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ABSTRACT

Agriculture is the primary source of livelihood for millions of small and marginal farmers
in India. Despite their significant contribution to national food production, farmers
often face challenges such as low productivity, limited access to modern technologies,
climate uncertainties, and poor market connectivity. In recent years, digital technologies
have emerged as effective solutions to improve agricultural productivity and farmer
income. This study examines the role of digital tools such as the Internet of Things
(IoT), Artificial Intelligence (Al), satellite monitoring, precision agriculture, and mobile
advisory services in enhancing farming efficiency and rural livelihoods in India. The
research is based on secondary data collected from government reports, international
organisations, research publications, and agricultural surveys. The findings indicate
that digital technologies can significantly improve farm productivity, optimise resource
use, reduce production costs, and increase farmers’ access to markets and information.
Tools like IoT-based soil sensors, Al-driven advisory systems, and mobile applications
help farmers make better decisions regarding irrigation, fertiliser use, pest management,
and crop marketing. Government initiatives such as e-NAM and PM-KISAN further
support digital integration in agriculture. However, challenges such as low digital
literacy, inadequate rural internet infrastructure, and high technology costs continue
to hinder adoption among small farmers. The study concludes that strengthening
digital infrastructure, providing farmer training, and promoting affordable technology
solutions are essential for maximising the benefits of digital agriculture. With proper
policy support and investment, digital tools can play a crucial role in improving
farm productivity, increasing farmer income, and promoting sustainable agricultural
development in India.
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INTRODUCTION

Agriculture is one of the most important sectors of the Indian economy,
providing livelihood to nearly half of the country’s population. It plays a
crucial role in ensuring food security, generating employment, and supporting
rural development. Small and marginal farmers form the backbone of Indian
agriculture, as they constitute a major portion of the agricultural workforce. These
farmers contribute significantly to food production and the overall agricultural
output of the country. Despite their vital role, the agricultural sector continues to
face several challenges that affect productivity and farmers’ income.

One of the major problems in Indian agriculture is low productivity, which
often results from limited access to modern technologies, inadequate irrigation
facilities, and inefficient use of resources such as water, fertilizers, and seeds.
Climate variability and unpredictable weather conditions also create serious
risks for farmers, leading to crop failures and financial losses. In addition, many
farmers face difficulties in accessing reliable markets where they can sell their
produce at fair prices. Limited market access and lack of proper storage and
transportation facilities further reduce their profitability. Traditional farming
practices in India often rely heavily on farmers’ experience and manual
observation. While these methods have been followed for generations, they
may not always provide accurate or timely information for effective decision-
making. Farmers frequently lack access to real-time data about weather
forecasts, soil health, pest attacks, and market prices. As a result, they may use
inputs inefficiently or fail to respond quickly to changing conditions, which
can lead to lower crop yields and higher production costs. In recent years, the
rapid development of digital technologies has created new opportunities to
address these challenges and improve agricultural practices. Digital agriculture
involves the use of advanced technologies such as Artificial Intelligence (Al), the
Internet of Things (IoT), satellite imaging, big data analytics, and mobile-based
applications in farming activities. These technologies help farmers collect and
analyse important information related to crop growth, soil moisture, weather
patterns, and market trends. By using this information, farmers can make more
informed decisions regarding irrigation, fertilizer use, pest control, and crop
management. The Government of India has also introduced several initiatives
to promote the use of digital tools in agriculture. Programs such as Digital India,
the e-NAM (National Agriculture Market) platform, and the PM-KISAN scheme
aim to improve farmers’ access to information, markets, and financial support.
Mobile-based advisory services and digital platforms provide farmers with
timely weather updates, modern farming techniques, and real-time market price
information.

REVIEW OF LITERATURE

The review of literature provides an understanding of previous studies, existing
knowledge, and research gaps related to the topic. It helps in developing a
strong theoretical foundation and guides the formulation of research objectives
and methodology. In the present study, the literature review focuses on the role
of digital technologies in agriculture, their impact on farm productivity and
farmers’ income, and the challenges associated with the adoption of digital tools
among farmers.
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FAO (2020): The Food and Agriculture Organization conducted a global study on
digital technologies in agriculture, focusing on developing countries including
India. The study analysed agricultural data, policy reports, and technology
adoption trends. It found that smallholder farmers produce nearly 80.00 percent
of the food in developing countries but face productivity challenges due to
limited access to modern technologies and information. The report highlighted
that digital tools such as mobile advisory services, satellite monitoring,
and precision farming can significantly improve agricultural productivity
and resource management. The study emphasised that digital technologies
help farmers make better decisions related to irrigation, crop management,
and market access. It recommended increasing investments in rural digital
infrastructure, improving farmer training programs, and promoting affordable
digital agricultural solutions.

World Bank (2019): The World Bank conducted a comprehensive study on
digital agriculture and its impact on productivity in developing countries. The
research analysed agricultural productivity data, digital technology adoption
rates, and policy initiatives in countries including India. The findings revealed
that digital technologies such as artificial intelligence, IoT sensors, and data
analytics can increase farm productivity by approximately 20.00 to 25.00 per
cent. The study also highlighted that digital tools help reduce production costs
and improve resource efficiency. Access to digital market platforms enables
farmers to obtain better price information and improve their bargaining power.
The report suggested strengthening digital infrastructure, supporting agri-
tech startups, and encouraging partnerships between governments and private
organisations to promote digital innovation in agriculture.

IFAD (2021): The International Fund for Agricultural Development researched
the role of precision agriculture in improving rural livelihoods. The study used
field surveys and project evaluations in developing countries including India.
It found that precision agriculture technologies such as soil sensors, GPS-based
monitoring, and automated irrigation systems significantly improve resource
efficiency. Farmers using these technologies were able to reduce fertiliser and
pesticide usage by nearly 15 per cent while maintaining or increasing crop
productivity. The research also highlighted that digital advisory services help
farmers adopt sustainable farming practices and adapt to climate variability.
The report recommended expanding farmer training programs and providing
financial support to help small farmers adopt digital agricultural technologies.

CGIAR (2020): The Consultative Group on International Agricultural Research
conducted a study on the impact of mobile-based advisory services on small
farmers in South Asia. The research used survey data from farmers participating
in digital extension programs. The findings indicated that digital advisory
services significantly improved farmers” knowledge about crop management,
pest control, and climate-related risks. Nearly 50 per cent of farmers reported
better decision-making after using mobile advisory services. The study also
found that digital platforms encouraged farmers to diversify crops and
adopt improved farming techniques. The report suggested expanding digital
agricultural extension services to reach more rural farmers and improving
mobile connectivity in remote agricultural regions.
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NABARD (2022): NABARD conducted a study on rural digital infrastructure
and agricultural technology adoption in India. The research analysed data
from rural household surveys and institutional reports. The study revealed
that digital technologies have the potential to increase agricultural productivity
and improve farmers’ income. However, adoption of digital agriculture tools
remains limited in many rural areas due to poor internet connectivity, low digital
literacy, and high technology costs. The study also noted that many farmers
lack awareness about digital platforms that provide agricultural information
and market servicess NABARD recommended improving rural broadband
infrastructure, promoting digital literacy programs, and encouraging public-
private partnerships to develop affordable agricultural technologies.

Ministry of Agriculture and Farmers Welfare (2023): The Ministry of Agriculture
and Farmers Welfare evaluated several digital agriculture initiatives in India,
including the e-NAM platform and mobile-based advisory services. The study
used government data on market transactions, farmer participation, and digital
platform usage. The findings revealed that the e-NAM platform has connected
more than 1,000 agricultural markets across the country, enabling farmers to
access better price information and improved marketing opportunities. Mobile
applications such as Kisan Suvidha provide farmers with weather forecasts,
crop advisory, and real-time market prices. The report suggested expanding
digital platforms, improving farmer awareness programs, and strengthening
digital infrastructure to increase the adoption of digital agriculture technologies.

Research Gap

Studies by FAO (2020), World Bank (2019), IFAD (2021), CGIAR (2020),
NABARD (2022), and the Ministry of Agriculture and Farmers Welfare (2023)
have highlighted the benefits of digital technologies in agriculture. However,
most studies focus on specific technologies or issues. Limited research provides
a comprehensive analysis of the overall impact of digital tools on agricultural
productivity, farmers’ income, and adoption challenges in India. Therefore,
the present study attempts to bridge this gap by examining the broader role of
digital technologies in agricultural development.

OBJECTIVES OF THE STUDY

The study is conducted with the following objectives:

e To examine the role of digital technologies in agriculture.

¢ To analyse their impact on agricultural productivity and farmers” income.

¢ Toidentify adoption challenges and suggest measures for promoting digital
agriculture.

RESEARCH METHODOLOGY

The study follows a descriptive research design and is based on secondary
data to examine the role of digital technologies in agriculture. The data has
been collected from government reports, international organizations, academic
journals, research articles, and agricultural surveys. The purpose is to analyse
how digital tools improve productivity, resource efficiency, and farmers’ income.
The study focuses on small and marginal farmers in India, who are the primary
beneficiaries of digital agriculture initiatives.
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Data Collection

The study is based on secondary data collected from government reports,
international organizations, academic journals, and agricultural surveys related
to digital agriculture and rural development. Key sources include the Ministry
of Agriculture and Farmers Welfare, FAO, World Bank, IFAD, and NABARD,
along with digital platforms such as e-NAM and Kisan Suvidha. These sources
provide comprehensive information on agricultural productivity, farmer
income, infrastructure, and adoption of digital technologies in India.

Data Analysis

The study uses percentage analysis, average (mean) analysis, descriptive
statistics, and comparative analysis to evaluate the impact of digital technologies
in agriculture. Percentage analysis is used to measure improvements in
productivity, input cost reduction, and adoption of digital tools. Average
analysis helps in understanding overall trends in crop yield and income. Bar
diagrams and pie charts are used for graphical presentation of data, where bar
diagrams show comparative changes in productivity and cost savings, and pie
charts represent the proportion of farmers adopting digital technologies. These
tools help in clearly interpreting the impact of digital agriculture on efficiency,
productivity, and farmers’ income.

Study Area

The study is focused on digital agriculture in India, with special emphasis on
small and marginal farmers. It examines the adoption and impact of digital
technologies such as IoT, Al, mobile applications, and satellite systems in
improving agricultural productivity and rural development.

Need of the Study

The study is needed to understand how digital technologies can improve
agricultural productivity, reduce costs, and increase farmers’ income. It also
highlights the challenges faced by farmers in adopting these technologies and
the need for effective strategies to promote digital agriculture in rural India.

Limitations of the Study

The study is based only on secondary data collected from reports and published
sources. It does not include primary field surveys or real-time data collection.
The findings are limited to available literature and may be influenced by the
accuracy and scope of the existing sources.

FINDINGS OF THE STUDY
Digital Technologies and Agricultural Productivity:

Digital technologies have a significant positive impact on agricultural
productivity in India. Tools such as IoT-based sensors, Al advisory systems,
satellite monitoring, and mobile applications help farmers make informed
decisions. These technologies improve irrigation management, optimize the use
of fertilizers and pesticides, and reduce input wastage. They also enable real-
time monitoring of soil conditions, weather, and crop health. As a result, farmers
achieve higher crop yields and better resource efficiency. Digital platforms further
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improve access to market information, reducing dependency on intermediaries.
Overall, digital agriculture enhances productivity, sustainability, and income
generation for farmers.

Table 1: Role of Digital Technologies in Agriculture

Digital Technology Level of Impact on Average Impact Score
Productivity (%) (1-5 Scale)

Mobile Applications (Weather, 70.00 42

Market Info)

IoT-based Sensors (Soil & 55.00 3.8
Irrigation)

Al Advisory Systems 50.00 3.6

Satellite Monitoring 45.00 3.4
Precision Farming Tools 60.00 4.0

Average 56.00 3.8

Source: FAO (2020), World Bank (2019), IFAD (2021), NABARD (2022), and Ministry of
Agriculture and Farmers Welfare (2023).

The table shows that mobile applications have the highest impact (70.00 percent)
on agricultural productivity due to easy accessibility and real-time information.
Precision farming tools and IoT sensors also show significantimpact with average
scores above 3.8. Satellite monitoring has comparatively lower adoption (45.00
percent) but remains important for risk detection and climate management.

m Mobile Applications (Weather,

Market Info)
m IoT-based Sensors (Soil &

Irrigation)
AT Advisory Systems
Satellite Monitoring

m Precision Farming Tools

= Average

Figure 1.1 Digital Transformation and Its Role in Agricultural Development
The pie diagram shows that mobile applications (21.00 percent) have the highest
usage in agriculture, followed by precision farming tools (18.00 percent), IoT-
based sensors (16.00 percent), and Al advisory systems (15.00 percent). Satellite
monitoring (13.00 percent) has the lowest share.

Overall, mobile-based technologies dominate digital agriculture usage.
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Economic and Productivity Impact of Digital Technologies in Agriculture

Digital technologies have a significant positive impact on agricultural
productivity and farmers’ income. Tools such as mobile applications, IoT sensors,
Al advisory systems, satellite monitoring, and precision farming help farmers
improve decision-making and resource management. These technologies
increase crop yield by optimizing the use of water, fertilizers, and pesticides.
They also reduce production costs and minimize wastage of resources. Access
to real-time weather and market information helps farmers get better prices for
their produce. Overall, digital agriculture enhances efficiency, productivity, and
income levels of farmers in India.

Table 2: Impact of Digital Technologies on Agricultural Productivity and
Farmers’ Income

Indicator Improvement Level (%) | Average Score (1-5 Scale)
Increase in Crop Productivity 68.00 4.1
Reduction in Input Costs 62.00 3.9
Increase in Farmers’ Income 65.00 4.0
Improvement in Market Access 70.00 4.3
Resource Efficiency 66.00 4.0
Average 66.20 4.1

Source: FAO (2020), World Bank (2019), IFAD (2021), NABARD (2022), and Ministry of
Agriculture and Farmers Welfare (2023).

The table indicates that digital technologies significantly improve market access
(70.00) and crop productivity (68.00), followed by farmers” income (65.00). The
average scores also show strong positive impact across all indicators, with
market access receiving the highest score (4.1), reflecting better price realization
and reduced dependency on intermediaries.
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Figure 1.2 Impact of Digital Technologies on Agricultural Productivity Indicators

The bar diagram shows that market access (70.00 per cent) has the highest
impact of digital technologies, followed by crop productivity (68.00 per cent)
and resource efficiency (66.20 per cent).
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Farmers’ income (65.00 per cent) and reduction in input costs (62.00 per cent)
also show improvement. Overall, the diagram indicates that digital technologies
significantly enhance productivity, efficiency, and income in agriculture.

Key Challenges and Policy Measures for Promoting Digital Agriculture in
India

The adoption of digital technologies in agriculture faces several challenges
in India. The major barriers include low digital literacy among farmers, poor
internet connectivity in rural areas, and the high cost of digital tools. Limited
access to smartphones and lack of awareness about digital platforms also restrict
adoption. Despite these challenges, digital agriculture has strong potential to
improve productivity and income. To promote adoption, there is a need to
strengthen rural digital infrastructure and provide affordable technologies.
Training programs and awareness campaigns can help improve farmers’ digital
skills. Government support and public—private partnerships are also essential to
ensure wider use of digital agriculture tools.

Table 3: Adoption Challenges in Digital Agriculture

Indicator Prevalence Level (%) | Average Severity Score (1-5 Scale)
Low Digital Literacy 45.00 42
Poor Internet Connectivity 40.00 4.1
High Cost of Technology 60.00 4.3
Lack of Awareness 50.00 4.0
Limited Access to Devices 35.00 3.8

Source: FAO (2020), World Bank (2019), IFAD (2021), NABARD (2022), and Ministry of
Agriculture and Farmers Welfare (2023).

The table shows that high cost of technology (60.00 per cent) is the most
significant barrier to the adoption of digital agriculture, followed by lack of
awareness (50.00 percent) and low digital literacy (45.00 percent). Poor internet
connectivity and limited access to devices also remain major constraints.

u Low Digjtal Literacy u Poor Internet Connectivity
u High Cost of Technology Lack of Awareness

u Limited Access to Devices
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Figure 1.3 Major Challenges in Adoption of Digital Agriculture Technologies in India

The average severity scores indicate that all challenges have a strong impact on
adoption, with cost-related barriers being the most critical
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Figure 1.3 shows the major challenges in adopting digital agriculture
technologies. The highest barrier is high cost of technology (60.00 percent),
followed by lack of awareness (50.00 percent) and low digital literacy (45.00
percent). Poor internet connectivity (40.00 percent) and limited access to devices
(35.00 percent) also restrict adoption. Overall, the bar diagram highlights that
financial and infrastructural issues are the main challenges in promoting digital
agriculture in India.

PROBLEMS AND SUGGESTIONS
PROBLEMS

Despite the advantages of digital agriculture, several barriers limit its adoption:

e Low Digital Literacy Among Farmers: Low digital literacy is a major barrier
to adopting digital agriculture in India. Many farmers lack the skills to use
mobile apps, Al tools, and online platforms, which reduces productivity and
income. Training and awareness programs are needed to improve digital
skills.

e Poor Internet Connectivity in Rural Areas: Weak internet connectivity in
rural areas limits access to digital services like weather updates, market
prices, and advisory systems. This digital gap prevents farmers from fully
benefiting from digital agriculture. Strong rural internet infrastructure is
essential.

e High Cost of Digital Equipment: High cost of technologies like IoT sensors
and Al systems restricts adoption among small farmers. Many cannot afford
these tools despite their benefits. Subsidies, loans, and shared-use models
are needed to reduce financial burden.

e Lack of Awareness and Training: Many farmers are unaware of digital
tools and government platforms. Lack of training reduces effective use
of technologies in farming activities. Awareness programs and hands-on
training are necessary for better adoption.

¢ Limited Access to Smartphones and Devices: Many rural farmers do not
have smartphones or digital devices, limiting access to online agricultural
services. This reduces the effectiveness of digital farming initiatives.
Affordable devices and shared digital centers can help solve this issue.

SUGGESTIONS

¢ Strengthen Rural Digital Infrastructure: Improving internet and mobile
connectivity in rural areas is essential for digital agriculture. Better
infrastructure will help farmers access real-time information and improve
decision-making. It will also increase productivity and income.

e Improve Digital Literacy: Training programs should be provided to farmers
to improve their digital skills. This will help them use mobile apps, IoT tools,
and advisory systems effectively. It will increase efficiency and farm income.

e Develop Affordable Digital Tools: Digital tools should be made affordable
for small farmers.

Shared equipment models and subsidies can help reduce costs. This will
improve adoption of modern farming technologies.
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* Increase Government Support: Government subsidies and financial support
are needed to promote smart farming tools. This will help farmers adopt
advanced technologies and improve productivity and income.

¢ Promote Public-Private Partnerships: Collaboration between government
and private companies can improve innovation in agriculture. It helps
provide affordable tools, training, and better technology access to farmers.

LIMITATIONS OF THE STUDY

¢ The study is based only on secondary data collected from various reports
and publications.

e It does not include primary field surveys or direct responses from farmers.
¢ The findings depend on the accuracy and availability of existing literature.

* Thestudyislimited to digital agriculture in India and may not fully represent
global conditions.

¢ Differences in data reporting across different sources may affect consistency.

e Rapid changesin digital technologies may influence the relevance of findings
over time.

* Despite these limitations, the study provides useful insights into digital
agriculture trends.

CONCLUSION

Digital technologies play animportantroleinimproving agricultural productivity,
efficiency, and farmers’ income in India. Tools such as mobile applications, IoT
sensors, Al systems, and satellite monitoring support better decision-making
and resource management. These technologies help reduce costs, increase crop
yield, and improve market access. Government initiatives have further promoted
digital adoption in agriculture. However, challenges such as low digital literacy,
poor internet connectivity, and high costs still exist. Strengthening infrastructure
and providing training can improve adoption. Overall, digital agriculture has
strong potential for sustainable rural development in India.
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