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ABSTRACT KEYWORDS
Digital agriculture is fundamentally transforming farming and helping | Digital  agriculture,
to reduce poverty in rural areas, which is particularly important for | sensors, robotics,

developing countries. Innovations driving these changes include
blockchain, artificial intelligence (Al), precision agriculture,
automation, livestock technologies, indoor vertical farming, and other
advanced technologies. Mobile devices further enhance efficiency and
accessibility. Digital agriculture offers numerous benefits: improved
monitoring and observation, optimized decision-making, effective
communication, time and cost savings, enhanced operational efficiency
through specialized software, as well as increased productivity and
income.

drones, blockchain

Introduction

Throughout history, three major revolutions in agriculture have fundamentally transformed the tools
and methods used for food production. After the first revolution, humans shifted from a hunter-gatherer
lifestyle to settled agriculture, engaging in crop cultivation and livestock rearing. During the second
revolution, mechanization was introduced through tractors and combines. These machines reduced
manual labor and increased production, making processes such as planting, harvesting, and land
cultivation more efficient and fundamentally changing agricultural techniques. The third revolution
brought agrochemical inputs, such as fertilizers and pesticides, as well as advances in genetic
engineering. These methods aimed to maximize plant characteristics, increase yield, and enhance pest
resistance.

The development of digital agriculture represents the next major transformation, fundamentally
modernizing the agricultural sector. This transformation requires the integration of advanced
technologies to improve production, sustainability, and efficiency across the entire agricultural value
chain. Drones are a crucial tool in digital agriculture, alongside other technologies such as robotics,
artificial intelligence (Al), and sensors. Drones enhance data collection, storage, and analysis,
providing deep insights into agricultural decision-making. They can gather information on crop
conditions, livestock movement, and environmental factors, enabling farmers to anticipate future
conditions and respond accordingly.
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In summary, digital agriculture represents the fourth industrial revolution in farming. Technologies
such as robotics, Al, and drones empower data-driven decision-making, simplify operations, and
improve connectivity across the supply chain, shaping the future of farming.

The significance of digital technologies in agriculture. Various sectors of agriculture, including
fertilizers, pesticides, seed technologies, automation, irrigation systems, and transportation networks,
have experienced significant development due to technological advancements. These innovations have
been crucial in increasing agricultural productivity, improving the quality of food and fiber, reducing
the reliance on human labor, and achieving food self-sufficiency. Compared to traditional agricultural
practices, digital agriculture offers numerous advantages in enhancing efficiency and sustainability.
By utilizing digital tools, mobile solutions, machine learning, and Internet of Things (IoT)
technologies, the agricultural sector can derive significant benefits. Digital agriculture provides a wide
range of advantages, including:

Improved Communication and Connectivity:

a) Enhanced Collaboration: Digital platforms and mobile applications enable farmers to connect more
effectively with experts, suppliers, and markets. This facilitates knowledge sharing and exposure to
best practices.

b) Real-Time Updates: Farmers can receive timely information on weather conditions, pest outbreaks,
and market prices, which supports more informed decision-making.

Improved Monitoring and Decision-Making:

a) Precision Agriculture: Technologies such as drones, satellite imagery, and soil sensors provide
detailed information on crop conditions, soil characteristics, and resource usage. This enables precise
application of water, fertilizers, and pesticides, improving resource efficiency and reducing waste.

b) Predictive Analytics: Al-based models can forecast crop yields, identify potential issues, and
recommend optimal planting and harvesting times, leading to better planning and resource
management.

Time and Cost Savings:

a) Automation: Automated equipment and robotic systems perform tasks such as planting, weeding,
and harvesting faster and more accurately than manual labor, reducing labor costs and increasing
efficiency.

b) Efficient Resource Utilization: Digital tools enable optimal use of resources such as water and
fertilizers, lowering costs and minimizing environmental impact.

Operatsion samaradorlikni oshirish:

a) Magsadli qo‘llanish: Aniqlik bilan ishlaydigan vositalar dehqonlarga resurslarni faqat kerakli
joylarda qo‘llash imkonini beradi, bu samaradorlikni oshiradi va isrofni kamaytiradi. Masalan,
o‘zgaruvchan dozali texnologiya tuproqning ozuqa darajasiga asoslangan holda o‘g‘itlarni aniq
go‘llash imkonini beradi.

Page |79 www.americanjournal.org



American Journal of Technology and Applied Sciences
43, December - 2025

b) Jarayonlarni soddalashtirish: Raqamli hisob-kitob va fermani boshqarish dasturlari ma’muriy
vazifalarni yengillashtiradi, hujjatlarni yuritish va tartibga rioya qilish uchun sarflanadigan vaqt va
kuchni kamaytiradi.

Increased Productivity and Profit:

a) Yield Improvement: Enhanced monitoring and precise resource application lead to healthier crops
and higher yields. Modern breeding techniques and genetically modified crops also contribute to
increased efficiency.

b) Market Access: Digital platforms connect farmers directly with buyers, reducing intermediaries and
increasing profit margins.

Better Marketing Strategies:

a) Data-Driven Marketing: Farmers can analyze data to understand market trends, consumer
preferences, and price fluctuations, allowing them to adjust marketing strategies accordingly.

b) E-Commerce Platforms: Online marketplaces provide farmers with access to a broader customer
base, increasing sales opportunities and reducing reliance on local markets.

Real-Time Access to Information:

a) Weather and Climate Data: Access to accurate weather forecasts and climate information helps
farmers plan activities and mitigate risks associated with adverse weather conditions.

b) Market Prices: Real-time price updates enable farmers to make informed decisions about when and
where to sell their products.

Simplified Record-Keeping:

a) Digital Records: Electronic record-keeping simplifies tracking of inputs and outputs, financial
transactions, and resource usage, providing accurate and easily accessible data.

b) Regulatory Compliance and Reporting: Automated systems ensure adherence to regulatory
requirements and facilitate reporting for certifications and subsidies.

Improved Risk Management:

a) Insurance and Financing: Digital tools facilitate access to crop insurance and financing options,
helping farmers manage financial risks and invest in operations.

b) Early Warning Systems: Modern monitoring systems provide early alerts for pests, diseases, and
other potential threats, enabling timely interventions. By leveraging these digital tools, agriculture
becomes more sustainable, efficient, and resilient, surpassing traditional methods and paving the way
for more productive and prosperous futures.

Components of Digital Agriculture:

Agriculture is undergoing significant transformation, with digital technologies driving innovations
across multiple sectors. Key digital technologies in agriculture include:

a) Internet of Things (IoT): 10T is a network of sensors and devices that collect and transmit data. In
agriculture, loT enables monitoring of temperature, soil moisture, and other environmental parameters.
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Farmers can use this information to make informed decisions regarding crop health, pest management,
and irrigation.

b) Agricultural Sensors: Wireless sensors provide data that farmers can use to optimize crop
management based on environmental conditions. Sensors help assess airflow, measure moisture,
monitor nutrients, analyze soil, and track precise locations. Using sensors, farmers can save labor and
pesticide costs, apply fertilizers efficiently, increase yield, and protect the environment.

c¢) Robotics and Automation: Robotic systems are increasingly used for planting, harvesting, and weed
control. These technologies improve precision and efficiency, reduce labor costs, and lighten the
physical workload of farmers.

d) Remote Sensing and Satellite Imaging: Remote sensing and satellite imaging technologies provide
accurate, real-time information about crop health, weed presence, and soil moisture. This data assists
farmers in monitoring crop growth, detecting diseases, and optimizing irrigation practices.

e) Precision Agriculture: This component uses GPS, GIS, and data analytics to optimize farm
operations. Farmers can create detailed field maps, apply fertilizers and pesticides precisely, monitor
crop variability, maximize yield, and minimize resource waste.

f) Farm Management Software: Farm management applications help farmers simplify operations,
manage inventory, monitor equipment maintenance, and oversee financial aspects. These tools
enhance efficiency and support data-driven decision-making.

g) Blockchain Technology: Blockchain provides secure and transparent data management and
transaction tracking. In agriculture, blockchain can improve product traceability, supply chain
management, and food safety by recording and verifying every stage of production, processing, and
distribution.

h) Big Data Analytics: Big data analytics involves analyzing large and complex datasets to extract
useful insights. In agriculture, this technology supports crop modeling, weather forecasting, market
trend analysis, and supply chain optimization.

1) Drones: Drones are widely used in agriculture, particularly in China, where they monitor millions
of hectares of cotton fields. Drones provide valuable data that is otherwise difficult to obtain, helping
determine optimal harvest timing, monitor irrigation needs, manage pests, and perform other critical
tasks.
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