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Uﬁb griculture is the backbone of Indian economies, yet it continues to face significant
ﬁw’g@ challenges including climate variability, declining productivity, inefficient resource
& utilization, and labor shortages. Technological interventions such as drones and artificial
el intelligence (Al) are increasingly being adopted to address these challenges. This article
&% examines the role of drones and Al in modern agriculture, focusing on their economic impact,
Cg,gg_@ benefits, applications, and the challenges hindering their adoption. These technologies not
&% only promise increased productivity and profitability but also signal a shift toward more

2 sustainable and intelligent farming practices.
~Introduction
«2ozo - Agriculture plays an important role in ensuring food security and economic stability,

o particularly in agrarian countries like India. Despite its importance, the sector is marked by
Qo7 g S . . -

oi20%0 structural inefficiencies, low technological adoption, and vulnerability to external shocks
o such as climate change and market fluctuations. with the emergence of Industry technologies,
@i}{j the integration of drones and Al into farming practices has opened new frontiers. These tools
&% have the potential to transform agriculture by making it more precise, automated, data-driven,
= and economically viable. this article explores the various dimensions of drone and Al

20

applications in agriculture, assessing their potential from an economic standpoint and
identifying the constraints that must be addressed to unlock their full value. Q2

Globally, countries like the United States, Israel, Japan, and China are at the forefront Eiiy
of integrating drone and Al technologies into agriculture, utilizing them for crop monitoring,
yield prediction, precision spraying, and farm management. In India, the adoption of these
technologies is gaining momentum, supported by government initiatives such as the Sub-
Mission on Agricultural Mechanization (SMAM), which includes financial assistance for the
use of drones in agriculture. Furthermore, the Digital Agriculture Mission (2021-2025) and
the Drone Rules 2021 aim to simplify regulations and promote the use of drones across
sectors. The Indian Council of Agricultural Research (ICAR) and other institutions are also
piloting Al-based solutions for crop health monitoring and precision farming. These
initiatives signal a national shift towards smart and sustainable agricultural practices,
although scalability.

Understanding Drones and Al in Agriculture

1. Drones (Unmanned Aerial Vehicles - UAVS)

Drones are aerial devices equipped with sensors, cameras, and GPS systems. In agriculture,
drones are used to collect visual and multispectral data, perform aerial surveillance, and even

Q.9 carry out physical tasks like spraying and seeding. Q0
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Aerial Imaging

Drones capture real-time, high-resolution images and videos of agricultural fields. These
images help farmers monitor crop health, plant growth stages, and spot irregularities such as
pest infestations, disease patches, or water stress early on.

Topographic Mapping

Drones can generate detailed 3D maps of terrain, which aid in planning drainage systems,
optimizing field layout, and evaluating soil erosion risks. These maps are vital for precision
agriculture.

Spraying & Sowing

Specialized drones are capable of spraying fertilizers, pesticides, and herbicides with
precision. Some drones also sow seeds in a targeted and efficient manner. These applications
reduce the need for manual labor, minimize human exposure to chemicals, and ensure
uniform distribution.

2. Artificial Intelligence (Al)

Al involves machine learning, deep learning, and data analytics tools that simulate human
intelligence. When applied to agriculture, Al helps in analyzing large datasets generated from
drones, 10T sensors, and satellite imagery.

Predictive Analytics

Al models analyze historical and real-time data from weather stations, satellites, and sensors
to forecast crop yields, predict weather anomalies, or detect early signs of crop disease or pest
outbreaks.

Decision Support Systems

These systems use Al to process data and provide farmers with recommendations on
irrigation, nutrient management, pesticide application, and harvesting schedules. DSS ensures
timely, data-driven decisions for maximum productivity.

Automation

Al powers autonomous machines such as driverless tractors, robotic weeders, and automated
harvesters. It also supports intelligent greenhouse systems that regulate temperature,
humidity, and lighting based on plant needs.

Applications and Benefits in Agriculture

1. Precision Farming

Precision farming utilizes data collected by drones and interpreted by Al to optimize the
application of essential inputs like water, fertilizers, and pesticides. By tailoring resource use
to specific field zones rather than applying uniformly, farmers reduce waste, lower
production costs, and improve overall efficiency. This method enhances soil health by
avoiding over-treatment and helps increase crop yields. In terms of climate benefits, it
reduces greenhouse gas emissions from unnecessary fertilizer use and conserves water,
making farming more environmentally sustainable and resilient to climate pressures.

2. Crop Monitoring and Health Diagnosis

Advanced drones with multispectral and thermal imaging capabilities, when combined with
Al analytics, can detect early signs of plant stress, pest infestations, or nutrient deficiencies.
These early warnings allow farmers to intervene quickly, preventing extensive crop damage
and ensuring healthier yields. This is especially vital as climate change brings more frequent
and severe stressors like heatwaves, erratic rainfall, and new pest outbreaks. Timely diagnosis
supports adaptive responses, helping maintain food security in changing environmental
conditions.

3. Soil and Field Analysis

Before planting, drones can map out the terrain and assess soil quality by identifying
variations in soil moisture, texture, and fertility. Al analyzes this data to guide precise seed
placement, fertilizer application, and irrigation planning. This targeted approach improves
resource efficiency and supports sustainable farming practices. From a climate standpoint,
better soil management helps prevent degradation, supports carbon sequestration in soil, and
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reduces the need for energy-intensive land recovery processes, making agriculture more
climate-smart.

4. Irrigation Management

Al-powered systems collect and analyze data on weather conditions, soil moisture levels, and
plant water needs to create smart irrigation schedules. These systems ensure crops get just the
right amount of water, reducing waste and saving energy. As climate change intensifies
droughts and alters precipitation patterns, efficient water use becomes essential. Smart
irrigation helps farmers cope with water scarcity, reduce dependency on unpredictable
rainfall, and adapt to long-term climate shifts while maintaining crop productivity.

5. Crop Spraying

Drones can conduct precision spraying of fertilizers and pesticides, adjusting dosage and
coverage based on specific crop and soil conditions. This reduces chemical overuse, lowers
operational costs, and limits environmental pollution, especially of nearby water sources. It
also enhances safety by reducing farmers' direct exposure to chemicals. Environmentally, this
technique contributes to more sustainable pest and weed control and helps in maintaining
ecosystem balance—an increasingly important consideration under climate stress.

6. Market Intelligence

Al tools can analyze real-time market data, weather patterns, crop prices, and consumer
trends to provide farmers with insights on the best time and place to sell their produce. This
supports better financial planning, reduces losses from market fluctuations, and increases
profitability. In the face of climate-related disruptions like floods, droughts, or transport
issues, such insights help farmers navigate uncertainties and maintain income stability. It also
supports supply chain resilience and long-term food security.

7. Climate

Al and drone technologies play a crucial role in
monitoring environmental conditions that directly affect
agriculture, such as temperature trends, rainfall
variability, and carbon emissions. By analyzing long-term
climate data, these tools help farmers predict weather
extremes, plan crop cycles accordingly, and adopt
climate-resilient practices like crop rotation or stress-
tolerant seed varieties. This proactive planning is essential
to adapt to the realities of climate change and ensures
sustainable food production even under challenging
conditions.

India’s Initiative to promote Drones and Ai in Agriculture
India has launched several initiatives to promote drones and artificial intelligence (Al) across
various sectors, including agriculture, healthcare, defense, and governance.
1. Drone Promotion Initiatives in India
A. Drone Rules, 2021
v Eased regulations for drone operations, reducing paperwork and making it easier for
businesses and individuals to use drones.
v No security clearance required before registration. Allowed foreign ownership in Indian
drone companies.
. Drone Shakti (2022 Budget Announcement)
Government support for startups and businesses in the drone sector.
Encouragement for Drone-as-a-Service (DaaS) models.
. Drone Applications in Governance SVAMITVA Scheme (2021)
Uses drones to map rural land records for property ownership verification.
Forest Survey of India: Deploying drones for forest mapping and afforestation efforts.
Disaster Management: NDMA uses drones for search & rescue and post-disaster damage
assessment.
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D. Kisan Drones (2022)

v’ Subsidies up to 100% for farmers' cooperatives and up to 50% for individual farmers to
purchase drones.

v Used for precision agriculture, pesticide spraying, and crop monitoring under the Sub-
mission on Agricultural Mechanization (SMAM) scheme.

Source: www.krishi.maharashtra.gov.in

E. Namo Drone Didi 2023

Recently, the Department of Agriculture & Farmers Welfare (DoA&FW) launched the Namo

Drone Didi Scheme, aiming to empower 15,000 Women Self-Help Groups (SHGs) under the

Deendayal Antyodaya Yojana-National Rural Livelihood Mission (DAY-NRLM) initiative

through drone technology for agriculture services.

Objectives:

Empowerment of Women SHGs: Facilitate SHGs with drones to provide rental services for

applying fertilizers and pesticides, promoting technology adoption to enhance crop yields and

reduce operational costs.

v Central financial assistance covers 80% of drone cost, up to Rs. 8 lakhs.

v" Mandatory 15-day training to be provided to one of the members of women SHGs as a
drone pilot and additional training for agriculture purpose for nutrient and pesticide
application.

Indian Council of Agricultural Research
(ICAR) institutes, Krishi Vigyan Kendras
and State Agriculture Universities.

For Agriculture graduates establishing 50% of the basic cost of a drone or up to Rs.5
Custom Hiring Centers (CHCs). lakhs
If drones are used only for demonstration
purposes FPOs would be eligible to receive a
subsidy of 75% of the cost of the drone.

A grant up to 100% of the cost of agriculture
drone or Rs.10 lakhs:

For Farmer Producers Organizations
(FPOs) and rural entrepreneurs.

NaMo Drone Didi

Empowering Women & Supporting their Unwavering Talent
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» Drones to 15,000 selected Women Self Help Groups (SHGs)

» Rental services to farmers for agri purposes

» Financial Assistance to Women SHGs for purchase of Drones

» Loan provision under National Agriculture Infra Financing Facility (AIF)
* Interest subvention on AIF loans

» Providing Sustainable Business & Livelihood Support

Source: Department of Agriculture & Farmers Welfare
2. Al Promotion Initiatives in India
A. National Strategy on Al (NITI Aayog, 2018)
v India’s roadmap to adopt Al across agriculture, healthcare, education, smart cities, and
governance.
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v Focus on Al ethics, research, and adoption.

B. National Al Mission (Upcoming)

v" Proposed 10,000 crore investment to
develop Al infrastructure and talent.

v' Focus on Al applications in healthcare, | i
education, and agriculture.

-,
V-’-‘ AUTOMATED

C. Al in Agriculture

v ICAR & IBM Partnership: Al-powered
weather forecasting and crop advisory for
farmers.

v Al-based Soil Health Monitoring: Using Al
to analyze soil quality and suggest corrective
actions.

v' Smart Irrigation Systems: Al-driven water
management to optimize irrigation.

Economic Advantages

1. Cost Efficiency

% Reduced Labor Dependency: Drones and automated systems minimize the need for
manual labor.

% Input Savings: Targeted application of water and chemicals cuts costs.

+«»+ Lower Crop Losses: Early detection of issues prevents major yield losses.

2. Increased Productivity and Profitability

« Farmers using Al and drone-based solutions often report higher yields, better quality
produce, and improved operational efficiency, translating into greater income.

3. Time Savings

% Automated systems and real-time analytics reduce time spent on monitoring, decision-
making, and field operations.

4. Better Risk Management

% Through predictive analytics and timely alerts, Al helps mitigate the effects of
unpredictable factors such as droughts, floods, and pest outbreaks.

Challenges to Adoption

Despite the benefits, the adoption of drones and Al in agriculture is still limited due to:

1. High Initial Investment

Advanced technologies such as Al-driven systems, drones, and 10T devices can significantly

improve agricultural productivity. However, these technologies come with high upfront costs.

Equipment such as drones can cost thousands of dollars, and Al-based systems may require

specialized software, sensors, and hardware infrastructure.

v For small and marginal farmers, who often operate on thin profit margins, investing in
such expensive tools is a major financial burden.

v' Many of these farmers lack access to credit or affordable loans, making it even harder to
finance these technologies.

v' The return on investment (ROI) may not be immediate, which discourages adoption
unless government subsidies or financial support mechanisms are in place.

2. Lack of Awareness and Training

Successfully using technologies like drones and Al requires a certain level of technical skill

and understanding. Farmers may not be familiar with how to operate drones, calibrate

sensors, or interpret Al-generated data such as soil health analysis or crop yield predictions.

Limited digital literacy especially among older or less-educated farmers can be a significant

barrier to technology adoption. There's often a lack of structured training programs and

extension services to teach farmers how to use these tools effectively. As a result, even when

technologies are available, they may go underutilized or misused, reducing their potential

benefits.
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3. Regulatory Hurdles

Drone usage, in particular, is subject to strict regulatory oversight in many countries.

v Auviation authorities often require users to obtain licenses, flight permissions, and
insurance before drones can be legally operated.

v There may also be restrictions on where and how drones can fly, especially near airports
or sensitive zones.

v" The process of securing approvals and ensuring compliance can be complicated and time-
consuming, especially for individual farmers or small cooperatives.

v These hurdles can discourage adoption or result in legal risks for farmers who use drones
without proper authorization.

4. Data Privacy and Infrastructure

Al technologies rely heavily on data collection and analysis, often in real time.

v In many rural areas, internet connectivity is weak or unreliable, which hampers the ability
to transmit data to cloud-based Al systems or receive insights.

v There's also a lack of proper digital infrastructure, such as servers, sensors, and data
storage facilities, particularly in remote farming regions.

v Additionally, the privacy and ownership of collected farm data is a concern.

v Farmers may be reluctant to share data with tech companies due to fears of exploitation or
misuse.

v' Without reliable data and infrastructure, the accuracy and effectiveness of Al models
decrease, limiting their usefulness.

Conclusion

The integration of drones and Al in agriculture marks a significant shift toward smarter, data-
driven farming. These technologies promise not only increased productivity and profitability
but also more sustainable and resource-efficient agriculture. However, to realize their full
potential, challenges related to cost, regulation, and knowledge gaps must be addressed
through targeted policy interventions and support mechanisms. The future of agriculture lies
in innovation. By embracing drones and Al, the sector can overcome its current limitations
and drive economic growth in rural communities.
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