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Abstract - Agriculture remains the backbone of human civilization, but modern farming faces challenges such
as climate change, water scarcity, and soil nutrient imbalance. Traditional irrigation methods often lead to water
wastage, while the lack of real-time monitoring limits efficiency. This paper presents a Smart Agriculture
System that integrates IoT-based sensors, automated irrigation, and real-time nutrient analysis to enhance
sustainability and productivity. The system employs soil moisture sensors, TDS sensors, temperature and
humidity sensors (DHT11), and a Wi-Fi-enabled microcontroller for continuous monitoring. Automated
irrigation is triggered only when required, minimizing water usage, while TDS sensors ensure safe water
quality. Environmental monitoring is supported by DHT11, and an integrated NPK sensor measures essential
nutrients nitrogen, phosphorus, and potassium to maintain soil fertility. Sensor data is transmitted to a cloud-
based dashboard, providing remote access, real-time analysis, and automation. This integrated approach enables
smarter decision-making, efficient resource management, and sustainable farming practices.

Keywords: Smart agriculture, IoT sensors, Automated irrigation, Soil nutrient monitoring, Cloud-based
dashboard, Sustainable farming, Precision agriculture, Farm automation.

1. INTRODUCTION

Agriculture has always been the backbone of human civilization, but modern challenges such as climate change,
and water scarcity have created a pressing need for innovation in farming practices. Traditional irrigation
methods often lead to excessive water usage, while the lack of real-time monitoring makes it difficult for
farmers to optimize resource consumption. Additionally, soil nutrient imbalance is a major concern, as it
directly affects crop yield and quality. To address these problems, this paper presents a Smart Agriculture
System that integrates IoT-based sensors, automated irrigation, and real-time soil nutrient analysis to improve
farming efficiency and sustainability.

The proposed system consists of multiple hardware components, including soil moisture sensors, NPK sensors,
TDS sensors, temperature and humidity sensors (DHTI11), and a Wi-Fi-enabled microcontroller. These
components work together to provide real-time monitoring and automated responses. The soil moisture sensor
ensures irrigation is activated only when needed, reducing water wastage. A TDS sensor monitors water quality,
preventing the use of contaminated water for irrigation. Additionally, a DHT11 sensor tracks temperature and
humidi ing farmers make informed decisions regarding crop health and irrigation.

—

Fig. 1.1 Smart Agriculture System
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2. ADVANTAGES OF SMART FARMING SYSTEM

2.1 Automated Irrigation & Water Conservation
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The system prevents overwatering and under watering using a soil moisture sensor, reducing water wastage and
optimizing soil hydration. A TDS sensor ensures only clean water is used for irrigation, and rainwater
harvesting integration reduces dependence on groundwater.

2.2 Real-Time Soil Nutrient Monitoring

The NPK sensor provides real-time nitrogen (N), phosphorus (P), and potassium (K) levels, helping farmers
apply fertilizers efficiently, prevent overuse, and maintain soil health.

2.3 Increased Productivity & Cost Efficiency

Automated monitoring reduces labour costs, optimizes water and fertilizer use, and ensures higher crop yield
through precision farming techniques.

2.3 Sustainable & Eco-Friendly Farming

By integrating water conservation, optimized fertilization, and automation, the system promotes
environmentally friendly farming, reducing chemical pollution and improving long-term soil fertility.

3. METHODOLOGY

The Smart Agriculture System is a technologically advanced farming solution that integrates IoT (Internet of
Things), automation, and Al-driven analytics to optimize farming practices. By combining real-time
environmental monitoring, automated irrigation this system enhances efficiency, sustainability, and productivity
in modern agriculture.

At the core of this system is a network of smart sensors and controllers that work together to collect, analyze,
and respond to environmental conditions. The ESP8266 Node MCU serves as the central processing unit,
enabling seamless communication between sensors, actuators, and the cloud-based monitoring system. The
think speak mobile application is used to provide farmers with real-time access to farm data, allowing them to
make informed decisions and remotely control various farm operations.

3.1 Data Collection and Sensor Integration

The system relies on a variety of IoT sensors to continuously monitor essential farming parameters. Soil
moisture sensors assess water levels in the soil, ensuring optimal irrigation to prevent overwatering or drought
conditions. DHT11 sensors measure temperature and humidity, providing valuable insights into climate
conditions that can impact crop growth. Additionally, NPK sensors analyze the concentration of nitrogen (N),
phosphorus (P), and potassium (K) in the soil, enabling precise fertilizer management to enhance soil fertility
and maximize yield.

A TDS (Total Dissolved Solids) sensor evaluates water quality, ensuring that irrigation water is free from
harmful contaminants. To further improve efficiency, ultrasonic sensors are installed in water storage units to
monitor water levels, preventing wastage and ensuring adequate supply for irrigation.

The integration of these sensors allows the system to make real-time adjustments based on environmental
conditions. If soil moisture levels drop below a threshold, the relay module activates the irrigation system,
supplying water only when needed. Similarly, if the NPK sensor detects nutrient deficiencies, the system can
recommend appropriate fertilizer applications through the Think Speak dashboard.

3.2 Automated Irrigation and Water Management

One of the most crucial aspects of the Smart Agriculture System is its intelligent irrigation mechanism, which
optimizes water usage and reduces manual intervention. The system uses sensor-driven automation, where the
ESP8266 NodeMCU continuously monitors soil moisture, humidity, and temperature levels.
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Fig. 3.1 Smart Pump Operation
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When the moisture sensor detects that the soil is too dry, the relay-controlled motor pump is automatically
activated to irrigate the crops. Once the desired moisture level is reached, the pump is turned off, preventing
excessive water usage. This dynamic control system ensures that crops receive adequate hydration without
wasting water, making irrigation highly efficient and sustainable.

To enhance water conservation, the system includes a rainwater harvesting integration feature. If rainfall is
detected, the irrigation system temporarily pauses water distribution, prioritizing the use of natural precipitation
before utilizing stored water. The ultrasonic sensor in water storage tanks continuously monitors available water
levels, providing alerts when refilling is required.

3.3 AI-Powered Soil Nutrient Analysis

Traditional farming often suffers from excessive or insufficient fertilizer application, which can lead to soil
degradation or reduced crop productivity. The Smart Agriculture System addresses this problem using an NPK
sensor, which measures the exact nutrient composition of the soil.

The ESP8266 microcontroller collects real-time nutrient data from the NPK sensor and analyzes it using
machine learning-based algorithms. Based on past soil conditions, weather patterns, and crop type, the system
recommends precise fertilizer application through the Think Speak app. This Al-driven approach ensures
optimal soil health, prevents over-fertilization, and enhances sustainable farming practices.

By continuously monitoring soil conditions and adapting fertilization strategies accordingly, farmers can
maximize yield while minimizing waste, leading to higher profitability and reduced environmental impact.
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Fig. 3.2 NPK Sensor
3.4 Cloud Connectivity and Remote Monitoring

One of the most significant advantages of the Smart Agriculture System is its cloud-based remote monitoring
and control feature. The system is designed to seamlessly connect to the internet using the ESP8266 NodeMCU,
allowing farmers to access real-time data from anywhere in the world.
The Think Speak app serves as the user interface, displaying sensor readings, irrigation statusin a graphical and
intuitive format. Through the app, farmers can:

» Monitor soil moisture, temperature, and nutrient levels in real time.

»  Control irrigation pumps remotely.

»  Receive instant alerts if water levels drop, soil nutrients deplete.

»  Analyze historical data trends to make informed farming decisions.
This cloud connectivity makes the system highly flexible, scalable, and accessible, allowing farmers to respond
proactively to cha_r1g£1§ farm conditions.

Fig. 3.3 Smart Agriculture System
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4. LITERATURE REVIEW

The evolution of smart agriculture has been driven by technological advancements in IoT, artificial intelligence
(Al), machine learning (ML), and cloud computing. Traditional farming methods, which relied heavily on
manual labor and unpredictable environmental conditions, are being replaced by precision agriculture
techniques that use real-time data analysis and automation to optimize irrigation, fertilization, and crop health
monitoring.

This section reviews various studies and innovations in IoT-based smart farming that have contributed to
modernizing agriculture, improving efficiency, sustainability, and productivity.
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4.1 IoT and Al in Precision Agriculture (Springer, Elsevier, IEEE Xplore)

» Techniques: Imagine having a digital assistant constantly tracking your farm’s vital signs—monitoring
soil moisture, temperature, and nutrient levels in real time. This research integrates IoT sensors, Al-
driven analytics, and cloud computing to provide farmers with actionable insights for better decision-
making.

> Application: It’s like having a GPS for your crops, guiding farmers to optimize irrigation and
fertilization schedules based on real-time data.

» Advanced Features: Al-based weather prediction algorithms help forecast extreme climate conditions,
allowing farmers to take preventive measures.

4.2 IoT-Enabled Smart Irrigation Systems (International Research Journal of Engineering and
Technology - IRJET)

» Techniques: Picture an automated irrigation system that responds dynamically to soil moisture levels,
temperature, and weather forecasts. loT-based soil moisture sensors, wireless sensor networks (WSN),
and edge computing algorithms work together to optimize water usage and improve crop yield.

» Application: Functions like a smart irrigation planner, ensuring crops receive the right amount of
water at the right time, reducing water wastage by up to 50%.

» Advanced Features: Remote control via mobile applications allows farmers to monitor and manage
irrigation schedules from anywhere in the world.

4.3 Al-Powered Soil Nutrient Monitoring and Fertilization (Science Direct, Frontiers in Agronomy)

» Techniques: The integration of NPK sensors, machine learning algorithms, and predictive analytics
allows for real-time monitoring of soil nutrients, ensuring optimal fertilization strategies.

» Application: Think of it as an Al-powered nutritionist for crops, analyzing soil conditions and
recommending precise fertilizer quantities to avoid overuse or deficiency.

» Advanced Features: Cloud-based dashboards and automated nutrient distribution systems enable
farmers to make data-driven fertilization decisions, improving soil health and crop productivity.

4.4 Weather-Based Crop Disease Prediction Using IoT and AI (Turcomat Journal, ResearchGate)

» Techniques: 10T sensors combined with Al-driven image processing and big data analytics enable
early detection of plant diseases, preventing crop losses.

» Application: Functions like an Al-powered doctor for crops, diagnosing plant infections by analyzing
leaf images and recommending treatment plans.

» Advanced Features: Edge computing technology processes disease data locally, ensuring quick
identification and response without relying on cloud connectivity.

5. APPLICATIONS

> Precision Farming — Optimizes crop management by providing real-time insights on soil conditions,
weather patterns, and plant health.

Automated Irrigation — Uses soil moisture sensors to control water distribution, reducing wastage and
ensuring efficient water usage.

Smart Fertilization — Monitors nitrogen (N), phosphorus (P), and potassium (K) levels in the soil and
suggests precise fertilizer applications to improve yield.

Crop Disease Detection — Al-powered image recognition analyzes leaf conditions to detect early signs
of diseases, allowing timely intervention.

Livestock Health Monitoring — Tracks body temperature, movement, and feeding patterns using loT
sensors, preventing disease outbreaks.

Greenhouse Automation — Maintains optimal temperature, humidity, and lighting conditions inside
greenhouses through automated climate control systems.

CONCLUSION

The Smart Agriculture System integrates IoT, Al, and automation to revolutionize farming by optimizing
irrigation, fertilization and crop health monitoring. By leveraging real-time sensor data, Al-driven analytics, and
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cloud-based remote management, farmers can make informed decisions, reduce resource wastage, and enhance
productivity. Precision farming, automated irrigation, and Al-powered disease detection ensure sustainability
and efficiency. Additionally, blockchain and drone technology further enhance agricultural transparency and
monitoring. With continuous advancements, this system has the potential to transform global agriculture,
making it smarter, more sustainable, and resilient against climate challenges while improving food security and
profitability.

FUTURE SCOPE

The Smart Agriculture System is continuously evolving with advancements in IoT, Al, robotics, and cloud
computing, offering vast potential for future innovations. One major development is the integration of Al-driven
predictive analytics, which will allow farmers to anticipate crop diseases, pest infestations, and soil health
variations with greater accuracy. Machine learning models will enhance yield prediction, optimizing harvest
schedules based on historical data and weather conditions.

The use of autonomous drones and robotic systems for precision spraying, seeding, and harvesting will further
reduce manual labour and enhance efficiency. Block chain technology can improve supply chain transparency,
ensuring authenticity and traceability of agricultural products from farm to market. Additionally, smart irrigation
systems will evolve with adaptive water distribution mechanisms, using Al to adjust water flow based on
climatic conditions and real-time soil data.

Furthermore, 5G connectivity will enhance real-time monitoring and automation, making smart farming more
accessible in remote areas. Renewable energy integration, such as solar-powered irrigation systems, will support
sustainable agricultural practices. With ongoing technological advancements, smart farming will become more
autonomous, data-driven, and environmentally sustainable, ensuring higher productivity, reduced resource
consumption, and global food security.

REFERENCES

[1] Vyas, M., Vardia, M., Kumar, V., Vyas, S., Joshi, Y. (2022). Power Quality Improvement by Using
STATCOM for DFIG-Based Wind Energy Conversion System. In: Bansal, R.C., Zemmari, A., Sharma,
K.G., Gajrani, J. (eds) Proceedings of International Conference on Computational Intelligence and
Emerging Power  System.  Algorithms for Intelligent Systems. Springer, Singapore.
https://doi.org/10.1007/978-981-16-4103-9 22.

[2] Shripati Vyas, Raunak Jangid, Rajat Janwa, Kunal Prajapat, Vishal Singh Dahiya. BLUETOOTH
CONTROL HOME AUTOMATION. 2024. International Journal of Technical Research & Science.
https://doi.org/10.30780/specialissue-ISET-2024/048. Page 284-290.

[3] Jain, C., Jangid, R., Sisodiya, M., Garg, V. “ANN-Based DVR for Fault Mitigation and Performance
Optimization in Hybrid PV-Wind Energy Conversion Systems”, International Journal of Technical
Research & Science. Volume X, Issue VI, June 2025. DOI Number:
https://doi.org/10.30780/1JTRS.V10.106.007.

[4] Sisodiya, M., Jangid, R., Jain, C., Garg, V. “Short-Term Load Forecasting (STLF) Using Machine
Learning Models: A Comparison Based Study to Predict the Electrical Load Requirements”, International
Journal of Technical Research & Science. Volume X, Issue VI, June 2025. DOI Number:
https://doi.org/10.30780/IJTRS.V10.106.007.

[5] Verma, C., Jangid, R. “Smart Household Demand Response Scheduling with Renewable Energy
Resources”, IEEE Third International Conference on Intelligent Computing and Control System (ICICCS-
2019), Organized by Vaigai College of Engineering during May 15-17, 2019 at Madurai, India. (Scopus
index) DOI: 10.1109/ICCS45141.2019.9065908.

[6] Y. Joshi, J. K. Maherchandani, V. K. Yadav, R. Jangid, S. Vyas and S. S. Sharma, "Performance
Improvement of Standalone Battery Integrated Hybrid System," 2021 7th International Conference on
Electrical ~ Energy  Systems  (ICEES),  Chennai, India, 2021, pp. 250-255, doi:
10.1109/ICEES51510.2021.9383636.

[7] Aarif, M., Joshi, D., Jangid, R. “Grid Power Smoothing Management for Direct Drive PMSG Variable
Speed Wind Energy Conversion System with Multilevel Converter”, IEEE 7th International Conference on
ICT for Sustainable Development (ICT4SD 2022), Organized by Global Knowledge Foundation during 29-
30, July 2022 at Goa, India. (Springer Scopus index) https://doi.org/10.1007/978-981-19-5331-6 3.

International Journal of Technical Research & Science

DOI Number: https://doi.org/10.30780/1JTRS.V11.103.003 pg. 17
www.ijtrs.com, www.ijtrs.org
Paper Id: IJTRS-V11-103-003 Volume XI Issue III, March 2026

@2017, IJTRS All Right Reserved


http://www.ijtrs.org/

