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Abstract 
Public-private partnerships (PPPs) in agricultural extension have emerged as a critical strategy to modernize knowledge dissemination, improve service efficiency, and strengthen farmer-market linkages amid shrinking public resources and growing demands for precision agriculture. This review examines the conceptual frameworks, implementation typologies, global and national experiences, and performance outcomes of PPP models in agricultural extension. Case studies such as ITC’s e-Choupal, Mahindra Samriddhi Centres, and collaborative initiatives under ATMA and Krishi Vigyan Kendras illustrate how PPPs can enhance farmer outreach, boost productivity, and deliver context-specific advisories through digital and physical channels. The analysis identifies key indicators for impact assessment, such as yield improvement, cost efficiency, equity in access, and user satisfaction, and reviews methodological tools including randomized controlled trials, participatory evaluations, and ICT-based monitoring systems. Despite documented successes, several challenges persist commercial bias, lack of inclusivity for marginal and smallholder farmers, weak regulatory mechanisms, and sustainability concerns due to short-term funding cycles. The paper highlights future directions for integrating PPPs with climate-smart agriculture, AI-driven platforms, FPO networks, and public-academic innovation consortia to build resilient and scalable extension systems. Strengthening policy frameworks under initiatives like NMAET, standardizing legal contracts, and developing extension-specific curricula are essential to institutionalize PPPs as mainstream extension mechanisms. The review concludes that PPPs, when designed with clear roles, robust accountability, and inclusive frameworks, can play a pivotal role in transforming agricultural extension into a dynamic, responsive, and outcome-oriented system that not only enhances farm-level profitability but also contributes to long-term sustainability and food security. Drawing from diverse experiences and performance data, this paper provides a comprehensive synthesis for researchers, policymakers, and practitioners aiming to design and implement impactful PPPs in agricultural extension services, especially in contexts characterized by pluralistic institutions, digital transitions, and evolving farmer needs.
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1. Introduction
A. Definition and scope of agricultural extension
Agricultural extension refers to the transmission of knowledge, technologies, practices, and innovations from research institutions to farmers to enhance productivity, profitability, and sustainability (Kaur et.al., 2018). It is a critical link between agricultural research and on-ground farming practices. The scope of extension now encompasses not only technology dissemination but also market access, climate resilience, nutritional awareness, and digital literacy. The Food and Agriculture Organization (FAO) emphasizes that modern extension serves multiple functions including capacity building, knowledge brokerage, innovation facilitation, and linking farmers to input and output markets.
B. Evolution of extension systems from public to pluralistic models
Initially, extension services were predominantly state-led, characterized by top-down transfer of technology approaches, such as the Training and Visit (T&V) system introduced by the World Bank in the 1970s (Ferroni et.al., 2011). These systems focused on production-centric messages and uniform advice. Over time, the limitations of public extension including limited reach, outdated content, and poor accountability led to a paradigm shift toward more pluralistic systems involving multiple actors. Pluralism in extension refers to the coexistence of various service providers including government agencies, non-governmental organizations, private firms, cooperatives, and farmer organizations. By the 2000s, reforms across Asia and Africa promoted demand-driven, decentralized, and participatory models supported by competitive funding mechanisms and public-private partnerships.
C. Emergence of Public-Private Partnerships (PPP) in extension
Public-Private Partnerships in agricultural extension emerged as a strategic approach to leverage the strengths of both sectors (Krell et.al., 2016). Governments possess institutional reach, policy authority, and mandate for equity, while private actors bring innovation, efficiency, and market connectivity. PPPs are increasingly recognized for their potential to improve service quality, extend outreach, and foster agribusiness integration. These partnerships gained momentum during post-liberalization policy reforms that emphasized privatization and decentralization of services. PPPs have taken many forms such as input-linked advisories by seed and pesticide firms, ICT-based solutions from agri-tech start-ups, and co-funded training initiatives with agribusiness players.
D. Objectives and significance of the review
This review aims to systematically examine the conceptual foundation, institutional models, implementation patterns, challenges, and prospects of PPPs in agricultural extension (Bruce et.al., 2019). It addresses the growing need to evaluate effectiveness, equity implications, and scalability of these models. By synthesizing global experiences and regional case studies, this paper contributes to evidence-based policymaking and academic discourse on strengthening agricultural innovation systems. It also identifies research gaps and suggests future directions for inclusive, sustainable, and technology-enabled extension frameworks.
2. Concept of Public-Private Partnerships (PPP)
A. Definition and typologies of PPP in agriculture
Public-Private Partnership is defined as a contractual arrangement between public institutions and private entities to deliver public goods and services (Custos et.al., 2010). In agriculture, this includes a broad range of activities such as input provision, market facilitation, irrigation, infrastructure, and extension services. According to World Bank, PPPs can be categorized into several types: Transactional PPPs – focused on service delivery (e.g., training, mobile advisories). Collaborative PPPs – aimed at co-developing solutions (e.g., joint R&D, innovation hubs). Transformative PPPs – designed for systemic changes (e.g., agrarian value chain transformation). Typologies in extension are classified based on service ownership, financing mechanisms, and coordination models, such as contract farming-based extension, embedded services through input/output marketing, and CSR-driven knowledge dissemination.
B. Principles and components of PPP models
Key principles that underpin effective PPPs include transparency, risk sharing, mutual accountability, innovation orientation, and equity (Robinson et.al., 2009). A robust PPP framework integrates multiple components: Governance and institutional clarity – clear roles, accountability structures Joint planning and performance metrics – shared vision and measurable outcomes. Financial sustainability – co-financing models, user-fee structures, or CSR funds Inclusive design – access for marginalized, women, and smallholder farmers According to a study, successful PPPs balance commercial viability with developmental mandates, embedding extension goals within larger rural development strategies (Bruce et.al., 2019).
C. Institutional actors and stakeholders involved
PPP-based extension involves a spectrum of actors: Public institutions – agricultural universities, state departments, KVKs, research bodies like ICAR. Private sector – input suppliers, agribusiness corporations, ICT firms, agri-startups.  Civil society organizations – NGOs, farmer producer organizations (FPOs), cooperatives. Development agencies – World Bank, IFAD, FAO, USAID supporting partnership models. The dynamics among these actors are governed by trust, complementarities in competencies, legal contracts, and incentive structures (Faems et.al., 2008).
D. Policy supporting PPP in extension services
The national and sub-national agricultural policies emphasize pluralistic service delivery through PPPs. National Agricultural Extension Policy (NAEP) and schemes such as the National Mission on Agricultural Extension and Technology (NMAET) encourage PPPs in extension through sub-components like ATMA and Agri-Clinics and Agri-Business Centres (ACABC). Guidelines under RKVY and MIDH also enable private participation in capacity building and input advisory. Draft PPP policy frameworks by NITI Aayog provide templates for legal contracting, monitoring, and conflict resolution. Donor-backed models such as the World Bank’s APART program in Assam or DFID’s Poorest Areas Civil Society program also laid institutional foundations for PPPs in extension systems.
3. Evolution and Global Experiences of PPP in Agricultural Extension
A. Historical development of PPP in extension across different countries
Public-private partnerships in agricultural extension originated from efforts to overcome limitations of public systems by integrating market actors (Krell et.al., 2016). In the United States, the Smith-Lever Act of 1914 institutionalized cooperative extension, linking federal, state, and county governments with universities and later involving private agribusiness in disseminating innovations. By the 1980s, structural adjustment programs led to reduced public budgets, which catalyzed PPPs across Africa and Latin America. In the UK, the privatization of the Agricultural Development and Advisory Service (ADAS) in the 1990s initiated commercial advisory services supported by farmer payments and private inputs. The Netherlands adopted the innovation systems approach, embedding PPP in agricultural knowledge and innovation systems (AKIS) to foster collaboration among public agencies, universities, and agribusiness (Hermans et.al., 2019). In China, government-led initiatives since the early 2000s engaged private actors in extension through policy subsidies and contract services, especially in peri-urban and commercial agriculture regions.
B. Comparative analysis of PPP approaches: developed vs. developing nations
Developed nations primarily adopt institutionalized PPP models focusing on knowledge co-creation, high-end technology transfer, and value chain optimization. These models often function with well-defined contracts, cost-sharing mechanisms, and regulatory oversight. In Germany, the Chamber of Agriculture model supports farmers through semi-public, membership-funded extension integrated with private consultants. New Zealand transitioned to a full-cost recovery extension system, later supported by co-investment models through producer boards and research organizations (Lazurko et.al., 2018). Developing countries adopt PPPs primarily to fill public sector gaps. These models often rely on donor support, pilot initiatives, or CSR funding. Examples include contract-based extension models in Uganda and Ghana involving NGOs and agribusiness firms. PPPs in African nations frequently involve embedded services, where input suppliers provide advisory support bundled with product sales. Regulatory oversight and quality assurance in such contexts are often weak, with risks of commercial bias and exclusion of smallholders (Poole et.al., 2013).
C. Case studies from global contexts (e.g., USAID, DFID, FAO initiatives)
The USAID Feed the Future initiative supports PPPs for technology dissemination and market linkage in countries like Ethiopia, Bangladesh, and Kenya. For example, the Kenya Agricultural Value Chain Enterprises (KAVES) project engaged private firms to train farmers on horticulture practices linked to export markets. The DFID-funded Research Into Use (RIU) program operated across several African countries, promoting innovation platforms through PPPs. In Nigeria, RIU partnered with private seed companies to deliver certified seeds along with agronomic advice through community seed banks. FAO’s Farmer Field Schools (FFS) model evolved into multi-stakeholder platforms, involving local agribusiness and NGOs in extension delivery (Osumba et.al., 2021). The FAO-AGRA (Alliance for a Green Revolution in Africa) collaboration facilitated PPPs in Rwanda and Tanzania to deliver integrated soil fertility and pest management services. These global experiences show varied institutional designs but share common goals: extending outreach, enhancing efficiency, and improving impact.
4. Status and Trends of PPP in Agricultural Extension in Indian Context
A. Historical transition from public-led to multi-stakeholder extension
From the First Five-Year Plan onward, agricultural extension in the Indian context was state-led, with major initiatives such as the National Demonstration Programme and Intensive Agricultural District Programme. The Training and Visit (T&V) system introduced in the mid-1970s, backed by World Bank funding, provided structured and hierarchical delivery through frontline extension workers. By the late 1990s, critiques regarding uniform advisories, top-down communication, and weak accountability led to the conceptualization of decentralized and pluralistic models. The National Agricultural Technology Project was pivotal in initiating PPP pilots through Strategic Research and Extension Plans (SREPs) and Farmer Interest Groups (Ayyappan et.al., 2007). These laid the foundation for ATMA (Agricultural Technology Management Agency), formally launched in 2005 under the Support to State Extension Programmes (SSEP).
B. Major PPP initiatives in Indian agriculture (e.g., ATMA, RKVY, CSR initiatives)
The ATMA model is a semi-autonomous platform enabling convergence of line departments and facilitating PPPs at the district level. As of 2023, ATMA is operational in 676 districts, with documented partnerships involving seed companies, Krishi Vigyan Kendras, and NGOs.
Under Rashtriya Krishi Vikas Yojana (RKVY), state governments have experimented with public-private convergence models to deploy agri-startups and FPOs in extension roles, often for demonstration, input provision, and climate advisories. Corporate Social Responsibility (CSR) funds have also been directed toward extension activities (Oguntade et.al., 2011). For example, ITC’s e-Choupal network reaches over 4 million farmers through digitally enabled kiosks operated by trained ‘sanchalaks’. Tata Rallis and Mahindra Samriddhi Centers also integrate extension within their marketing and service delivery frameworks.
C. Role of agribusinesses, NGOs, FPOs, and agri-tech start-ups
Agribusinesses contribute significantly to extension through embedded services providing pre-sale and post-sale technical support to farmers. For example, Syngenta Foundation's Krishi Mitra model delivers crop advisories alongside product marketing. Non-Governmental Organizations (NGOs) like PRADAN and BAIF combine livelihood support with participatory extension (Praharaj et.al., 2013). They often bridge public-private models by anchoring training programs and creating last-mile linkages. Farmer Producer Organizations (FPOs) act as aggregators and extension facilitators. Under the central FPO promotion scheme, more than 10,000 FPOs have been targeted for formation, many in partnership with private firms under MoUs for training, input access, and certification. Agri-tech startups such as DeHaat, AgroStar, and AgNext provide app-based crop diagnostics, weather alerts, and input recommendations using AI/ML tools. These firms often partner with state governments and financial institutions to expand their user base.
D. Region-wise and sector-wise implementation patterns
PPP models exhibit considerable regional variation. In Maharashtra, private micro-irrigation firms like Jain Irrigation collaborate with government to provide drip advisory services through government-subsidized packages (Cullet et.al., 2018). In Punjab and Haryana, large-scale seed companies operate with government-run procurement agencies to integrate extension on certified seeds. The e-Choupal model is concentrated in Madhya Pradesh and Uttar Pradesh, while Tata Kisan Sansarcenters are more prevalent in Bihar and Jharkhand. PPPs in livestock and horticulture are more prevalent in southern states such as Karnataka and Andhra Pradesh, where dairy cooperatives and cold chain firms have been integrated into extension activities. Sector-wise, high-value crops like fruits and vegetables, spices, and floriculture exhibit higher PPP penetration due to commercial interests, while food grains and pulses remain largely under public advisory systems.
5. Typologies of PPP Models in Extension Services
A. Contractual service models
Contractual PPP models involve formal agreements between public agencies and private service providers to deliver agricultural extension services (Bruce et.al., 2019). These contracts may be time-bound, output-based, or geographically specific. Governments usually define the service standards, while private entities execute the delivery through trained personnel or digital platforms. In Mozambique, the PROAGRI program successfully utilized service contracts for disseminating rice and vegetable cultivation practices, reducing extension cost by over 30% compared to state systems. In Tamil Nadu, the IAMWARM (Irrigated Agriculture Modernization and Water-Bodies Restoration and Management) project engaged agribusiness firms under MoUs to deliver crop-specific advisories to canal-irrigated farmers, monitored through district-level review committees. Such models enhance accountability, reduce bureaucratic inefficiencies, and introduce performance-based incentives.
B. Co-financing and joint venture models
This model involves financial contribution from both public and private sectors to co-create and disseminate extension content (Hintz et.al., 2023). The joint venture approach shares both investment risk and outcome responsibility. In the Gujarat Agro Industries Corporation (GAIC) initiative, extension kiosks are jointly operated by private fertilizer firms and government departments, sharing infrastructure and manpower. Similarly, the e-Velanmai project in Tamil Nadu enabled digital advisory services via joint funding by the World Bank, state agricultural universities, and local IT firms. In Bangladesh, the Agricultural Extension Component (AEC) program under DANIDA enabled 50:50 cost-sharing for field demonstrations. Co-financing improves service outreach, ensures stakeholder commitment, and reduces fiscal dependency on the state.
C. CSR and philanthropic extension models
Corporate Social Responsibility (CSR)-based extension models operate under statutory or voluntary frameworks wherein agribusinesses, cooperatives, or large corporates deliver knowledge services as part of rural development missions (Mthombeni et.al., 2024). These models often function outside of core business operations and target marginalized geographies. ITC’s Mission Sunehra Kal covers over 80,000 farmers across 18 states through soil health cards, farmer field schools, and crop planning sessions under CSR obligations. Similarly, Reliance Foundation’s Information Services provides weather-based agro-advisory to 1.5 million farmers via mobile, radio, and helplines, backed by foundation funds. CSR models complement formal systems by reaching unserved populations and piloting context-specific innovations.
D. Embedded services through input/output market players
This model integrates extension as a value-added service within the supply chain, typically bundled with input sales or output procurement (Fawcett et.al., 1995). Seed, fertilizer, pesticide, and equipment companies offer crop-specific technical advice to promote correct product usage and improve client retention. For instance, Bayer’s Better Life Farming initiative provides one-stop centers in Jharkhand and Uttar Pradesh where farmers receive advisories along with seeds and crop protection materials. ITC’s e-Choupal system embeds extension within soybean and wheat procurement channels, allowing farmers to access weather data, agronomic guidance, and price forecasts. These embedded models benefit from economies of scale, continuous engagement, and proximity to market actors, although they require regulation to avoid commercial bias.
6. Opportunities of PPP in Agricultural Extension
A. Resource mobilization and funding diversification
PPPs unlock non-state capital for rural advisory services, reducing pressure on public budgets (Wu et.al., 2022). According to study, less than 0.4% of agricultural GDP is allocated to extension in most low-income countries, signaling the need for alternative financing streams. Through co-financing, user fees, and CSR grants, PPPs enhance financial sustainability. The Agri-Clinics and Agri-Business Centres (ACABC) scheme mobilized over ₹1,200 crore in private investment from trained agripreneurs by 2021. By involving private players in cost-sharing, extension becomes more scalable and less vulnerable to fiscal volatility.
B. Technological innovation and digital delivery
PPP models enable rapid diffusion of ICT-based innovations such as mobile advisories, AI-driven crop diagnostics, and satellite monitoring (Rutenberg et.al., 2021). The mKisan portal, developed by the Department of Agriculture in partnership with telecom providers, has transmitted over 2.1 billion messages since 2013. Agri-startups like DeHaat, in collaboration with government research institutions, offer digital platforms delivering hyperlocal advisories, with a network covering more than 1.5 million farmers. PPPs facilitate access to private sector R&D, data analytics, and digital infrastructure that enhance precision, timeliness, and personalization of services.
C. Customization and client orientation
Through market segmentation and demand-responsive delivery, PPPs foster farmer-centric extension. Private firms deploy CRM (Customer Relationship Management) tools to categorize farmers based on location, crop type, or socio-economic status. AgroStar, an e-commerce-based agri advisory startup, offers WhatsApp-based queries resolved within 24 hours, with input recommendations tailored to soil tests. Public-private agrometeorological services such as Skymet’s collaboration with state governments deliver customized weather alerts to sugarcane and paddy farmers. Client orientation improves trust, relevance, and adoption rates of advisory content.
D. Capacity building and skill development
PPPs provide enhanced training opportunities to both farmers and extension personnel (Bruce et.al., 2019). Mahindra’s Samriddhi Centers have trained over 5 lakh farmers on mechanization and water-efficient irrigation practices. Krishi Vigyan Kendras (KVKs) partner with private veterinary and horticultural firms for skill development in pruning, animal husbandry, and pest scouting. MANAGE has initiated PPP-based Training of Trainers (ToT) modules where private experts train ATMA personnel on digital tools and climate-resilient practices. Such collaboration improves technical capacity, bridges knowledge gaps, and accelerates the professionalization of extension services.
E. Market linkages and value chain integration
Public-private efforts in extension enhance forward and backward linkages by connecting farmers to input suppliers, processors, exporters, and retailers (Ferris et.al., 2014). Under the World Bank-funded APART project in Assam, agribusiness firms partnered with public agencies to provide market intelligence, traceability tools, and aggregation services. In Maharashtra, the MAGNET program (Maharashtra Agribusiness Network Project) facilitates PPP-based FPO support to integrate horticulture growers with export buyers. Extension advice aligned with market demand ensures better price realization, quality compliance, and reduced post-harvest losses.
7. Challenges and Risks in PPP-Based Extension Systems
A. Equity and access issues
Public-private partnerships in extension often prioritize commercially viable geographies, high-value crops, and larger landholders, creating a risk of exclusion for marginal and small-scale farmers (Abdulsamad et.al., 2015). According to a study, PPP-driven extension initiatives tend to concentrate in resource-rich districts and peri-urban areas due to better infrastructure and profit potential. Women, tribal populations, and tenant farmers are frequently left out of advisory coverage in such models. The Centre for Budget and Governance Accountability (CBGA) highlighted that less than 30% of female farmers accessed private extension services under PPPs, compared to 54% under state-led programs (CBGA, 2021). These gaps may exacerbate socio-economic disparities unless equity is systematically integrated into project design.
B. Accountability and regulatory oversight
Lack of a comprehensive regulatory mechanism limits transparency and quality control in PPP-based extension systems (Akhtar et.al., 2023). Private service providers are not always subject to performance audits, grievance redressal mechanisms, or data protection standards. Absence of standardized service delivery norms in pluralistic systems leads to inconsistent outcomes across regions. The Comptroller and Auditor General reported irregularities in PPP extension contracts under ATMA in several states, including delayed payments, duplicate beneficiaries, and poor documentation. Without strong monitoring frameworks and contract enforcement, PPPs risk becoming inefficient or corrupt.
C. Commercial bias and input-dependency risks
Many private-led extension services are embedded within product marketing channels, leading to biased advisories aimed at boosting sales rather than promoting agroecological sustainability (Pavageau et.al., 2020). Over-reliance on proprietary inputs discourages diversification and may undermine traditional knowledge systems. For instance, field evaluations by the International Food Policy Research Institute (IFPRI) found that farmers engaged with agrodealer-supported extension in Malawi reported a 22% increase in synthetic input use, often without corresponding yield gains.
D. Fragmentation and lack of coordination
PPP programs operate under multiple schemes, departments, and actors, leading to duplication of efforts and limited synergy (Dolla et.al., 2020). A 2020 NITI Aayog report observed that while ATMA, CSR, agri-startups, and state missions all conduct extension work, there is minimal cross-sharing of data, success indicators, or content harmonization. Weak coordination hinders policy coherence and dilutes the scalability of successful models.
E. Sustainability and scalability issues
PPP models often depend on project-based funding, donor grants, or temporary CSR allocations. Once the financial cycle ends, many initiatives struggle to sustain operations. The Agricultural Innovation Systems (AIS) analysis found that over 45% of PPP extension pilots across Asia failed to continue beyond three years due to lack of institutional anchoring (Singh et.al., 2019). The Fasal Salah mobile advisory service, co-developed by Skymet and Tata Trusts, faced scale-back in several districts after withdrawal of initial funding. Without long-term vision, ownership transfer strategies, and integration into local governance, PPP models risk remaining isolated experiments.
8. Institutional and Policy Support Mechanisms
A. Role of national and state-level policies (e.g., NMAET, NITI Aayog strategies)
The National Mission on Agricultural Extension and Technology (NMAET) has been instrumental in institutionalizing PPPs through its sub-mission on agricultural extension (SMAE). It mandates the use of ATMA for converging public and private extension efforts at district level. By 2022, over 1,500 PPP projects were implemented under SMAE with support from Krishi Vigyan Kendras, agri-input companies, and NGOs. NITI Aayog has also emphasized leveraging digital infrastructure and private-sector efficiency in its ‘Doubling Farmers’ Income’ strategy (Balkrishna et.al., 2024). Policy papers by NITI advocate for PPPs in agri-stack deployment, e-NAM linkages, and climate-smart advisories.
B. Legal frameworks for PPP contracts and monitoring
Clear legal contracts specifying roles, responsibilities, output indicators, and risk-sharing are critical for effective PPPs. The Department of Economic Affairs (DEA) under the Ministry of Finance provides model PPP agreements and toolkits for agriculture, which include clauses for performance-based payments, grievance redressal, and termination. However, enforcement remains weak in practice. A 2019 CAG audit revealed that only 47% of extension PPPs under RKVY adhered to contract guidelines regarding audit trails and impact documentation. Legal clarity must be complemented by active monitoring, third-party evaluations, and compliance audits to ensure accountability (Short et.al., 2016).
C. Institutional architecture for implementation (e.g., KVKs, ATMA, SAMETIs)
Krishi Vigyan Kendras (KVKs), Agricultural Technology Management Agencies (ATMAs), and State Agricultural Management and Extension Training Institutes (SAMETIs) play key roles in anchoring PPP projects. KVKs serve as field-level research and training nodes that partner with agri-tech startups for demonstration and knowledge dissemination. ATMAs act as conveners, facilitating MoUs between government, private firms, and civil society groups. As of 2023, SAMETIs in 28 states have integrated PPP management modules into their training curricula (Joshua et.al., 2023). This decentralized institutional architecture enables context-specific implementation, although there is a need for better inter-institutional coordination and knowledge sharing.
D. Need for enabling environment for private sector participation
An enabling environment requires incentives, infrastructure, and trust-building mechanisms to attract sustained private sector involvement in extension (Adetola et.al., 2011). Tax benefits for CSR contributions to agriculture, access to government data portals, and co-branding opportunities have emerged as non-monetary incentives. The Startup India scheme and Agri Infra Fund have extended credit support to agri-tech firms providing extension services through drones, mobile platforms, and weather stations (Suresh et.al., 2024). The NASSCOM 2022 report noted that nearly 450 agri-startups in India operate on PPP models across 22 states. For long-term engagement, policy must support ease of partnership registration, data access frameworks, and cross-sector collaboration hubs.
10. Stakeholder Perspectives on PPP in Agricultural Extension
A. Farmer viewpoints
Farmers express mixed but evolving perceptions of PPP-based extension services. Surveys in Bihar and Madhya Pradesh showed that 63% of farmers rated private extension services as more timely and responsive than public services. Benefits cited include quicker query resolution, input delivery, and tailored advice. Nonetheless, concerns persist regarding cost of services, promotional bias, and lack of grievance mechanisms (Pande et.al., 2023). Women and marginal farmers report lower access to private-led platforms unless supported by NGOs or FPOs. Trust-building and participatory design remain key to ensuring equitable farmer engagement.
B. Private sector perspectives
Private firms see PPPs as opportunities to expand market reach, build brand value, and contribute to rural development goals (Berrone et.al., 2019). For example, Bayer’s Better Life Farming initiative leverages extension partnerships to improve input adoption and secure supply chains. Companies prefer PPPs that offer co-branding, data sharing, and regulatory clarity. Challenges include delayed payments under government contracts, complex bureaucratic procedures, and limited access to real-time field data. Firms emphasize the need for single-window approval systems, standardized service agreements, and joint monitoring frameworks.
C. Public sector outlook
Government agencies increasingly recognize PPPs as vital for bridging resource and expertise gaps (Robinson et.al., 2009). Departments of Agriculture at state and district levels acknowledge that private actors bring agility, specialized tools, and tech-based delivery. Nevertheless, concerns remain regarding regulatory oversight, quality assurance, and potential conflicts of interest. ATMA coordinators and KVK heads stress the importance of role clarity, capacity building, and integration of PPP services within existing extension plans. The public sector views PPPs as supplements, not substitutes, to state-led extension, requiring structured convergence mechanisms.
D. Civil society and academia
NGOs and research institutions emphasize the need for inclusive, evidence-based, and farmer-centric PPP models (Prajapati et.al., 2025). Civil society actors like PRADAN and SEWA have contributed to PPPs by mobilizing communities, conducting baseline studies, and facilitating gender-sensitive design. Academic evaluations point to the importance of participatory planning, third-party monitoring, and adaptive learning in scaling PPP initiatives. Studies by IRMA and NAARM have suggested the use of innovation brokers to align public mandates with private incentives and farmer needs. Stakeholder mapping and co-design tools are seen as essential for ensuring ethical and impact-oriented partnerships.
11. Impact Assessment and Monitoring of PPP Models
A. Indicators for evaluating PPP effectiveness
Evaluating the effectiveness of public-private partnerships (PPPs) in agricultural extension requires multidimensional indicators capturing economic, institutional, environmental, and social outcomes (Bruce et.al., 2019). Key performance indicators (KPIs) include productivity change, income enhancement, adoption rates of best practices, cost-efficiency, farmer satisfaction, and equity of access. The World Bank (2012) recommends using input-output-outcome frameworks where both service quality and delivery efficiency are monitored. Institutional KPIs such as timeliness of service, grievance redressal response, capacity building sessions conducted, and integration with public systems are vital. The FAO suggests including sustainability and gender responsiveness among critical evaluation dimensions to ensure inclusive impact.
B. Methodologies for impact assessment (e.g., RCTs, participatory evaluations)
Various methodological approaches are employed to assess the performance of PPPs (Zhao et.al., 2019). Randomized Controlled Trials (RCTs) provide high-quality causal evidence by comparing treatment and control groups. Participatory Rural Appraisal (PRA), outcome harvesting, and Most Significant Change (MSC) techniques offer qualitative insights, especially where attribution is complex. Theory-based evaluation and contribution analysis are useful in assessing systemic PPP interventions. Mixed-method evaluations combining surveys, focus groups, and secondary data provide holistic assessments, as demonstrated in the IFPRI assessments of extension innovations in South Asia.
C. Evidence from impact studies and meta-analyses
Empirical studies show that PPP-based extension can lead to substantial improvements in productivity and knowledge uptake. A meta-analysis revealed that farmer field schools supported through public-private collaboration resulted in a 13% average increase in yields and a 20% increase in net farm income across African and Asian contexts. An assessment of e-Choupal indicated a 10–15% increase in farmer profit margins due to improved market access and information symmetry. The NITI Aayog review of PPPs in agriculture emphasized that co-financed models showed better cost-efficiency and service regularity compared to purely public delivery systems. Despite these gains, many studies caution about uneven benefits across gender and landholding categories.
D. Role of ICT in real-time monitoring and feedback systems
Digital tools have revolutionized the monitoring and evaluation (M&E) ecosystem in PPP extension (Kumar et.al., 2017). ICT platforms such as mobile-based dashboards, GIS mapping, and remote sensing allow real-time performance tracking. The mKisan portal, launched by the Ministry of Agriculture, integrates SMS-based feedback loops with advisory delivery, reaching over 52 million farmers with customized messages. AI-driven analytics are employed by startups like CropIn and AgNext to assess crop health, input use, and extension outreach effectiveness. Blockchain is being tested for tracking contract adherence and service quality in pilot PPPs under APEDA. Integration of ICT tools ensures transparency, timely adjustments, and scalable M&E systems in complex multi-stakeholder environments.
12. Future and Emerging Innovations
A. Integrating PPP with climate-smart and sustainable agriculture
The integration of PPP models with climate-smart agriculture (CSA) is critical to build resilience in extension systems (Thottadi et.al., 2024). PPPs are increasingly supporting dissemination of sustainable practices such as System of Rice Intensification (SRI), organic farming, zero-budget natural farming (ZBNF), and water-saving irrigation. Projects like the Sustainable Sugarcane Initiative (SSI) led by private mills in partnership with government departments have demonstrated up to 30% water savings and 15% yield increase. Climate-resilient extension models are being piloted in the NICRA project by ICAR in collaboration with corporate CSR programs to deliver advisories on weather risks, varietal selection, and soil health management. These integrated models align commercial value chains with environmental stewardship.
B. Leveraging AI, machine learning, and mobile platforms
Artificial Intelligence (AI) and machine learning (ML) have immense potential in transforming agricultural extension through precision, speed, and contextual personalization. Agri-tech platforms such as Plantix and DeHaat use ML algorithms to provide pest diagnostics through image recognition, which helps extension workers make timely recommendations. The Kisan Suvidha app by the government integrates weather, input, and price data using backend analytics powered by AI engines. PPPs involving telecom companies and research institutions now deploy voice-based bots to address literacy constraints among farmers. The India Digital Ecosystem for Agriculture (IDEA) framework envisions extensive use of AI in partnership with private platforms for decision support systems in real-time.
C. Convergence of PPP with farmer producer organizations and startups
Collaborations between PPPs and Farmer Producer Organizations (FPOs) can institutionalize demand-driven extension systems (Zhou et.al., 2015). FPOs serve as anchor entities for mobilizing farmers, ensuring scale, and co-managing input and advisory services. For example, the NABARD-Samunnati PPP model integrates extension with credit, inputs, and aggregation through FPO-led clusters. Startups like AgriBazaar and Gramophone partner with FPOs under the One District One Product (ODOP) initiative to deliver digital extension services bundled with market intelligence. Such convergence fosters financial viability, transparency, and enhanced bargaining power for smallholders while allowing private entities to de-risk entry into rural markets.
D. Strengthening public-private-academic consortia
Multi-stakeholder consortia involving universities, corporates, and government agencies can create robust innovation ecosystems. The Agri Innovation Partnership Model (AIP) promoted by ICAR-Agricultural Technology Application Research Institutes (ATARIs) facilitates collaborative trials, policy pilots, and youth skilling programs. The Agri-Business Incubation (ABI) centers under the National Agricultural Innovation Fund support startups that scale extension innovations through co-development with public researchers. Academic engagement ensures scientific validation, while private actors contribute to design and scaling. These consortia are also effective in designing performance metrics, ethical guidelines, and innovation roadmaps for future-ready extension systems.
E. Developing PPP-specific extension curricula and capacity
Future success of PPP models depends on building human resource capacity to manage hybrid systems (Jayasena et.al., 2021). There is a growing need for curricula that blends technical agronomy, ICT tools, social engagement, and business acumen. MANAGE and NAARM have developed specialized PPP management modules for extension officers, while several SAUs have introduced agripreneurship and extension-tech electives. Private firms such as TAFE and Syngenta have set up training academies offering joint certification with universities. Capacity building in contract negotiation, M&E, digital literacy, and stakeholder coordination is crucial for creating agile and competent extension professionals.
15. Conclusion
Public-private partnerships (PPPs) in agricultural extension represent a transformative approach to addressing systemic limitations in traditional service delivery by integrating efficiency, innovation, and resource mobilization from private actors with the outreach and mandate of public institutions. Evidence from multiple case studies demonstrates significant improvements in productivity, market access, and technology adoption, particularly when models are co-designed and monitored with transparency. Yet, challenges persist, including inequitable access, commercial bias, and fragmented institutional coordination. Future strategies must focus on strengthening legal frameworks, ensuring inclusivity, leveraging digital tools, and fostering convergence with farmer producer organizations and academic institutions. Impact assessment must become routine, employing both quantitative and participatory methods to validate outcomes. A sustained policy commitment, backed by capacity development and financial incentives, is essential to institutionalize scalable, accountable, and climate-resilient PPPs in agricultural extension systems.
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