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1.1 [bookmark: _heading=h.p5o7ki2na4jv]Overview
The need for agricultural sustainability has grown to a significant issue globally as food demand has risen and climate change and natural resource depletion have become a concern. Soil health is one of the most crucial aspects to ensure the productivity of agriculture, as it affects various processes such as crop growth, nutrient availability, water retention and ecosystem stability. Hence soil health is a key ingredient of sustainable agriculture over the years. With growing demands for sustainable agriculture, the need for ongoing soil monitoring and soil management has become even more critical over the past few years.

Soil health is the capacity of soil to sustain plants, animals and humans, and function in an environmentally healthy way as a living biota. Commonly used measures of soil health include: soil moisture, pH, organic carbon, nutrients, electrical conductivity, microbial activity and soil structure. These indicators give information of the state of soils and their capacity to support agriculture.

Soil health assessment is often done traditionally using field observations and laboratory testing methods. These have the advantage of being accurate but they are time consuming, expensive and hard to apply to large agricultural areas on a continuous basis. In addition, sensor use, remote sensing and precision agriculture systems have led to tremendous amounts of agricultural data that need to be analyzed and interpreted effectively. Such data can be very difficult to analyses using traditional approaches and can delay timely agricultural decisions.

The advent of Artificial Intelligence (AI) and Machine Learning (ML) has opened up new possibilities for soil analysis and agricultural management. Machine learning algorithms can be used to analyze extensive agricultural data, uncover intricate connections between soil markers, and make precise soil condition predictions. Models like Random Forest, Support Vector Machines, and Neural Networks have demonstrated potential success in soil data analysis and in decision-making processes related to agriculture.

Although soil science has made significant strides towards using machine learning to benefit agriculture, much of the existing literature is limited to specific soil characteristics, including soil fertility, soil moisture, or soil texture. There is relatively little focus on the holistic examination of many soil health indicators and how they all contribute to agricultural sustainability. Furthermore, the relative weightage of various soil indicators is difficult to be determined because of the complexity of soils and the interaction between the various physical, chemical and biotic properties of soils.

This research aims to examine the relationships between the various soil health indicators, determine the most significant indicators and facilitate sustainable agricultural management practices by applying machine learning analysis to soil health indicators.
[bookmark: _heading=h.7nju9jy89poi]


1.2 Problem Definition
Soil health evaluation is critical for sustainable farming in order to keep the productivity of agriculture. The traditional way of analyzing the health of soils has been to use laboratory analysis and field measurements of various physical, chemical and biological measurements. While important, these methods also are time-consuming, expensive, and hard to apply on a continuing basis over large agricultural areas.

Soil health is also impacted by several indicator factors working in together with soil moisture, pH, organic matter, nutrient availability and microbial activity. All of these interactions are complex, which makes it difficult to accurately monitor soil conditions using traditional analytical methods. With the growing development of precision agriculture, sensor technologies and remote sensing systems, there is an increasing volume of soil data with the need for more efficient and intelligent analysis.

Although several studies have been performed on the applications of machine learning in agriculture, most of them have been developed to address a single soil property and not for the simultaneous evaluation of several soil health indicators. In addition, it is difficult to identify what are the most influential indicators that can contribute to agricultural sustainability.

From the discussion above, it is obvious that the main challenge in this thesis is the absence of an integrated machine learning solution that can analyze multiple soil health indicators, determine their relative importance and enable the implementation of sustainable agriculture decisions.

Therefore, the main research question of this study is:

What are some ways in which machine learning can be applied to understand and analyze the multiple soil health indicators and explicate the strongest soil health drivers for agricultural sustainability?
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This research aims to analyze soil health indicators using machine learning techniques and support agricultural sustainability through improved soil management practices.
The objectives of this study are:
1. To identify and investigate the key soil health indicators associated with agricultural sustainability.
2. To collect, preprocess, and analyze soil data obtained from available datasets.
3. To apply machine learning techniques to analyze the relationships among soil health indicators.
4. To identify the most influential soil health indicators affecting agricultural sustainability.
5. To evaluate and compare the performance of different machine learning models for soil health analysis.
6. To provide data-driven insights that support sustainable agricultural decision-making and soil management practices.



[bookmark: _heading=h.6cgxes6g89gt]1.4 Thesis Contribution
This thesis is expected to contribute to the fields of sustainable agriculture and artificial intelligence through the following:
· Developing a machine learning-based framework for analyzing multiple soil health indicators.
· Identifying the relative importance of different soil health indicators and their impact on agricultural sustainability.
· Providing a comparative evaluation of machine learning techniques used for soil health analysis.
· Supporting farmers and agricultural decision-makers through data-driven recommendations for sustainable soil management.
· Contributing to the growing application of artificial intelligence in precision agriculture and environmental sustainability.
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The rest of this thesis is organized as follows.
Chapter 2 discusses the theoretical background and relevant research areas.
Chapter 3 presents the proposed methodology.
Chapter 4 analyzes the experimental results.
Chapter 5 concludes the study and suggests directions for future work.
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