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he way that farmers get agricultural knowledge is changing as a result of digital 

information and communication technologies (ICT), especially mobile apps and e-

extension platforms.  Mobile tools help decrease information asymmetries, speed up the 

adoption of new technologies, and improve connections with input and output markets by 

providing fast, localized, and interactive advisory services.  The development, typology, 

effect evidence, design principles, upcoming technologies, representative case studies, and 

institutional concerns related to mobile applications and e-extension are reviewed in this 

study.  We point out that the best models are "blended"—that is, they combine human 

facilitation with digital delivery—and that specific consideration of gender, literacy, local 

language, and data governance is necessary to achieve fair results.  We conclude by outlining 

suggestions for program design, policy, and research aimed at scaling high-impact e-

extension in smallholder settings. 

Introduction: the promise and context of e-extension 
Through trainings, field trips, demonstrations, and farmer-to-farmer interactions, agricultural 

extension has long served as the conduit for converting scientific information into practical 

use by farmers.  Conventional extension systems, however, continue to confront a number of 

obstacles, including tight finances, a small number of extension agents in comparison to the 

agricultural population, logistical challenges in accessing distant locations, and the difficulty 

of providing timely advise for activities that are sensitive to weather.  Rapid mobile phone 

use, rising digital literacy, declining data prices, and enhanced connection over the last 20 

years have opened up new opportunities to quickly and widely expand advisory services.  

Extension actors may broadcast weather warnings, provide crop-specific advisories, diagnose 

pest or disease problems with photos, connect smallholders to markets and financial services, 

and track adoption via digital monitoring systems thanks to mobile phones and platforms.  

Therefore, e-extension is expected to be a more affordable alternative to in-person extension 

rather than a straightforward substitute.  However, careful planning, contextualization, 

institutional alignment, and equality consideration are necessary to fulfill that promise.  This 

study summarizes the most recent research and useful insights for developing, deploying, and 

growing e-extension systems. 

Evolution and typology of digital extension tools 
The evolution of digital extension has been gradual.  Due of their accessibility on even the 

most basic phones, voice hotlines and SMS first took the lead.  The proliferation of 

smartphones led to the emergence of integrated market platforms, georeferenced alerts, 

picture diagnostic tools, and richer multimedia applications.  The current e-extension 

environment consists of: 
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1. Broadcast messaging: inexpensive, widely available, and helpful for brief warnings 

(weather, disease outbreaks) and reminders (SMS, IVR, push notifications).  Scale is 

ideal, but customization and interaction are constrained. 

2. Interactive chat and call centers (chatbots, WhatsApp/Telegram groups, and 

helplines): facilitate peer learning, group troubleshooting, and two-way inquiries.  

Particularly in many nations, WhatsApp groups have evolved into de facto advise centers. 

3. Apps for smartphones (multimedia extension apps, decision-support apps): provide 

offline caching, sensor and map integration, video demonstrations, and localized alerts.  

They offer sophisticated decision-making tools (such as irrigation scheduling and 

fertilizer calculators) and richer material (such as video and photos). 

4. Image-based diagnostics and artificial intelligence tools: farmers may submit images 

for automated or expert-assisted illness or pest diagnosis.  Training data and expert 

validation are essential for accuracy. 

5. Apps that connect farmers to buyers, input suppliers, logistics, and financial services are 

known as market and value-chain platforms; they often blend commercial services with 

advising material. 

6. Blended delivery solutions combine reach, interpretative assistance, and on-ground 

services via the use of digital technologies and human facilitation (local agro-dealers, 

digital coaches, and extension agents).  There is evidence that hybrid models perform 

better than just digital tactics. 

Evidence on impacts: knowledge, adoption, productivity and welfare 
A fast-growing empirical literature evaluates how digital advisory affects farmer outcomes. 

Findings can be summarized across four outcome domains. 

Adoption of agronomic practices and knowledge 

Digital advisories have been shown to improve farmer awareness and remember of suggested 

measures.  Recommendations for planting dates, pest thresholds, and inputs are spread via 

SMS reminders, brief films, and localized alerts.  Adoption of suggested practices rises 

significantly when communications are timely, localized, and actionable.  However, adoption 

advantages differ depending on the characteristics of the farmer: women and landless farmers 

adopt less until interventions specifically target them, whereas educated, wealthy, and better 

connected farmers adopt more quickly. 

Effects of wealth and productivity 

The effects on earnings and productivity are more varied.  When advice addressed binding 

restrictions (timely irrigation, insect management), several randomized and quasi-

experimental studies show small production gains or cost reductions.  However, in many 

situations, counsel is insufficient to overcome labor, liquidity, or input availability issues; as a 

result, enabling services like financing, input supply chains, and automation are necessary for 

productivity improvements.  Although digital advice enhances the likelihood of adoption, 

meta-analyses show that this effect varies depending on the situation. 

Resilience and risk mitigation 

Time-sensitive alerts, such as weather advisories, insect outbreaks, and cold snaps, are best 

sent via digital channels.  Farmers who get timely notifications may reduce losses during 

shocks by putting protective measures in place earlier (e.g., netting, timely pesticide 

application).  Remote advice supported market connections and extension continuity during 

COVID-19 and other disturbances. 

Inclusion and social results 

Although digital technologies have the potential to democratize information access, they may 

also perpetuate current disparities.  Women's access is restricted by gender disparities in 

digital literacy and smartphone ownership.  These disparities may be closed with the use of 

customized tactics (voice message, women-only groups, local female facilitators).  

Additionally, there is evidence that social learning via chat groups increases the credibility of 

suggestions and speeds up their spread across social networks. 
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What makes e-extension work? key design principles 
Reviews of successful programs and field evaluations point to a set of recurrent design 

principles: 

1. Local language and cultural fit: local examples, crop calendars, and seed/variety names 

must all be used, and the material must be in local languages. 

2. Content that is current, actionable, and contextualized: farmers prefer concrete next-

step instructions than general advice, such as how much fertilizer to apply this week.  In 

relation to crop phenology, timing is essential. 

3. Simplicity and accessibility: IVR and multimedia (audio, video, and iconography) lower 

barriers for consumers with low literacy levels.  Apps need to provide SMS fallbacks and 

offline functionality. 

4. Credibility and trust: support from reputable local groups, research institutes, or 

extension agencies boosts acceptance.  Legitimacy is reinforced by local advocates and 

peer testimonies. 

5. Two-way communication and facilitation: community video sessions, contact centers, 

and local middlemen assist in interpreting data and promoting adoption.  The most 

successful models are blended ones that use both digital scale and human touch. 

6. Feedback and iterative learning: continuous development is made possible via A/B 

testing, farmer feedback loops, and integrated monitoring. 

7. Long-term sustainability necessitates revenue structures (premium services, market 

integrations) or governmental finance for public-good advice, even if free pilots may 

demonstrate effect. 

8. Data governance and privacy: To establish trust and adhere to legal frameworks, open 

data practices, farmer permission, and local custodianship are required. 

Emerging technologies and functional features 
The sophistication of e-extension tools is rising rapidly as several technologies converge: 

1. Machine learning and image recognition: models need localized training data and 

agronomic validation to prevent misdiagnosis, but automated detection of pests or 

illnesses from farmer-uploaded photographs may accelerate replies. 

2. Integration of satellite and remote sensing: site-specific advisories and drought early 

warnings may be triggered by gridded weather, vegetation indices, and soil moisture 

proxies. 

3. Speech assistants and chatbots: conversational agents with multilingual speech 

interfaces provide accessibility for people with poor reading levels. 

4. Decision support modules: information is transformed into choices at the farm level via 

integrated calculators for pest thresholds, water scheduling, and fertilizer. 

5. Market connections and e-commerce: the relationship between knowledge and 

financial benefit is strengthened when procurement, input delivery, and produce 

aggregation are combined with advisory services. 

6. Interoperability and APIs: systems (weather services, seed providers, extension 

dashboards) can communicate and prevent fragmentation thanks to standardized data 

standards. 

Representative case studies and program models 
To ground theory in practice, here are representative program archetypes with lessons 

learned. 

National broadcast and advisory hubs: National SMS/IVR portals are used by several 

governments to provide warnings, such as weather and pest alerts.  These systems expand 

rapidly, but they have problems with adoption and content localization.  When local 

extension outreach is used to interpret messages, their efficacy rises. 

Blended community video and local facilitation: Adoption rates are typically high for 

programs that integrate locally created instructional films (made by farmer organizations), 

local facilitators, and follow-up digital communications.  While digital follow-up serves to 
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reinforce information, videos encourage group debate and demonstration.  The mixed design 

makes use of digital scale and social learning. 

Apps for image diagnostics (expertise on demand): Quick, personalized advice are 

promised by apps that let farmers submit photographs for diagnosis.  High diagnosis accuracy 

across regional disease variations and an expert validation process are necessary for success.  

When used properly, they enhance pesticide targeting and shorten treatment times. 

Platforms for markets and value chains (integrated services): Because they address both 

market limitations and knowledge gaps, platforms that integrate agronomic advice with 

procurement and market access offer more robust avenues for revenue growth.  But they 

often call for more intricate procedures and the development of trust. 

Gig extension and agent networks: The final mile is delivered by local agents or "digital 

coaches" that are outfitted with applications; they gather data, interpret advice, and make 

input delivery easier.  By connecting agents to input providers or charging service fees, this 

model may be made profitable while using social capital and local expertise. 

Barriers, risks and unintended consequences 
Despite promise, e-extension faces practical and ethical challenges. 

The exclusion and digital gap: In the absence of inclusive design and focused outreach, 

digital initiatives have the potential to exacerbate gaps due to unequal access to smartphones 

and connection, particularly among women, the elderly, and the poorest. 

Poor agroecological and digital literacy: Recommendations may not be understood or 

trusted by people, even with gadgets.  Impact is limited by a lack of agricultural expertise 

(e.g., the inability to apply advice to the farm setting); training and facilitation are essential 

supplements. 

Quality of content and false information: Content that is generic or vendor-biased may be 

misleading.  Advice that lacks quality control and professional screening may result in crop 

loss or excessive pesticide usage. 

Platform governance and data privacy: Ownership issues and privacy concerns surface 

when applications gather transaction and farm-level data.  Trust may be damaged by 

commercial actors abusing data or by a lack of consent procedures. 

Stability of finances: A lot of initiatives are pilots financed by donors.  It's always difficult 

to get steady income without sacrificing objectivity (for example, by promoting outside 

contributions). 

Relying too much on automation: Over-reliance on computerized diagnosis in the absence 

of human supervision may result in incorrect categorization and detrimental suggestions.  AI-

plus-human hybrid review methods are more secure. 

Institutional strategies and policy levers for scale 
Effective scaling of e-extension requires a mix of public policy, institutional capacity and 

private sector engagement. 

1. National digital-agriculture strategies: governments should specify the functions of 

interoperability standards, frameworks for commercial service providers, and public 

advisories (weather, pest alarms). 

2. Public-private partnerships, or PPPs, combine market services and private user 

interfaces with public products (such satellite weather and extended material) to capitalize 

on cross-sector capabilities. 

3. Building extension staff capacity: educating extension officers on how to utilize digital 

dashboards and serve as local facilitators increases their influence. 

4. Investments in rural connectivity: subsidized community devices and better broadband 

lower obstacles to access. 

5. Standards and certification: third-party audits, evidentiary requirements, and quality 

standards for advisory material maintain confidence. 

6. Frameworks for data governance: precise guidelines for data ownership, permission, 

and sharing safeguard farmers and allow for equitable value allocation. 
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7. Targeted subsidies and inclusion initiatives: co-created content, digital literacy 

initiatives geared at women, communal devices, and vouchers all contribute to inclusive 

advantages. 

Measurement, research priorities and knowledge gaps 
To strengthen the evidence base and guide policy, research should prioritize: 

1. Replication studies and long-term randomized trials to gauge long-term benefits on 

income and productivity beyond temporary knowledge increases. 

2. Component tests (A/B testing) to determine which aspects of the app—timing, 

multimedia, and interaction—have the most influence on behavior change. 

3. Studies that include gender, analyze adoption and barriers within households, and 

examine specific interventions for female farmers. 

4. Cost-effectiveness evaluations contrasting traditional, hybrid, and digital extension 

strategies. 

5. Operational studies on PPP designs and sustainable business models that preserve public 

assets while maintaining service continuity. 

6. To guarantee that digitization upholds the rights and advantages of farmers, focus on data 

governance, ethical frameworks, and local involvement. 

Practical recommendations for practitioners and developers 
For those designing and implementing e-extension initiatives: 

1. Co-design with end users: include farmers, both male and female, from the beginning to 

create practical, relevant instruments. 

2. Use hybrid models: particularly during rollout, combine digital tools with human 

facilitators in the area. 

3. Localize time and content: local dialects, seasonal calendars, and seasonal terms make 

material more relevant. 

4. Give low-bandwidth choices top priority. In low-connectivity environments, offline 

caching, SMS/IVR fallbacks, and compressed video are crucial. 

5. Create monitoring and feedback systems: iterate and improve using field surveys and 

app analytics. 

6. Use straightforward consent procedures, clear conditions, and local data custodianship to 

protect data and foster confidence. 

7. Make a sustainable plan by looking at hybrid finance, which combines market-based 

premium services with public funding for public goods. 

8. Measure thoroughly: create transferable evidence by integrating learning and evaluation 

into program cycles. 

Environmental, social, and ethical factors 
It is not advisable to seek digital extension for its own sake.  Fair access, preventing vendor 

capture of public advisories, safeguarding farmer privacy, and reducing ecological damage 

from poorly thought-out pesticide advice are all ethical issues.  Third-party content audits, 

farmer consent procedures, open collaborations, and environmental screening in advisory 

design are all precautions that programs should use. 

Conclusion 
From innovative pilots, e-extension and mobile applications have developed into essential 

elements of modern extension ecosystems.  When paired with local human facilitation and 

enabling services, they provide information distribution at a pace and scale that is unmatched, 

which may significantly increase understanding, acceptance, and resilience.  However, 

technology is not a panacea; rather, it requires integrated methods that address markets, 

financing, input availability, and local capabilities in order to translate knowledge into 

sustainable productivity and livelihood benefits.  Stakeholders must make investments in 

inclusive design, thorough assessment, data governance, and institutional collaborations that 

strike a balance between public goods and workable service models if they are to realize the 
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potential of e-extension.  When these conditions are met, e-extension may be a potent tool for 

creating agrifood systems that are robust, efficient, and just. 
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