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Introduction: 

Agriculture remains the backbone of 

rural economies in developing nations, 

particularly in Asia and Africa, where 

smallholder farmers constitute the majority of 

the agricultural workforce. Yet, these farmers 

face persistent challenges: limited access to 

timely agricultural information, inadequate 

extension services, and difficulty adopting 

improved farming practices. The digital 

revolution has opened unprecedented 

opportunities to bridge this information gap. 

Digital extension platforms combined with 

artificial intelligence (AI) are now reshaping 

how smallholder farmers receive agricultural 

guidance, marking a transformative shift from 

traditional extension methods to technology-

driven solutions. Digital extension platforms 

leverage mobile applications, WhatsApp bots, 

and web-based systems to deliver information  

 

 

 

 

 

 

 

 

 

 

 

 

 

directly to farmers' hands, while AI-based 

advisory systems analyze complex agricultural 

data to provide personalized, location-specific 

recommendations. This convergence of digital 

technology and artificial intelligence 

represents more than mere technological 

advancement it embodies a democratization of 

agricultural knowledge, enabling even the 

most remote smallholder farmer to access 

expert guidance previously available only to 

resource-rich farming operations. 

The Evolution of Agricultural Extension 

and Digital Transformation 

Traditional extension systems have 

long served as the primary mechanism for 

disseminating agricultural knowledge. 

Government extension workers, agricultural 

universities, and development organizations 

have historically conducted face-to-face 

training 
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training, conducted demonstration plots, and 

organized farmer field schools. While 

effective, these conventional approaches suffer 

from critical limitations: they reach only a 

fraction of farmers due to insufficient 

extension staff, they respond slowly to 

emerging challenges, and they cannot provide 

individualized advice at scale. The emergence 

of digital extension platforms has 

fundamentally altered this landscape. 

Organizations like Digital Green have 

pioneered community-based video advisory 

models, creating short instructional videos 

featuring local farmers demonstrating 

improved agricultural practices. These videos, 

embedded within digital applications, provide 

farmers with visual learning materials they can 

access repeatedly, overcoming language 

barriers and accommodating diverse learning 

styles. The scalability of such approaches is 

remarkable digital content, once created, can 

reach thousands of farmers with minimal 

additional cost. The integration of artificial 

intelligence has taken digital extension to the 

next level. Modern AI-based crop advisory 

systems analyze multiple layers of 

environmental data soil parameters including 

moisture, pH, temperature, and nutrient 

concentrations, real-time weather forecasts, 

crop-specific biological requirements, and 

historical farming data to generate actionable 

recommendations tailored to each farmer's 

unique circumstances. These systems represent 

a shift from one-size-fits-all advice to 

precision agriculture guidance customized for 

individual fields. 

Current Digital Extension and AI Advisory 

Platforms: Implementation and Impact 

Several innovative platforms are 

currently operational or under development, 

demonstrating the practical viability of 

integrating digital tools with AI-powered 

advisory systems. 

Real-Time Crop Advisory Systems: 

Research-backed AI systems now provide crop 

selection recommendations, irrigation 

scheduling, fertilizer application guidance, and 

pest or disease management strategies with 

remarkable accuracy. One such system, 

developed with IoT sensor integration, 

demonstrates 92% prediction accuracy with 

response times under 1.5 seconds, delivering 

advisories through both mobile interfaces and 

specialized chatbots. These systems transform 

raw sensor data into intelligible 

recommendations, effectively translating 

technical information into farmer-friendly 

language. 

Mobile-Based Extension Services: In 

rural India and other developing countries, 

smallholder farmers increasingly rely on 

mobile-based agricultural extension services 

(MAES) to access agricultural knowledge. 

These platforms capitalize on the 
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unprecedented penetration of mobile phones in 

rural areas, delivering weather alerts, market 

information, input recommendations, and best 

practice guidelines through accessible 

channels. The SUTTI App, for instance, 

provides offline compatibility a crucial feature 

in regions with intermittent internet 

connectivity allowing farmers to access 

training content and submit impact 

measurement surveys even without active 

internet connection. 

AI-Powered Climate Advisory 

Initiatives: Recognizing the critical link 

between climate variability and agricultural 

success, organizations like ICRISAT have 

launched AI-powered climate advisory 

initiatives that leverage real-time weather 

forecasts and machine learning analytics to 

provide hyper-local climate-resilient 

recommendations. These advisories guide 

farmers on critical decisions such as sowing 

dates, irrigation scheduling, and pest 

management timing, all delivered through 

user-friendly channels including AI-powered 

WhatsApp bots. 

Generative AI for Enhanced 

Advisory Delivery: The latest frontier 

involves generative AI technologies that can 

engage in conversational interactions with 

farmers, answering questions, providing 

contextual explanations, and adapting advisory 

messages to individual comprehension levels. 

This approach promises to make agricultural 

information not just accessible but genuinely 

understandable to farmers with varying 

literacy levels. 

Overcoming Barriers: Digital Literacy, 

Infrastructure, and Affordability 

Despite the tremendous promise of 

digital extension platforms and AI advisory 

systems, significant barriers remain to their 

widespread adoption among smallholder 

farmers. Understanding and addressing these 

barriers is essential for realizing the 

technology's transformative potential. 

Digital Literacy and Capacity 

Building: Many smallholder farmers possess 

limited experience with digital devices and 

platforms, creating a fundamental adoption 

barrier. Successful implementation requires 

comprehensive capacity-building programs, 

including hands-on training workshops, field 

demonstrations, and ongoing peer-learning 

opportunities. Equally important is ensuring 

that digital tools feature simple, intuitive 

interfaces requiring minimal technical 

proficiency. Organizations have found that 

leveraging local agricultural extension workers 

as intermediaries training them first, then 

having them support farmers enhances 

adoption rates significantly. 

Infrastructure and Connectivity 

Challenges: Rural areas in developing 

countries often struggle with inadequate 
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telecommunications infrastructure and 

unreliable internet connectivity. This challenge 

has catalyzed innovation: developers have 

created offline-compatible applications that 

download essential content locally, 

automatically synchronizing data when 

connectivity is restored. Such designs 

acknowledge the practical reality of rural 

connectivity while maintaining the 

functionality that makes digital platforms 

valuable. 

Cost Considerations and Financial 

Access: High costs of advanced technologies 

and digital services pose barriers, particularly 

for resource-limited smallholder farmers. 

Successful platforms have addressed this 

through subsidized access, integration with 

government extension programs, and business 

models that distribute costs across larger 

farmer groups. The cost-effectiveness of 

digital advisory compared to traditional 

extension has been demonstrated Digital 

Green's video-based model proved 

significantly more cost-effective than 

conventional extension approaches. 

Benefits and Outcomes: Evidence of 

Transformation 

Emerging evidence demonstrates the 

tangible benefits of digital extension platforms 

and AI advisory systems for smallholder 

farmers. 

Productivity and Yield 

Improvement: Farmers accessing AI-based 

advisories for crop selection, irrigation 

scheduling, and pest management report 

measurable increases in productivity. The 

precision recommendations reduce resource 

wastage, optimize input utilization, and help 

farmers make decisions aligned with their 

specific environmental conditions. 

Information Access and Inclusivity: 

Digital platforms democratize access to expert 

agricultural knowledge, reaching farmers 

regardless of geographic location or economic 

status. Women farmers, youth, and 

marginalized groups previously underserved 

by traditional extension systems increasingly 

access information through mobile platforms 

tailored to their needs. 

Resilience and Climate Adaptation: 

AI-powered climate advisory systems 

strengthen farmers' capacity to anticipate and 

respond to climate variability, a critical 

adaptive capacity in the context of increasing 

climate uncertainty. Real-time weather 

forecasting integrated with crop models 

enables farmers to adjust planting dates, 

irrigation schedules, and variety selection to 

optimize performance under varying climatic 

conditions. 

Cost Reduction and Sustainability: 

By optimizing input application based on 

precise recommendations, farmers reduce 
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fertilizer use, water consumption, and pesticide 

applications achieving both economic savings 

and environmental benefits. This resource-

efficient approach aligns smallholder farming 

with sustainability imperatives while 

maintaining or improving profitability. 

Future Directions and Challenges 

The trajectory of digital extension and 

AI advisory systems points toward 

increasingly sophisticated, farmer-centered 

technologies. Emerging areas of development 

include integration of satellite imagery and 

drone data for real-time field monitoring, 

expansion of generative AI chatbots capable of 

nuanced farmer-technology interaction, and 

development of blockchain-based systems for 

supply chain transparency. However, 

sustaining growth requires addressing 

structural challenges. Long-term funding 

mechanisms must secure digital platform 

sustainability beyond pilot projects. 

Institutional capacity in developing countries 

requires strengthening to support technology 

deployment and maintenance. Data privacy 

and ownership remain underexplored but 

critical issues, particularly as platforms 

accumulate detailed farm and farmer 

information. Most importantly, the 

technological solutions must remain farmer-

centric. Platforms designed without 

meaningful farmer participation in their 

conception and iteration risk creating 

sophisticated but underutilized systems. 

Successful digital extension requires 

maintaining the human element the 

relationships between extension workers and 

farmers, the trust built through personal 

interaction, and the mentorship that can never 

be entirely digitized. 

Conclusion 

Digital extension platforms and AI-

based advisory systems represent a paradigm 

shift in how agricultural knowledge reaches 

smallholder farmers. By combining the 

accessibility of digital technology with the 

analytical power of artificial intelligence, these 

systems promise to overcome traditional 

barriers of distance, time, and information 

asymmetry that have historically limited 

smallholder farmer productivity. From 

WhatsApp-based climate advisories to IoT-

integrated crop recommendation systems 

achieving 92% accuracy, the technological 

foundations are increasingly robust. Yet 

technology alone is insufficient. Sustainable 

transformation requires simultaneous attention 

to digital literacy development, infrastructure 

strengthening, cost reduction, and most 

critically farmer agency in shaping these 

systems. As agriculture faces mounting 

pressures from climate change, resource 

scarcity, and demographic shifts, the 

convergence of digital platforms and artificial 

intelligence offers a powerful toolkit for 
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building more resilient, productive, and 

sustainable agricultural systems. The future of 

smallholder farming in developing countries 

will likely be determined not by the 

sophistication of the technology itself, but by 

how effectively farmers are enabled to adopt, 

adapt, and benefit from these tools. When 

digital extension and AI advisory systems are 

implemented with genuine attention to farmer 

needs, cultural context, and local capacity, 

they become transformative forces capable of 

elevating agricultural productivity and farmer 

livelihoods across rural developing economies. 
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