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[bookmark: _Toc225957287]Abstract
The increasing global demand for sustainable agriculture has led to the need for intelligent and efficient farming solutions. Organic gardening, which avoids synthetic chemicals, plays a vital role in promoting environmental sustainability and food safety. However, traditional organic gardening relies heavily on manual observation and experience, which can lead to inefficient resource utilisation and delayed identification of plant health issues. This project presents a smart organic gardening system that combines Artificial Intelligence (AI), Machine Learning (ML), and Internet of Things (IoT) technologies. The system is developed to continuously monitor environmental conditions, optimise irrigation processes, identify plant diseases, and deliver real-time recommendations to users. By processing sensor data along with plant images, the system enhances crop productivity, minimises water consumption, and promotes sustainable gardening practices. The results indicate that AI-based solutions can greatly improve the efficiency, precision, and overall performance of organic gardening systems [1], [2].
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Organic gardening has become increasingly important in recent years due to growing concerns about environmental protection, climate change, and food safety [10]. Unlike traditional farming methods, it does not use synthetic fertilisers or chemical pesticides but instead depends on natural processes to improve soil quality and maintain plant health. This approach supports biodiversity and reduces environmental pollution. However, organic gardening also presents several challenges, including inefficient irrigation, soil nutrient imbalance, and delayed detection of pests and plant diseases.
Traditional methods depend largely on human observation and experience, which can be time-consuming and prone to error. Gardeners may struggle to accurately determine the correct amount of water needed or identify diseases at an early stage. As a result, crops may suffer from under-watering, over-watering, or untreated infections, leading to reduced productivity.
Recent advancements in Artificial Intelligence (AI), Machine Learning (ML), and Internet of Things (IoT) technologies have created new opportunities to address these challenges. IoT devices enable real-time data collection from environmental sensors, while AI systems analyse this data to provide intelligent insights [6], [7]. Machine learning algorithms can learn from historical data and predict plant requirements, improving decision-making and efficiency [1], [2].
This project aims to design and develop an intelligent organic gardening system that integrates AI and ML technologies to monitor plant health, optimise irrigation, and enhance sustainability. The system provides a smart and automated solution that supports environmentally friendly gardening practices.
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[bookmark: _Toc225957290] Aim
The aim of this project is to design and develop an intelligent organic gardening system using Artificial Intelligence and Machine Learning to monitor plant health, optimise environmental conditions, and improve crop yield while maintaining sustainable and eco-friendly organic farming practices.

[bookmark: _Toc225957291]Objectives
1. To analyse current organic gardening practices and identify key challenges such as irrigation management, soil health monitoring, and pest detection. 
2. To design a smart gardening system that integrates IoT sensors to collect real-time environmental data, including soil moisture, temperature, and humidity. 
3. To develop machine learning models that analyse environmental data and provide recommendations for watering, fertilisation, and plant care. 
4. To implement AI-based plant health monitoring using image recognition techniques for detecting diseases and nutrient deficiencies. 
5. To develop a user-friendly interface that enables gardeners to monitor conditions and receive automated recommendations. 
6. To evaluate the effectiveness of the system in improving plant growth, reducing water usage, and supporting sustainable organic gardening. 
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 Data Collection
The system collects environmental data using IoT sensors or simulated datasets. Key parameters include soil moisture, temperature, and humidity, which are essential for plant growth. Additionally, plant images are collected for disease detection. This real-time data collection improves accuracy and enables timely decision-making in gardening systems [6].
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The system is designed using a multi-layer architecture that includes data collection, data processing, machine learning, and user interface modules. The data processing stage involves cleaning and organising data, handling missing values, and normalising inputs. The processed data is then analysed using machine learning models to generate predictions such as irrigation schedules and plant health status.
The results are displayed through a web-based interface that allows users to monitor environmental conditions and receive recommendations. This design ensures efficient data flow and user-friendly interaction.
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Two main types of models are used in this project. A regression model predicts irrigation requirements based on environmental conditions, while a classification model detects plant diseases using image data. These approaches are widely used in smart agriculture and have proven effective in improving productivity and resource management [1], [5].
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The system is implemented using Python as the primary programming language due to its flexibility and extensive support for machine learning and data analysis. Machine learning models are developed using libraries such as Scikit-learn and TensorFlow, which enable efficient data processing, training, and prediction. OpenCV is utilised for image processing tasks, particularly for analysing plant images and detecting diseases or nutrient deficiencies through pattern recognition techniques.
In addition, a user-friendly web interface is developed using HTML and CSS to allow users to easily interact with the system. The interface provides real-time visualisation of environmental data, system recommendations, and plant health status. This integration of backend processing and frontend design ensures that the system is both functional and accessible, enabling gardeners to monitor and manage their plants effectively through a simple and intuitive platform.
[bookmark: _Toc225957296]Project Design, Data Collection and Research Evaluation
The project follows a product development and experimental evaluation design to create an AI-based organic gardening system. Data is collected using sensors (soil moisture, temperature, humidity) and plant images to monitor environmental conditions and detect diseases. Machine learning models are used to predict watering needs and plant health, improving efficiency and reducing water waste.
Specialist techniques include machine learning algorithms, IoT sensors, and OpenCV for image analysis, supported by an Agile development approach.
Key risks include sensor inaccuracies, limited datasets, and model prediction errors. These risks are mitigated through testing, validation, and use of reliable datasets. Ethical and legal considerations, such as compliance with the General Data Protection Regulation, are addressed by ensuring that no personal data is collected and all data is handled securely.
The research ensures reliability through consistent data collection, validity through accurate measurements, and generalisability by applying the system to different gardening environments.
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The system is evaluated using performance metrics such as prediction accuracy, water usage efficiency, and plant health improvement. Prediction accuracy is measured by comparing model outputs with actual environmental conditions and plant requirements. Water efficiency is analysed by observing reductions in unnecessary irrigation.
Additionally, plant health improvements are assessed based on growth rate, leaf condition, and reduced disease occurrence. A comparative analysis is conducted between the proposed system and traditional gardening methods. Similar evaluation techniques have been used in previous smart farming research [3], [4].
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Results and Discussion
The results demonstrate that the proposed system effectively monitors environmental conditions and provides intelligent recommendations for organic gardening. Machine learning models show good accuracy in predicting irrigation needs and detecting plant diseases. The system contributes to water conservation by optimising irrigation schedules and reducing waste.
Furthermore, the system enables early detection of plant health issues, allowing timely intervention and improving crop yield. These findings are consistent with previous studies on AI applications in agriculture [1], [9].

[bookmark: _Toc225957300]Ethical and Sustainability Considerations
The system promotes sustainable gardening by optimising resource use and reducing environmental impact. Intelligent irrigation reduces water wastage, while early disease detection minimises the need for chemical treatments. This supports eco-friendly agricultural practices.
Ethical considerations include ensuring data privacy and responsible use of AI. The system avoids collecting personal data and maintains transparency in decision-making. It aligns with global sustainability goals, such as responsible consumption and production, highlighted in agricultural policies and reports [10].
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This project presents an innovative approach to organic gardening using Artificial Intelligence and Machine Learning. By integrating IoT sensors and intelligent algorithms, the system enhances efficiency, reduces resource wastage, and improves plant health monitoring. The results demonstrate the potential of AI-driven solutions in transforming traditional gardening practices into smart and sustainable systems. Future work may include integrating advanced deep learning models and expanding the system for large-scale agricultural applications.
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