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ABSTRACT 

The system development was motivated by the need to reduce the losses in form of low or poor 

quality crop yields in the time of harvesting being caused as a result of inaccurate methods used 

by farmers while determining the type of crop to plant on given piece of land.  

The system comprises of a hardware and software part. The hardware part comprises of an a 

conductivity probe sensor for measuring the conductivity (EC) value of a given soil sample 

which represents its level of soil fertility plus and circuit connected with and an Arduino board 

whose purpose is to store and interpret the commands to be used by the conductivity probe in 

measuring the soil fertility levels of a given soil sample plus sending the obtained values to 

database server on the P.C.  

The software part comprises of a database server consisting of the threshold E.C values of the 

different crops below or above which crops can‟t be able to yield maximamly. These values are 

compared with the values measured by the sensor from a given soil sample to determine the type 

of crops suitable for given piece of land which are then displayed on a graphical user interface on 

a person computer. 

This helps farmers in making wise decisions on the type of crops to type on a given piece of land 

plus other good farming practices to avoid making losses at the end of a season. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background  

Uganda has a total area of 241,038 sq. km, with a land area of about 236,000 sq. km 

comprising cultivated areas, arable but uncultivated land, rangelands, mountains and built 

up areas. 16% of the total area constitutes water and swamps while 7% is under forests. 

Over88% of Uganda‟s population lives in rural areas and is engaged in agriculture 

(MAAIF, 2006). Arable land comprises 75% of the total land area, but only 10% can be 

considered as agriculturally productive land. The remaining land surface is rated as 

moderate, implying the sort of soils that will support crops under good management.  The 

land area under cultivation is about 4.6 million hectares (ha), with 4.3 million ha 

cultivated to food crops, while cash crops cover about 0.3 million ha [1]. 

 However, most soils in Uganda are older than 500 million years and are in their final 

stage of weathering. The predominant minerals in the soils are quartz and kaolinite that 

don‟t directly supply nutrients to soils. The soils are acidic and infertile with low Cation 

exchange capacity (CEC). Nutrients such as phosphorus occur in inorganic and organic 

forms that are not readily available to crops.  

Over the years, food production has been characterized by subsistence farming.  A 

subsistence production system usually focuses on a maximizing short-term profit, 

consuming natural stocks of plant nutrients.  Such a farming system has resulted in soil 

fertility degradation through nutrient mining. In the past, when Uganda‟s population was 

still low, lost soil fertility was restored through long periods of fallows.  With an average 

land holding of about 2 ha per household, fallows are no longer practical or the periods 

greatly shortened. Research has clearly demonstrated that fertilizer inputs and appropriate 

land management practices are important components of technology required to increase 

crop yields in Uganda [2]. 

Many farmers also do know to some extent how to practice judicious management of 

their soils, using nutrients available in their vicinity and adopting agricultural practices 

geared towards soil fertility improvement such as improved fallow, agroforestry and 
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biomass transfer. Admittedly, soil fertility management is highly complex given the 

myriad of interacting factors that dictate the extent to which farming households invest in 

the fertility of their soils. These interacting factors must be understood, as judicious soil 

fertility management is of vital importance for sustaining food production in small holder 

communities. The complexity of soil fertility management in smallholder farms calls for 

active participation of farmers and other stakeholders. 

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. Smallholder 

farmers use low-input production technologies, without appropriate soil and water 

management practices, which together with the export of produce to urban areas have 

contributed to increased export of nutrients from the fields. Furthermore small scale 

farmers lack financial resources to purchase sufficient fertilizers to correct the inherent 

low fertility levels and replace the nutrients exported with harvested produce. With the 

outweighed disadvantages associated with those traditional systems, I therefore designed 

a more accurate system for measuring and determining the level soil fertility of a sampled 

field based on soil conductivity to help a farmer decide the type of crops to plant on a 

given sampled field as well making other good farming practice decisions on irrigation 

and fertilizer application based on the graphs showing the rate of increase and decrease in 

soil fertility of a given piece of land over seasons [3]. 

1.2 Problem statement 

Farmers use traditional methods of restoring and maintaining soil fertility such as crop 

rotation in determining the type of crop to plant on a given piece of land without actual 

knowledge about its soil fertility levels [3]. They end up planting any type of crop on a 

given piece of land leading to losses in form of low and poor quality yields than the 

expected at the end of the season. 

 There is a need for greater understanding of a farmer‟s soils, water and nutrient 

composition and to develop practical skills for their management to help increase 

agricultural productivity. This therefore calls for a microcontroller based soil fertility 

management system that can determine the amount of nutrients available in a given piece 
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of land to be cultivated to help a farmer make wise decisions on what type of crop to 

plant on a given sampled piece of land. 

1.3 Objectives 

1.3.1 Main objective 

To design and implement a microcontroller based soil fertility measurement and land 

usage system that measures and analyzes the soil fertility of a given field to help a farmer 

make wise decisions on the type of crops to plant on a given field for maximum yields. 

1.3.2 Specific objectives 

(i) To review the existing literature on soil management systems with regard to soil 

nutrients and salinity 

(ii) To identify and analyze the requirements needed to accomplish the development of 

the system. 

(iii) To design and implement a microcontroller based soil fertility measurement and 

land usage system.as proposed using the properly analyzed requirements. 

(iv)  To test and validate the microcontroller based soil fertility measurement and land 

usage system implemented. 

1.4 Justification 

Many of the agricultural sectors do not produce enough food to meet the country‟s need 

because farmers now-a-days don‟t have appropriate and accurate methods of determining 

the levels of soil nutrients in a given field of land. They end up planting any type of crop 

in a given field at any season using assumptions based on crop rotation. This results into 

losses in form of low yields at the time of harvest resulting to low food production for 

both home consumption and sale. 

The designed system measures and determines the level of soil fertility of a given field 

based on the soil nutrients within a given field and then analyses and interprets the results 

to provide a list of crops that can be planted on given field of to ensure maximum returns 

and helping the farmer to make wise decisions about irrigation, fertilizer application by 

monitoring the fertility of the sampled field from one season to another. 
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1.5 Scope of the study 

The project design and implementation of the system focused mainly on small scale 

farmers with pieces of land of about 1-2 acres of land. A soil sample obtained from a 

given field of land to be cultivated of about 2 acres is measured using a soil conductivity 

sensor and then connected to a database to provide a list of crops that can be planted on 

that sampled field so as to ensure maximum yields on the time of harvest plus monitoring 

the sampled field so as to determine the trend in soil fertility decrease or decrease over 

seasons. 
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