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Abstract— Agriculture plays a vital role in ensuring food
security and economic development, yet conventional
farming practices often face challenges such as inefficient
water utilization, unpredictable weather conditions, and
limited real-time monitoring of crop environments. To
address these challenges, this research proposes an IoT-
Based Smart Agriculture Monitoring and Adaptive
Irrigation System that integrates environmental sensing,
real-time data processing, and intelligent irrigation
management. The proposed system uses soil moisture,
temperature, and humidity sensors connected to an ESP32
microcontroller to continuously collect field data. The
collected information is transmitted to a cloud-based
platform, enabling farmers to remotely monitor
agricultural conditions through a web or mobile
application. Unlike conventional sensor-based irrigation
systems that rely primarily on fixed threshold values, the
proposed approach focuses on adapting irrigation decisions
according to soil moisture conditions, environmental
parameters, and crop-specific water requirements. A
notification mechanism can alert farmers when
environmental conditions require attention, while
automated pump control helps reduce unnecessary water
consumption. The system is designed with affordability,
scalability, and practical deployment in small and medium-
sized farms in mind. Its performance can be evaluated using
parameters such as soil moisture measurement accuracy,
response time, water consumption, and irrigation efficiency.
The proposed framework aims to support data-driven
farming, reduce manual intervention, conserve water
resources, and improve agricultural productivity. This
research provides a foundation for developing sustainable
and accessible smart agriculture solutions that can
be extended in the future through weather forecasting and
machine learning-based irrigation recommendations.
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I. INTRODUCTION

Agriculture plays a vital role in ensuring food security and
economic development. However, traditional farming practices
face several challenges, such as inefficient water utilization,
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unpredictable weather conditions, lack of real-time monitoring,
and difficulty in maintaining proper soil moisture levels. [1]

Traditional farming often depends on manual observation and
farmers’ experience. This can lead to water wastage, increased
labour costs, and reduced crop productivity. Therefore, modern
technologies are needed to make agricultural practices more
efficient and reliable. [2]

The Internet of Things (IoT) provides an effective solution to
these challenges by connecting sensors, microcontrollers, and
mobile applications. In this project, soil moisture, temperature,
and humidity sensors are used to collect real-time information
about the crop environment. [2]

These sensors are connected to an ESP32 microcontroller,
which processes the collected data and transmits it to a mobile
application. This enables farmers to monitor field conditions
remotely and make informed decisions about irrigation. [1]
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Fig.1. Internet of things

The main objective of this project is to develop an loT-based
smart agriculture monitoring system that improves irrigation
management and crop health. The system monitors
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environmental conditions and helps control the water pump
according to predefined soil moisture thresholds.

The major benefits of the proposed system include:

e Reducing water wastage through efficient irrigation.

e  Minimizing manual labour and saving time.

e  Monitoring soil moisture, temperature, and humidity
in real time. Improving crop health and agricultural
productivity.

Overall, the proposed system aims to make agriculture smarter,
more efficient, and more sustainable by integrating IoT
technology with automated irrigation management .[1][2]

Fig. 2

II. RELATED WORK

1. ToT-Based Smart Agriculture Monitoring System ----
Previous researchers developed IoT-based agricultural
monitoring systems using temperature, humidity, and soil
moisture sensors. These sensors collect environmental data
and transmit it to a microcontroller for processing. This
approach helps farmers monitor field conditions and make
better irrigation decisions.

2. Smart Irrigation System Using Soil Moisture Sensors—
Several studies have explored automated irrigation systems
that use soil moisture sensors to determine when crops
require water. The water pump is activated when the soil
moisture falls below a predefined threshold. These systems
help reduce unnecessary water consumption and minimize
manual intervention.

3.Researchers have used ESP32 microcontrollers in smart
agriculture because of their built-in Wi-Fi and Bluetooth
capabilities. ESP32-based systems can collect sensor data,
process information, and transmit readings to mobile
applications or cloud platforms for remote monitoring.

4. Mobile Application-Based Farm Monitoring--Previous
research has also focused on integrating mobile
applications with agricultural monitoring systems. These
applications allow farmers to access real-time sensor
readings, monitor environmental conditions, and control
irrigation remotely.

5. TIoT for Sustainable Agriculture --Various studies have
highlighted the role of IoT in sustainable agriculture by
improving resource utilization, reducing water wastage,
minimizing labour requirements, and supporting better crop
management.

conditions in basic irrigation system.
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Fig. 3
III. PROBLEM FORMULATION

Agriculture is one of the most important sectors for ensuring
food security and economic development.

However, traditional farming practices face several challenges,
including inefficient water wusage, lack of real-time
environmental monitoring, unpredictable weather conditions,
and excessive dependence on manual labour. Farmers often find
it difficult to determine the exact water requirements of crops
because soil moisture, temperature, and humidity can change
throughout the day.

In conventional irrigation systems, water is frequently supplied
at fixed intervals or based on manual observation rather than
actual soil conditions. This can result in over-irrigation or
under-irrigation, leading to water wastage, reduced crop health,
and lower agricultural productivity. Furthermore, the absence of
continuous monitoring makes it difficult for farmers to respond
quickly to changing environmental conditions.

To address these challenges, this research proposes an loT-
Based Smart Agriculture Monitoring and Adaptive Irrigation
System using soil moisture, temperature, and humidity sensors
connected to an ESP32 microcontroller. The system collects
real-time environmental data, processes sensor readings, and
provides information through a mobile application. Based on
predefined soil moisture thresholds, the system can control
irrigation to supply water when required.

The main problem addressed by this research is how to improve
irrigation efficiency and agricultural monitoring through real-
time sensor data and automated water management. The
proposed system aims to reduce unnecessary water
consumption, minimize manual intervention, improve crop
conditions, and promote sustainable agricultural practices.

Key Problem Statements

Water wastage: Inefficient irrigation methods consume water
unnecessarily.

Lack of real-time monitoring: Farmers may not have continuous
information about soil and environmental conditions.

Manual dependency: Traditional irrigation requires frequent
human observation and intervention.

Unpredictable  environmental conditions: Changes in
temperature and humidity can affect crop water requirements.

Inefficient irrigation decisions: Fixed irrigation schedules may
not reflect actual soil moisture levels.
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Research objective: To develop an IoT-based system that
integrates environmental monitoring and sensor-based
irrigation control to improve water-use efficiency and support
sustainable agriculture.

Table I: Specifications of components

D.Remote Monitoring and User Control -

The proposed system integrates a mobile monitoring
application, such as the Blynk loT platform, to provide real-time
access to sensor readings. Farmers can monitor temperature,
humidity, and soil moisture, receive alerts when critical
conditions occur, and adjust suitable threshold settings
remotely.
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IV. Methodology

The proposed IoT-Based Smart Agriculture Monitoring and
Adaptive Irrigation System is designed to monitor
environmental conditions and automate irrigation to improve
water efficiency and crop health. The system integrates soil
moisture, temperature, and humidity sensors with an ESP32
microcontroller to collect and process real-time agricultural
data.

A.Sensor-Based Data Collection -

The system uses a soil moisture sensor to measure the moisture
content of the soil and a DHT11 sensor to monitor temperature
and humidity. These sensors continuously collect
environmental data from the agricultural field and transmit the
readings to the ESP32 microcontroller for processing.

B. Real-Time Data Processing and Monitoring-

The ESP32 acts as the central processing unit of the proposed
system. It compares the collected sensor readings with
predefined threshold values to determine the irrigation
requirements of crops. The processed data is displayed on an
LCD and transmitted through Wi-Fi to a mobile application,
enabling farmers to monitor field conditions remotely.

C.Adaptive Automatic Irrigation -

The irrigation mechanism operates according to the soil
moisture level. When the moisture content falls below the
predefined threshold, the ESP32 activates a relay module to
switch on the water pump. Once the required moisture level is
reached, the controller automatically switches off the pump.
This mechanism reduces unnecessary water consumption and
helps prevent over-irrigation.
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Fig.6

V. Results & Discussions

Research Topic: [oT-Based Smart Agriculture Monitoring and
Adaptive Irrigation System

1. Real-Time Environmental Monitoring

This section explains how the proposed system monitors
agricultural field conditions in real time.

Soil Moisture Sensor: Measures the moisture content of the
soil.

Temperature Sensor: Measures the surrounding temperature.
Humidity Sensor: Measures the humidity level in the air.

ESP32 Microcontroller: Collects and processes data received
from the sensors.

Real-Time Monitoring: Displays environmental readings on a
mobile or web dashboard.

Discussion: Continuous monitoring helps farmers understand
soil and environmental conditions and make informed irrigation
decisions. The accuracy of the readings depends on sensor
calibration, placement, and field conditions.

2. Adaptive Irrigation and Automatic Pump Control
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This is one of the most important components of the proposed
system because it automates irrigation according to soil
moisture levels.

The soil moisture sensor measures the current moisture level

The microcontroller compares the reading with a predefined
threshold.

If the moisture level falls below the threshold, the water pump
turns ON.

When sufficient moisture is reached, the pump turns OFF.

This process helps prevent unnecessary watering and supports
efficient irrigation management.

Discussion: Automatic pump control reduces the need for
manual irrigation. However, the threshold must be adjusted
according to crop requirements, soil type, and environmental
conditions.

3. Sensor Data Analysis and System Performance

This section evaluates the collected sensor data and the
performance of the proposed system.

Analysis of temperature, humidity, and soil moisture readings.

Evaluation of pump responses under different soil moisture
conditions.

Identification of sensor fluctuations and possible measurement
errors.

Assessment of response time and system reliability.

Evaluation of threshold-based irrigation decisions.

4. Water Conservation and Resource Optimization

The main objective of smart irrigation is to use water efficiently
and reduce unnecessary consumption.

e Need-based irrigation-

e Reduction of over-irrigation and water wastage.
e Efficient management of water resources.

e Reduction of unnecessary pump operation.

e  Support for sustainable agricultural practices.

Unlike irrigation based entirely on fixed schedules or manual
observation, the proposed system uses soil moisture readings to
guide irrigation. This approach has the potential to reduce water
wastage. Actual water savings should be established by
comparing the proposed system with a conventional irrigation
method.

5. Remote Monitoring Using IoT and a Mobile Dashboard

This section explains how IoT connectivity enables farmers to
monitor field conditions remotely.

Wi-Fi connectivity through the ESP32 microcontroller.
Display of sensor readings on a mobile or web dashboard.
Monitoring of soil moisture, temperature, and humidity.
Checking irrigation status remotely.

Transmission of sensor data through an internet connection.

VI. CONCLUSION

In conclusion, a smart irrigation system using IoT technology
brings significant advantages to water management in
agricultural, residential, and commercial settings. By leveraging

real-time data, automation, and remote-control capabilities,
these systems optimize water usage, conserve resources, and
enhance plant health and productivity.

The integration of [oT sensors and weather data enables precise
monitoring of soil moisture levels, weather conditions, and
plant water requirements. This information allows for the
delivery of the right amount of water at the right time, avoiding
overwatering and preventing plant stress or diseases caused by
underwatering.

The benefits of a smart irrigation system extend beyond water
conservation. Users can remotely control and monitor the
system through mobile apps or web interfaces, providing
convenience and flexibility. The automation features save time
and effort by eliminating manual irrigation.

Financially, the efficient use of water leads to cost savings,
making the system economically attractive for homeowners,
businesses, and farmers. Additionally, the data-driven insights.
provided by the system enable better decision-making regarding
irrigation strategies, crop selection, and resource management.
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