


Review Article
The Evolution of Agricultural Extension: A Comprehensive Review of Historical Developments and Modern Practices
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Since the beginning of agricultural extension in the 19 th century, agricultural extension has gone through extraordinary changes as being a mere transfer mechanism of knowledge has been refined into complex participatory methods. In this exhaustive review, the historical path of agricultural extension services is explored in analysis of major paradigms of technology transfer to farmer-first paradigms. The paper examines contemporary extension practices such as digital platforms, farmer field schools and innovation systems and also deals with the current issues concerning climate change adaptation, market linkages and sustainable intensification. This review centers on the most important success factors such as participation of farmers, institutional backing and integration of technology through the analysis of global case studies and Indian experiences. These results indicate that successful extension systems involve pluralistic methods comprising of the society, the business and the civil society. Future paths stipulate the necessity of the demand-driven nature of services, gender-based approach and integration of climate-smart agriculture. 
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Introduction
This is due to the fact as an institution, the agricultural extension is the most important point of contact in the linking of the research institutions and the farming communities and it is the most important channel through which agricultural innovations can reach out to and rural livelihood improved. The problem of climatic change, erosion of resources and fluctuation in the markets have complicated the food security problem in the world agricultural environment, thereby making the extension services significant. The evolution of agricultural extension since the introduction of the first agricultural extension systems of the 19 th century in Europe and North America to the versions of a complex and multi stakeholder system represent the broader changes of the agricultural development paradigm shifts and the rural change processes (Hains & Hains, 2025).
Demand-based and more participatory models have superseded the classical model of agricultural extension that was characterized by top-down transfer of technology between the researchers and the farmers via government agents. In this transformation, farmers do not receive information passively but rather they are also participants in the process of creating knowledge and innovating (Kajobe et al., 2025). 
Historical Evolution of Agricultural Extension
Early Foundations (1800-1900)
The history of agricultural extension can be formally traced back to the development of the agricultural societies within Europe in the late 18 th -early 19 th centuries(Khan et al., 2024). The German Raiffeisen movement and related cooperative movements in the rest of Europe provided the basis of farmer-based extension strategies(Boberg‐Fazlić et al., 2023).
Institutional Development (1900-1950)
The institutionalization of the extension services occurred in the first part of the 20 th century (Khan et al., 2024). In 1914, the federal, state and county governments formed a partnership with the passage of the Smith-Lever Act that formed the Cooperative Extension Service, which was a program of the United States (Ramos & Herrera, 2024, p. 209) . This model inspired the growth of the extension all over the world even in the colonial states where commercial agriculture interests were mostly taken care of by extension services (Ramos & Herrera, 2024, p. 209).
Technology Transfer Era (1950-1980)
The period following the World War II was that of the primacy of the technology transfer paradigm (Ramos & Herrera, 2024, p. 209). Community Development Programme initiated in 1952 in India was one of the largest rural development programs in the world that incorporated extension in the broad development goals (Bereir et al., 2024, p. 2).
Table 1: Evolution of Extension Paradigms
	Period
	Dominant Paradigm
	Key Features
	Primary Actors
	Farmer Role

	1850-1920
	Agricultural Societies
	Demonstration plots
	Progressive farmers
	Observer

	1920-1950
	Institutional Extension
	Formal organizations
	Government agencies
	Recipient

	1950-1980
	Technology Transfer
	T&V system approach
	Extension agents
	Adopter

	1980-2000
	Participatory Extension
	Farmer involvement
	Multiple stakeholders
	Collaborator

	2000-2010
	Pluralistic Systems
	Market integration
	Public-private mix
	Decision maker

	2010-Present
	Digital Extension
	ICT platforms
	Tech companies
	Co-creator

	Future
	Innovation Systems
	Knowledge networks
	Innovation brokers
	Innovator


Modern Extension Approaches
Farmer Field Schools
Farmer Field Schools (FFS) is an Indonesian education method that appeared in the 1980s and is a participatory learning method (Prajapati et al., 2025). The approach focuses on the experiential learning practice by a season training in which farmers perform comparative experiments. Research shows that FFS members have better technical knowledge, less use of pesticides and have better problem-solving skills (“What Have We Learned from Trees? Three Decades of Farmer Field Schools on Agroforestry and Forestry,” 2022) .
Innovation Systems Approach In-Systems.
Agricultural Innovation Systems (AIS) system identifies extension as part of the larger innovation networks (Ouerghemmi et al., 2024). This strategy focuses on the relationships between various actors such as researchers, farmers, input suppliers, processors and financial institutions (Isgren et al., 2023). An example of such systems perspective is the Indian Agricultural Technology Management Agency (ATMA) model (Rao et al., 2023).
Online Supply Chain Solutions
ICTs have revolutionized the delivery of the extension services. The mobile application, video-based learning and remote sensing technologies allow the information to be distributed on a large scale and at low costs. The Digital India initiative in India has inspired the emergence of a multitude of agri-tech startups in the country that offer advisory services via digital channels (Beerge et al., 2025).
Table 2: Comparison of Extension Approaches
	Approach
	Coverage Scale
	Cost Efficiency
	Farmer Engagement

	Traditional Visit
	Limited
	Low
	Passive

	Group Methods
	Moderate
	Medium
	Active

	Mass Media
	Extensive
	High
	Minimal

	Farmer Field School
	Small scale
	Low
	Very high

	Digital Platforms
	Unlimited
	Very high
	Interactive

	Innovation Systems
	Network-based
	Variable
	Collaborative

	Private Extension
	Market-driven
	Self-sustaining
	Customer-focused


Contemporary Challenges and Opportunities
Climate Change Adaptation
Climate variability is also a major challenge to the extension services. The farmers must have location-dependent guidance on weather conditions, selection of crops and adaptation(Habanyati & Paramasivam, 2025, p. 5; Makamane et al., 2025)..
Value Chains and Market Linkages
The contemporary extension is covering more and more market integration issues. Farmers should be provided with more than production technologies, such as the market price, quality standards and post-harves (Ma et al., 2024). 
Gender and Social Inclusion
Although women have constituted 43 percent of agricultural workforce worldwide, the services provided in form of extension have not been gender-biased(Sahu et al., 2024, p. 7). The recent practices reflect gender-responsive programming, women extension workers and exploring particular restrictions of women farmers (“Women as Agents of Change for Greening Agriculture and Reducing Gender Inequality,” 2023).
Table 3: Gender Dimensions in Extension
	Aspect
	Traditional Approach
	Gender-Responsive Approach
	Impact Indicators

	Targeting
	Male household heads
	Women farmers directly
	Participation rates

	Timing
	Regular working hours
	Flexible scheduling
	Attendance levels

	Content
	Cash crop focus
	Nutrition gardens
	Adoption rates

	Delivery
	Male extensionists
	Women agents preferred
	Knowledge retention

	Technology
	Complex machinery
	Appropriate tools
	Labor reduction

	Groups
	Mixed gatherings
	Women-only spaces
	Group dynamics

	Leadership
	Male-dominated
	Women representatives
	Decision influence


Figure 1: Gender-Responsive Extension Framework
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Digital Transformation in Extension
Mobile-Based Advisory Services
The Indian government has suggested an mKisan portal that provides guidance to the registered farmers of more than 3 million through the use of texts message, voice call as well as smartphone apps which provides the customer with a timely update on the weather, pests management and market rates (Balkrishna et al., 2024, p. 11).
Exact Agriculture Technologies.
The accessibility is increasing even though the adoption is still limited to the progressive farmers, there are demonstration effects and cost reduction (Parra-López et al., 2024).
Machine Learning and Artificial Intelligence
Technology in image recognition can be used to conduct pest and disease diagnosis using smartphone cameras in a very fast manner (Wu et al., 2025).
Figure 2: Digital Extension Ecosystem
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Institutional Arrangements and Governance
Public Extension Systems
The forms of agriculture advisory provision in developing countries remain based on the extension services provided by governments (Tetteh et al., 2025, p. 13). The Indian system of the extension takes the shape of the Department of Agriculture on national level, state level, Krishi Vigyan Kendras (Farm Science Centres) and the level of duck, ATMA. 
The Private Sector Involvement
More embedded extension services are offered by input companies, agribusiness companies and even contract farming companies (Venkattakumar et al., 2024, p. 1020). In the course of enhancing the quality of the inputs and market connectivity, the issue of biasness in the business goods results in a demand in the regulatory frameworks (Ma et al., 2024).
Civil Society Organization
`	Official extension systems are pushed to the margins by their informal nature and method of involvement (Byaruhanga, 2024; Zarnegar & 1958-, 2025).
Table 4: Extension Service Providers
	Provider Type
	Coverage Focus
	Funding Source
	Service Quality
	Accountability

	Government
	Universal mandate
	Public budget
	Variable
	Political system

	Private Companies
	Customer base
	Business revenue
	Product-focused
	Market forces

	NGOs
	Marginalized groups
	Donor funding
	Community-oriented
	Donor requirements

	Farmer Organizations
	Member services
	Membership fees
	Demand-driven
	Member control

	Research Institutes
	Technology testing
	Research grants
	Science-based
	Academic standards

	Media Organizations
	Mass audience
	Advertising
	Information-only
	Audience ratings

	Digital Platforms
	Tech-savvy farmers
	Venture capital
	Data-driven
	User metrics


Impact Assessment and Effectiveness
Evaluating the efficacy of diverse extension approaches is crucial for optimizing resource allocation and enhancing agricultural productivity, especially when considering the socio-economic and environmental contexts of different farming communities (Siankwilimba, 2021, p. 873). 
Measurement Challenges
The methodology of the evaluation of extension impact has such issues as: attribution, time lag and spillovers. Furthermore, the integration of advanced econometric models and quasi-experimental designs is essential to address issues of endogeneity and selection bias, thereby enhancing the causal inference of extension program effectiveness (Baul et al., 2024). 
Figure 3: Pluralistic Extension System
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Evidence of Impact
The meta-analyses of extension assessments indicate that the effects are positive and heterogeneous (Isgren et al., 2023). Extension investment returns are between 15 percent and more than 50 percent and depend on the design of the program, the quality of implementation and the situation (Amghani et al., 2023, p. 3; Kalogiannidis & Syndoukas, 2024, p. 97). Nonetheless, it is crucial to recognize that the effectiveness of these investments is heavily influenced by the specific context, including socio-economic conditions, prevailing farming systems and the institutional framework governing agricultural development (Sahu et al., 2024). 
Moreover, successful extension programs often exhibit characteristics such as demand-driven approaches, participatory methods and a strong emphasis on farmer capacity building, which collectively contribute to improved agricultural outcomes and rural development (“Agricultural Innovation Systems,” 2012, p. 222; Harder, 2015, p. 62). 

Success Factors
Successful extension programs have some features in common: participation of farmers in planning, sufficient funding, trained staff, significance of contents, proper delivery procedures and effective research-extension bridges.
Table 5: Extension Impact Indicators
	Domain
	Traditional Indicators
	Modern Indicators
	Measurement Methods

	Knowledge
	Awareness levels
	Skill application
	Tests/surveys

	Adoption
	Technology uptake
	Innovation adaptation
	Field observations

	Productivity
	Yield increase
	Resource efficiency
	Crop cutting

	Economic
	Gross returns
	Net profitability
	Cost-benefit analysis

	Environmental
	Input reduction
	Ecosystem services
	Soil/water testing

	Social
	Group formation
	Social capital
	Network analysis

	Institutional
	Service delivery
	System performance
	Program evaluation


Figure 4: Extension Impact Pathway
[image: ]
Case Studies from India
e-NAM (National Agriculture Market)
The electronic National Agriculture Market has unified the agricultural markets in India via the digital platform (Siankwilimba, 2021, p. 873; Venkattakumar et al., 2024, p. 1026). The extension services assist in registration of farmers, quality grading and on-line trading (Kumari et al., 2024, p. 657).
Figure 5: Indian Extension Innovations
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Soil Health Card Scheme
This program offers the farmers with the information about soil nutrient status providing them with fertilizer recommendations (Balkrishna et al., 2024, p. 5). The extension agents will gather samples, give information on the results and encourage balanced nutrition management. This initiative, coupled with site-specific nutrient management guidelines, enhances fertilizer use efficiency and promotes sustainable agricultural practices (Mohanty et al., 2024, p. 54). 
Zero Budget Natural Farming
There is a large-scale agroecological extension showcased in the Andhra Pradesh natural farming initiative. Farmer-to-farmer extension to encourage the use of chemicals to raise agricultural products is spearheaded by community resource persons who mostly are women farmers (Berger et al., 2025, p. 2). These initiatives underscore the critical role of localized, peer-led approaches in fostering sustainable agricultural practices within marginalized communities (Habanyati & Paramasivam, 2025, p. 9).  Furthermore, the integration of formal credit access and enhanced educational attainment among agricultural households has been demonstrated to significantly amplify the positive impact of such localized interventions, thereby maximizing their potential for broader welfare improvements (Kumar et al., 2024, p. 71). The success of these programs highlights the importance of incorporating participatory research approaches that engage farmers directly in the development and dissemination of contextually relevant solutions (Mamatha et al., 2024, p. 186). 

Future Directions and Emerging Trends
The evolving landscape of agricultural extension is characterized by a growing pluralism of service providers and a heightened emphasis on innovative delivery mechanisms (Seevers, 2012, p. 106; Saikanth et al., 2024, p. 258). These digital tools often leverage artificial intelligence and machine learning to provide personalized recommendations, further optimizing farm management decisions and enhancing crop resilience (“Harnessing Dividends from Drylands: Innovative Scaling up with Soil Nutrients,” 2016, p. 115; Kumar, 2024, p. 4). 
Convergence and Integration
The extension systems of the future will incorporate several services such as credit, insurance as well as access to the market (Tran & Touch, 2024). The integrated platforms and one-stop service facilities bring down transaction costs to farmers (Sen et al., 2025; Wang et al., 2025). Moreover, these integrated approaches foster greater efficiency in resource allocation and empower farmers with comprehensive support, thereby enhancing their overall economic viability and resilience against market volatilities (Naik et al., 2024, p. 704). 
This holistic approach aims to streamline agricultural support, making it more efficient and accessible for farmers (Mukherjee & Modak, 2022, p. 308).  
Youth Engagement
To attract the educated youth in agriculture, the use of extension services related to entrepreneurship, value addition and farming intensive on technology is required (Oluwatayo & Ojo, 2024, p. 24780). New modalities of extension are the agri-startups and incubation centers (Chirinda et al., 2024). These initiatives are vital for cultivating a new generation of agricultural leaders and innovators who can drive sustainable growth and technological advancement in the sector (Kuśka et al., 2024, p. 108924). 
Big Data and Artificial Intelligence
The extension services will change to involve predictive analytics, automated advisory systems and precision recommendations (Parra-López et al., 2024). Still, the issue of equitable access and privacy of data in farmers is also important (Venkattakumar et al., 2024, p. 1026 ; Saikanth et al., 2024, p. 256). The application of AI in precision agriculture, for example, allows for optimized resource allocation and enhanced sustainability through data-driven insights into crop health and environmental conditions (Adewusi et al., 2024, p. 2282). 
Policy Recommendations
Empowering Pluralistic Systems.
A good coordination system between various extension providers would need proper regulation systems and criteria of quality and monitoring systems (Zafar et al., 2024, p. 2).
Incentive in Human Resources
The constant capacity building of technical knowledge, communication skills and digital literacy of the extension personnel is required (Balkrishna et al., 2024, p. 14; Timsina et al., 2023, p. 15; Venkattakumar et al., 2024, p. 1026). Promotional and career growth opportunities are used to improve the quality of service (Timsina et al., 2023, p. 14).
Sustainable Financing
Public budgets can be supplemented with diversified sources of funds such as user fees, value chain payments and results-based payments. Financial sustainability is guaranteed through cost-effective delivery mechanisms (Carrard et al., 2024).
Important Facts
1.  Digital agriculture, encompassing technologies like big data, IoT and robotics, is transforming food production and agricultural resource management, though its adoption faces challenges due to a shortage of qualified personnel and financial resources in some regions (Gamage et al., 2024, p. 100429). 
1. The global population is projected to reach 9.8 billion by 2050, necessitating advanced agricultural solutions and smart technologies to ensure sustained food security (Siankwilimba et al., 2023, p. 17). 
1. Digital twins, for example, could significantly enhance agricultural production by enabling predictive modeling for disease and pest outbreaks, allowing for proactive and preventative strategies that reduce reliance on pesticides (Finger, 2025, p. 104518). 
1. Although high costs, regulatory hurdles, data requirements and limited monitoring capabilities currently restrict the widespread use of these sophisticated approaches, their potential for future adoption remains substantial (Finger, 2025, p. 104518). 
1. Mobile technologies have proven particularly effective in disseminating agricultural information, contributing to a 4% increase in yields within sub-Saharan Africa and India (Gamage et al., 2024, p. 100427). 
1. Digitalization plays an essential role in supporting precision agriculture, integrating solutions with machinery, sensors and drones to achieve scalable impact (“Leveraging Automation and Digitalization for Precision Agriculture: Evidence from the Case Studies,” 2022, p. 50). 
1. National policies, including data protection and privacy regulations, along with investments in national data infrastructures, connectivity and rural electricity, are critical enablers for the widespread adoption of such digital and automation solutions (“Leveraging Automation and Digitalization for Precision Agriculture: Evidence from the Case Studies,” 2022, p. 12). 
1. Digital agriculture significantly contributes to climate resilience by enabling farmers to adapt practices through real-time monitoring of weather and soil conditions (Sultan, 2021, p. 68). 
1. Moreover, integrating digital technologies in agricultural extension services promotes climate-smart practices, thereby enhancing the resilience and sustainability of farming communities (Xu et al., 2024). 
1. Such advancements are crucial given that digital agriculture is essential for sustainable agricultural activities and can effectively address challenges like rising temperatures, changing seasons and decreased soil fertility (Abashidze, 2023, p. 18). 
1. These digital tools, by enabling continuous monitoring and data-driven decision-making, significantly reduce waste and boost overall productivity, contributing to a more sustainable agricultural ecosystem (Taha et al., 2025, p. 5). 
1. Advanced digital agriculture applications, such as yield monitoring, smart irrigation and supply chain management, further optimize resource allocation and minimize post-harvest losses, enhancing overall efficiency and sustainability (Fuentes-Peñailillo et al., 2024, p. 56). 
1. Furthermore, the integration of these digital tools facilitates better environmental stewardship by optimizing input usage and mitigating agricultural runoff, contributing to broader ecological health (Shamshiri et al., 2024, p. 26). 
1. The application of precision planting and irrigation systems, alongside GPS-guided machinery and drones, allows farmers to optimize nutrient and water delivery, manage land efficiently and control pests, leading to increased crop yields and improved agricultural productivity, particularly evident in regions such as Africa (Nwokolo et al., 2023, p. 105). 
1. The broad adoption of digital agricultural solutions is constrained by high costs, regulatory complexities, data requirements and limited monitoring capabilities, necessitating collaborative efforts from policymakers, researchers and farmers to ensure sustainable and equitable benefits (Balasundram et al., 2023; Mansoor et al., 2025, p. 17; Parra-López et al., 2024). 
1. Digital agriculture, employing advanced technological solutions like sensors, robotics and data analytics, is critical for enhancing the ecological and economic viability of agricultural operations while simultaneously boosting crop output and quality (Shamshiri et al., 2024). 
1. These innovations enable more efficient farming practices, such as precision planting and variable rate application technologies, which optimize seed and fertilizer placement while minimizing waste (Sultan, 2021, p. 67). 
1. The integration of IoT sensors in autonomous agricultural machinery further refines these processes, allowing for real-time adjustments and precise resource allocation that significantly improve crop establishment and yield (Khan, 2024, p. 35). 
1. Moreover, digital technologies enhance farm agility, enabling rapid responses to environmental changes through real-time surveillance and forecasting, which helps in crop preservation (Singh et al., 2022, p. 444). 
Table 6: Strategic Recommendations
	Area
	Current Gaps
	Recommended Actions
	Implementation Timeline

	Coordination
	Fragmentation
	Platform creation
	1-2 years

	Capacity
	Skill deficits
	Training programs
	Continuous

	Technology
	Digital divide
	Infrastructure
	3-5 years

	Participation
	Top-down approach
	Farmer committees
	1-3 years

	Sustainability
	Donor dependence
	Revenue models
	2-4 years

	Innovation
	Rigid systems
	Experimentation
	Ongoing

	Monitoring
	Weak M&E
	Digital tracking
	1-2 years


10. Synthesis, Limitations and Future Research
A comprehensive understanding of these aspects is crucial for fostering sustainable agricultural practices and ensuring food security in the face of global challenges (Hussein et al., 2024, p. 94).  This includes addressing the digital divide, promoting robust data governance and tailoring technological solutions to diverse agricultural contexts (Manzoor et al., 2025, p. 9). 
A. Core Synthesis of Findings
The bibliometric analysis conducted reveals an interconnectedness among precision agriculture, smart farming, machine learning and the Internet of Things, emphasizing the need to adapt these technologies for developing regions (Gamage et al., 2024, p. 100432).  This adaptation is particularly vital for mitigating climate change, enhancing food security and improving livelihoods through sustainable and resilient food systems (Hassim et al., 2024, p. 173; Ngongolo & Gayo, 2024, p. 9).  However, the widespread adoption of these technologies is hampered by significant challenges, including the high initial costs of advanced equipment, limited connectivity in rural areas and a lack of specialized technical expertise among farmers (Issa et al., 2024, p. 85; Khan, 2024, p. 39).  Overcoming these hurdles requires comprehensive strategies that include government subsidies for technology adoption, infrastructure development for improved rural connectivity and extensive training programs for agricultural practitioners (Fuentes-Peñailillo et al., 2024, p. 55; Issa et al., 2024, p. 85). 
B. Methodological and Contextual Limitations
Future research should focus on conducting comparative assessments of regional and international policy frameworks to identify elements most effective in promoting sustainability (Contreras et al., 2025, p. 17).  Such studies could also explore the efficacy of integrating explainable AI into precision agriculture decision-support systems, addressing stakeholder skepticism and improving trust in AI-driven recommendations (Luque-Reyes et al., 2025; Ugwu et al., 2025, Alazzai et al., 2024, p. 4009). 

Figure 6: Sustainable Extension Model
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C. Agenda for Future Research
Future research should also prioritize the development of affordable, accessible and user-friendly precision agriculture solutions, particularly for smallholder farmers in resource-limited settings (Getahun et al., 2024, p. 8; Polwaththa et al., 2024, p. 57). 

Conclusion
The change in the technological transfer of agricultural extension to modern pluralistic transfers is indicative of the wider changes in the agricultural development paradigm. The contemporary extension services are forced to overcome intricate issues such as climate change, integration in the market and digitalization with the aim to deliver inclusive and sustainable results. The adaptive institutional arrangements, long-term commitment to the human resources and the farmer-focused approach that acknowledges the role of agricultural communities in the innovation processes are the keys to success. 
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