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Abstract: Efficient water management is critical due to increasing global water scarcity. This paper proposes an loT-based smart
irrigation and soil monitoring system that automates irrigation using real-time sensing and cloud connectivity. Soil moisture, soil
temperature, air temperature, humidity, and UV radiation are measured, while weather forecast data supports predictive
irrigation decisions. Sensor data is transmitted to a cloud platform, enabling remote monitoring and pump control through a
mobile or web interface. The system reduces water usage and energy consumption by irrigating only when required, improving
crop productivity and minimizing manual intervention. The integration of 10T and predictive analytics provides a scalable and
sustainable solution for precision farming.
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L. INTRODUCTION

Water scarcity is an escalating global challenge driven by population growth and rising freshwater demand. Agriculture, which
accounts for around 70% of freshwater use worldwide, is a major contributor to water depletion due to inefficient irrigation
practices. For instance, compared to nations like China and the USA, India uses a lot more water for agriculture even though it only
has 4% of the world's freshwater. Conventional irrigation techniques frequently result in decreased crop yields, soil deterioration,
and water waste. By enabling real-time monitoring and automated irrigation based on environmental data, temperature, and soil
moisture, precision farming—powered by the Internet of Things (loT)—offers a clever solution. loT-based solutions promote
sustainable agriculture by optimizing water use, lowering manual labor, and enhancing crop health. 10T has the potential to
revolutionize the world's water scarcity and agricultural productivity issues, as evidenced by successful implementations in places
like Andhra Pradesh and Israel, which have shown significant water savings and yield improvements.

1. LITERATURE REVIEW

In order to increase crop productivity and resource efficiency, the use of Internet of Things (IoT) technologies in agriculture has
attracted a lot of interest. Wireless sensor networks are used by Internet of Things (1oT)-based smart irrigation and soil monitoring
systems to gather data on temperature, humidity, nutrient levels, and soil moisture in real time. This allows for more accurate
irrigation management and less water waste. In order to transmit soil and environmental data to cloud platforms for monitoring and
control, early research concentrated on designing and implementing sensor nodes that interfaced with microcontrollers such as
Arduino and ESP8266. In order to improve accuracy beyond threshold-based triggers and forecast soil moisture trends and irrigation
schedules, recent studies highlight the integration of machine learning algorithms with Internet of Things data. By achieving water
savings of 30 to 50% while increasing crop yields, researchers demonstrate how loT-driven approaches perform better than
conventional irrigation techniques. But there are still issues with scalability, affordability, energy use, and connectivity, especially
for smallholder farmers in rural areas.

A. Research Gap

Despite the development of a large number of commercial products and research initiatives aimed at addressing smart irrigation,
there remain notable gaps in the field;

* Affordability: Many of the current systems are too costly and insufficient for small farms.

« Scalability: Large farms may not benefit from solutions that work well for small plots.

« Connectivity Issues: In rural areas, the deployment of IoT is often limited by insufficient internet connectivity.

* Energy Dependency: Many systems rely on a steady power source, which might not be practical.

* User-Friendliness: Even farmers without extensive technical knowledge need systems that are simple to use.

This dissertation attempts to address these shortcomings by creating an inexpensive, scalable, and user-friendly Internet of Things
(1oT)-based smart irrigation and soil monitoring system with low energy consumption.
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B. Obijectives

To optimize water use and boost crop yield by designing and implementing an Internet of Things (IoT)-enabled smart irrigation and
soil monitoring system.

* To develop a system for monitoring soil temperature, humidity, and moisture in real time.

* To reduce water waste by using soil data to automate irrigation.

* To create a dashboard or user-friendly maobile application that makes it possible for farmers to remotely check field conditions.

* To assess how well the system performs in contrast to traditional irrigation techniques.

* To look into whether it would be feasible for small and medium-sized farms to adopt a system of this kind on a large scale.
Designing and implementing an Internet of Things-based smart irrigation and soil monitoring system is the primary goal of this
project. To maximize water use and raise crop productivity, this system will make use of sensors, automation, and data analysis. In
addition to building a functional prototype, the objective is to demonstrate how

Modern precision agriculture and traditional farming can be connected by technology.

This system attempts to provide farmers with real-time insights and automated control over their irrigation by combining loT with
elements such as soil moisture, temperature, and humidity sensors with a microcontroller and cloud platform.
The main goal is to create and implement an intelligent irrigation and soil monitoring system that encourages water conservation,
preserves soil health, and increases crop productivity. This necessitates seamless communication between the cloud (remote access
and storage), software (data visualization and decision-making), and hardware (sensors and controllers). The ultimate objective is to
give farmers relevant information so they can make wise choices that result in economical and sustainable farming.

To achieve this broader objective, the project is guided by the following specific goals:

Create a real-time monitoring system for soil parameters, including soil moisture, temperature, and humidity, using 10T sensors. The
system will continuously measure environmental factors affecting crop growth. These readings will be sent to a central processing
unit and shown on a web or mobile dashboard. Real-time data will help farmers make timely decisions about irrigation schedules,
soil treatment, and crop management.

Minimize water waste by automating irrigation based on soil data: The project aims to cut unnecessary water use by automating
irrigation only when the soil moisture level drops below a set threshold. Through a feedback loop between sensors and actuators, the
system will deliver water only when needed. This approach promotes sustainable irrigation and contributes to resource conservation
and environmental protection.

The project aims to make the technology easy for non-technical users by using simple visual indicators, color-coded charts, and
notifications. A well-designed dashboard connects complex 10T systems to practical use. Develop a user-friendly maobile or web
application for farmers: The interface should allow farmers to remotely monitor field conditions, receive alerts, and manually
override the system if necessary. Analyze the system's performance in comparison to traditional irrigation practices: This will
involve field tests to analyze factors like water saved, yield improvement, and energy efficiency. The results will provide tangible
evidence of the system's benefits and dependability. Comparing modern 10T systems with manual irrigation will help validate the
advantages of automation in real-world circumstances.

Examine whether the system can be scaled for small and medium-sized farms: Large-scale commercial farms are the target of many
current 10T solutions, which can be costly or complex. The goal of this project is to make the system scalable and reasonably priced
for smaller farms. The goal is to determine whether the system can easily adjust to varying land sizes, crop types, and climates at
little additional expense.

In addition to these objectives, the project seeks to advance agricultural technology empowerment. The system promotes precision
farming even for people with little technical expertise by fusing 10T technology with simple design. It demonstrates how
technological advancements can boost economic expansion, lessen manual labour, and improve agricultural productivity generally.
In conclusion, this project's aims and objectives demonstrate a vision for intelligent and sustainable farming that goes beyond simple
automation. The suggested system aims to transform conventional irrigation into a more intelligent, effective, and ecologically
friendly procedure with real-time data monitoring, automated irrigation, and an intuitive design. The project's significance and
possible influence on agriculture's future are highlighted by this link between technology, sustainability, and usefulness.

1. METHODOLOGY
The proposed loT-based smart irrigation and soil monitoring system follows a closed-loop control mechanism integrating sensing,
data processing, and automated irrigation
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A. Architecture of the System
There are three main components to the system:
Sensing Unit: Appropriate sensors positioned in the field measure the following parameters: humidity, UV intensity, air temperature,

soil temperature, and soil moisture.
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Fig 1

Processing Unit: Sensor data is gathered by a NodeMCU (ESP8266) microcontroller, which then compares it to irrigation threshold

values that have been set.
Actuation & Cloud Unit: A relay module regulates the water pump based on data that has been processed. Wi-Fi is used to

concurrently upload data to a cloud platform for remote access and visualization.

Fig 2

B. Workflow

Environmental and soil parameters are continuously measured by sensor nodes.

The NodeMCU assesses moisture content and calculates the need for irrigation.

The relay turns the water pump on when the soil moisture falls below a certain threshold and turns it off when the ideal moisture
level is reached.

Through a mobile or web interface, data is sent to a cloud dashboard (ThingSpeak/Blynk) for logging, analysis, and remote control.
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C. Data Acquisition and Testing
Field experiments were conducted to monitor sensor readings and pump activation cycles. Temperature variations, moisture trends
and irrigation durations were recorded and analyzed to evaluate water savings and system efficiency.

V. RESULTS AND DISCUSSIONS
This study demonstrates that the Smart Irrigation and Soil Monitoring System, which is based on the Internet of Things, successfully
satisfies the goals of precision farming. The system uses soil sensors, microcontrollers, and cloud connectivity to automate irrigation
in response to current environmental conditions. Through ongoing monitoring, this removes uncertainty, guarantees that crops
receive the appropriate amount of water at the appropriate time, and facilitates well-informed decision-making. Smart decision-
making is made possible by the system's use of real-time data, which replaces manual estimation in irrigation with data-driven
execution. In order to ensure timely irrigation, moisture readings cause the pump to activate within two seconds. By avoiding both
excessive and insufficient irrigation, this responsiveness directly enhances plant health. Consequently, the system promotes
consistent crop growth and enhanced yield quality, supporting precision agriculture.
Test results show quantifiable advantages. Because irrigation only happens when moisture levels drop below predetermined
thresholds, the system achieved significant water and energy savings. Farmers will find the solution easy to use as remote
monitoring via a dashboard improves accessibility and minimizes labor effort. Additionally, the design is scalable, enabling the
integration of extra sensors or modules for larger farms or a wider range of crop needs. There are some limitations even though the
system operated dependably within the tested range. Real-time data transfer necessitates constant internet connectivity, which can be
difficult in isolated agricultural areas. To increase accuracy and applicability, future improvements might incorporate solar power,
GSM/SMS alerts, or sophisticated sensors like pH and electrical conductivity (EC). Predictive irrigation can be further improved by
integrating artificial intelligence or machine learning, which would allow the system to independently schedule watering cycles
based on past data and weather conditions.
All things considered, the results demonstrate that using IoT technology for irrigation greatly improves resource efficiency, reduces
water waste, and promotes sustainable farming. The system is a useful step toward contemporary, data-driven, and ecologically
conscious agriculture since it not only automates irrigation but also gives farmers access to real-time insights.

V. CONCLUSION

This work introduces an Internet of Things (10T) based Smart Irrigation and Soil Monitoring System that supports precision farming
through automated irrigation and real-time soil and environmental condition monitoring. The system measures temperature,
humidity, and soil moisture using inexpensive sensors and a NodeMCU/ESP8266 microcontroller, only turning on irrigation when
necessary. When compared to manual irrigation, experimental results indicate a 30-40% decrease in water consumption.
Additionally, cloud connectivity allows farmers to remotely monitor field conditions and control the pump, which reduces labor
costs and increases efficiency.

Data-driven decision-making is made possible by the Internet of Things, which enhances crop productivity and plant health. For
small and medium-sized farming, the system is scalable and reasonably priced due to its low-cost and modular architecture.
However, the system only monitors a few parameters at the moment, and its functionality is dependent on internet access and
precise sensor calibration. Nutrient sensing, machine learning-based irrigation prediction, GSM/SMS alerts for internet-less areas,
and solar-powered operation are possible future advancements. All things considered, the system provides a practical and long-
lasting answer for contemporary precision farming.
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