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griculture, the cornerstone of India’s economy and livelihood for over half its

population, faces a complex array of modern challenges: climate change, pest resistance,
soil degradation, and market volatility. Historically, the crucial support system for farmers
has been the Agricultural Extension Officer (EQ), operating under state governments and
institutions like the Krishi Vigyan Kendras (KVKSs). However, the traditional human-centric
extension system, with a glaring extension agent-to-farmer ratio that leaves millions
underserved, simply cannot meet the demands of a modern, intelligence-intensive agricultural
sector.

This system, however, has been fundamentally challenged by the vastness of the
sector, with an unsustainable extension agent-to-farmer ratio and geographical constraints,
leading to a chronic failure to deliver timely, personalized, and scalable advice (Glendenning
et al., 2010). The rise of Digital Extension 2.0 marks a decisive break from this paradigm. By
integrating Artificial Intelligence (Al) chatbots and widely adopted platforms like WhatsApp,
advisory services are being transformed into a hyper-local, instant, and conversational
resource, effectively creating a "virtual agronomist" for every farmer.

Current Scenario: A System in Transition

India’s agricultural ecosystem is rapidly pivoting from resource-intensive to intelligence-

intensive practices, driven by a national push for digital governance.

1. The Bottleneck of Traditional Extension

The traditional model suffers from systemic constraints that prohibit effective reach and

timeliness:

o Low Agent-to-Farmer Ratio: The vast number of smallholders (86% of farmers) means
that human EQOs can only provide generalized, scheduled advice, which often arrives too
late to counter fast-moving issues like pest outbreaks (Glendenning et al., 2010).

o Knowledge Decay: Knowledge disseminated by EOs can become outdated quickly,
failing to incorporate the latest scientific findings or market shifts (ICAR, 2023).

2. The Digital Mandate

Government initiatives, guided by the ICAR Roadmap and the vision for the Digital

Agriculture Mission, have prioritized building a data ecosystem (AgriStack) that can power

Al-driven advisory services. The current scenario is defined by the rapid adoption of Al to

achieve the following:

e Move from Reactive to Predictive: Utilizing data to forecast risk (weather, pests) rather
than merely diagnosing problems after they occur (FAO, 2022).

o Leverage Ubiquitous Mobile Access: Recognizing that nearly every farmer, even if non-
literate, uses a mobile phone, often for WhatsApp, is the key to achieving scale and low-
friction adoption (Digital Green, 2024).
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Applications Used for Digital Extension Services

The success of Digital Extension 2.0 is highly dependent on the accessibility and ease of use

of its applications. WhatsApp and localized chatbots have become the primary delivery

vehicles.

1. Conversational Al Chatbots (Virtual Agronomists)

These are the frontline tools for real-time problem-solving, designed to break the language

and literacy barrier.

o WhatsApp Integration: Chatbots like Kisan e-Mitra (Government initiative) and

Farmer.Chat (private/NGO efforts like Digital Green) are integrated directly into

WhatsApp, capitalizing on the platform’s high penetration rate and the familiarity of the

interface. This eliminates the need for farmers to download new, complex apps.

Multimodal Interaction: Farmers can communicate using:

v Voice Notes (NLP): Overcoming literacy barriers, the Al processes voice-based queries
in over 10 regional languages.

o Image Diagnosis (Computer Vision): Farmers upload photos of crop damage; the Al
instantly diagnoses the pest or disease (e.g., Fall Armyworm detection) and recommends
the precise chemical or biological solution.

e Personalized, Proactive Alerts: The Al continuously monitors a farmer’s geo-fenced plot
and sends push notifications for:

v Pest Forecasts: "High humidity today increases the probability of late blight in your
potato crop. Apply preventative measures."

v Weather Alerts: Advising on optimal timing for fertilizer application or harvesting based
on hyper-local forecasts.

2. Specialized Mobile Applications

While chatbots handle daily queries, specialized apps provide deeper, often proprietary,

services for decision-making.

e Crop Health and Monitoring: Applications utilize satellite imagery (NDVI) to give
farmers a health score for their field, helping them identify stressed zones before visible
symptoms appear.

o Seed Selection Advisory: Apps like AgriApp provide extensive details on quality seed
varieties, their traits, and adaptability to specific micro-regions, empowering farmers to
make informed choices on foundational inputs.

e Market Linkage (e-NAM): The National Agriculture Market (e-NAM) platform,
accessible via mobile, allows farmers to sell their produce electronically across multiple
markets, providing price discovery and reducing reliance on local intermediaries.

Advantages of Al-Driven Digital Extension

The benefits of Digital Extension 2.0 are transformational, offering efficiency, precision, and

economic upliftment that the traditional system could never provide.

1. Enhanced Reach, Efficiency, and Cost Reduction

e 247 Scalability: Al is not constrained by geography or time zones, providing instant
advice to millions, maximizing the chances of early intervention (FAO, 2022).

o Dramatic Cost Efficiency: The cost-per-farmer for advisory services can be reduced
dramatically. Digital Green reports that Al assistance reduces the cost of traditional
services from $35 per farmer to approximately $0.35 per farmer, making universal
coverage economically feasible.

e Automated Routine Management: Chatbots handle the vast volume of routine queries
(e.g., "What is the price of tomatoes today?"), freeing human EOs to focus on complex,
high-stakes problems requiring in-person demonstration and social negotiation.

. Precision, Profitability, and Sustainability
Yield Improvement: Timely, precise, and personalized advice on nutrient, pesticide, and
water application significantly reduces crop losses from diseases and maximizes the

N
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genetic potential of the crop, leading to reported yield improvements of 20% or more in
pilot projects (Worls Economic Forum, 2023).

e Resource Optimization: Precision advice reduces input waste, leading to documented
reductions in pesticide use and fertilizer costs. This benefits the farmer's bottom line and
aligns with environmental sustainability goals.

Disadvantages and Challenges to Sustained Adoption

While promising, the transition must overcome significant hurdles related to access, trust, and

data governance.

1. Digital and Trust Divide

o Digital Literacy: Despite the familiarity of WhatsApp, many older or less-educated
farmers struggle with image uploading, data input, and understanding digitally presented
information (Mittal et al., 2018). This creates a risk of excluding the most vulnerable
from the benefits.

e The Trust Factor: Al lacks the capacity for Emotional Intelligence (El). Effective
extension requires a relationship of trust built by human EOs through repeated interaction
and shared context. Lack of this human touch can lead to low adoption rates, even for
technically accurate advice.

2. Data Gaps and Ethical Concerns

e Accuracy and Data Quality: The accuracy of Al diagnostics relies heavily on quality
training data. India’'s vast agro-climatic zones require highly specialized, localized data,
which is often fragmented or unreliable, leading to a risk of inaccurate advice and
subsequent loss of farmer trust.

o Data Sovereignty and Privacy: Private AgriTech companies often collect valuable farmer
data (soil health, yield data) to train their models. The lack of a clear regulatory
framework on data ownership and privacy creates anxiety about digital monopolies and
exploitation.

Success Stories: The Hybrid Model in Practice

The most successful implementations of Digital Extension 2.0 in India utilize a hybrid model,

combining Al efficiency with human trust.

1. Kisan e-Mitra and the National Scale

The government’s own Kisan e-Mitra chatbot showcases the power of a national,

multilingual platform.

e Functionality: It offers voice-based responses in 11 regional languages, specifically
designed to answer farmer queries on critical government schemes such as PM-Kisan,
crop insurance, and Kisan Credit Card (KCC).

e Impact: The chatbot handles over 8,000 queries a day and has answered over 9.3 million
questions in total. This demonstrates the immense capacity of Al to handle the volume of
administrative and information-seeking queries, which previously burdened human
extension staff.

2. Saagu Baagu: Doubling Farmer Income in Telangana

A successful pilot project, Saagu Baagu, in the Khammam district of Telangana, provides a

clear case study of Al leading to significant economic upliftment, initially focusing on chili

farmers.

Intervention: The project combined bot advisory services (for pest and nutrient management),

soil testing technology, Al-based quality testing, and a digital platform to connect farmers

directly with buyers.

e Results: Over three crop cycles, participating farmers reported a surge in net income,
effectively doubling their average earnings to an estimated $800 per acre in a single crop
cycle (World Economic Forum, 2024). The digital advisory services were specifically
linked to a 21% increase in chili yield per acre, with pesticide use falling by 9% and
fertilizers dropping by 5%, proving both profitability and sustainability.
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3. Digital Green's Farmer.Chat: The Hybrid Model

The non-profit Digital Green successfully demonstrated a robust hybrid extension model

using its Farmer.Chat Al assistant, particularly in collaboration with the National Rural

Livelihood Mission (NRLM) across nine states.

e Model: The Al chatbot acts as a virtual assistant for the human extension agent first,
handling routine queries and data retrieval. The human agent then uses the Al-generated
insight to provide personalized, high-trust advice to the farmer, often using localized
video demonstrations delivered via WhatsApp (Digital Green, 2024).

« Outcome: This collaboration has enabled nearly 13,000 frontline agents to reach over 1.1
million farmers (94% women) and has led to over 55% of farmers adopting at least one
promoted best practice, showcasing high adoption rates due to the combination of Al
efficiency and human trust.

Future Thrust and Policy Direction

The future of digital extension in India is rooted in three strategic pillars: infrastructure

strengthening, data integration, and human-Al collaboration.

1. Data Ecosystem and Governance

The most critical future thrust is the completion and operationalization of the National Agri-

Intelligence Stack (AgriStack/IDEA). This will involve:

o Integrated Data Lakes: Creating a unified, interoperable data system that consolidates
fragmented information (soil, satellite, crop, farmer registration) to power more robust
and accurate Al models.

o Clear Governance: Establishing explicit rules on farmer data ownership, privacy, and
sharing to build trust and prevent the risk of digital monopolies.

2. Infrastructure and Inclusivity

Efforts must be doubled to bridge the phygital divide.

o Rural Connectivity: Prioritizing the expansion of high-speed rural connectivity programs
like BharatNet and promoting last-mile solutions such as PM-WANI (Public Wi-Fi
Access Network Interface).

e Subsidized Access: Utilizing subsidies (through FPOs and SHGs) to make expensive Al
hardware, such as quality smartphones, 10T sensors, and drones, accessible to small and
marginal farmers.

e Massive Skilling Programs: Launching comprehensive training programs to create a cadre
of "Al Kisans," "Crop Doctors," and "Agri-data Technicians" who can bridge the gap
between Al tools and the local farming.

3. Next-Generation Al Tools and Hybrid Models

The technology will evolve beyond simple chatbots.

o Agentic Al: Developing Al systems that can move beyond simple Q&A to execute multi-
step tasks, such as automatically generating a pest control action plan, coordinating input
delivery, and connecting the farmer to a relevant buyer.

e Augmented Reality (AR) Training: Using AR/VR tools for immersive training on
complex machinery or precise chemical application, simulating real-world scenarios more
effectively than videos.

Conclusion

Digital Extension 2.0, manifested primarily through Al chatbots and WhatsApp, represents an
unstoppable force in Indian agriculture. It is an evolutionary leap from the resource-
constrained human extension model to an intelligence-driven network that promises to make
farming more productive, predictive, and profitable. The Al acts as a hyper-efficient, scalable
knowledge processor, while platforms like WhatsApp ensure ubiquitous, low-friction
delivery. Crucially, the success stories demonstrate that Al will not replace the human
extension officer; rather, it will augment and empower them. The most viable future is the
hybrid model, where Al handles the data complexity and scale, and the human agent retains
the vital role of building trust, facilitating adoption, and providing hands-on social and

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g.e 249

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O



parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Patel and Patel (2026) Agri Articles, 06(01): 246-250 (JAN-FEB, 2026)

emotional support. By strategically addressing the digital divide and establishing robust data
governance, India can successfully harness this technology to ensure food security, boost
rural incomes, and lead the world in sustainable, intelligence-intensive farming.
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