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Abstract: The integration of Internet of Things (loT) and
Arduino microcontrollers has improved modern agriculture
by enabling smart and efficient farming practices. 10T sensors
and Arduino-based systems help monitor environmental
conditions, automate irrigation, and improve crop
management in real time. Studies show that smart irrigation
systems save water and increase crop productivity while
reducing labor and operational costs. Sensors such as soil
moisture, temperature, humidity, pH, and rainfall sensors
support precise farming. loT platforms allow remote
monitoring and better decision-making for farmers.
However, challenges such as power supply, internet
connectivity, and farmer training remain. Future
technologies like artificial intelligence, drones, edge
computing, and advanced communication networks are
expected to further improve smart agriculture. Overall, 10T
and Arduino provide an affordable and sustainable solution
for efficient farming and food security [1], [2], [5], [6], [7], [8],
[91.[10], [11], [12], [14].
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1. INTRODUCTION

Smart agriculture with the integration of 10T and
Arduino has emerged as an effective solution to address the
growing challenges in modern farming. With the rapid
increase in global population, food production must
significantly increase to meet future demands, while
traditional agriculture faces problems such as water
scarcity, labor shortages, climate change, inefficient
irrigation, crop diseases, soil degradation, and high
operational costs. Smart agriculture refers to the use of
modern technologies such as sensors, 10T, automation, and
data analytics to improve farming efficiency, productivity,
and sustainability. 1oT plays an important role in
agriculture by enabling real-time monitoring of
environmental parameters such as soil moisture,
temperature, humidity, rainfall, and light intensity, while
also supporting automated control of irrigation, ventilation,
and lighting systems. Farmers can remotely access
agricultural data and make better decisions based on real-
time monitoring, reducing resource wastage and improving

crop management. Arduino is widely preferred in
agriculture because it is affordable, easy to program,
energy-efficient, and capable of connecting multiple
sensors and devices, making it especially suitable for
small-scale farmers and remote farming areas. Smart
agriculture systems help overcome challenges related to
water management, labor shortages, pest and disease
monitoring, and nutrient management while improving
productivity and reducing costs. This review focuses on
analyzing 10T and Arduino technologies in agriculture,
studying monitoring systems, sensors, automation
methods, and control strategies, while also identifying
implementation challenges and exploring  future
developments for more efficient and sustainable farming
systems [7], [8], [9].
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ngﬁge cy. place through networks such as Wi-Fi, Bluetooth, Zigbee,
' GSM, and LoRaWAN. The collected data is stored and
processed on cloud platforms for monitoring and analysis.
At the end users can monitor and control the system
through user interfaces such as mobile applications,
websites, and dashboards. [5], [6], [10], [14], [21]
B. Arduino
An Arduino system mainly consists of a
microcontroller board, Arduino IDE, and input/output
devices. Common Arduino boards include Arduino Uno,
Arduino Nano, and Arduino Mega. The Arduino IDE is
software used to write, compile, upload programs, and
monitor communication with the board. Input devices such
as sensors, push buttons, and keypads provide data to the
system, while output devices like LEDs, motors, relays,
LCD displays, and buzzers perform actions based on
programmed instructions. [5], [6], [10], [14], [21]
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V. APPLICATION OF IOT TECHNOLOGY
A. Smart Irrigation System

Smart irrigation systems use 10T sensors to monitor soil
moisture, temperature, humidity, weather conditions,
sunlight, wind speed, and rainfall in real time. The
collected data is wirelessly transmitted to a cloud-based or
central control system, where algorithms analyze it to
determine the exact water requirements of crops based on
factors such as soil type, growth stage, and weather
conditions. These systems automatically manage
irrigation, ensuring precise water distribution while
reducing manual effort. As a result, smart irrigation
improves water conservation, minimizes wastage, reduces
labor, and enhances crop productivity by providing crops
with the right amount of water at the right time [1], [2], [4].
[10], [24]

B. Precision farming

Precision farming uses loT sensors, drones, and data
analytics to monitor crop health and improve farm
management. Drones equipped with cameras and sensors
collect aerial data on crop growth, pest infestations,
nutrient levels, temperature, and plant health. This
information is processed using machine learning and
advanced algorithms to detect problems such as diseases,
nutrient deficiencies, and pest attacks. Based on the
analysis, farmers can take targeted actions, such as
applying the right amount of fertilizer or controlling pests
in specific areas. Precision farming increases crop yield,
reduces costs, minimizes the use of water, fertilizers, and
chemicals, supports environmental protection [4], [13],
[18], [20], [28].

C.Crop and Soil Monitoring

10T sensors enable real-time monitoring of soil conditions
such as pH, nutrient levels, moisture, temperature,
humidity, and light intensity. Data collected from field
sensors is wirelessly sent to a central system, where
advanced analytics help farmers make informed decisions
about soil fertility, irrigation, crop rotation, fertilizer use,
and disease prevention. By monitoring nutrients like
nitrogen, phosphorus, and potassium, farmers can apply
fertilizers accurately, improving crop growth while
reducing waste and environmental impact. These crop and
soil monitoring systems support precision agriculture by
helping farmers optimize resources, improve food quality,
reduce costs, and promote sustainable farming [8], [9],
[24], [25], [28].

D. Smart Greenhouses

Smart greenhouse systems use l0T sensors to monitor and
control environmental factors such as temperature,
humidity, light intensity, and CO: levels to create optimal
conditions for plant growth. These sensors send real-time
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data to a central system that automatically adjusts
greenhouse conditions, such as activating cooling systems,
dehumidifiers, or supplementary lighting when needed.
IoT technology also regulates CO: levels to improve
photosynthesis and crop growth. As a result, smart
greenhouses enhance food production and crop quality,
support year-round cultivation, conserve energy, improve
resource efficiency, and allow farmers to remotely monitor
and manage greenhouse conditions [4], [12], [24], [28]

E. Agricultural drones

Agricultural drones use cameras, sensors, GPS, and GIS
technology to capture high-resolution aerial images and
data for monitoring crops and mapping fields. These
drones help farmers assess crop health, detect crop stress,
track growth, identify weeds, and monitor field conditions.
The collected data supports better crop management
decisions, including precise application of fertilizers and
pesticides, reducing wastage and environmental impact.
Drone-based farming is faster, more accurate, and saves
time and labor by automating tasks. [13], [20], [24], [28]

F. Pest and Disease Management

loT technologies such as smart traps, cameras, and sensors
are used in agriculture to monitor crops and detect pests
and diseases at an early stage. These devices are installed
in fields to continuously observe crop conditions and
identify harmful insects or plant diseases. When pests or
diseases are detected, the system immediately sends alerts
to farmers so that they can take quick action. The collected
information is analyzed using data analytics and machine
learning techniques to understand the type, severity, and
spread of infestations. Based on this analysis, farmers can
apply suitable control methods, such as using biological
agents, releasing beneficial insects, or applying pesticides
only where required. This reduces excessive chemical use,
lowers crop damage, and protects beneficial insects and the
environment. In addition, 10T systems store historical data
that helps farmers make better decisions about crop
rotation, planting schedules, and selecting disease-resistant
crop varieties. Overall, loT-based pest and disease
monitoring improves crop health, reduces losses, increases
productivity, and supports sustainable farming [18], [20],
[27].

VII. CONCLUSION

10T and Arduino are making farming smarter and easier
by helping farmers monitor soil, weather, and crops in real
time. These technologies help save water, reduce hard
work, improve farming decisions, and increase crop
production through automatic systems. Arduino devices
are low-cost and simple to use, making them useful for
farmers. Although problems like poor internet, power
issues, and lack of technical knowledge exist, future
technologies such as Al, drones, and smart networks will
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make farming more efficient and environmentally
friendly.
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