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ABSTRACT—

Water management is one of the most important aspects of healthy plants development and sustainable
farming. Too much or too little irrigation will cause low crop production, wastage of water and soil erosion.
This research paper shows the design and implementation of a plant moisture monitor system that monitors
the moisture content of soil continuously and gives real-time data on which informed irrigation can be made.
The proposed system will count on the soil moisture sensor connected to a microcontroller to monitor the
moisture level of the soil and identify the changes in water supply. The obtained information is calculated and
presented according to show the current moisture level so that irrigation can be performed in time and to
avoid overwatering. The system is created to be affordable, energy- saving and simple to install hence fitting
residential gardens, green houses and farms. The experimental findings confirm that the offered plant moisture
monitoring system is effective and helps to enhance the use of water and achieve the best plant growth. The
strategy helps in smart farming as it will facilitate effective use of resources and automation in irrigation
management.
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I. INTRODUCTION

Agriculture is an important sector in the production of food and also in the economic development and
therefore efficient water management in agriculture is very crucial in ensuring that farming activities are
done sustainably. Water is among the most essential items that should be available to grow plants and the
soil should be made to retain the required moisture in order to have good plant growth and enhanced yield.
Conventional irrigation techniques usually depend on human eye or periods of time, making it open to over-
irrigation and under-irrigation hence wastage of water and low plant output.

One method that can be used to ascertain water needs of plants is soil moisture monitoring. Under this
arrangement, farmers and gardeners can make objective irrigation choices on current conditions and not
speculation by constantly monitoring the amount of moisture present in the soil. The sensor technology and
embedded systems have contributed to development of low cost and trusted soil moisture sensors, which
are easily integrated into the monitoring systems.

The study is aimed at the design and implementation of a plan moisture monitoring sensor system that shall
offer real time data of moisture levels in the soil. The suggested system is based on soil moisture sensor that
is attached to a microcontroller to read the moisture content and present the readings to the user. The system
is meant to minimize wastage of water,enhance efficiency of irrigation and facilitate optimum
growthofplants.
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II.RELATED WORK

A. Conventional Soils Moisture Sensors. A number of works have given attention to the conventional soil
moisture monitoring methods which are manual monitoring or simple sensor-based methods. The previous
methods were mainly employing resistive or capacitive soil moisture sensors to determine the amount of
water in soil and give local based measurements. These systems were mostly standalone and needed human
intervention to decode data and control the irrigation programs. Although these were easy and economical
methods, they did not have the scalability and real-time monitoring. Further, the predetermined irrigation
programs tended to cause wasteful use of water owing to changes in the soil type, climate and plant water
needs. These constraints emphasized the importance of automated and data-driven mechanisms of efficient
soil moisture sensing and irrigation regulation.

B. Internet of Things (IoT)-Based Moisture Monitors. Intelligent soil moisture monitoring systems
havebeen developed due to recent innovation in embedded systems and Internet of Things (IoT) systems. A
number of scholars have suggested loT-solutions which combine soil moisture sensors with microcontrollers
and wireless communication units to facilitate real-time data acquisition and remote access. These systems
enable the users to access soil moisture information via mobile applications or web-based systems and
automatically control irrigation processes by setting up specific threshold values. Other studies have gone a
step further to advanced these systems with the addition of cloud computing and data analytics to make the
systems more efficient in decision-making and water management. Whereas such methods greatly help in
minimizing the use of water and human labor, issues like power usage, sensors calibration and installation
expenses are still aspects to improve.

III. SYSTEM ARCHIETECTURE

The proposed plant moisture monitoring system has a goal of measuring the soil moisture at any given time
and allow realtime information to be displayed to facilitate efficient management of irrigation. The entire
system architecture is made up of hardware and software units that interrelate to each other and
automatically sense, process, and display soil moisture data. The key elements and their roles are outlined
below.

1. Soil Moisture Sensing Unit

The soil moisture sensing unit has the role of determining the amount of moisture content in the soil. A soil
water sensor is attached to the soil close to the roots of the plants in order to monitor the water content.
The sensor works based on the variations in electrical properties of the soil which changes with the
moisture content. The sensor gives out an analog or a digital signal that is the level of soil moisture.

2. Data acquisition and processing unit.

The data collection unit comprises a microcontroller which gets the signals of the soil moisture sensor. The
sensor data are processed by the microcontroller which converts the raw signals to meaningful moisture
values. The threshold values are predetermined to identify the dry, optimal and wet conditions of the soil.
The decisions concerning the irrigation control can be made based on these values.

I[JNRD2604760 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) h454



https://ijnrd.org/
http://www.ijnrd.org/

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 8
© 2026 IJNRD | Volume 11, Issue 4, April 2026 | ISSN: 2456-4184 | IINRD.ORG OFEN (g heeEss

3. Communication Module

Communication module permits the transmission of the data between sensing unit and the user interface.
Based on the design of the system, it can be wired or wireless communication technologies like Wi-Fi or
Bluetooth. The module enables real time control over the moisture content in the soil and enables access
to the data in the systems remotely.

4. Display and User Interface Unit.

The display unit shows the soil moisture in a comprehensible form. The level of moisture can be represented
in LCD or mobile app in numerical or graphical format. Such an interface enables the users to check on the
moisture levels of plants and take necessary irrigation directives in the event of need.

5. Mechanism of irrigation Control.

The irrigation control unit is an automatic way of controlling the watering process according to the soil
moisture conditions. At point where the moisture is less than the set limit, the system turns on the irrigation
system, which could be a water pump or sprinkler system. When the optimum moisture level is achieved,
the irrigation will be automatically switched off which will guarantee efficient use of water.

6. Power Supply Unit

Power supply unit supplies necessary electrical power to all the system units. The system may be fed by a
regulated power supply, battery, or renewable power sources, e.g. solar panels. Effective power
management will guarantee constant and dependable system operation.

System Architecture
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IV. METHODOLOGY

The plant moisture monitoring system suggested is systematic in its approach to measuring the soil moisture
and effectively controlling the irrigation. The methodology will be such as to provide proper sensing, sound
data processing as well as irrigation decisions at the right time.

Step 1: Data sampling of soil moisture.

This starts by the soil moisture sensor that is located around the plant root zone. The sensor monitors the
presence of moisture in the soil by examining the change in electrical properties due to the water present in
the soil. The perceived information is created as either analog or digital.

Step 2: Data Acquisition

The sensor output is sent to the microcontroller which performs as the data acquisition unit. The sensor values
are read by the microcontroller at a fixed rate so that the conditions of soil moisture are constantly monitored.
Step 3: Processing of data and threshold analysis.

The microcontroller is used to process the sensor data obtained and compare it with set threshold values. These
critical levels describe the conditions of soil as dry, optimum, or wet. This comparison allows one to ascertain
the need of irrigation.

Step 4: Decision Making

The system takes a decision based on the processed data, about irrigation. In case the moisture level is low
and not up to the minimum level then the system recognizes that it requires watering. When the level of
moisture is in the optimal range, rrigation is still off.

Step 5: Irrigation Control

The microcontroller enables the irrigation control system like a water pump or sprinkler system when
irrigation is necessary. The irrigation will run up until the soil becomes moist enough when the system will
automatically switch off.

Step 6: Data Display and Monitoring:

The irrigation status and soil moisture is shown using an interface like LCD display or mobile phone
application. This allows users to access real-time conditions of plants.

Step 7: Continuous Monitoring
The above steps are repeated to bring about a continuous real ime monitoring of the plants as well as effective

management ofthe water within the plants.
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V. RESULTS

To evaluate the proposed plant moisture monitoring system, it was tested under various soil conditions to
determine its performance, accuracy, and effectiveness in irrigation management. The system successfully
measured soil moisture content in real time and controlled irrigation based on predefined threshold values.
Accuracy of Soil Moisture Measurement

The soil moisture sensor provided reliable and consistent results across different soil conditions, including
dry, moderately moist, and wet soil. When the soil was dry, the sensor detected low moisture levels, which
triggered the irrigation mechanism. As the water content increased, the sensor readings gradually rose and
stabilized within the optimal moisture range.

The analysis shows that the sensor is capable of accurately detecting variations in soil moisture and providing
precise data. This data can be effectively used to automate and control irrigation systems.

Soil Moisture Level Variation Over Time
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Performance Monitoring in real-time.

The system was effective in real-time monitoring because it has the capability of collecting and processing
soil moisture continuously. The sensor was also updated after a fixed time interval, which enabled the
instant recognition of the changes in the moisture level. The processed data was effectively rendered on
the user interface allowing users to see the current soil conditions without having to check them manually.
This real-time performance saved the aspect of having to have human supervision all the time.

Automated Irrigation Management.

Automated irrigation control is one of the biggest results of the system. The irrigation unit was switched
on automatically when the moisture content of the soil was below the minimum standard. When the soil
had the optimal level of moisture, the system switched off the irrigation supply to avoid overwatering.
This automated process resulted into efficient use of water and adequate moisture level to support the
growth of plants.

Water Efficiency Water conservation refers to the efficiency of water use.<|human[>Water Conservation
Water conservation can be explained as the efficiency of water.

The findings depict that there was a significant decrease in water wastage as opposed to the traditional
manual irrigation techniques. The system maximized the amount of water used and prevented irrigation
when there was no need by providing it at times of necessity. This evidences how the system could assist
in sustainable agriculture and good management of water resources.

Comparison of Water Usage
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Stability and Reliability of the System.

The system was stable and reliable during the process of its constant functioning. There was no delay in
processing sensor data by the microcontroller and the data flow among the components was easy. The
system worked well in long durations, which signifies that the system is fit to be used in the real world of
agriculture and gardening.
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Overall System Performance

All in all, the plant moisture monitoring system has reached its goals by measuring soil moisture
accurately, making it possible to monitor it in real-time, as well as to automatically control irrigation. The
outcomes affirm that the proposed system is more efficient in irrigation and facilitates healthy plant
development and minimizes water wastage. Such results demonstrate the efficacy of the system as a low-
cost and feasible system in the use of smart agriculture.

VIL.LFUTURESCOPE

Despite the fact that the proposed plant moisture monitoring system is efficient, a number of
improvements can be made to make it more efficient and applicable:

The interface should integrate with IoT platforms to enable a connection with other Internet of Things
systems. </human>

8.1 Connection to IoT Platforms The interface should be connected to IoT platforms to have a
connection to other Internet of Things systems.

Internet of things (IoT) technologies can be incorporated into the system to provide remote monitoring
and control via mobile or web application. Cloud connection would enable real-time data storage,
visualization, analysis, and make the system easier to use and access.

8.2 Advanced Data analytics and machine learning.

Inthe future, machine learning algorithms can be applied in predicting irrigation needs basing on
previous moisture data, weather conditions and crop type. The prediction models can also optimize the
water consumption and enhance the yield.

8.3 Irrigation Control using weather.

It is possible to improve the system by including weather sensors or weather API data to consider
rainfall, humidity and temperature. This would avoid irrigation when it is raining and modify the
watering timetables according to the weather conditions.

8.4 Solar Power Implementation

The system can be energized with solar energy to enhance its efficiency and sustainability in remote
areas with limited power supply, thus suitable in agricultural areas.

9 High Fidelity and Mid-Scale Deployment.

The later iterations could incorporate other sensors, like the temperature, humidity and nutrient sensors
to give a complete analysis of soil and the environment. Wireless sensor networks can also be used to
scale the system to large areas of farms.
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Mobile application and alert system (in 8.6) would be employed to deliver alerts to the user on the
smartphone, effectively demonstrating the multimedia approach (Kolva, 2005).<human>The use of
mobile application and alert system (in 8.6) to provide alerts to the user in the smartphone would be
used to effectively demonstrate the multimedia approach (Kolva, 2005).

To enhance the usability and decision-making, a mobile application may be designed to inform the
farmers about the state of soil, irrigations, and defects in their systems via SMS or notifications.

VII.CONCLUSION

This study was able to provide the design and execution of a Plant Moisture Monitoring System which
should be used to enhance efficiency in irrigation and to help to practice sustainable agriculture. The
system combines a soil moisture sensor and a micro controller based control unit to maintain the constant
regulation of the soil moisture and control the irrigation decision-making with respect to the predefined
threshold values.

Experimental data proves that the suggested system is able to recognize different soil moisture levels and
properly manage water provision without necessary human interventions. The automated system saves a
lot of water than the manual methods of irrigation and provides the best moisture in the soil to support the
growth of plants. The system will further provide a cost effective and energy efficient system that is

reliable in small scale farms, home gardens, and green houses.

In general, the elaborated system turns out to be the viable and expandable model, which helps to sustain
precision agriculture, waste less water, increase crop health, and decrease dependence on labor.
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