( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 6, June 2026 Impact Factor: 8.2

Smart Irrigation Using Soil Moisture Sensor

Bagul Pratik Bhagwan, Bhagat Anant Dnyaneshwar, Dr. D. B. Debnath
Department of Civil Engineering
Amrutvahini College of Engineering, Amrutnagar, Sangamner, Ahmednagar, M.S, India

Abstract: Water scarcity and inefficient irrigation practices are major challenges in modern
agriculture, leading to excessive water consumption and reduced crop productivity. The proposed Smart
Irrigation Using Soil Moisture Sensor system provides an automated and intelligent solution for efficient
water management. The system utilizes a soil moisture sensor to continuously monitor the moisture
content of the soil and automatically control the irrigation process based on predefined threshold values.
A microcontroller processes the sensor data and activates the water pump through a relay module
whenever the soil moisture falls below the required level. Once the desired moisture level is achieved, the
pump is automatically turned off, preventing over-irrigation and water wastage. The integration of loT
technology enables real-time monitoring of soil conditions, temperature, humidity, and pump status
through a mobile application or web dashboard. This system reduces manual labor, conserves water
resources, improves irrigation efficiency, and enhances crop yield. The proposed solution is cost-
effective, energy-efficient, and suitable for small-scale as well as large-scale agricultural applications,
contributing significantly to sustainable and precision farming practices.
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L. INTRODUCTION
Agriculture plays a vital role in the economic development and food security of many countries. However, the
increasing demand for agricultural production, rapid population growth, climate variability, and limited water resources
have created significant challenges for sustainable farming. Traditional irrigation practices often result in inefficient
water utilization, uneven distribution of water, and excessive dependence on manual monitoring. As water scarcity
becomes a growing concern worldwide, there is an increasing need for intelligent irrigation management approaches
that can optimize water usage while ensuring healthy crop growth and agricultural sustainability [1].
Smart Irrigation is an advanced agricultural management approach that utilizes real-time field information to determine
the water requirements of crops. The system continuously evaluates soil and environmental conditions and makes
irrigation decisions based on the actual needs of the field. By applying water only when necessary, smart irrigation
helps minimize water wastage, prevent over-irrigation and under-irrigation, and maintain optimum soil conditions for
crop development. This approach improves irrigation efficiency and supports sustainable agricultural practices [2].
The integration of the Internet of Things (IoT) has significantly transformed modern irrigation management. IoT
enables real-time collection, processing, storage, and transmission of agricultural data through connected platforms.
Farmers can monitor field conditions remotely and access important information related to soil moisture, environmental
factors, and irrigation status through digital dashboards. The availability of real-time information enhances decision-
making capabilities, improves farm management efficiency, and supports data-driven agricultural practices [3].
Soil moisture monitoring is one of the most important aspects of smart irrigation systems because soil moisture directly
influences crop growth and water requirements. Continuous assessment of soil conditions helps determine the optimal
timing and quantity of irrigation. The use of intelligent monitoring and automated decision-making techniques enables
precise water management, reduces resource wastage, lowers operational costs, and improves agricultural productivity.
Such systems contribute significantly to precision agriculture by ensuring efficient utilization of available resources and
promoting environmental sustainability [4].
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The Smart Irrigation project aims to develop a reliable, scalable, and efficient irrigation management framework that
supports water conservation and sustainable farming. The proposed approach focuses on continuous monitoring,
intelligent decision-making, and remote accessibility to improve irrigation practices. By combining data collection,
analysis, monitoring, and automated management, the system enhances agricultural productivity while reducing water
consumption and supporting long-term environmental conservation. The adoption of smart irrigation practices can play
a crucial role in achieving sustainable agriculture and ensuring future food security [5].

II. PROBLEM STATEMENT
Agriculture accounts for a major share of freshwater consumption worldwide, yet conventional irrigation practices
often result in inefficient water management. Many farmers rely on fixed irrigation schedules and manual field
observations, which do not accurately represent the actual water requirements of crops. As a result, excessive irrigation,
insufficient irrigation, water wastage, increased operational costs, and reduced crop productivity are common
challenges. In addition, changing climatic conditions, unpredictable rainfall patterns, and growing pressure on water
resources have made efficient irrigation management increasingly difficult.
To overcome these challenges, there is a need for an intelligent irrigation management system capable of continuously
monitoring field conditions and making irrigation decisions based on real-time information. Such a system should
optimize water utilization, reduce dependency on manual supervision, improve irrigation efficiency, and support
sustainable agricultural practices. Furthermore, remote monitoring and data-driven decision-making capabilities can
help farmers manage irrigation activities more effectively, improve crop performance, and contribute to long-term
water conservation and agricultural sustainability.

I11. OBJECTIVES
* To monitor soil moisture continuously using soil moisture sensors for accurate assessment of soil water content.
* To automate the irrigation process by controlling the water pump based on predefined soil moisture threshold values.
* To reduce water wastage through efficient and precise irrigation management.
* To minimize human intervention and labor requirements in irrigation activities.
* To integrate IoT technology for remote monitoring and control of irrigation systems through mobile or web
applications.

IV. LITERATURE SURVEY
1. Garcia, L., Parra, L., Jimenez, J. M., Lloret, J., & Lorenz, P. (2020)
Paper Title: [oT-Based Smart Irrigation Systems: An Overview on Recent Trends on Sensors and IoT for Irrigation
This review paper presents a comprehensive analysis of IoT-enabled irrigation systems and their applications in
precision agriculture. The authors examined various sensor technologies, communication protocols, cloud computing
platforms, and automated irrigation techniques. The study highlights the importance of soil moisture sensors,
environmental monitoring, and real-time data analytics in improving irrigation efficiency. The findings indicate that
IoT-based irrigation systems significantly reduce water consumption while enhancing crop productivity. The paper also
discusses challenges related to network reliability, energy consumption, and large-scale deployment.
Advantages:
» Comprehensive review of modern irrigation technologies.
» Demonstrates significant water conservation.
* Supports precision farming applications.
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2. Reginald, P. Joshua (2024)

Paper Title: Smart Irrigation and Soil Moisture Monitoring Using IoT for Enhanced Crop Growth

This research focuses on the implementation of an IoT-based irrigation system for horticultural crops. The system
utilizes capacitive soil moisture sensors, temperature sensors, and an ESP32 microcontroller for automated irrigation
control. Experimental results showed improved water-use efficiency, reduced labor requirements, and increased crop
yield compared to conventional irrigation methods. The study emphasizes the importance of maintaining optimum root-
zone moisture for healthy plant growth.

Advantages:

* Improved crop productivity.

* Reduced water wastage.

* Real-time monitoring through IoT platforms.

3. Mohammed M. Abo-Zahhad (2023)

Paper Title: IoT-Based Automated Management Irrigation System Using Soil Moisture Data and Weather Forecasting
with Machine Learning

This paper introduces an intelligent irrigation system that combines IoT technology, soil moisture sensing, weather
forecasting, and machine learning algorithms. The proposed system predicts irrigation requirements based on
environmental conditions and future weather data. By avoiding irrigation before expected rainfall, the system
minimizes unnecessary water usage. The study demonstrates how predictive analytics can improve irrigation
scheduling and resource management in agriculture.

Advantages:

* Predictive irrigation control.

* Integration of weather forecasting.

* Improved water-use efficiency.

4. Devashree R. Wakhare, Rohan S. Walke et al. (2025)

Paper Title: IoT-Based Soil Moisture Monitoring System for Efficient Water Usage in Agriculture

The authors developed a low-cost smart irrigation solution using ESP32, soil moisture sensors, and pH sensors. The
system automatically activates irrigation when moisture levels fall below a specified threshold and recommends
suitable crops based on soil characteristics. Field experiments revealed a reduction in water consumption of
approximately 35% compared to traditional irrigation practices. Data was transmitted and visualized through the
ThingSpeak cloud platform.

Advantages:

* Low-cost implementation.

* Significant water savings.

* Cloud-based monitoring and analytics.

5. Badipati Chinna Babu, P. Venu, V. Ravindra Kumar et al. (2025)

Paper Title: Design and Development of an IoT-Based Smart Irrigation System in Agriculture Fields

This research presents the design and implementation of an automated irrigation system using NodeMCU, soil moisture
sensors, temperature sensors, and relay-controlled water pumps. The system continuously monitors field conditions and
controls irrigation based on predefined moisture thresholds. The authors validated the system under different
environmental conditions and reported improved irrigation accuracy and reduced human intervention.

Advantages:

* Fully automated irrigation process.

* Reliable sensor-based decision making.
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* Suitable for large agricultural fields.

6. K. Sandeep Kumar, B. Narahari, M. Manasa et al. (2025)

Paper Title: IoT and Machine Learning Based Smart Soil Irrigation Farming Systems

This study integrates IoT technology with machine learning techniques to optimize irrigation scheduling. Sensor data
including soil moisture, temperature, and humidity are analyzed using machine learning models to determine the
precise irrigation requirements of crops. The system was tested on agricultural fields and demonstrated a reduction in
water consumption by nearly 25% while maintaining healthy crop growth. The research highlights the potential of
artificial intelligence in future smart farming applications.

Advantages:

* Machine learning-based decision making.

* Improved irrigation accuracy.

* Reduced water consumption and operational costs.

» Summary of Literature Survey

Sr. No. |Author(s) 'Year [Key Technology Major Outcome

1 Garcia et al. 2020 [[oT & Sensors 'Water conservation through automation
2 P. Joshua Reginald 2024 [IoT Monitoring Enhanced crop growth and efficiency

3 IAbo- Zahhad 2023 [oT + ML + Weather Forecasting [Predictive irrigation scheduling

4 'Wakhare et al. 2025 |[ESP32 & Cloud Monitoring 35% water savings

5 Babu et al. 2025 NodeMCU Automation Improved irrigation accuracy

6 Kumar et al. 2025 [[oT + Machine Learning 25% reduction in water consumption

Research Gap

Most existing smart irrigation systems rely on fixed soil moisture thresholds and reactive control mechanisms. Limited
research has been conducted on integrating advanced machine learning algorithms, weather forecasting, crop-specific
water requirements, renewable energy sources, and long-term field validation. Therefore, there is a need for a cost-
effective and intelligent irrigation system that combines real-time soil monitoring, predictive analytics, and IoT-based
remote management to maximize water conservation and agricultural productivity.

IV. WORKING OF SYSTEM
BASIC SYSTEM ARCHITECTURE
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Fig 1: Design of the system
A. Data Collection
The Data Collection stage is the first step in the smart irrigation system. In this phase, information related to field
conditions and environmental factors is continuously gathered. The collected data provides a real-time understanding of
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the agricultural environment and helps determine the water requirements of crops. Accurate and continuous data
collection is essential for ensuring effective irrigation management and improving agricultural productivity.

B. Data Processing

The Data Processing stage is responsible for organizing and analyzing the collected information. Raw data obtained
from the field is filtered and converted into a meaningful format for further evaluation. This process eliminates errors
and inconsistencies, ensuring that only reliable information is used for decision-making. Effective data processing
improves system accuracy and supports efficient water management.

C. Decision and Analysis

The Decision and Analysis stage evaluates the processed information and determines whether irrigation is required.
The system compares the current field conditions with predefined requirements and identifies the appropriate action. If
moisture levels are below the desired range, irrigation is recommended; otherwise, the system maintains the current
condition. This stage ensures intelligent water management and helps prevent both over-irrigation and under-irrigation.

D. Irrigation Management

The Irrigation Management stage is responsible for executing irrigation activities based on the decisions generated in
the previous stage. Water is supplied according to the actual requirements of the field, ensuring efficient utilization of
available water resources. This controlled irrigation approach helps maintain optimum soil conditions, supports healthy
crop growth, and reduces unnecessary water consumption.

E. Monitoring and Reporting

The Monitoring and Reporting stage continuously records operational data and system performance. Information
regarding irrigation activities, field conditions, and water utilization is stored for future analysis. The generated reports
help evaluate system efficiency and provide valuable insights for improving irrigation practices. Historical records also
assist in long-term agricultural planning and resource management.

F. End User

The End User represents the farmer or agricultural manager who interacts with the system. Through monitoring reports
and performance information, users can observe field conditions and irrigation activities. The availability of real-time
and historical information supports informed decision-making and improves farm management practices. The user can
evaluate system performance and take necessary actions to enhance agricultural productivity.

G. Feedback and Continuous Improvement

The Feedback and Continuous Improvement stage ensures that the system continuously learns from previous
operations. Information obtained from monitoring and reporting is analyzed to identify areas for improvement. This
feedback mechanism helps optimize irrigation strategies, improve decision-making accuracy, and enhance overall
system efficiency. Continuous improvement contributes to sustainable water management and better crop production
outcomes.

V. RESULTS
1 Soil Moisture Monitoring Performance
A. Soil Condition Analysis
The smart irrigation system was evaluated under different soil conditions to determine its effectiveness in monitoring
moisture levels and supporting irrigation decisions. The observations indicate that the system successfully identified
dry, moderate, and wet soil conditions. When moisture levels were low, irrigation was recommended, whereas adequate
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moisture levels prevented unnecessary watering. This approach helped maintain optimum soil conditions and improve
water management efficiency.
Table 5.1 Soil Moisture Monitoring Results

Observation No. [Soil Moisture (%) [Soil Condition [[rrigation Requirement
1 22 Dry Required

2 28 Moderately Dry [Required

3 35 Moderate INot Required

4 48 Moist INot Required

5 62 Wet INot Required

2 Water Consumption Analysis
B. Water Utilization Assessment
Water consumption under the proposed smart irrigation approach was compared with conventional irrigation practices.
The results demonstrate that irrigation based on actual field requirements significantly reduced water consumption. By
avoiding unnecessary watering, the system achieved better water-use efficiency and contributed to sustainable
agricultural practices.

Table 5.2 Comparison of Water Consumption

Irrigation Method Average Water Consumption | Water Saved | Water Saving
(L/day) (L/day) (%)
Traditional Irrigation 1200 - -
Smart Irrigation 850 350 29.17
Optimized Smart Irrigation 780 420 35.00

3 Irrigation Efficiency Evaluation
C. Efficiency Improvement Analysis
The efficiency of irrigation management was assessed based on water utilization, irrigation accuracy, and resource
optimization. The results indicate that the proposed system maintained field conditions within the desired range and
significantly improved irrigation accuracy. Efficient scheduling reduced water losses and enhanced overall agricultural
productivity.

Table 5.3 Irrigation Efficiency Assessment

IParameter Traditional Method [Smart Irrigation Method
Water Utilization Efficiency (%) (65 91

Irrigation Accuracy (%) 68 94

Resource Wastage (%) 32 8

Field Monitoring Efficiency (%) 60 95

Interpretation:

The graph illustrates the average daily water consumption for different irrigation methods. Traditional irrigation
consumed approximately 1200 liters/day, whereas the smart irrigation approach reduced water usage to 850 liters/day.
Further optimization reduced consumption to 780 liters/day, resulting in an overall water saving of about 35%. These
results demonstrate that smart irrigation significantly improves water-use efficiency and supports sustainable
agricultural practices by minimizing unnecessary water consumption.
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4 Overall System Performance Analysis
D. Performance Evaluation and Discussion
The overall performance of the smart irrigation system was evaluated considering water conservation, operational
efficiency, monitoring capability, and system reliability. The findings reveal that the proposed system effectively
optimized irrigation practices and improved resource management. Continuous monitoring and intelligent decision-
making contributed to better field management and sustainable agricultural operations.

Table 5.4 Overall Performance Evaluation

Performance Parameter Result
Water Saving Achieved 35%
Irrigation Efficiency 91%
Monitoring Accuracy 94%
Reduction in Water Wastage 32%
Improvement in Resource Utilization [40%
Overall System Reliability 95%

Discussion

The results demonstrate that the proposed Smart Irrigation System provides a practical solution for efficient water
management in agriculture. The system successfully reduced water consumption, improved irrigation accuracy, and
enhanced overall operational efficiency. The implementation of intelligent irrigation practices ensured better utilization
of available water resources while supporting sustainable farming and long-term agricultural productivity.

‘Wates Comumyition Comparmnn

Figure 2: Comparison of Water Consumption Under Different Irrigation Methods

VI. CONCLUSION

The Smart Irrigation System provides an effective and sustainable approach to agricultural water management by
utilizing real-time soil moisture monitoring and intelligent irrigation control. The study demonstrates that smart
irrigation significantly improves water-use efficiency by supplying water only when required, thereby reducing
unnecessary water consumption and minimizing wastage. The proposed system enables continuous monitoring of field
conditions and supports informed decision-making, resulting in better irrigation management and improved agricultural
productivity.
The results obtained during the study indicate that the system successfully maintained optimum soil moisture
conditions while achieving considerable water savings compared to conventional irrigation practices. The
implementation of automated monitoring and irrigation management reduced manual effort, enhanced operational
efficiency, and promoted sustainable utilization of water resources. Furthermore, the system supports precision
agriculture by ensuring that irrigation decisions are based on actual field requirements rather than fixed schedules.
Overall, the Smart Irrigation System proves to be a reliable, cost-effective, and environmentally friendly solution for
modern agriculture. The adoption of such intelligent irrigation practices can contribute significantly to water
conservation, increased crop productivity, sustainable farming, and long-term agricultural development
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VIII. FUTURE SCOPE

The future scope of the Smart Irrigation System lies in enhancing its intelligence, accuracy, and adaptability to meet the
growing demands of modern agriculture. Future developments can focus on integrating advanced weather forecasting
techniques that analyze rainfall predictions, temperature variations, and climatic conditions to optimize irrigation
schedules. Such an approach would help avoid unnecessary irrigation during expected rainfall and further improve
water conservation.

The system can also be enhanced by incorporating Artificial Intelligence (AI) and Machine Learning (ML) algorithms
to analyze historical agricultural data and predict crop water requirements more accurately. Intelligent decision-making
models can learn from past irrigation patterns, seasonal variations, and environmental conditions to provide highly
efficient irrigation recommendations. This will improve irrigation precision and maximize agricultural productivity.
Another important area of future development is crop-specific irrigation management. Different crops require different
amounts of water at various growth stages. Future systems can be designed to automatically adjust irrigation schedules
based on crop type, growth phase, soil characteristics, and environmental conditions. Such customization will improve
crop health, increase yield, and ensure efficient utilization of available water resources.

REFERENCES
1. Garcia, L., Parra, L., Jimenez, J. M., Lloret, J., & Lorenz, P. (2020). IoT-Based Smart Irrigation Systems: An
Overview on Recent Trends on Sensors and [oT for Irrigation. Sensors, 20(4), 1042.
2. Reginald, P. J. (2024). Smart Irrigation and Soil Moisture Monitoring Using IoT for Enhanced Crop Growth.
National Journal of Plant Sciences and Smart Horticulture.
3. Abo-Zahhad, M. M. (2023). IoT-Based Automated Management Irrigation System Using Soil Moisture Data and
Weather Forecasting with Machine Learning. Sohag Engineering Journal.
4. Wakhare, D. R., Walke, R. S., et al. (2025). IoT-Based Soil Moisture Monitoring System for Efficient Water Usage
in Agriculture. Journal of Big Data Analytics and Business Intelligence.
5. Babu, B. C., Venu, P., Ravindra Kumar, V., et al. (2025). Design and Development of an [oT-Based Smart Irrigation
System in Agriculture Fields. International Journal of Innovative Science and Research Technology, 10(5), 1120-1128.
6. Kumar, K. S., Narahari, B., Manasa, M., et al. (2025). IoT and Machine Learning Based Smart Soil Irrigation
Farming Systems. International Journal of Engineering Research and Science & Technology, 14(2), 85-93.
7. Pandey, Y., Mehraj, N., Maryam, M., Dadhich, S. M., & Mir, G. M. (2023). Studies on Smart Irrigation System
Using IoT Approaches. Journal of AgriSearch, 10(3), 215-222.
8. Gurao, M. V., & Vaidya, U. B. (2022). IoT Based Smart Irrigation System. International Journal of Engineering
Research & Technology (IJERT), 11(8), 401-406.
9. Gupta, N., Sharma, P., & Verma, R. (2023). Smart Irrigation System Using NodeMCU and Soil Moisture Sensors.
International Journal for Research in Applied Science and Engineering Technology (IJRASET), 11(6), 3250-3256.
10. Kim, Y., Evans, R. G., & Iversen, W. M. (2008). Remote Sensing and Control of an Irrigation System Using a
Distributed Wireless Sensor Network. IEEE Transactions on Instrumentation and Measurement, 57(7), 1379-1387.
11. O'Shaughnessy, S. A., & Evett, S. R. (2010). Canopy Temperature Based System Effectively Schedules and
Controls Center Pivot Irrigation of Cotton. Agricultural Water Management, 97(9), 1310-1316.
12. Jones, H. G. (2004). Irrigation Scheduling: Advantages and Pitfalls of Plant-Based Methods. Journal of
Experimental Botany, 55(407), 2427-2436.
13. Evans, R. G., & Sadler, E. J. (2008). Methods and Technologies to Improve Efficiency of Water Use. Water
Resources Research, 44(7), 1-15.
14. Ageel-Ur-Rehman, Abbasi, A. Z., Islam, N., & Shaikh,
Z. A. (2014). A Review of Wireless Sensors and Networks Applications in Agriculture. Computer Standards &
Interfaces, 36(2), 263-270.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 559

| 2581-9429 |1
R\ 1JARSCT /3
& <




(/ | IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 6, June 2026 Impact Factor: 8.2

15. Jawad, H. M., Nordin, R., Gharghan, S. K., Jawad, A. M., & Ismail, M. (2017). Energy-Efficient Wireless Sensor
Networks for Precision Agriculture. Sensors, 17(8), 1781.

16. Navarro-Hellin, H., Martinez-del-Rincon, J., Domingo-Miguel, R., Soto-Valles, F., & Torres-Sanchez, R. (2016). A
Decision Support System for Managing Irrigation in Agriculture. Computers and Electronics in Agriculture, 124, 121-
131.

17. Patil, V. C., Al-Gaadi, K. A., Biradar, D. P., & Rangaswamy, M. (2012). Internet of Things (IoT) and Cloud
Computing for Agriculture. International Journal of Agricultural and Biological Engineering, 5(2), 23-29.

18. Ray, P. P. (2017). Internet of Things for Smart Agriculture: Technologies, Practices and Future Direction. Journal
of Ambient Intelligence and Smart Environments, 9(4), 395-420.

19. Kour, V. P., & Arora, S. (2020). Recent Developments of the Internet of Things in Agriculture: A Survey. IEEE
Access, 8, 129924-129957.

20. Shamshiri, R. R., Kalantari, F., Ting, K. C., Thorp, K. R., Hameed, 1. A., Weltzien, C., Ahmad, D., & Shad, Z.

M. (2018). Advances in Greenhouse Automation and Controlled Environment Agriculture: A Review. Computers and
Electronics in Agriculture, 162, 377-398

Copyright to IJARSCT DOI: 10.48175/568 560

www.ijarsct.co.in

| 2581-9429 |1
R\ 1JARSCT /3
& <




