafety norms, clarification of the biosafety
norms, and informed decision-making processes. GM
crop related extension activities are on stewardship
education such as appropriate use of the seeds, on
how to cleave weeds, and observing normal
regulatory conventions. The involvement of
demonstrations and field comparison experiments
enable farmers to test GM and non-GM varieties in
local circumstances, and the results would partially
relieve the uncertainty, and the confidence would be
formed. Extension also enables the discussion of the
farmers, licencing agencies, and market players to
consider the issues of labelling, consumer acceptance,
and market entry. The extension systems help the
responsible and context specific users of GM crops
through open communication and active involvement
(Kumar et al., 2020).

4.2. Biofertilizers and Biopesticides

Biotic inputs are recommended to be used as
supplements or as a substitute to chemical inputs
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because of their environmental friendliness, they are
currently referred to as Dbiofertilizers and
biopesticides. Biological processes through these
microbial-based products enhance the availability of
nutrients, health of soil and pest control. Their utility
however is highly condition-dependent and varies
with issues like soil conditions, type of crop, storage
conditions and methods of application. This
inconsistency highlights the need to provide extension
support in assisting their adoption. The farmers are
trained on how to select, handle, store, and apply
biofertilizers and biopesticides by farmers through
agricultural extension services. The wuse of
demonstration plots and trial controlled by the
farmers could serve to explain their advantages and
restrictions in respect to the use of traditional inputs.
The extension is also significant in issues relating to
quality by creating awareness of certified products
and providing feedback on the performance in the
field. The extension system also contributes to the
adoption of biofertilizers and biopesticides into the
overall nutrient and pest control systems by extension
systems that encourage farmers to balance their
adoption of these products through sustainable
systems (Barman et al., 2019).

4.3. Tissue Culture and Quality Planting Material

ISSN (Online): 3139-3217

The Tissue culture technology enables the
large-scale multiplication of genetically uniform and
disease-free  planting material especially of
vegetatively propagated crops. Implementation of
tissue-cultured plantlets demands farmers to learn the
nursery management strategies, how to manage the
planting and the cost-effectiveness of planting
material of high quality. The extension systems in the
agricultural industry play a significant role in
developing such knowledge and enhancing trust by
farmers. The related extension activities are to create
an awareness of the benefits of the availability of
tissue culture, including certified nurseries, and
provide entrepreneurial aid in nursery management.
The performance of the tissue-cultured plants in the
local conditions are estimated by the training
programmes, field demonstrations, and exposure
visits in order to enable the farmers and rural
entrepreneurs to make decisions about cultivating
such plants. Extension also helps in connections
between farmers, nursery and those organisations that
deal with quality certification. Extension systems
facilitate the use and maintenance of tissue culture-
based technologies, by providing accessibility to
reliable information and good inputs (Pithiya et al.,
2022).

Table 1. Major Biotechnology Applications Relevant to Agricultural Extension

Biotechnol — . . . Lo
lotec 1no o8y Key objectives Role of agricultural extension Major adoption issues
application

. . Awareness creation, stewardshi Risk perception,
Genetically Pest resistance, stress P percep

modified (GM) tolerance, yield
crops enhancement

Improvement of soil
fertility, nutrient use

Biofertilizers . S
z efficiency, reduction in
chemical inputs
Environment-friendly
. .. est management,
Biopesticides p 3

reduction of chemical
pesticide use

Tissue culture- Rapid multiplication of

education, risk communication,
facilitation of participatory field

Demonstrations, farmer training
on application and handling,
promotion of integrated nutrient

Capacity building on correct
usage, integration with IPM,
demonstration trials

Promotion of certified nurseries,
training on plant handling,

regulatory uncertainty,
market acceptance,
trials misinformation
Variable field
performance, quality
inconsistency, limited
shelf life
Slow action compared to
chemicals, limited
awareness, inconsistent
efficacy

management

High initial cost, quality

based planting disease-free and uniform subport to nurser assurance issues, limited
material plants PP Y availability
entrepreneurship
5. EXTENSION APPROACHES FOR to them. Biotechnology is very complex and sensitive,
FACILITATING ADOPTION

The efficient implementation of
biotechnological plants in farming is a factor that will
not only deal with the technical performance of the
innovations but also their relevance in the extension
strategies applied to expose the farming community

Next Gen World Reviews, 1(2), 2025

so the use of regular information dissemination
channels may not be adequate (Mounika et al., 2025).
Agricultural extension systems thus use a
participatory-communicative =~ and  technology-
enabled approach in supporting informed and
sustained adoption (Pulletikurthi ef al., 2025).
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5.1. Participatory Extension Approaches

Engagement biotechnology extension
methods especially help in the adoption of
biotechnology because farmers are included as active
participants in the assessment and educational
process. On farm trials, farmer field schools and
participatory demonstrations are some of the ways
through which farmers can be able to see and evaluate
the biotechnology innovations in actual farming
environment. Such strategies enable farmers to
compare the emerging technologies to the old
methods against the locally applicable indicators that
include performance of the yields, cost of inputs,
labour needs, and acceptability in the market. The
participatory engagement allows farmers some first
hand knowledge and this can be used to minimise the
uncertainty and  generate  confidence in
biotechnology-based interventions. Extension
professionals facilitate conversations, record feedback
on the part of the farmer and connect experiences in
the field to research and institutional support systems.
This learning community environment helps in
building trust and increasing the applicability of
biotechnological innovations (Prajapati et al., 2025).
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5.2. Communication and
Strategies

Capacity-Building

The key to biotechnology adoption is good
communication since they are perceived as risky and
sometimes hard to understand. The extension of
agriculture is very instrumental in making simple,
practical messages out of scientific concepts to ensure
these are understood and implemented by the
farmers. The capacity building events like training
programmes, group meetings and interactive
workshops are used in enhancing the knowledge of
the farmers on biotechnology-related practises,
benefits and constraints. Indeed, the concept of
extension communication is aimed at solving the
problem of misinformation and misconceptions by
conducting open and even-handed conversations.
Local language, analogies, and visuals play to the
increased understanding of the message and the
motivation of the discussion. The extension systems
also promote two way communication, so that farmers
are able to raise concern, pose questions and make
informed decisions instead of being passive receivers
of information (Khan et al., 2024).

Table 2. Extension Approaches for Facilitating Biotechnology Adoption

Application in biotechnology

Extension approach Description adoption Expected outcomes
Farmer Field Schools Group.)—based . . GM. crop stewa.rdshlp,. Imp.rove.d
(FFS) experiential learning biofertilizer and biopesticide understanding, informed
and observation use decision-making

On-farm trials and
demonstrations

Participatory testing
under local conditions

Structured skill and
knowledge
development
Use of mobile
advisories, videos, and
digital platforms
Peer-led knowledge
sharing and mentoring

Training and capacity-
building programs

ICT-enabled extension

Farmer-to-farmer
learning

Comparative evaluation of GM
and non-GM varieties, bio-

Safe handling, application
techniques, nursery

Dissemination of best practices,

Experience sharing by early

Reduced uncertainty,
. enhanced trust
input performance

Improved adoption
skills, reduced misuse
management
Timely information

regulatory updates access, wider outreach

Increased credibility,

adopters social acceptance

5.3. Digital and ICT-Enabled Extension Support

Information and communication technologies
(ICTs) integration has made the extension services
more reachable and effective to promote
biotechnology uptake. Such tools include digital
information, including mobile-based advisory
services, short videos, interactive voice response
systems and social media platforms, which deliver
timely and tailored information to farmers (Periginji,
2025). Such tools are especially applied in terms of
sharing the news about the best practises, regulatory
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conditions, and input management connected to the
biotechnological innovations. Activities and feedback
enable extension is also aided by ICT, which means
that farmers can share experience and make
complaints plus seeking clarification in real-time
through feedback. Digital tools supplement the
traditional methods of extension and maximise access
to information and it strengthens learning. They,
however, can work only under the following
conditions: digital literacy, access to infrastructure,
and only if they are integrated with field-level
extension activities (Periginji et al., 2025).
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6. CONSTRAINTS TO BIOTECHNOLOGY ADOPTION

Although biotechnological innovations may
have positive impacts to the agricultural sector, their
uptake on farm scale is limited by a set of technical,
social, institutional, and economic peculiarities. These
constraints are important and must be considered
when developing effective extension strategies that
can improve the adoption rates by engaging in efforts
that deal with the inquisitors themselves and not just
in promoting technology.

6.1. Technical and Knowledge-Related Constraints

Interventions based on biotechnology are
commonly scientifically ill-defined to an extent that
this induces difficulties in understanding and usage
by farmers. Ideas of genetic modification, microbial
activities, and plant multiplication are not necessarily
easily expressed into straightforward technical
procedures. Inefficient technical competence in
farmers with their low level of bio-technology literacy
among extension personnel may act as a barrier to
communication and building confidence. The
intermittent  functionality of some of the
biotechnological inputs, especially the biofertilizers in
different agro-ecological environments also leads to
low confidence and acceptance of the technologies by
farmers.

6.2. Social and Perceptual Constraints

The perception and attitudes of the society
about biotechnology are meaningful determinants of
the adoption process. Likely, when it comes to
genetically modified crops, farmers might relate
biotechnology to environmental, health or ethical
threats. These perceptions are readily supported by
fake news, media discourses, and distrust at the
societal levels. Resistance may be increased by
cultural beliefs as well as peer influence and especially
when leaders or the first to adopt the new product are
found questions. The absence of success storeys on a
long-term scale in the local settings is also an added
cause of suspicion and apprehension among farmers.

6.3. Institutional and Regulatory Constraints

The biggest impediments to biotechnology
use are institutional constraints. Bio ethics and
regulatory approaches towards biotechnology have a
tendency of being complicated, dynamic, and
inefficiently interpreted at grassroot. The farmers
might be unable to know whether to be approved and
all that is required in terms of compliance and also on
the regulations in the market which will not
encourage them to experiment and invest. Moreover,
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there are possibilities of constraints on the extension
systems because of inadequate staffing, lack of
training, and lack of resources to efficiently support
dissemination of biotechnology. Poor coordination of
the programme between research institutions,
extension agencies, players in the private sector and
regulatory agencies is also an obstacle that hinders the
free flow of information and services.

6.4. Economic and Market Constraints

The factors of conservation that farmers adopt
are this; the economic factors play a critical role on the
adoption of the same especially to small and marginal
farmers. Perceived financial risk is enhanced by high
start-up prices of biotechnological inputs, imprecise
returns, scarce options of credit, absence of insurance
facility. Questions to do with the market, like
consumer acceptance, fluctuations in prices and
limited access to the market of biotechnology based
products are other sources of uncertainty that
influence adoption. Farmers will less likely invest into
biotechnological innovations without security of
economic returns and favourable market connexions
(Chazhaeva, 2023).

7. EXTENSION-LED FACILITATION FRAMEWORK

Biotechnology to be applied on agriculture
does not only require scientists to make scientific
innovations available, it needs to incorporate effective
facilitation mechanisms that will help usher in
complex technologies into practises that are relevant
to farmers. Judging by the analysis of researched
bibliography, an extension-based facilitation model is
suggested as a tool to help facilitate responsible,
inclusive, and  context-based  biotechnology
implementation. This framework acknowledges
agricultural extension as a point of convergence
among the research, farmers, markets and regulatory
institutions.

The central part of the framework consists of
the role of agricultural extension as a knowledge
facilitator and a trust builder. The extension systems
are the mediators of biotechnological inventions and
explain the possible harm, limitations and risks in an
open way. Elevating scientific knowledge to local
farm situations and simplification make farmers have
the ability to make informed decisions instead of
implementing technologies due to the external
influence or because the information is given
incomplete.

The framework underlines participatory
engagement as one of the important adoption
mechanisms. Extension agencies promote trials and



Badavath et al.

demonstrations on farms as well as farmer field
schools where farmers can test biotechnological
interventions in their actual environment. Via
participatory  learning, farmers will provide
experiential learning and feedback, which will

Act as Knowledge
Facilitators & Trust Builders

Translate complex science into
farmer-relevant advice, transparently
communicating risks and benefits.

Engagement

Use on-farm trials and field
schools to encourage two-way
learning and farmer ownership.

Promote Participatory

ISSN (Online): 3139-3217

advance technologies and enhance their applicability.
This bilateral exchange reinforces a sense of
ownership to the innovations by farmers and boosts
the adoption efficiency.

Create Institutional
Linkages & Feedback Loops

Relay farmer feedback to
researchers and policymakers to
refine technology and policy.

Deliver Capacity
Building & Clear
Communication

Train farmers on new practices
and use dialogue and digital tools
to address misinformation.

Figure 1: Role of Agricultural Extension in Facilitating Biotechnology Adoption

Capacity building and communication is
another vital part of the structure. The extension-
based training programmes aim at enhancing the
knowledge of farmers regarding the biotechnology
technology based practises, stewardship needs, and
quality management. Simultaneously, extension
systems deal with the misinformation and the
perception of risk based on dialogue based
communications that foster trust and social
acceptance. Digital extension tools reinforce these
activities by offering information in time and keeping
the farmers and extension staff continually in touch
with each other.

The institutional linkages and feedback loops
are also important in the framework. Extension is a
channel whereby the experiences, concerns and
constraints are relayed by farmers to the researchers,
policymakers and suppliers of inputs. This kind of
feedback promotes the process of adaptive learning,
policy refining and creation of technologies that
respond to farmers. The extension systems promote
coordination of the stakeholders to form an enabling
environment of biotechnology adoption.

The facilitation framework proposed
extension highlights is that the adoption of
biotechnology is more a process of social and
institutional rather than a technological process too.
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By empowering the facilitative process of agricultural
extension, there is increased success in the
responsible, equitable and sustainable adoption of
biotechnological innovations in the multiple systems
of farming (Varsha et al., 2025).

8. CONCLUSION

Biotechnology has a strong potential to solve
the modern agricultural issues on productivity,
sustainability and resilience. Nevertheless, the
effective implementation of the said potential is
greatly pegged on the effectiveness of the
introduction, understanding, and implementation of
biotechnological innovations at the farm level. As
noted in this review, agricultural extension serves
central roles in enhancing the adoption of
biotechnology by ensuring that the gap between
scientific and farming communities comes to a close.
The results of this literature review highlight the
necessity of extension systems getting beyond
conventional methods of technology transfer and
evolve greater facilitative, participatory and
mediating roles. Extension services can be used to
guide farmers in making knowledgeable choices
about biotechnological interventions by allowing
open communication, risk perception management,
and experiential learning. The involvement of
stakeholders and community, the development of
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capacity, and incorporation of technological tools are
other methods through which biotechnology becomes
more relevant and acceptable in various farming
settings.

The suggested facilitation framework based
on extensions emphasises the significance of framing
extension as a trusted mediator that links farmers to
researchers, markets and regulatory bodies. With this
role, it is possible to have ongoing feedback, adaptive
learning and a context specific refinement of
biotechnological innovations. The need to tackle
technical, social, institutional, and economic
limitations by extension-based initiatives is necessary
in making biotechnology usage responsible and
inclusive. In general, the enhancement of the
agricultural extension is a key to the translation of
biotechnological developments in the realisation of
sustainable agricultural achievements. Through active
involvement of farmers, creation of trust and
informed application of biotechnology, extension can
play an important role in ensuring equity in
agricultural development and food security in the
long term.
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