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ABSTRACT

The transformative impact of emerging trends in agricultural extension on global food systems,
particularly focusing on advancements in digital and mobile technologies, participatory approaches,
public-private partnerships, and sustainable farming practices. These innovations have significantly
enhanced agricultural productivity by introducing precision farming, improved pest management,
and efficient resource use. Additionally, they have contributed to substantial improvements in food
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security, ensuring more stable food supplies and increased accessibility at local and global levels.
Economic resilience in rural areas has also been bolstered through these advancements, providing
rural communities with diversified income sources and reducing agricultural risks. Furthermore, the
adoption of environmentally sustainable practices has led to better soil health, reduced usage of
chemical inputs, and a lower ecological footprint, which is crucial for the sustainability of agricultural
landscapes. However, the deployment of these emerging trends is not without challenges. Issues
such as the digital divide, the need for substantial funding, infrastructure development, and the
necessity for continuous education and training for extension agents are critical barriers that need
addressing. Future directions for agricultural extension include leveraging cross-disciplinary
approaches, scaling up successful models globally, and ensuring that policy and funding
mechanisms are aligned with the technological needs of modern agriculture. It underscores the
need for an integrated approach that considers not only the technological and productive aspects of
agriculture but also emphasizes sustainable and inclusive growth to harness the full potential of
agricultural extension in strengthening global food systems.

Keywords: Innovation; technology; sustainability; productivity; participatory.

1. INTRODUCTION

Agricultural extension services play a pivotal role
in modern agriculture by bridging the gap
between research and farming practices. These
services involve the dissemination of vital
agricultural information, from technical know-how
to innovative farming practices, to farmers and
agricultural stakeholders [1]. In developing
countries, particularly in India, agricultural
extension is crucial for enhancing agricultural
productivity, which is directly linked to food
security and economic stability. The role of
agricultural extension goes beyond merely
imparting knowledge; it encompasses the
application of scientific research to agricultural
practices through farmer education. This
involvement is essential in addressing the myriad
challenges faced by farmers today, including
climate change, soil degradation, and the need
for sustainable farming practices. Agricultural
extension services in India have evolved to not
only increase productivity but also to promote
sustainable and  environmentally friendly
agricultural practices, thus supporting the
broader goals of sustainable development [2].
The landscape of agricultural extension in India
has witnessed significant transformations over
the years. Initially, the focus was predominantly
on increasing yield and production to ensure food
security for a growing population. However, with
the advent of globalization and technological
advancements, the focus has shifted towards
more diversified objectives, including market
access, agribusiness, and value addition [3].
Recent innovations in agricultural extension
encompass the integration of information and
communication technologies (ICTs) such as
mobile phones, the internet, and GIS

technologies. These tools have revolutionized
how agricultural advisories are delivered and
have significantly improved the reach and
efficiency of extension services. For example,
mobile-based solutions like Kisan Call Centers
and the e-Krishi Kendra platforms have enabled
farmers to access timely and relevant information
directly [4]. Moreover, public-private partnerships
are increasingly becoming prevalent, introducing
corporate efficiency and investments into the
extension system, thus expanding its scope and
impact. This review aims to examine the evolving
trends in agricultural extension services in India
and their impact on both local and global food
systems. Given the critical role that India plays in
the global agricultural landscape, understanding
these trends is imperative. It seeks to identify
how new methodologies and technologies have
been integrated into the traditional extension
systems and to evaluate their effectiveness in
improving agricultural productivity and
sustainability. Additionally, the review will explore
how these advancements in agricultural
extension are contributing to the achievement of
the United Nations Sustainable Development
Goals (SDGs), particularly those related to
ending hunger, achieving food security, and
promoting sustainable agriculture.

2. HISTORY
EXTENSION

OF AGRICULTURAL

Agricultural extension is a service intended to
provide the knowledge and techniques needed
by farmers and agricultural stakeholders to
improve their practices, efficiency, and
productivity (Table 1). The Food and Agriculture
Organization (FAO) defines  agricultural
extension as a system that assists agricultural

1174




Manohar et al.; J. Exp. Agric. Int., vol. 46, no. 7, pp. 1173-1186, 2024; Article no.JEAI.117642

Table 1. History of agricultural extension in India

Period

Key Developments

Major Programs and
Initiatives

Impact on Agriculture

Challenges and Limitations

Pre-Independence
(Before 1947)

Early efforts by British colonial
administration to promote
modern agricultural practices

Establishment of agricultural
research stations,
introduction of new crops
and technologies

Limited reach and impact,
primarily benefiting large
landowners

Lack of widespread farmer
participation, focus on cash crops
over food crops

Post-Independence
(1947-1960s)

Establishment of formal
agricultural extension services
by the Indian government

Community Development
Program (1952), National
Extension Service (1953)

Initial spread of modern
agricultural practices,
focus on rural
development

Limited resources, inadequate
training of extension workers

Green Revolution
(1960s-1980s)

Intensive agricultural
extension efforts to promote
high-yielding varieties (HYVSs)
and modern inputs

Intensive Agriculture District
Program (IADP), High-
Yielding Varieties Program
(HYVP)

Significant increase in
crop production, self-
sufficiency in food grains

Environmental degradation,
inequity among farmers, regional
disparities

1980s-1990s

Diversification of extension
services and focus on holistic
rural development

National Agricultural
Extension Project (NAEP),
Training and Visit (T&V)
System

Improved extension
worker-farmer linkages,
broader focus on rural
issues

Sustainability issues, dependence
on external funding, challenges in
scaling up successful models

Liberalization Era
(1990s-2000s)

Shift towards privatization and
public-private partnerships in
extension services

Agricultural Technology
Management Agency
(ATMA), Krishi Vigyan
Kendras (KVKs)

Increased role of private
sector, introduction of
market-oriented practices

Inequitable access to services,
variability in service quality,
commercialization challenges

Recent Developments
(2000s-Present)

Emphasis on ICT-based
extension, climate resilience,
and sustainability

e-Choupal, Digital Green,
National Mission on
Agricultural Extension and
Technology (NMAET)

Enhanced access to
information, increased
farmer engagement, focus
on climate adaptation

Digital divide, need for capacity
building, integration of traditional
knowledge with modern practices
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producers through educational procedures in
improving farming methods and techniques,
increasing production efficiency, and income,
and enhancing livelihood quality [5]. In the
context of India, agricultural extension services
have been a cornerstone in promoting
agricultural development and are integral to
achieving food security and agricultural
productivity. The scope of agricultural extension
in India traditionally includes the dissemination of
agricultural research findings to farmers, advising
farmers on the optimal use of their land and
resources, providing solutions to their agricultural
issues, and introducing new agricultural
technologies and crops that can be beneficial.
Over the years, the scope has broadened to
encompass various functions such as facilitating

access to  markets, providing  credit,
strengthening farmer institutions, and
encouraging  participatory  approaches in

agricultural development [6]. The evolution of
agricultural extension in India can be traced back
to the early 20th century, during the British
colonial period. |Initially, the focus was on
demonstrating and popularizing new agricultural
practices through ‘'Imperial Agricultural Research
Institutes'. However, the efforts were limited and
not systematically organized [7]. The real
foundation of structured agricultural extension in
India was laid post-independence in 1947, with
more focus given to increasing agricultural output
to feed the rapidly growing population. In the
1950s and 1960s, the establishment of the
Community Development Programme (1952) and
the Intensive Agricultural District Programme
(1960) marked the beginning of a more
organized extension service in India. These
programs aimed to disseminate agricultural
innovations necessary to advance farming
practices across the country [8]. The introduction
of the Green Revolution in the late 1960s brought
about significant changes in agricultural
extension. The revolution introduced high-
yielding varieties of seeds and expanded the use
of chemical fertilizers and irrigation. The
extension services had to adapt to these
changes by not only distributing the new
technologies but also providing the needed
education and support to the farmers to adopt
these changes [9].

Key Milestones and Transformations in
Extension Services:

1. Training and Visit (T&V) System:
Introduced in the 1970s and funded by the
World Bank, the T&V system became a

prominent model in India. It standardized
extension visits and created a system
where extension workers regularly visited
farmers to provide advice and training. The
system greatly increased the reach of
extension services but was later criticized
for being too rigid and top-down in its
approach [10].

2. National Agricultural Extension
Programme (NAEP): Launched in 1987,
this program was designed to revitalize the
extension services across India by
incorporating more participatory and
farmer-first approaches. NAEP aimed at
decentralizing decision-making and
recognizing the diverse needs of the
farmers across different regions [11].

3. Agricultural Technology Management
Agency (ATMA) Model: Instituted in the
early 2000s, ATMA represented a
paradigm shift in agricultural extension. It
promoted a decentralized, farmer-centric,
and participatory approach to agricultural
extension. ATMA integrates research and
extension activities across multiple sectors
and is considered a significant step
towards making extension services more
responsive to local needs [12].

4. Information and Communication
Technology (ICT) in Extension: The
integration of ICT tools into extension
systems marked another milestone in the
2000s. Mobile telephony, the Internet, and
dedicated agricultural apps have
transformed how agricultural information is
delivered and accessed by farmers.
Initiatives like the e-Choupal and Kisan
Call Centers have revolutionized the
delivery of extension services in India,
making it more inclusive and efficient [13].

3. EMERGING TRENDS IN
AGRICULTURAL EXTENSION

The adoption of digital and mobile technologies
has revolutionized agricultural extension services
in India, making information dissemination faster,
more accurate, and far-reaching (Table 2). These
technologies have emerged as vital tools in
bridging the gap between research findings and
farming practices, enhancing the capabilities of
farmers to improve agricultural productivity and
sustainability. Mobile applications and SMS-
based services have become particularly
transformative in India, a country with
widespread mobile  penetration.  Agri-tech
startups and government initiatives have
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Table 2. Emerging trends in agricultural extension

Trend Description Key Features Impact on Agriculture Challenges
ICT and Digital Use of Information and Mobile apps, e-learning Real-time information Digital divide, low digital
Extension Communication Technologies to platforms, SMS-based advisory access, wider reach, literacy, infrastructure

disseminate information and
services

services, social media

improved decision-making

constraints

Climate-Smart
Agriculture

Promoting practices that
increase resilience to climate
change while reducing
emissions

Climate-resilient crops, water-
saving techniques, conservation
agriculture

Enhanced resilience to
climate variability,
sustainable resource use

Adoption barriers, need for
localized solutions, higher
initial costs

Participatory
Extension
Approaches

Involving farmers in the
planning, implementation, and
evaluation of extension
programs

Farmer Field Schools (FFS),
participatory rural appraisal
(PRA), community-based
planning

Increased farmer ownership,
more relevant and effective
interventions

Time-intensive processes,
need for skilled facilitators,
potential for power dynamics

Market-Oriented
Extension

Linking farmers with markets to
improve income and livelihoods

Value chain development,
market information services,
agribusiness training

Improved market access,
higher incomes, better
alignment with market
demands

Market fluctuations, unequal
market power, dependency on
market intermediaries

Public-Private
Partnerships (PPPs)

Collaboration between public
sector and private entities to
enhance extension services

Joint ventures, co-funded
projects, shared resources

Increased resources,
innovation, scalability

Conflicting objectives,
sustainability of partnerships,
regulatory challenges

Gender-Sensitive
Extension

Addressing the specific needs
and challenges of women
farmers

Women-only training sessions,
gender-responsive
technologies, empowerment
programs

Improved access for women,
gender equity, increased
productivity

Cultural barriers, need for
gender expertise, limited
participation of women

Use of Big Data and
Analytics

Leveraging large datasets and
advanced analytics to provide
targeted extension advice

Precision farming tools,
predictive analytics, data-driven
decision support systems

Enhanced precision in
farming practices, optimized
resource use, better risk
management

Data privacy issues, high cost
of technology, need for data
literacy

Sustainable and
Organic Farming

Promoting environmentally
friendly farming practices

Organic certification programs,
sustainable soil and water
management techniques

Improved soil health, reduced
environmental impact,
premium market prices

Certification costs, market
access issues, yield variability

Farmer-Led
Extension

Empowering farmers to act as
extension agents and

Farmer-to-farmer training, lead
farmers, peer learning groups

Increased trust and
relevance, rapid

Need for ongoing support and
training, variability in farmer
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Trend

Description

Key Features

Impact on Agriculture

Challenges

disseminate knowledge within
their communities

dissemination of practices,
strengthened community
networks

expertise, potential for
misinformation

Integration of
Traditional
Knowledge

Combining traditional
agricultural practices with
modern scientific knowledge

Documentation of indigenous
practices, validation and
integration with scientific
methods

Enhanced resilience,
preservation of biodiversity,
culturally relevant practices

Validation challenges,
resistance to change, need for
scientific endorsement

Policy Support and
Advocacy

Creating an enabling
environment through supportive
policies and advocacy efforts

Policy dialogues, evidence-
based advocacy, farmer
representation in policy-making

Improved policy environment,
increased resource
allocation, supportive
regulatory frameworks

Bureaucratic inertia, need for
strong advocacy networks,
potential for policy mismatch

Focus on Youth in
Agriculture

Engaging youth in agricultural
activities through targeted
programs and incentives

Agri-entrepreneurship
programs, youth training and
mentorship, access to credit
and technology

Increased youth participation,
innovation, addressing labor
shortages

Perception of agriculture as
unattractive, need for tailored
interventions, access to
resources for youth

(Source- [14,16,17])
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launched several mobile apps that provide
services ranging from weather forecasts and
crop recommendations to market prices and
agricultural advisories. For example, the
'KisanSuvidha' app, launched by the Ministry of
Agriculture & Farmers Welfare, offers farmers
comprehensive resources including weather
updates, market prices, plant protection, and
dealer networks [14]. SMS services have also
proven effective in reaching out to farmers with
critical updates. The 'Kisan SMS Service'
launched by the Indian government sends out
millions of texts to registered farmers, providing
timely information about weather and pest
attacks, which helps in reducing crop losses and
enhancing productivity [15]. Remote sensing and
Geographic Information Systems (GIS) are being
increasingly utilized to improve the precision of
farming practices. These technologies allow for
the monitoring of crop health, soil conditions, and
water resources, enabling targeted interventions.
The Indian Space Research Organization (ISRO)
has been pivotal in deploying satellite imagery for
agricultural purposes, assisting in crop area
estimation and condition assessment under the
FASAL project (Forecasting Agricultural output
using Space, Agrometeorology, and Land-based
observations [16]. GIS technologies also facilitate
resource mapping and management, helping
farmers optimize the use of fertilizers and
pesticides, thus promoting sustainable
agricultural practices. The Bhuvan platform by
ISRO offers services like thematic maps on soils,
crops, and water resources, which are invaluable
for precision farming [17].

3.1 Participatory Approaches

Participatory approaches in agricultural extension
involve the active involvement of farmers in the
learning process, ensuring that the extension
services are more adaptive to their actual needs
and circumstances. These methods have gained
prominence for their effectiveness in improving
agricultural knowledge and practices among
smallholder farmers. Farmer Field Schools are a
form of group-based learning that originated from
the FAQO’s projects in Asia, including India. In
these schools, groups of farmers meet regularly
throughout the crop season to observe and study
field conditions, make decisions on crop
management, and learn from each other under
the guidance of facilitators. FFS have been
particularly successful in promoting integrated
pest management (IPM) practices among
farmers, significantly reducing pesticide use and
improving yields [18]. Although relatively new in

India, Community-Supported Agriculture (CSA) is
beginning to take root as a participatory
approach that strengthens ties between farmers
and consumers. In CSA models, consumers buy
shares of a farm’s harvest in advance, thus
providing farmers with assured income and
reducing the risks associated with price
fluctuations and crop failures. This model not
only supports farmers’ financial stability but also
encourages sustainable and organic farming
practices as consumers often favor
environmentally friendly agriculture [19].

3.2 Integration of Women and Youth

Empowering women and engaging youth are
critical for the sustainability of agriculture in India,
where a significant portion of the agricultural
workforce comprises women, and the average
age of farmers is rising. Recognizing the need to
attract and retain youth in agriculture, several
initiatives have been launched to make farming
more appealing to young people. Programs such
as the Agri-Clinics and Agribusiness Centers
Scheme (ACABC) provide training to agriculture
graduates to establish their own agri-preneurs,
offering services ranging from consultancy to
farm management [20]. These initiatives not only
provide employment opportunities for young
graduates but also inject new technologies and
innovative practices into the farming sector.
Women play a pivotal role in Indian agriculture,
yet their contributions are often undervalued, and
they face numerous barriers in accessing
resources and services. Programs like the Mahila
Kisan Sashaktikaran Pariyojana (MKSP) aim to
empower women farmers by enhancing their
access to resources, inputs, and extension
services. This program acknowledges the distinct
needs of women in agriculture and supports their
capacities in farming operations, thereby
promoting gender equality in the agricultural
sector [21].

3.3 Public-Private Partnerships

Public-private partnerships (PPPs) in agricultural
extension in India have become instrumental in
enhancing the delivery and efficacy of extension
services. These collaborations typically involve a

combination of government bodies, private
companies, international donors, and non-
governmental organizations (NGOs). Each

partner brings unigue strengths to the table, such
as funding, technology, expertise, and
infrastructure, which help in creating synergistic
solutions to complex agricultural challenges. A
prominent model of PPP is the "Agri-Clinics and
Agribusiness Centers Scheme" (ACABC), which
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encourages agriculture graduates to start their
own agri-venture by providing them with financial
support and technical guidance. The government
collaborates with private banks to ensure that
these young entrepreneurs receive the
necessary startup capital [22]. Another example
is the "Bharti Walmart Training Center" in
Amritsar, which was set up through a
collaboration between Bharti, Walmart, and the
Punjab government to provide training to farmers
in modern retail skills and better farming
practices, thereby connecting them directly to the
retail market [23]. Public-private partnerships
significantly impact resource sharing, resulting in
more efficient use of financial, technological, and
human resources. For instance, private firms
often provide advanced technologies and
management practices, while public institutions
offer a regulatory framework and reach into
remote areas, ensuring that innovations reach a
broad spectrum of the agricultural population.
PPPs foster innovation in agricultural practices
by combining research and development insights
from private companies with the extensive field
experience of government extension services.
This blend facilitates the development of tailored
agricultural solutions that address the specific
needs of diverse farming communities.
Innovations such as mobile technology platforms,
precision agriculture tools, and improved seed
varieties have largely stemmed from such
collaborative efforts.

3.4 Focus on Sustainable and Organic
Farming Techniques

In recent years, there has been a significant shift
in India's agricultural policies and extension
services towards promoting more sustainable
and environmentally friendly farming practices.
This change is driven by the growing recognition
of the adverse effects of conventional farming
methods, including soil degradation, reduced
biodiversity, and increased greenhouse gas
emissions. The Government of India has initiated
several programs aimed at promoting
sustainable agricultural practices. One such
initiative is the "Paramparagat Krishi Vikas
Yojana" (PKVY), which supports and promotes
organic farming through group certification and
marketing. The scheme encourages the
formation of clusters of farmers who are trained
and supported in adopting organic farming
practices, thus reducing dependency on
chemical inputs and improving soil health [24].
Another significant initiative is the "Soil Health
Card Scheme," launched to assess soil health
and provide farmers with recommendations on

appropriate nutrient management to avoid over-
utilization of chemical fertilizers. This scheme is
crucial for maintaining soil fertility and ensuring
sustainable land use [25]. The adoption of
organic farming in India has seen substantial
growth, driven by increasing domestic and
international demand for organic products. The
government, along with various private
stakeholders, has been instrumental in promoting
this shift through extensive training programs,
certification processes, and marketing support.
Organic farming is often more labor-intensive
than conventional farming, which has led to its
slower adoption. However, the long-term benefits
of organic farming, such as higher premiums,
improved soil health, and lower input costs, are
increasingly recognized. Programs like the
"National Programme for Organic Production”
(NPOP) provide a framework for the organic
production systems, standards for certification,
and mechanisms for marketing [26]. The
diffusion of organic farming is supported by
numerous NGOs and private enterprises that
work directly with farmers to provide them with
the skills and resources needed to transition to
organic methods. Organizations such as
Navdanya have been at the forefront of
promoting biodiversity conservation and organic
farming, helping to build a network of seed
keepers and organic producers across the
country [27].

4. CASE STUDIES SHOWING EMERGING
TRENDS

4.1 Case Study 1. Use of Mobile
Technology in East Africa
In  East Africa, mobile technology has

revolutionized agricultural extension services,
enhancing information dissemination and market
access for smallholder farmers. An exemplar
project illustrating this trend is the "mFarm" app
developed in Kenya. mFarm is a mobile and
online platform that offers small-scale farmers
real-time information on market prices, connects
them with buyers, and provides weather alerts
and agricultural tips [28]. Farmers can subscribe
to receive SMS updates tailored to their specific
needs and locales.The success of mFarm can be
attributed to its direct response to the
communication barriers that farmers face. By
leveraging widespread mobile phone usage,
mFarm has managed to reach over 300,000
farmers since its inception, significantly boosting
their bargaining power and market access.
Studies have shown that users of mFarm

1180



Manohar et al.; J. Exp. Agric. Int., vol. 46, no. 7, pp. 1173-1186, 2024; Article no.JEAI.117642

experience an average income increase of 20%
[29].

4.2 Case Study 2: Success of Farmer
Field Schools in Southeast Asia

Farmer Field Schools (FFS) have been a
cornerstone of participatory agricultural extension
in Southeast Asia, particularly in Indonesia and
Vietnam, focusing primarily on integrated pest
management (IPM) techniques. The FFS
approach involves groups of farmers who meet
regularly during the crop season to learn through
observation and experimentation in their own
fields. In Indonesia, the FFS initiative started as
part of an FAO program aimed at reducing
pesticide use while increasing rice production.
The program was remarkably successful,
resulting in widespread adoption of IPM practices
and significant reductions in pesticide use, with
yield increases averaging 10% [30]. The success
of FFS in Indonesia has been replicated in
Vietnam and other Southeast Asian countries,
transforming traditional farming practices and
enhancing sustainable agricultural methods.

4.3 Case Study 3:
Private  Partnerships in
America

Impact of Public-
South

In South America, Brazil has exemplified the
successful implementation of public-private
partnerships in agricultural extension, particularly
in the soybean sector. One notable partnership is
between Embrapa (Brazilian  Agricultural
Research Corporation) and private sector entities
such as Bayer and BASF. This collaboration has
focused on developing and disseminating new
soybean varieties suited to Brazilian climates and
resistant to local pests and diseases. The
partnership has led to remarkable achievements,
including the introduction of soybean varieties
that significantly reduce the need for chemical
pesticides while maintaining high productivity.
These innovations have not only increased
Brazil's competitiveness in the global soybean
market but have also promoted more sustainable

agricultural  practices within the country.
According to the Brazilian Association of
Soybean Producers, these efforts have

contributed to a 30% increase in crop yields over
the past decade [31].

4.4 Case Study 4: Integration of
Sustainable Farming in Europe

Europe has been a leader in integrating

sustainable farming practices across the

continent, with a strong emphasis on organic

farming. Germany presents a successful case
study in this regard. The German government, in
collaboration with various NGOs and private
businesses, has heavily invested in promoting
organic farming through both regulatory support
and direct financial incentives. One of the key
programs is the "Bundesprogramm Okologischer
Landbau undandere Formennachhaltiger
Landwirtschaft" (BOLN), which provides funding
for organic farming projects, research, and
extension services tailored to organic farmers'
needs. As a result, organic farming in Germany
has grown significantly; according to the Federal
Ministry of Food and Agriculture, the area under
organic cultivation increased by over 50%
between 2010 and 2020 [32]. These case studies
from various regions around the world highlight
the impact and success of emerging trends in
agricultural extension. Whether through the use
of mobile technologies in Africa, participatory
approaches in Southeast Asia, public-private
partnerships in South America, or sustainable
farming initiatives in Europe, these trends are
transforming agricultural practices and enhancing
the livelihoods of farmers across the globe.

5. IMPACT OF EMERGING TRENDS ON
GLOBAL FOOD SYSTEMS

Emerging trends in agricultural extension have
significantly contributed to enhancing agricultural
productivity globally. Innovations such as
precision agriculture, digital and mobile
technologies, and improved crop varieties have
allowed farmers to increase yields while reducing
waste and inefficiency. For example, precision
agriculture, which uses GPS and loT (Internet of
Things) technologies to tailor farming practices to
the specific conditions of each parcel of land, has
been shown to increase yields by up to 5% while
decreasing input costs by 20% [33]. Mobile
technologies have enabled real-time data
collection and dissemination, allowing farmers to
make more informed decisions regarding
planting, pest management, and harvesting.
Studies in India and Kenya have demonstrated
that mobile advisory services can lead to yield
increases of 10-30% by providing timely
information on optimal farming practices and
weather forecasts [34]. The direct outcome of
increased  agricultural  productivity is an
improvement in food security. By enhancing the
efficiency and output of agricultural systems,
emerging trends are enabling countries to
produce more food, thereby reducing
dependency on imports and stabilizing local food
supplies. In particular, regions that have
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implemented farmer field schools and
community-supported agriculture initiatives have
reported improvements in local food security.
These participatory approaches empower
farmers by improving their knowledge base and
skills, which translates into better crop
management and higher productivity, ultimately
securing local food systems [35]. Technologies
like GIS and remote sensing have been critical in
managing agricultural resources more effectively,
ensuring that food production can be sustained
over the long term. For instance, remote sensing
technologies are used to monitor crop health,
predict yields, and manage water resources
efficiently, contributing to sustained agricultural
productivity and food security [36]. Emerging
trends in agricultural extension contribute
significantly to economic resilience in rural areas.
By introducing innovative agricultural practices
and technologies, these trends have opened up
new income avenues for farmers, reduced risks
associated with farming, and increased economic
activity in rural communities. For example, the
integration of women and youth into agricultural
activities through targeted programs has not only
boosted productivity but also diversified
household incomes. By engaging these often-
underutilized segments of the rural population,
agricultural programs help build a more robust
economic foundation, reducing poverty and
enhancing economic resilience [37]. Public-
private partnerships have also played a
crucial role in bringing investment and
infrastructure development to rural areas, further
bolstering economic resilience. These
partnerships often lead to improved agricultural
practices, better market access, and increased
capacity building, which contribute to sustainable
economic development in these regions [38].

One of the most significant impacts of emerging
trends in agricultural extension is the promotion
of environmental sustainability. Sustainable and
organic farming techniques, which are
increasingly being adopted worldwide, help
preserve biodiversity, improve soil health, and
reduce the ecological footprint of farming.
Organic farming, for instance, minimizes
chemical inputs, enhances soil composition, and
conserves water, contributing to environmental
health. Countries that have implemented
comprehensive organic farming policies have
reported not only improvements in food quality
and safety but also significant environmental
benefits. In addition, practices such as crop
rotation, intercropping, and the use of natural
pest controls that are promoted through various

extension services help maintain ecological
balance and promote biodiversity [39]. Despite
the positive impacts, there are several
challenges and limitations associated with new
agricultural extension methods. The high cost of
technology and the need for specific skills can be
significant barriers for smallholder and resource-
poor farmers. Moreover, there is often a gap
between the generation of knowledge and its
practical application, which can limit the
effectiveness of new extension approaches.
While digital and mobile technologies offer
tremendous potential to transform agricultural

extension, issues such as digital literacy,
connectivity in  remote areas, and the
reliability of ICT infrastructure continue

to hinder their widespread adoption. Additionally,
the one-size-fits-all approach often
seen in large-scale extension programs can fail
to address the diverse needs and conditions of

different regions and farming communities

[40].

6. FUTURE IN AGRICULTURAL
EXTENSION

The future of agricultural extension is likely to be
heavily influenced by advancements in
technology. Emerging technologies such as
artificial intelligence (Al), machine learning, and
blockchain are expected to further revolutionize
agricultural practices. Al and machine learning
can provide predictive analytics for crop
diseases, pest infestations, and weather
conditions, allowing for more precise farming. For
instance, Al systems can analyze data from
satellite images and sensors in the field to
recommend optimal planting times and crop
rotation strategies [41]. Blockchain technology
could also transform agricultural supply chains by
enhancing transparency and traceability. This
technology can help verify the authenticity of
organic or fair-trade certifications, ensuring
compliance with environmental and social
standards. This not only aids in maintaining
consumer trust but also ensures fair
compensation to the farmers [42]. As agricultural
extension evolves, there will be significant policy
and funding implications. Governments will need
to consider investments in digital infrastructure to
support the deployment of advanced
technologies in rural areas. Furthermore, policies
must be adapted to ensure that technological
advancements are accessible and beneficial to
all farmers, including smallholders and
marginalized groups. Funding models may also
need to evolve. Public funding will remain
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essential, but there is a growing need for
innovative financing mechanisms, such as
public-private partnerships and impact investing,
to support sustainable agricultural practices and
technology dissemination. For example, the
World Bank and other international donors have
been instrumental in financing initiatives that
promote sustainable agriculture through both
grants and loans [43]. The effectiveness of new
technologies and methodologies in agricultural
extension is contingent upon the capabilities of
extension agents. Therefore, there is a pressing
need to enhance the education and training of
these individuals. Future training programs
should not only focus on the latest agricultural
sciences but also on information technology,
data analysis, and soft skills such as
communication and pedagogical techniques.
Extension services should also adopt continuous
professional development (CPD) models to keep
extension agents updated with the latest
developments in agriculture and extension
methodologies. Such initiatives will ensure that
agents remain effective intermediaries between
technological innovators and the farmer, capable
of translating complex information into actionable
advice [44]. The future of agricultural extension
will also involve scaling successful models
globally. This will require adaptations to local
contexts and needs, ensuring that successful
programs in one region can be effectively
implemented in another while considering local
agricultural practices, cultural aspects, and
economic conditions. For instance, the farmer
field school approach, which has been
successful in parts of Asia and Africa, could be
adapted and implemented in Latin American
countries with modifications to suit local crops
and farming systems. Similarly, digital extension
services like those developed in India, such as
digital advisories and mobile apps for farmers,
can be customized and used in African countries
to improve access to agricultural information [45].
Finally, the integration of cross-disciplinary
approaches in agricultural extension is crucial.
Challenges such as climate change, biodiversity
loss, and sustainable resource management
require a holistic approach that integrates
agriculture with other disciplines such as
environmental  science, economics, and
sociology. For example, addressing the impacts
of climate change on agriculture will require not
only agronomic knowledge but also insights from
climatology, hydrology, and even behavioral
sciences to understand how farmers perceive
and respond to climate risks. This integrated
approach will enable the development of more

comprehensive and sustainable agricultural
practices that are resilient to the complexities of
modern challenges [46].

7. CONCLUSION

The integration of emerging trends in agricultural
extension has had a transformative impact on
global food systems, enhancing agricultural
productivity, improving food security, and
fostering economic resilience in rural areas.
Innovations such as digital and mobile
technologies, participatory approaches, and
sustainable farming practices have redefined the
scope and effectiveness of agricultural
extension services. However, these
advancements also present challenges, including
the need for improved infrastructure, equitable
access to technology, and continuous
professional development for extension agents.
Looking forward, the scaling of successful
models, adoption of cross-disciplinary
approaches, and thoughtful policy and funding
strategies will be crucial in maximizing the
benefits of agricultural extension for sustainable
global food security and environmental
sustainability.
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