Smart Farming for New India

Precision agriculture (PA) is simply the art and science of giving each part of a field
exactly what it needs—no more, no less—using data, sensors, and smart machines.
The promise has been around since GPS tractors and variable-rate seeders arrived in
the 1990s. Yet in India, most farms are small and fragmented, labour is still vital, and
capital is tight, so “precision” often sounded like a big-farm luxury.

SMART FARMING
FOR NEW INDIA

That is changing now—aquietly but decisively—thanks to falling costs of sensors and
drones, India’s push for digital public infrastructure in agriculture, and service models
that let farmers pay per acre rather than own expensive machines. The result is a new
pathway in which PA becomes “precision at village scale,” delivered through FPOs,
Custom Hiring Centres (CHCs), and local entrepreneurs using drones and data kits.

What's new? A protecting Trishul rises on the horizon.

The “Kisan Drone” push has turned aerial scouting, mapping, and
spraying into practical services rather than futuristic demos. Drones now
generate quick plant-health maps and apply inputs more uniformly and
safely, with official use-cases covering crop assessment, nutrient
mapping, and targeted spraying—workflows that previously took days of
manual effort or never happened at all.

The Union government’s Digital Agriculture Mission aims to build farmer-
centric digital rails—registries, standard data layers, and space-tech
integrations—that reduce friction in everything from crop surveys to
scheme delivery and advisory. The plan includes a large-scale digital
crop survey and updated registries for tens of millions of farmers, which,
if implemented well, will reduce data duplication and enable better Al
recommendations for irrigation, pest alerts, and input use.



Micro-irrigation has expanded materially in the last decade under “Per
Drop More Crop,” covering ~83 lakh hectares by early 2024—still far from
saturation, but enough to show clear water and yield benefits when
paired with scheduling tools.

But why haven’t things changed earlier despite decades of talk?

The first barrier has always been structural. India’s average landholding is small and
often split across parcels, making it hard to justify the purchase of high-ticket
machines. Mechanisation levels are still uneven; while tractorization is widespread,
the deeper shift to smart implements, planters, precision seeders, and variable-rate
applicators remains patchy. Estimates often place overall mechanisation at 40—45%.

The second barrier is advisory quality. Owning a soil sensor or a drone map is not the
same as knowing exactly what to do tomorrow morning. Farmers need simple,
trustworthy prescriptions that factor in local soils, weather, varieties, and prices—not
generic advice.

The third barrier is incentives. where electricity for pumping is cheap or free, and
surface water is irregular, the rational short-term choice can be to “flood and pray.”
Without water-pricing or at least water-metering proxies, the economic case for precise
irrigation is muted. The data is messy, and the information is scattered. Non-
interoperable datasets (plots, crops, input purchases, weather, satellite indices) make
it hard to automate anything reliably; the upshot is a human-heavy extension that does
not scale.

Climate change adds urgency. India’s water availability is already in the stress zone,
with per-capita annual availability assessed at ~1,486 m?® in 2021 and projected to fall
to ~1,367 m?® by 2031—below the 1,700 m?*® stress threshold. Heatwaves, erratic
monsoons, and intense cloudbursts are destabilising sowing windows and raising
irrigation demand in critical weeks. Analysts warn that rising water stress could also
ripple into the broader economy through food-price spikes and productivity losses.

We at NAARM can visualise how Al can make a practical difference for Indian farms:
Al-guided irrigation scheduling. By fusing local weather, short-term forecasts, satellite
vegetation indices (e.g., NDVI/NDW!I), and crop stage, Al models can recommend
“‘when and how much to irrigate” at the plot level. Tying those recommendations to drip
or sprinkler systems translates intelligence into action—what micro-irrigation already
enables physically, Al makes it timely and precise. As micro-irrigation expands under
national programs, an app-level layer that pushes weekly irrigation set-points is the
quickest water-savings win.

Early stress detection from the air. Drones and satellites can detect water stress and
nutrient deficiencies before the human eye can. A village-level drone entrepreneur can
fly 200-300 acres a day, auto-stitch maps, and generate “hotspot lists” for FPO
agronomists. Because Kisan Drone workflows are now codified—assessment, nutrient
mapping, and targeted spraying—the path from detection to correction is short and
service-oriented.



Variable-rate inputs and prescription maps. India’s soils vary every few metres. Al can
translate soil tests, past yields, and imagery into “prescription maps” for nitrogen,
potash, or micronutrients. While true variable-rate applicators are still rare among
smallholders, there’s a low-tech bridge: plot-wise dose sheets that adjust quantities
for each patch, executed by CHC sprayers or drone service providers. This is precision
without expensive hardware.

Demand-supply alignment under climate volatility. When extreme rain hits or a heat
spell shortens crop duration, Al models can estimate local yield shifts and guide timely
advisories: stagger sowing dates, switch varieties with shorter duration, or pre-book
irrigation turns. Combining the government’s planned digital crop survey and registries
with weather and market feeds can produce FPO-level dashboards that reduce losses
from mistimed operations.

Groundwater and energy optimisation. Al can forecast day-ahead irrigation needs
across a command area, enabling utilities or community solar pumps to schedule
power efficiently, reducing peak loads and encouraging off-peak irrigation. Over time,
such forecasting can inform water budgeting at the panchayat level—a pragmatic
alternative when formal pricing is hard to implement.

Why this time things could be different. First, many precision tools have crossed a cost
threshold. Entry-level multispectral mapping and variable-rate spraying via drones are
now serviceable at the village scale. Second, policy and programs have created real
footholds—miillions of hectares under drip/sprinkler irrigation, a growing network of
CHCs, and formalised drone use cases. Third, India’s digital rails—Aadhaar, UPI, and
now agriculture-specific DPl—make it possible to deliver targeted advisories and
payments quickly, reducing leakages and ensuring that “precision” is not just
agronomic but administrative. Finally, climate pressure is shifting the calculus from
“nice to have” to “must have”: when a ten-day heatwave can erase a season’s margin,
the value of timely, precise action becomes obvious.

A practical, near-term action plan for districts could be to map 100% of FPO acres with
drones at sowing and mid-season; push weekly Al-based irrigation schedules to drip
users; run two targeted nutrient sprays based on stress maps; and measure outcomes
(yield, water pumped, electricity used) to unlock small incentive payments. Blend this
with Soil Health Cards, PMKSY support, and CHC capacity, and you have a flywheel:
data — advice — action — verification — reward.

India doesn’t need copy-paste precision agriculture from giant farms; it needs
precision that respects small plots, seasonal cash flows, and community decision-
making. With drones as village utilities, CHCs as the last-mile machine room, and Al
as the quiet optimiser behind the scenes, we can cut water use, steady yields, and
raise incomes—field by field, season by season. The tools are here, the rails are being
laid, and the climate clock is ticking. The next green leap will be measured not just in
tonnes per hectare, but in litres saved per kilogram—and in how intelligently we make
each drop count.
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