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Abstract

The increasing demand for sustainable agricultural practices has led to the integration of IoT technology into farming.
This paper presents the Smart Agro-Climate Advisory System, an IoT-based smart farming solution that monitors soil
moisture, temperature, humidity, and motion detection while automating irrigation. The system is designed to enhance
agricultural efficiency by reducing water wastage and providing real-time environmental insights to farmers. Utilizing
NodeMCU ESP8266, Soil Moisture Sensor, PIR Motion Sensor, and a Relay Module, the system ensures efficient water
management and security for crops. The Blynk IoT platform enables real-time data visualization, remote irrigation
control, and security alerts through a mobile application. The automation of irrigation using real-time soil moisture data
significantly minimizes water overuse while optimizing crop health. Additionally, the inclusion of a PIR motion sensor
enhances security by detecting unauthorized movement within the field, alerting the farmer through the IoT platform.
This research explores the system's architecture, implementation, and advantages, demonstrating how IoT-based
solutions can revolutionize traditional farming methods. By leveraging cloud-based analytics and automation, the Smart
Agro-Climate Advisory System provides an effective approach toward precision agriculture, water conservation, and
smart farming, ultimately ensuring sustainable agricultural growth.
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1. Introduction

Agriculture remains a fundamental sector globally, yet it faces numerous challenges, including water scarcity,
unpredictable climate conditions, and labor-intensive practices [1]. With the growing global population, the demand for
food production continues to rise, making efficient agricultural practices essential. Traditional irrigation techniques
often lead to excessive water use, contributing to resource depletion and inefficient crop management. Additionally,
manual monitoring of soil conditions, environmental parameters, and farm security requires significant time and labor,
making it difficult for farmers to maintain optimal productivity [2,3].

Figure 1. Block Diagram of Smart Agro-Climate Advisory System
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The Internet of Things (IoT) has emerged as a transformative technology in agriculture, offering solutions that integrate
automation, real-time monitoring, and remote control capabilities [4]. IoT-driven smart farming systems provide
farmers with valuable insights into soil conditions, climate variations, and crop health, enabling data-driven decision-
making [5]. This shift from conventional to precision agriculture has the potential to optimize water usage, reduce labor
dependency, and improve overall agricultural sustainability. In this research, we introduce a Smart Agro-Climate
Advisory System, an IoT-based approach to efficient irrigation management, real-time environmental monitoring, and
enhanced farm security [6,7]. By integrating automated irrigation systems and remote monitoring capabilities, this
system aims to enhance productivity, reduce resource wastage, and support sustainable agricultural growth.

This research introduces a Smart Agro-Climate Advisory System, a low-cost, efficient, and intelligent solution for
monitoring and automating irrigation using IoT [8]. The system integrates various sensors to collect environmental data,
which is processed by NodeMCU ESP8266 and transmitted to the Blynk cloud [9]. The relay module controls the water
pump based on soil moisture levels, reducing water waste and optimizing irrigation efficiency. Additionally, a PIR
motion sensor detects movement around the farmland, enhancing security. Farmers can remotely access the system via
the Blynk mobile app, allowing for efficient and informed decision-making [10,11].

2. Literature Review

The integration of IoT in agriculture has been widely studied, emphasizing its impact on precision farming. Several
research works highlight how IoT-based systems improve crop monitoring, irrigation, and security. Soil moisture
sensors are extensively used to prevent overwatering and underwatering, leading to optimal plant growth. Additionally,
various studies have explored automated irrigation techniques using IoT to enhance water conservation [12].

However, many existing solutions lack remote access and motion detection capabilities, limiting farmers' ability to
monitor and secure their fields in real-time. Some research has focused on cloud-based data logging for agricultural
analytics, but real-time decision-making remains a challenge [13]. Furthermore, most systems do not integrate multi-
sensor networks, such as combining soil moisture, climate conditions, and security alerts into a single automated system
[14].

This research builds on these studies by addressing these gaps. Our Smart Agro-Climate Advisory System not only
integrates real-time environmental monitoring and automated irrigation but also incorporates motion detection for farm
security. By utilizing the Blynk IoT platform, the system enables farmers to monitor conditions remotely and make
instant decisions, leading to more efficient and secure precision farming [15].

Figure 2. Precision Agriculture

Sustainable Commensalism & Circular Food Systems https://sccfs.cultechpub.com/index.php/sccfs

24



Studies show that real-time data monitoring combined with automated irrigation significantly enhances water
conservation and crop yield [16]. The Blynk IoT platform has been employed in various smart agricultural applications
due to its user-friendly mobile interface and cloud-based data storage. Furthermore, integrating motion sensors in
agricultural fields has proven beneficial in preventing theft and unauthorized access [17]. This study builds on existing
technologies by providing a comprehensive system that includes real-time remote monitoring, automated irrigation, and
security enhancements.

3. System Architecture

3.1 Hardware Components

The Smart Agro-Climate Advisory System is built around several key hardware components that ensure effective
environmental monitoring, irrigation control, and security. These components work together seamlessly to automate
various farming tasks and offer remote control through a mobile application.

NodeMCU ESP8266: The NodeMCU ESP8266 microcontroller is the brain of the system. It processes the sensor data
and transmits it to the cloud through the Wi-Fi connectivity of the ESP8266 chip. It enables communication between the
various sensors and the Blynk platform, allowing real-time data to be visualized and acted upon remotely. NodeMCU is
a cost-effective microcontroller that ensures low power consumption, which is ideal for IoT applications like this.

Soil Moisture Sensor: The soil moisture sensor plays a crucial role in the system by measuring the water content in the
soil. This data is essential for controlling the irrigation process. When the soil moisture falls below a pre-set threshold,
the sensor triggers the relay module to activate the water pump and deliver water to the crops. This automation prevents
over-watering or under-watering, both of which can be detrimental to crop health.

PIR Motion Sensor: The Passive Infrared (PIR) motion sensor is used for detecting movement around the farming area,
enhancing security. This sensor can identify unauthorized activity or intrusions on the farm and send an alert to the
farmer via the Blynk mobile app. By adding this motion detection functionality, the system not only manages irrigation
but also ensures the safety of the crops and farm property.

Relay Module: The relay module serves as a switch that controls the water pump based on inputs from the soil
moisture sensor. When the soil moisture falls below the defined threshold, the relay activates the pump to supply water
to the crops. The relay ensures that the system can handle high-voltage components (like the water pump) safely and
efficiently, while the microcontroller deals with the low-voltage operations.

Water Pump: The water pump is responsible for irrigating the crops when the soil moisture level is too low. The pump
is activated by the relay module and is designed to supply the required amount of water to the soil, improving the crop's
health and ensuring efficient water usage. The water pump plays a central role in conserving water by only running
when needed.

Tactile Push Button: In addition to the automated control, the system provides a tactile push button to allow manual
operation of the irrigation system. The button can be used to start or stop the irrigation process if the farmer needs to
override the automated controls for any reason, such as during extreme weather conditions or maintenance activities.

18650 Battery: The 18650 rechargeable battery is used as a power source for the system, ensuring that the system can
operate autonomously without the need for a direct connection to the power grid. This battery provides the required
energy for all the components, and it is both cost-effective and environmentally friendly. The battery can be recharged
as needed, making it suitable for continuous use in remote areas.

Blynk Mobile App: The Blynk mobile application is an essential part of the system, allowing farmers to remotely
monitor and control the system. The app displays real-time data from the sensors, including soil moisture levels,
environmental temperature, and security alerts. Through the app, farmers can turn on or off irrigation, view live sensor
data, and receive notifications about any detected movement or changes in soil moisture.

3.2 Circuit Diagram

The system's circuit diagram shows how the hardware components are interconnected. The NodeMCU ESP8266 is
connected to the various sensors (soil moisture sensor and PIR motion sensor) and the relay module, which controls the
water pump. The water pump is powered through the relay module, and the Blynk app communicates with the
microcontroller through Wi-Fi. The entire system is powered by the 18650 rechargeable battery. The circuit diagram
provides a clear representation of how the components work together to automate irrigation and farm security, offering
real-time control and monitoring for farmers.

This architecture ensures the Smart Agro-Climate Advisory System can provide optimal irrigation and security with
minimal human intervention, increasing efficiency and promoting sustainable agricultural practices.
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Figure 3. Circuit Diagram

4. Implementation

4.1 Hardware Setup

The hardware setup for the Smart Agro-Climate Advisory System is designed to be simple yet effective, using a
breadboard to connect all the sensors and modules. At the core of the setup is the NodeMCU ESP8266, which functions
as the central controller for the system. This microcontroller processes the sensor data and communicates with the
Blynk cloud platform through Wi-Fi, allowing the system to be monitored and controlled remotely. The system’s
components are carefully arranged to ensure smooth interaction and minimal interference.

The soil moisture sensor is placed in the soil, where it continuously measures the moisture content. It sends real-time
data to the NodeMCU, which processes it and determines if irrigation is required. The data from the soil moisture
sensor is essential in preventing over-irrigation or under-irrigation, which can negatively affect crop growth. The PIR
motion sensor is positioned strategically around the farming area to detect any movement. It functions as a security
mechanism, alerting the farmer if unauthorized movement is detected around the field. This sensor contributes to
enhancing the farm's safety by notifying the farmer of potential intrusions.

The relay module acts as a switch between the NodeMCU and the water pump. When the soil moisture sensor detects
that the soil has become too dry, the relay activates the water pump, which supplies water to the crops. Once the
moisture level is sufficiently restored, the relay automatically turns off the water pump, ensuring that no water is wasted.
The water pump is powered through the relay, allowing for efficient control based on the data received from the soil
moisture sensor.

All of these components are connected via a breadboard, ensuring that each sensor and module is linked to the
NodeMCU and operates cohesively. The setup is compact and easy to assemble, making it ideal for small to medium-
scale farming applications.

4.2 Software Development

The software development for the Smart Agro-Climate Advisory System utilizes the Arduino IDE, a popular open-
source platform for developing applications on microcontrollers. The system is programmed to read data from the
various sensors and perform actions based on that data. Libraries for Blynk, ESP8266WiFi, and the sensor modules are
incorporated into the code to facilitate communication and sensor management.

The Blynk mobile application plays a crucial role in the software architecture. The app is configured to receive real-
time data from the NodeMCU, which includes soil moisture readings, temperature, and motion detection alerts.
Through the app, farmers can remotely monitor the field's conditions and manage the irrigation system. The app
provides a user-friendly interface, making it easy for farmers to visualize sensor data and receive alerts when
intervention is needed.

Data from the sensors is continuously transmitted to the cloud via the NodeMCU, allowing farmers to access real-time
information anytime and anywhere. The system also ensures that the irrigation process is controlled remotely, offering
convenience and flexibility. The cloud-based nature of the platform makes it ideal for modern agriculture, where
farmers can monitor their farms on-the-go, improving efficiency and productivity.

4.3 Automation Process

The automation process is the heart of the Smart Agro-Climate Advisory System. The soil moisture sensor continuously
monitors the water content in the soil. If the moisture level falls below a predefined threshold, the system automatically
activates the water pump through the relay module, supplying water to the crops. Once the soil moisture reaches the
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required level, the system turns off the pump, ensuring that no water is wasted. This automated irrigation process
eliminates the need for manual intervention and ensures that crops receive the right amount of water at the right time.

Figure 4. Blynk App Output

The PIR motion sensor plays an additional role in the system’s automation. It detects any movement within the farm
area and sends an alert to the farmer through the Blynk mobile app. This feature is essential for farm security, as it
allows farmers to be notified in real-time if unauthorized movement or intrusions occur. By combining automation for
irrigation and security, the system provides a comprehensive solution for modern farming needs.

5. Results and Discussion

5.1 System Efficiency

The Smart Agro-Climate Advisory System was rigorously tested under various environmental conditions to assess its
overall performance. The primary goal of the system was to enhance agricultural practices by automating processes,
conserving water, and improving farm security. The results were promising, showing that the system met its objectives
effectively.

One of the system's key achievements was its ability to reduce water wastage. The system ensured that the water pump
was activated only when the soil moisture level dropped below a predefined threshold. By preventing over-irrigation, it
minimized water usage, which is particularly important in regions with water scarcity. This intelligent water
management contributed to sustainability and resource conservation.

The system also enhanced security by incorporating a PIR motion sensor, which detects unauthorized movements
around the farm. This feature proved highly valuable for preventing theft, animal intrusion, or other unauthorized
activities. Whenever the motion sensor detected movement, it sent an alert to the farmer via the Blynk mobile app,
allowing for timely intervention. This added security layer provided peace of mind to the farmer, knowing that their
crops and equipment were monitored continuously.

Another significant feature of the system was its ability to provide real-time access to environmental data through the
Blynk mobile app. Farmers could remotely monitor soil moisture, temperature, and other environmental parameters,
ensuring that they had up-to-date information at their fingertips. This remote monitoring feature offered convenience,
enabling farmers to make informed decisions regarding irrigation and field management, even when they were not
physically present in the field.
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The system also contributed to improving crop health by ensuring optimal soil moisture levels. By maintaining the ideal
moisture content in the soil, the system helped promote healthy crop growth. This automation took the guesswork out of
irrigation, preventing crops from suffering due to under or over-watering. The continuous monitoring and control of soil
moisture levels also allowed for more precise water delivery, which directly impacted crop yield and overall farm
productivity.

Additionally, the system reduced manual labor by automating the irrigation process. Farmers no longer had to monitor
soil moisture levels or manually start and stop irrigation systems. The system took care of these tasks autonomously,
freeing up the farmer’s time for other essential activities. The automation of the irrigation process not only improved
efficiency but also reduced labor costs associated with traditional farming practices.

The data collected by the system was analyzed to identify trends in soil moisture variation, temperature fluctuations,
and motion detection activities. These insights helped in refining the system's performance and allowed for further
optimization. The ongoing data analysis was crucial for understanding the system's behavior under different
environmental conditions and ensuring that it continued to operate efficiently over time.

5.2 Comparative Analysis

When compared to traditional irrigation techniques, the Smart Agro-Climate Advisory System demonstrated significant
improvements in efficiency and effectiveness. One of the most notable advantages was the 30% improvement in water
conservation. Traditional irrigation systems often lead to water wastage due to over-irrigation, whereas this IoT-based
system ensured that water was delivered only when necessary, based on real-time soil moisture data. This reduction in
water usage is particularly important in areas where water resources are limited and expensive to maintain.

In addition to water conservation, the system also offered a significant reduction in manual labor. Conventional
irrigation methods often require frequent monitoring and manual operation, which can be time-consuming and labor-
intensive. In contrast, the Smart Agro-Climate Advisory System automated the entire irrigation process, eliminating the
need for constant human intervention. This not only saved time but also reduced the physical effort required by the
farmer, allowing them to focus on other tasks that needed their attention.

Unlike traditional systems that demand frequent checks and adjustments, this IoT-based system operated autonomously,
continuously monitoring the soil conditions and making necessary adjustments to irrigation in real time. This level of
automation helped to optimize crop health and water efficiency, which resulted in better agricultural outcomes.

5.3 Challenges and Limitations

While the Smart Agro-Climate Advisory System showed great promise, it also faced some challenges and limitations
that need to be addressed for further improvement. One of the primary challenges was the Wi-Fi dependency. The
system requires a stable and reliable internet connection to communicate with the cloud platform and transmit real-time
data. In rural areas or remote farms where internet connectivity is inconsistent, this can pose a problem. Future
developments may focus on providing offline data storage solutions or alternative communication methods to reduce
the reliance on Wi-Fi.

Another challenge faced by the system was power consumption. The system is powered by a rechargeable 18650 battery,
which is suitable for short-term use but may need optimization for long-term deployment. For large-scale or continuous
use, the battery life could be a limiting factor. To address this, future research could explore the use of solar-powered
energy solutions that would allow the system to run efficiently without frequent recharging.

Figure 5. Field Monitoring
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Environmental factors also impacted the system’s performance. Sensor accuracy can vary depending on external
conditions such as soil type, weather, and temperature. For example, soil moisture sensors may give different readings
in clayey soil compared to sandy soil, which could affect the overall irrigation process. Similarly, weather conditions
such as heavy rainfall or extreme heat could impact sensor readings. To mitigate these challenges, future versions of the
system could incorporate adaptive machine learning algorithms that learn from environmental data and adjust sensor
readings for improved accuracy.

Figure 6. IoTWorkflow

6. Conclusion and Future Scope

The Smart Agro-Climate Advisory System effectively integrates the Internet of Things (IoT) into modern farming
practices, providing several key benefits such as automated irrigation, real-time environmental monitoring, and
enhanced security measures. The research demonstrates how the integration of NodeMCU ESP8266, soil moisture
sensors, PIR motion sensors, and the Blynk IoT platform results in a scalable, cost-effective solution for precision
agriculture. This combination of components enables the system to accurately monitor soil moisture, automate irrigation
based on real-time conditions, and enhance farm security by detecting movement around the fields. When compared to
traditional irrigation techniques, the Smart Agro-Climate Advisory System stands out by optimizing water use,
minimizing wastage, and offering remote access to crucial farming parameters, thereby improving farm management
and decision-making capabilities.

Looking ahead, future research will focus on advancing the system by integrating AI-driven predictive analytics for
weather-based irrigation adjustments. This could enhance the system's ability to predict weather patterns and adjust
irrigation schedules accordingly. Additionally, solar-powered energy solutions will be explored to improve the system's
energy efficiency, especially for long-term use in remote farming locations. The system will also expand by adding
more sensors to monitor additional environmental factors such as temperature and humidity trends, further enhancing its
precision. Furthermore, the integration of machine learning algorithms will allow the system to analyze historical data,
enabling adaptive irrigation planning based on climatic patterns and soil conditions, ultimately leading to more efficient
water usage and improved crop management.
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