( 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 5, Issue 1, September 2025 Impact FaCt‘/’r 7.67
A Review Paper On Smart Irrigation System using

Soil Moisture Sensor

Dr. Pushparani MK', Abhishek Gouda B D?, Harsh Umarjikar’, G Chethan*, Gowtham G’
Associate professor, Department of CSD'
UG Scholars, Department of CSD*?
Alva’s Institute of Engineering. & Technology, Moodbidiri, Karnataka India
drpushparani@aiet.org.in', dyavanagoudrabhishek@gmail.com®, harshumarji644@gmail.com’,
gchethangowda785@gmail.com®, gowthamggowthu74@gmail.com’

Abstract: Efficient water management in agriculture has become a global priority due to increasing
population, climate change, and freshwater scarcity. Traditional irrigation methods often lead to over-
irrigation or under-irrigation, resulting in reduced crop productivity and wastage of resources. Smart
irrigation systems integrated with soil moisture sensors offer a sustainable solution by monitoring soil
water content in real time and supplying water only when required. These systems typically combine low-
cost soil moisture sensors, microcontrollers, and automation units, and can be further enhanced with loT
connectivity, renewable energy sources, and machine learning algorithms for predictive irrigation
scheduling. This review paper presents an overview of soil moisture sensor technologies, their
integration into smart irrigation frameworks, benefits, challenges, and real-world applications. The
findings indicate that soil moisture—based irrigation systems can significantly improve water-use
efficiency, crop yield, and energy savings while reducing labor costs. Although issues such as sensor
calibration, high initial investment, and connectivity in rural areas remain challenges, ongoing
advancements in sensor design, loT platforms, and artificial intelligence are expected to make these
systems more reliable, affordable, and widely adopted in the future.
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I. INTRODUCTION
Water is one of the most critical resources in agriculture, and efficient irrigation has become increasingly important in
the face of global challenges such as climate change, population growth, and freshwater scarcity. Agriculture alone
consumes nearly 70% of the world’s freshwater resources, yet traditional irrigation methods such as flood irrigation and
manual watering are often inefficient. These practices frequently result in over-irrigation, leading to waterlogging,
nutrient leaching, and reduced crop quality, or under-irrigation, which causes plant stress and yield loss. Therefore,
there is an urgent need for smarter, data-driven irrigation systems that can ensure water is applied only when and where
it is required Smart irrigation systems, integrated with soil moisture sensors, represent a promising solution to this
problem. A soil moisture sensor measures the water content present in the soil and provides real-time data, which can
be processed by a microcontroller or an IoT-enabled platform to automatically control irrigation. When soil moisture
drops below a predefined threshold, the system activates water pumps or valves, ensuring optimal soil conditions for
crop growth. Conversely, when adequate moisture is detected, irrigation is stopped, thereby conserving water and
energy. This automation reduces human intervention, minimizes resource wastage, and enhances agricultural
productivity.
Recent advancements in Internet of Things (IoT), wireless sensor networks (WSN), and renewable energy
integration have further improved the performance and scalability of such systems. Farmers can now remotely monitor
and control irrigation through mobile applications or cloud platforms, while machine learning algorithms can predict
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irrigation schedules based on soil conditions, crop requirements, and weather forecasts. In addition, solar-powered
irrigation systems offer a sustainable option for rural and off-grid areas.

The implementation of soil moisture sensor-based smart irrigation has been successfully tested in a wide range of
agricultural applications, from small-scale gardens and greenhouses to large farmlands. Studies have reported water
savings of up to 30-50% compared to traditional methods, along with improved crop yield and reduced labor costs.
However, challenges such as sensor calibration for different soil types, high initial investment, and connectivity issues
in rural areas still need to be addressed for large-scale adoption.

II. PROPOSED SYSTEM
Agriculture is the largest consumer of freshwater, accounting for nearly 70% of global water usage. However, a
significant portion of this water is wasted due to inefficient irrigation practices such as manual watering, fixed-timer
systems, and flood irrigation. These conventional methods fail to consider the real-time moisture needs of the soil and
crops, often resulting in over-irrigation or under-irrigation. Over-irrigation leads to waterlogging, nutrient leaching, and
unnecessary energy consumption, while under-irrigation stresses plants, reduces crop yield, and affects overall farm
productivity.
In addition, increasing population growth and climate change have placed further pressure on limited freshwater
resources. Rural farmers, especially in developing countries, face challenges such as lack of awareness, high labor
dependency, and limited access to modern water-saving technologies. Although irrigation automation systems exist,
many are expensive, power-intensive, or not adaptable to diverse soil and crop conditions.
Therefore, there is a need for a cost-effective, reliable, and sustainable smart irrigation system that can monitor soil
moisture in real time and automatically regulate water supply according to crop requirements. By addressing water
wastage, reducing manual effort, and improving crop yield, such systems can play a vital role in promoting sustainable
agriculture and efficient resource management.
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Fig.1: Block diagram of proposed system.
Water is a critical resource in agriculture, yet it is often mismanaged due to inefficient irrigation practices. Traditional
irrigation methods such as manual watering, fixed schedules, and uncontrolled flooding fail to consider the actual soil
moisture content, resulting in two major issues:
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Over-irrigation, which leads to wastage of water, nutrient leaching, waterlogging, and increased energy consumption.
Under-irrigation, which stresses crops, reduces nutrient uptake, and lowers agricultural productivity.

These inefficiencies not only waste water but also affect crop yield and long-term soil health. With growing population
demands, climate change, and limited freshwater resources, the challenge of ensuring sustainable water use in
agriculture has become more pressing than ever.

Although automated irrigation systems exist, many are costly, power-intensive, and unsuitable for small and medium-
scale farmers. Furthermore, rural areas often face limitations such as lack of skilled labor, unreliable electricity supply,
and minimal access to advanced technologies.

Thus, the main problem is the absence of a low-cost, reliable, and sustainable smart irrigation system that can use
real-time soil moisture data to control water flow automatically, conserve resources, and enhance crop productivity.

T
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Schematic diagram of proposed system.

III. RESULTS AND DISCUSSION
Results
The implementation of a smart irrigation system using soil moisture sensors demonstrated significant improvements in
water management efficiency compared to traditional irrigation methods. The system was able to continuously monitor
soil moisture levels and automatically activate or deactivate the water pump based on predefined threshold values.

Results observed include:

e  Water Conservation: Experimental trials showed that the system reduced water consumption by 30-50%
compared to conventional irrigation techniques. This is primarily because water was supplied only when soil
moisture dropped below the critical threshold.

e Improved Crop Yield: Crops irrigated using the smart system exhibited better growth and higher productivity
due to the maintenance of optimal soil moisture levels, reducing plant stress.

e Reduced Labor Dependency: Farmers were not required to manually monitor or operate irrigation pumps,
thereby saving time and labor costs.

o Cost-Effectiveness: The system was developed using low-cost sensors, microcontrollers (e.g.,
Arduino/NodeMCU), and relays, making it affordable for small and medium-scale farmers.

e  Scalability and Flexibility: The system design is adaptable and can be scaled up to larger farms, integrated
with solar power, or enhanced with wireless communication for remote monitoring.
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Discussion

The results clearly indicate that soil moisture—based irrigation systems are more efficient than timer-based or manual
irrigation methods. By preventing over-irrigation, the system not only saves water but also protects soil fertility by
minimizing nutrient leaching. However, some limitations were noted, including the need for calibration of sensors for
different soil types, potential inaccuracies due to sensor wear, and dependency on power supply.

Future enhancements could involve integration with weather forecasting data, Internet of Things (IoT) platforms, and
machine learning algorithms to further optimize irrigation scheduling. Despite these challenges, the proposed system
provides a sustainable, low-cost, and effective solution for modern precision agriculture.

IV. CONCLUSION
The smart irrigation system using soil moisture sensors offers an effective and sustainable solution to the challenges of
water management in agriculture. By continuously monitoring real-time soil conditions and automating water supply,
the system ensures that crops receive the right amount of water at the right time. This not only reduces water wastage
by 30-50% but also improves crop yield, conserves energy, and minimizes labor dependency compared to traditional
irrigation practices.
Although some limitations remain, such as sensor calibration for different soil types, initial installation costs, and power
supply reliability, the long-term benefits outweigh these challenges. The system’s adaptability, cost-effectiveness, and
potential for integration with IoT platforms, renewable energy, and predictive analytics make it highly suitable for both
small-scale farmers and large agricultural operations.
In conclusion, soil moisture—based smart irrigation systems represent a significant step toward achieving sustainable
agriculture and efficient resource management in the face of climate change and growing water scarcity.
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