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ABSTRACT: Ensuring the health and productivity of agricultural crops is critical due to the growing global demand for
food and the challenges posed by environmental changes and disease outbreaks. In response to these challenges, this
paper presents an innovative Plant Disease Detection and Environmental Monitoring using Arduino and Machine
Learning System designed to enhance agricultural efficiency and crop health monitoring through the integration of
Internet of Things (10T) technologies and deep learning algorithms.

This project presents a Smart Farming and Plant Disease Detection System that integrates Arduino-based environmental
monitoring with deep learning techniques for early disease detection in crops. The system uses sensors to measure soil
moisture, temperature, and humidity, automating irrigation through a relay-controlled pump and alerting users to
abnormal conditions via a buzzer and LCD display. A YOLOV8 deep learning model analyzes plant leaf images to detect
diseases and recommend pesticides, enhancing crop health management. Real-time data is also communicated to a Python
interface, enabling efficient, data-driven farming Practices that improve yield sustainability.

KEYWORDS: Plant Disease Detection, Arduino, Machine Learning, Crop Health Monitoring
I. INTRODUCTION

Agriculture is the backbone of human civilization and continues to be vital for economic growth and food production.
However, conventional farming techniques face significant challenges due to rising population demands, climate
variability, and pest outbreaks. With food demand projected to rise by 60% by 2050, adopting advanced technologies is
imperative. Smart farming, through loT and machine learning, offers data-driven decision-making capabilities to enhance
efficiency and sustainability. This paper introduces an loT and Al-based system for real-time plant monitoring and
disease detection, improving agricultural productivity and sustainability. The system integrates an Arduino-based
environmental monitoring module with smart sensors to measure critical parameters like soil moisture, temperature, and
humidity. Additionally, an automated irrigation system optimizes water usage based on real-time soil conditions,
reducing wastage and ensuring optimal plant health. A machine learning-based disease detection module employing the
YOLO V8 deep learning algorithm is incorporated to identify and classify plant diseases at an early stage, preventing
outbreaks and minimizing crop losses. The system provides real-time alerts to farmers through a buzzer and display
module, enabling timely intervention. The proposed solution is energy-efficient, scalable, and adaptable to different farm
sizes and crop types. By leveraging loT and Al, this approach enhances precision agriculture, reduces resource
consumption, and promotes sustainable farming practices, addressing the challenges of modern agriculture.

Il. RELATED WORK

Smart Agriculture: l1oT-Based Crop Monitoring and Disease Prediction Authors : Ramesh K., Patel A., SharmaV.
Abstract : With the escalating need for precision agriculture, the integration of Internet of Things (1oT) with machine
learning (ML) has become pivotal in modernizing traditional farming practices. This study presents an 10T -enabled smart
agriculture system designed for real-time crop monitoring and early disease prediction. The system uses a combination
of environmental sensors—measuring temperature, humidity, and soil moisture—to collect critical data from the field.
This data is transmitted to a cloud-based platform, where it is stored and analysed. A deep learning model, specifically
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trained on plant disease datasets, is employed to detect infections in crops at an early stage. The system supports
automated irrigation control, reducing the need for manual intervention, and ensures timely real-time alerts are sent to
farmers via connected devices. The predictive capabilities of the system allow for the early identification of potential
disease outbreaks, enabling proactive measures. Overall, the study underscores the significance of loT and ML
convergence in boosting agricultural productivity while promoting sustainable resource usage.

Deep Learning-Based Plant Disease Detection Using MobileNetV2 Authors: Li Y., Chen H., Gupta R.

Abstract : The application of deep learning in plant disease detection has revolutionized the agricultural sector, providing
scalable and accurate diagnostic tools. This research focuses on the use of the MobileNetVV2 Convolutional Neural
Network (CNN) architecture for automated classification of plant diseases, with a specific emphasis on tomato leaf
diseases. The study utilized a dataset comprising thousands of labeled images of healthy and diseased tomato leaves. The
MobileNetV2 model was trained and optimized to distinguish between different disease types and healthy leaves,
achieving an impressive accuracy exceeding 90%. One of the key strengths of MobileNetV2 is its lightweight
architecture, which enables deployment on mobile and embedded systems, making it suitable for on-field, real-time
applications. Integration with 10T devices allows for the seamless collection of leaf images and their immediate analysis
through the CNN model. Farmers receive instant alerts and disease diagnoses, enabling them to act swiftly to mitigate
crop damage. This research highlights the practical feasibility of deep learning models in smart agriculture and suggests
that such systems can significantly reduce the dependency on expert agronomists while improving decision-making
efficiency in disease management.

Deep Learning-Based Approach for Plant Leaf Disease Detection for Smart Farming Authors: Hemavathi, S.
Akhila Conference: 2023 International Conference on Advances in Electronics, Communication, Computing
and Intelligent Information Systems (ICAECIS)

This paper presents a deep learning-based approach aimed at detecting plant leaf diseases efficiently within smart farming
environments. The researchers implemented advanced image processing techniques in conjunction with Convolutional
Neural Networks (CNNs) to analyse leaf images for disease symptoms. The system was designed for real-time
monitoring, enabling early diagnosis and timely interventions. This work emphasizes automated disease detection, which
minimizes reliance on manual inspections and enhances overall crop health management.

I1l. PROPOSED ALGORITHM

**1.1 EXxisting System**
Agriculture has traditionally relied on manual labour and experience-based techniques for crop monitoring and irrigation.
Farmers visually inspect their fields to identify diseases, pests, and environmental stress factors. However, this method
is time-consuming, inconsistent, and prone to human error. The delayed detection of diseases often leads to severe crop
damage before corrective measures can be taken. Additionally, manual disease identification lacks precision, as farmers
may misinterpret symptoms, leading to incorrect pesticide use and ineffective disease management. These inefficiencies
result in lower crop yields and increased financial losses.

Irrigation practices in conventional farming are also inefficient. Many farmers follow a fixed irrigation schedule without
considering real-time soil moisture levels or climatic conditions. As a result, over-irrigation leads to water wastage and
soil nutrient depletion, while under-irrigation causes water stress, affecting plant growth and reducing productivity. The
absence of data-driven irrigation management makes it challenging to optimize water usage, which is critical in regions
facing water scarcity. Without automated irrigation control, farmers struggle to maintain the right balance of water
supply, leading to inconsistent crop health and yield.

Another major drawback of traditional farming methods is the lack of automation and real-time alert mechanisms.
Farmers must remain physically present in the fields to monitor environmental conditions and take action when problems
arise. This dependence on constant human supervision increases labor costs and reduces efficiency, especially on large
farms. Additionally, traditional methods do not incorporate predictive analytics, which means farmers cannot foresee
potential disease outbreaks or environmental stress conditions. The inability to predict and prevent issues before they
escalate makes traditional farming highly reactive rather than proactive.
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Furthermore, inefficient use of resources such as water, pesticides, and fertilizers has significant environmental
consequences. Excessive pesticide application can degrade soil quality, harm beneficial insects, and contribute to
pesticide resistance among pests. Similarly, unregulated water usage depletes local water sources, affecting nearby
ecosystems and communities. The lack of a data-driven approach in traditional farming makes it difficult to achieve
sustainability and efficiency. These limitations highlight the urgent need for smart agriculture solutions that integrate 10T
and machine learning to provide real-time insights, automation, and predictive analytics for improved agricultural
productivity and resource management.

**1.2 Proposed System**

The proposed system integrates an Arduino microcontroller with 10T-based environmental monitoring and deep learning-
powered disease detection to improve agricultural efficiency. Various sensors, including soil moisture sensors and
DHT11 temperature-humidity sensors, are deployed in the field to monitor real-time environmental conditions. These
sensors provide continuous data on soil moisture, temperature, and humidity, which is crucial for making informed
decisions about irrigation and disease prevention. By collecting and analyzing this data, farmers can optimize resource
usage and ensure better crop health.

For automated irrigation, the system utilizes soil moisture sensor data to control a relay-operated water pump. When the
soil moisture drops below a predefined threshold, the pump is activated automatically, supplying the necessary water to
the crops. Once the moisture level reaches an optimal range, the system turns off the pump, preventing water wastage.
This automation minimizes the need for manual intervention and ensures efficient water management, which is
particularly beneficial in regions facing water scarcity.

SENSOT

DHTI11
Sensor

Arduino
LCD

USB Cable I

Fig : Block Diagram of Proposed Method

Disease detection is a crucial feature of this system, achieved using a deep learning-based YOLO V8 model. A camera
module captures images of plant leaves and processes them using the trained YOLO V8 model, which identifies and
classifies potential diseases at an early stage. The model detects disease symptoms by analyzing patterns and
discolorations in leaf images, providing accurate and timely diagnosis. The detected results are displayed on a user-
friendly interface, allowing farmers to take immediate corrective action, such as applying the appropriate pesticide or
nutrient treatment.

To enhance real-time monitoring and response, the system includes an alert mechanism using a buzzer. When critical
environmental conditions, such as extreme temperature, high humidity, or detected diseases, are identified, the buzzer is
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triggered to notify farmers instantly. This ensures timely intervention, preventing severe damage to crops. The entire
system operates on a 12V DC adapter, with future plans to incorporate battery and solar power options for enhanced
sustainability. By integrating 10T, automation, and deep learning, this smart farming solution reduces labour dependency,
optimizes resource usage, and significantly improves crop health and yield.

IV. RESULTS

Fig 1 : Implemented Set up of Plant Disease Detection & Environmental Monitoring

This image depicts a complete hardware setup for an automated plant irrigation system. At the core of the setup is an
Arduino Uno, which serves as the microcontroller responsible for processing sensor data and controlling system
operations. A Soil Moisture Sensor is included to measure the moisture level of the soil, ensuring that plants receive the
appropriate amount of water. Additionally, a DHT Sensor is used to monitor environmental conditions such as
temperature and humidity, which can influence plant health and watering needs. The system also features an LCD
Display, which provides real-time feedback by displaying sensor readings and system status. A Relay Module acts as a
switch to control the Water Pump, which is activated when the soil moisture level drops below a predefined threshold,
ensuring automatic irrigation. The entire system is powered by an external Power Supply and is connected with
appropriate wiring. Additionally, the setup is linked to a laptop, likely for programming, debugging, and real-time
monitoring of sensor data. This automated irrigation system helps in efficient water management, reducing manual effort
and optimizing plant care.

Fig 2 : LCD display of Disease detected and Temperature , Humidity and soil moisture readings
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C_____________________________________________________|
V. CONCLUSION AND FUTURE WORK

CONCLUSION : The integration of Arduino, loT-based environmental monitoring, and machine learning for plant
disease detection presents a promising solution for precision agriculture. By leveraging real-time data from soil moisture,
temperature, and humidity sensors, the system automates irrigation and optimizes resource usage. The incorporation of
a deep learning-powered YOLO V8 model ensures early disease detection, allowing timely intervention and reducing
crop loss. Furthermore, the alert mechanism enables farmers to take immediate action against environmental stressors.
This intelligent system enhances agricultural efficiency, minimizes manual labour, and improves overall crop health,
making it a valuable tool for modern farming practices.

FUTURE WORK : Advancements in artificial intelligence and machine learning will enable the system to predict plant
diseases even before visible symptoms appear, facilitating preventive measures. Expanding the sensor network to include
soil pH, nutrient levels, and microbial activity can provide deeper insights into soil health and crop conditions. Cloud
computing and big data analytics can enhance predictive modelling for better decision-making. The development of
mobile and web applications will allow remote monitoring and control, increasing accessibility for farmers. Additionally,
sustainability-focused algorithms can optimize resource utilization, reducing waste and environmental impact. These
enhancements will ensure that the system continues to evolve, addressing global agricultural challenges and contributing
to the future of smart farming.
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