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ABSTRACT 

 

The efficient management of soil fertility and optimized crop selection are crucial factors in 

modern agriculture, impacting both agricultural yield and environmental sustainability. This 

project introduces an NPK Soil Fertility Measurement System integrated with a Crop 

Recommendation System utilizing Machine Learning techniques. The NPK Soil Fertility 

Measurement System employs advanced sensor technologies to accurately assess the levels of 

essential nutrients - Nitrogen (N), Phosphorus (P), and Potassium (K) - in the soil. the system 

aims to provide real-time and accurate information about the soil's nutrient content, enabling 

farmers to make informed decisions regarding soil treatment and nutrient supplementation. 

Building upon the soil fertility data collected, the Crop Recommendation System employs 

state-of-the-art Machine Learning algorithms. These algorithms analyze historical crop 

performance data, along with the current soil nutrient composition, climate conditions, and 

other relevant factors, to generate tailored crop recommendations for specific plots of land. 

This approach helps maximize agricultural productivity while minimizing resource waste and 

environmental impacts. 
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CHAPTER ONE: INTRODUCTION 

 

1.0 Background 

Agriculture is a vital sector of Uganda's economy, providing employment to over 70% of the 

population and contributing significantly to the country's GDP[1]. However, farmers in Uganda 

face several challenges, including poor soil fertility, unpredictable weather patterns, and 

limited access to modern agricultural technologies. This poses a great challenge to meeting the 

continent’s growing food needs. To meet increasing food demand, agricultural production must 

grow. However, to achieve that objective without converting more forested areas or savanna 

into arable land, it is critical to make optimal use of key inputs, including improved seed 

varieties, fertilizers, and technologies, such as soil fertility measurement and modern irrigation 

methods. Those inputs must be used more efficiently and in a more environmentally friendly 

manner in order to reduce greenhouse gas emissions per unit output. 

Soil fertility is a critical factor in agricultural production[2]. It is determined by the availability 

of nutrients, such as nitrogen, phosphorus, and potassium in the soil. Soil Fertility measurement 

is also one of the fundamental components of soil productiveness, which highly correlates with 

the amount of crop nutrients in the soil such as Nitrogen (N), Phosphorus (P), and Potassium 

(K). These three nutrients are the key components of soil fertility that should be measured by 

the farmers before make informed decisions about fertilizer application and crop selection. The 

percentage of nitrogen, phosphorus, and potassium (also known as NPK) in fertile soil can vary 

depending on several factors, such as the type of soil, climate, and history of land use. However, 

fertile soil contains approximately 0.5% - 2% of Nitrogen (N), 0.1% - 0.5% of Phosphorus, and 

0.5% - 2% of potassium. It's important to note that other micronutrients such as calcium, 

magnesium, sulfur, and iron are also important for plant growth and play a critical role in soil 

fertility. Therefore, the overall nutrient composition of fertile soil is more complex than just 

the NPK levels [3]. 

Traditional methods of measuring soil fertility involve collecting soil samples and sending 

them to a laboratory for analysis, Visual assessment, Hand feel method, Plant growth tests, and 

Farmer experience. This process is time-consuming and expensive, and it can delay the planting 

season. The traditional systems of restoring and maintaining soil fertility such as crop rotation 

and fallowing are no longer able to cope with the rate of soil fertility decline [4]. 

With the outweighed disadvantages associated with those traditional systems, I therefore 

designed NPK Soil Fertility Measurement System and Crop Recommendation Based on 
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