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ABSTRACT 

Soil degradation especially through nutrient mining is widespread and alarming in most parts of 

Uganda, although little attention has been paid to this problem. This study was aimed at pre-soil 

status evaluation prior to allocation land uses with suitable soil capabilities through investigating 

the soil physio-chemical properties keeping other factors (climate and slope) constant. Using 

Karugwa mixed farm as a case study, a total of 24 composite samples soil samples were 

collected randomly at double depth of (0-15 and 15-30 cm) from four different land uses; 

pineapples (the dominant land use), eucalyptus, orchard and vegetables. The soil samples were 

analyzed for total N, available P, soil pH, soil organic matter (SOM), exchangeable bases (K
+
, 

Ca 
2+

 and Na
+
) as well as soil texture. Statistical analysis was performed using Genstat Statistical 

package and later incorporated into Arc GIS 10.2 for suitability classification of the land uses for 

pineapple production. Results indicated that soil pH was in the best favorable range for 

pineapples (4.5 to 5.6) and does not affect availability of other nutrients like phosphorus. SOM 

content did not differ significantly across the land uses (1.23 ± 0.43 %), but deficient across land 

uses as compared to the required amount by pineapples > 4.81. Consequently, management 

measures are required to build up organic matter levels in the farm. Available phosphorus was 

significantly different across land uses (27.6 ± 10.75 ppm) which was sufficient as compared to 

the standard (critical value) for pineapples >12 ppm with most of the soil samples having P 

content higher than the critical. However, the soil was severely deficient in the most crucial 

nutrient Nitrogen (1.1254 ± 0.04189 %) as compared to the critical of for pineapples (> 4.81%)., 

Exchangeable bases (Ca
2+

, K
+
, Na

+
)
 
differed significantly (0.09 ± 0.03 cmol kg

-1
) across the 

different land uses. It can be concluded that, the land at Karugwa mixed farm has a huge 

potential to support pineapple production but nutrient deficiency should be corrected especially 

nitrogen and organic matter for optimal yields. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background of study 

Soil is a fundamental resource base for agricultural production systems. Besides being the main 

medium for crop growth, soil functions to sustain crop productivity, among other functions and 

soil quality describes the soil’s ability to perform these critical functions (Doran and Zeiss, 

2000). It has biological, physical and chemical properties, which are both inherent and dynamic 

and can change as a result of some natural processes and in response to use. Natural or inherent 

capacity of soil to support crops varies, and depreciates with use. The rate of depreciation also 

varies depending on the kind of use and the soil properties that are most affected. 

Interest in evaluating the quality and health of our soil resources has been stimulated by 

increasing awareness that soil is a critically important component of the earth’s biosphere, 

functioning not only in the production of food and fiber but also in the maintenance of local, 

regional, and global environmental quality (Glanz, 1995). Soil is also the basis of agricultural 

and of natural plant communities. Thus, the thin layer of soil covering the surface of the earth 

represents the difference between survival and extinction for most land-based life (Doran et al., 

1996). 

Soil quality assessments deals with dynamic capacity of the soil, its importance being, enabling 

land users to assess the sustainability in addition to capacity of the soil to function for a specific 

use. Soil quality is considered as the major linkage between the strategies for agricultural 

conservation management practices and attainment of major goals of sustainable agricultural 

production. Soil quality assessment is thus very essential as an indicator of sustainable land 

management. 

Soil quality assessment is based on the inherent soil factors and focusing on dynamic aspects of 

soil system is an effective method for determining the environmental sustainability of land use 

and management activities (Nortcliff, 2002). Soil analysis is used to assess the adequacy, 

surplus, deficiency of given plant nutrients in the soil, thus it is imperative to identify the soil 

characteristics responsible for changes in soil quality which may eventually be considered as 

determinants of soil quality for assessing agricultural suitability (Masto et al., 2007).  
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The quality of soil can be determined by assessing the physical, chemical, biological factors and 

how they change dynamically with change in the land use types and the intensity. However, soil 

quality is limited to the degree of soil pollution but commonly defined much more as ―the 

capacity of soil to function within the ecosystem and land use boundaries to sustain biological 

productivity, maintain environmental quality and promote plant and animal health‖ (Doran and 

Parkin, 1994, 1996).  

For improved business based agriculture in Uganda, farmers should embrace the assessment of 

soils in their agricultural lands before putting them under use. Uganda currently has some of the 

severe forms of nutrient depletion in Africa (Stoorvogel and Smaling 1990; Wortmann and 

Kaizzi, 1998). These are areas characterized by high populations (Ehuri and Pender, 2005) living 

on very old and highly weathered soils. Consequently, the soils in the East African highlands 

have declined in productivity due to continuous removal of macronutrients without fertilizing it 

to replenish soils (Bekunda and Manzi,2003; Olupot et al.,2006) 

Recently soil quality assessment is increasingly incorporated in land evaluation procedures used 

in many different ways and for ranges of purposes, including sustainable land management 

(Hurni, 1996, 2014) and also a major step in the process of land use planning. Therefore, a better 

understanding of the impact of mismatch of land uses on soil to the general soil system (soil 

physical, chemical and biological properties) is needed to enhance agricultural sustainability. 

Soil quality must be assessed in a sensitive and holistic way that accounts for both inherent 

properties and dynamic responses to management and resistance to environmental stress.  

Land suitability assessment in relation to land use planning is a bridge linking land resources 

assessment to any decision to be made prior to allocation of specific land uses (Attua and Fisher, 

2010).  

Pineapples being the point of emphasis in this study, it’s generally recognized as a tropical fruit 

which is appreciated globally because of its organoleptic qualities. Cultivated pineapple (Ananas 

comosus L.) It has an adaptation system of photosynthetic carbon fixation that that enables it to 

survive and highly produce under limited water availability conditions (Cushman, 2005), thus 

countries in the tropics are more suitable for extensive pineapple production especially the 

smooth cayenne cultivar.  
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Pineapple is an important crop that significantly contributes to foreign exchange receipts of the 

country in which it’s grown and the contribution to the local economy although its production 

has aggravated land degradation due to no soil quality assessment conducted prior to production 

(Ananas & Merr, 1989) 

This GIS-based land suitability evaluation for pineapple production in Karugwa mixed farm, is 

of great relevance as the results will provide maps may also be used by agricultural farm 

administrators as decision-making tools, for instance, to outline and identify the most suitable 

land areas for pineapple production in the farm. 

However, further research is still needed to consolidate assessment guidelines that would help 

model better (minimize) the impact of misallocation of land uses and agricultural practices on 

soil quality and define strategies for a sustainable management land resources. 

1.2 Problem statement 

Low productivity of the land resource can be attributed to many factors but accelerated land 

degradation continues to be the major factor driving low production. One of the major drivers of 

land degradation is poor allocation of land uses on to land. The miss match between land 

qualities and land use requirements compromises the sustainable use of land as its resources are 

stretched beyond their capabilities yet less output is obtained. Soil degradation (mostly erosion 

and nutrient mining) is one major form of land degradation evident in most parts of Uganda. To 

arrest the problem of soil degradation, efforts such as conservation agriculture, use of sustainable 

land management (SLM) practices (e.g., terracing in hilly areas, cover cropping, agro forestry, 

contour ploughing, etc.), use of organic and inorganic fertilizers are being promoted among the 

farming community.  

Although successes in form of soil fertility restoration and increased crop yields have been 

realized from such efforts, soil degradation problems continue to bite. Increasing population and 

challenges of climate change are likely to escalate the problem of soil degradation because of the 

need to intensify agriculture and sustainably feed the ever growing population, thus resources 

such as soil should to be used wisely utilized. Wise use of soil entails assessment of its qualities 

prior to use allocation. 
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Unfortunately, little attention has been paid to this aspect and as such most farmers (both 

commercial and subsistence) do not take into account soil qualities (capacities) and its spatial 

variability within the farmlands when allocating land uses. This study proposes to demonstrate 

the necessity to incorporate soil assessment in guiding the development of land use and 

management plans. 

 

1.3 Justification of study 

Soil quality assessment is essential to development, performance and evaluation of sustainable 

land management. Soil quality assessment is required periodically in order determine the status 

of soil resources at all scales within a farmland. This is because land users have neglected soil 

resources more often thus leading to deterioration of the soil quality in farmlands (Karlen et al., 

2004).  

If less or no attention is paid to this aspect of soil evaluation and suitability assessment, and the 

farmers (both commercial and subsistence) do not take it into account the soil status and its 

spatial variability within the farmlands when allocating the different land uses this will 

eventually lead to misallocation of land uses whose requirements do not match the soils 

capabilities and in the long run contribute to soil fertility deterioration and land degradation.  

1.4 Objectives of study 

1.4.1 General objective 

The main objective of this study is to improve soil productivity at Karugwa mixed farm through 

soil quality assessment. 

1.4.2 Specific objectives 

1. To assess the soil quality of Karugwa mixed farm based on structural, physical and 

chemical properties  

2. To assess the suitability of soils for pineapple production at Karugwa mixed farm. 

1.5 Hypothesis 

1. The soil status and land use suitability of the different land uses at Karugwa mixed farm 

are not different. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Soil quality  

 There is an innate interest in soil and land quality as suggested by  (Carter et al., 

2004).Maintaining and improving of the soil’s quality can provide economic benefits in the form 

of increased productivity, more efficient use of nutrients and pesticides, improvements in water 

and air quality, and lessening of greenhouse gas emissions (USDA-ERS,1997). 

Karlen et al., (1997) proposed a complete definition for soil quality that is; Soil quality is the 

capacity of a specific kind of soil to function within natural or managed ecosystem boundaries, to 

sustain and animal productivity, maintain or enhance water and air quality, and support human 

health and habitation. Understanding soil quality means assessing and managing soil so that it 

functions optimally now and it is not degraded for future use (NRCS, USDA, 2017). By 

monitoring changes in soil quality, a land manager can determine if a set of management 

practices or land uses are sustainable.  

The ultimate purpose of researching and assessing soil quality is not to achieve high aggregate 

stability, biological activity, or some other soil properties but the purpose is to protect and 

improve long-term agricultural productivity, water quality, and habitats of all organisms 

including people. We use soil characteristics as indicators of soil quality, but in the end, soil 

quality must be identified by how soil performs its functions (https://www.nrscs.usda.gov). 
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2.1.1 Soil quality indicators 

Soil quality indicators are physical, chemical, and biological properties, processes and 

characteristics that can be measured to monitor changes in the soil. The types of indicators that 

are the most useful depend on the function of soil for which soil quality is being evaluated. These 

functions include; providing a physical, chemical and biological setting for living organisms, 

regulating and partitioning water flow, storing and recycling nutrients and other elements, 

supporting biological activity and diversity for plant and animal productivity, filtering, buffering, 

degrading, immobilization, and detoxifying organic and inorganic materials, providing 

mechanical support for living organisms and their structures.  

Soil quality assessment must reflect biological, chemical, and physical properties, processes and 

their interactions (Karlen et al., 2003). The soil conditions defined by physicochemical and 

biological properties. All these properties depend on land-use practices but also inherent soil 

properties (texture, type of clay mineral, cation exchange capacity). These properties are not 

independent but linked complex interactions and affect soil processes and functions.  

Physical properties are an important aspect of soil quality; for example, soil storage capacity of 

plant – available water, bulk density, and water infiltration (Moebius et al., 2006). Chemical 

properties, are mostly related to clay fraction, organic carbon, phosphorus and nitrogen and ions 

of calcium, magnesium and potassium, are essential for plant nutrition and thus contribute to 

productivity. Soil organic matter is also essential and influences several soil properties and 

functions for example, its composition affects soil structure and porosity, water infiltration, 

moisture, and soil organisms (Bot and Benites, 2005).  

Since it is a broad, interactive and context-dependent concept, soil quality cannot be measured 

directly. Instead several proxy measures, called soil quality indicators; physical, chemical and 

biological properties are measured in combination to provide clues about how soil is functioning 

as viewed from one or more soil-use perspectives. There exist various methods based on more or 

less numerous and integrated indicators. 

The most prevalent research theme on soil quality focuses on indicator selection and evaluation 

(Karlen et al., 2004). An efficient indicator set should be used to inform land management 

decisions at specific sites and then be used to monitor trends in soil function after changing land 

use and practices and overtime.  
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Implementing useful and efficient indicators of soil quality requires robust scientific background 

combined with reliable practical sense to define consistent and informative indicators. In 

particular, difficulties arise when assessing interactions between processes and parameters. It is 

paramount to avoid overlapping indicators and unreliable measurements. (Moebius-Clune et al., 

2016). More research is needed to better understand and model the links between management-

processes-soil qualities. 

2.2 Chemical soil properties 

2.2.1 Soil Nitrogen 

Nitrogen is one of the most essential elements that are taken up by plants in larger quantities 

after carbon, oxygen and hydrogen. However, nitrogen is deficient in most soils of Africa and 

most of the tropics thus lowering crop yields (Jules, 1974). Soil nitrogen is found in every 

ecosystem and in every part of the global environment. The total nitrogen content of a soil ranges 

from less than 0.02 % in sub soil to greater than 2.5% in peat soils (Havlin et al., 2002).The 

nitrogen content is usually lower in continuously and intensively cultivated soils as well as 

highly weathered soils of the humid and sub humid tropics due leaching(nitrates are highly 

soluble and thus susceptible to leaching action) and in saline and sodic soils of semi-arid regions 

due to low organic matter content in these soils (Tisdale and Havlin, 1995).Thus low soil 

nitrogen content and therefore N deficiency is visible in highly weathered soils and sodic soil of 

semi- arid regions due to low organic content which results in low cation exchange capacity 

which constrains crop production, it is attributed to the general low biomass production and fast 

oxidation of organic matter in such a climatic zone (Havlin and Nelson, 2002).  

In very many cropped areas have been observed to have low nitrogen content because the 

nutrients are lost as a result of intensive leaching since the rate of mineralization of organic 

matter in cultivated soils is higher than of other land uses such as grassland and forests. 

Cultivated fields also tend to have higher rate of soil productivity decline primarily through 

removal of macronutrients especially nitrogen mainly in harvested crop products without 

replenishment (Bekunda and Manzi, 2003; Olupot et al., 2006) and due to loss that occurs as a 

result of rapid mineralization of soil organic matter, this leads to poor crop growth and 

development. Cultivation disrupts soil aggregates and thereby increasing aeration and microbial 
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accessibility to soil organic matter (Emiru and Gebrekidan, 2013) which in turn leads to rapid 

breakdown and mineralization of organic matter rendering nitrogen susceptible to leaching. 

2.2.2 Soil organic matter (SOM) 

Soil organic matter is primarily plant residues that exist in different stages of decomposition. It is 

majorly composed of 55% carbon, 5-6% phosphorus, 1% Sulphur (Howarth et al., 2002) and is a 

large reservoir of carbon and can be a source or sink of carbon dioxide gas and carbon 

respectively (Lugo and Brown, 1993). Minerals are released into the soil and carbon dioxide 

back to the atmosphere (Chan and Yin, 2008). Soil organic matter is an important source of 

inorganic nutrients for plant production in natural and managed ecosystems (Fritzshe et al., 

2002). SOM is one of the most important factor in evaluating soil management systems affecting 

soil quality and therefore agricultural productivity (Cimelio et al., 1999), especially in cultivated 

tropical soils, where SOM is related to soil fertility and productivity (Fritzshe et al., 2002). It is 

known that soil organic carbon (SOC) and texture and clay contents, are the main determinants 

of the soil physical properties like bulk density and aggregate stability (Gilkesb, 2012).  

Soil organic matter varies among environments and management systems generally increasing 

with higher mean precipitation, lower mean annual temperature, and higher clay content, 

intermediate grazing intensity, native vegetation compared with cultivated management and 

conservation tillage and compared with conventional tillage (Franzluebbers, 2002). Management 

factors that affect biodiversity in the soil directly influence organic matter content by slowing 

down the rate of decomposition (Ann et al., 2005) through alteration of soil pH, temperature, 

aeration and structure.  

Soil organic matter accumulation within soil is a balance between the addition of plant residues 

and their subsequent loss due to decay of these residues by microorganisms although it does not 

include plant materials lying at the soil surface (Benites et al., 2005).  Organic matter existing on 

the soil surface as raw plant residues help to protect the soil from effects of surface runoff, wind 

erosion and excessive heat from the sun thus maintaining the soil quality. Removal or burning of 

residues exposes the soil to negative climatic impacts. Soil organic matter is also important for 

biochemical cycle of major nutrient and soil structure which are all crucial for crop production 

(Saglam and Dengiz, 2012).  Land management practices which reduce soil fertility will 

eventually decrease chemical activity and its ability to hold plant nutrients (Assefa, 1978).   
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Cultivation is one of the most important factors that are effective in accelerating reduction of soil 

organic matter. Increased erosion is another factor that is effective in accelerating reduction of 

soil organic matter at the soil surface (Yousefifard et al., 2007). 

Soil organic carbon is important for all three aspects of soil fertility that is chemical, physical 

and biological fertility. Decomposition of soil organic matter releases nitrogen, phosphorous and 

a range of other nutrients for growth (Hillel, 1980).  Soil organic carbon promotes soil structure 

by holding the soil particles together as stable aggregates thus improving the soil physical 

properties such as water holding capacity, water infiltration, root growth and ease of cultivation. 

Organic matter is also a nourishment to soil fauna and flora thus plays an important role in soil 

food web by controlling the number and different types of soil inhabitants which serve very 

many important functions including cycling of nutrients, assisting root growth and plant nutrient 

uptake, all this increase on the productivity and therefore soils low in organic matter constrains 

productivity. Soil organic matter increases the Cation exchange capacity (CEC) and hence 

nutrient retention capacity of the soils. Therefore, application and incorporation of organic 

materials into sandy soils which usually have low CEC can improve their nutrient retention 

capacity. 

2.2.3 Soil pH 

Soil pH refers to the acidity or alkalinity of the soil. It is the measure of hydrogen ions in the soil 

(McCauley, 2005). Soil pH is sometimes referred to as the ―master variable‖ because it regulates 

almost all biological and chemical reactions in soil (Brady and Weil, 1996). Soil pH distribution 

provides an index of weathering status, potential nutrient holding capacity and fertility of the 

soil. Soil pH is mostly related to the nature of the parent material, climate, organic matter and 

topography of the area (Tsegaye, 1992). The optimum pH for most agronomic crops is 6.2-7.0 

(USDA, 2011). Soil pH is the deciding factor for the availability of essential plant nutrients 

(Rahman and Ranamukhaarachchi, 2003).  

Jarrod (2006) indicated that optimum P availability is at pH 6.5, below 6.5 P becomes insoluble 

due to aluminum and iron (acid forming cations) reacting with it and form precipitates thus 

phosphorus fixation and at pH<5 denitrification occurs which transforms nitrates into gaseous 

form (nitrogen gas) under waterlogged soil conditions while ammonium (NH4
+
) is absorbed 

more efficiently at neutral pH.  
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Intensive cropping, excessive precipitation, steep topography and uncontrolled application of 

acid forming inorganic fertilizers are responsible for the reduction of pH in the soil profiles at 

middle and upper elevation zones (Hussein, 2002). K, Ca, and Mg are less available in acidic 

soils because they have been leached not necessarily due to solubility but the acid forming 

cations replacing them at the exchange complex due to their high concentration in the bulk 

solution in acidic soils. 

The suitability of soils as medium for plant growth and thriving of desirable microbes depends 

on the soil pH. Soil pH influences the availability of nutrients and their uptake by plant roots. For 

example, at low pH, the high H
+ 

concentration is toxic to plant roots and renders the root 

membranes impermeable to cation nutrients. The high hydrogen ion concentration also increases 

leaching losses of base cations thus rendering them unavailable for plant uptake resulting into 

low yield and productivity. Furthermore, micronutrients such as Cobalt, Zinc and Copper are 

more available in the acidic medium than in alkaline pH ranges. In tropics where low pH values 

are common, these micronutrients can be so abundantly available that they are toxic to the plants 

hence the low crop productivity. 

Soil pH can also influence plant growth by its effects on activity of beneficial microorganisms 

such as bacteria that decompose soil organic; these are hindered in strong acidic soils.  

This prevents organic matter from breaking down resulting into an accumulation of organic 

matter and tie up of nutrients, particularly nitrogen that is held in organic matter (Sunny, 2014). 

Soil pH values can be defined as extremely acidic (pH < 4.5), very strongly acidic (pH 4.5-5.0), 

strongly acidic (pH 5.1-5.5), moderately acidic (pH 5.6-6.0), slightly acidic (pH 6.1-6.5), neutral 

(6.6-7.3), slightly alkaline (pH 7.4-7.8), moderately alkaline (pH 7.9-8.4), strongly alkaline (pH 

8.5-9.0) and very strongly alkaline (pH > 9.1) (Foth and Ellis, 1997). Acidity can be caused in 

soil by many factors including decomposition of organic matter which releases organic acids 

such as carboxylic acids, hydrolysis of aluminum and iron ions, these are displaced from the 

colloidal surfaces releasing H
+
, leaching of exchangeable basic cations. These leave the 

exchange complex dominated by H
+ 

and Al
3+ 

which increase acidity. 
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2.2.4 Cation exchange capacity 

Cation exchange capacity (CEC) is the ability of the phase to attract and exchange cations such 

as calcium (Ca
2+

), sodium (Na
+
), magnesium (Mg

2+
) and potassium (K

+
) with the soil solution 

and render them available to plants through exchange reaction (Muller-Samann and Kotschi, 

1994).  CEC is an important parameter of soil because it gives an indication of the type of the 

dominant clay minerals present in the soil and its capacity to retain nutrients against leaching. 

Soils with large amount of clay and organic matter have higher CEC thus they tend to be fertile 

and therefore high yields can be obtained from such soils than sandy soils which are low in 

organic matter. However, soils with higher CEC may not necessarily be fertile because a soil’s 

CEC can be occupied by H
+ 

and Al
3+ 

which increases the acidity. But when combined with other 

measures of soil fertility, CEC is a good indicator of soil quality and productivity. In strongly 

acidic soils Al
3+ 

becomes soluble and increase soil acidity while in alkaline soils exchangeable 

basic cations tend to occupy the exchange sites of soils by replacing exchangeable H and Al ions 

(Miller and Donahue, 1995); (Brady and Weil, 2002).   

Low CEC leads to limited availability of mineral nutrients to plants and the soil’s ability to hold 

nutrients, functions that are dependent on soil moisture are also limited in soils with low CEC 

(Moore, 1998); (Rengasamy and Churchman, 1999). 

2.2.5 Available phosphorous, P 

Phosphorous (P) is essential element categorized as a macro nutrient because it is required by 

plants in relatively large amounts just like nitrogen. Lack of available P in the soil limits the 

growth of crops (Foth and Ellis, 1997). Phosphorous is important to plants as it is responsible for 

energy transfer and very other functions as discussed under soil pH (2.2.3). Research shows that 

P is most readily available between pH 6 and 7. Availability is governed by solubility and how 

readily P becomes tied (fixed) in soils (Duncan, 2002). 

Phosphorous availability is controlled by three primary factors; soil pH, amount of organic 

matter and proper placement of fertilizer phosphate.  Low soil pH limits Phosphorous availability 

to plants which may cause deficiency symptoms even when high Phosphorous exists. Soil pH 

less than 5.5 typically reduces availability of phosphorous in the soil solution by 30% or more 

(USDA, 2000). Acid soils also reduce root growth which is critical to phosphorous uptake. 
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Organic matter maintenance is an important factor in controlling phosphate availability. 

Mineralization of organic matter provides a significant portion of phosphorous for crops. 

Temperatures also affect P availability, generally P- sorption increases as temperatures increase. 

Amount of clay is also another factor affecting phosphorous availability, as the amount of clay 

increases the P-sorption capacity increases as well. This is because particles have a tremendous 

amount of surface area for which phosphate sorption take place (McClellan, 2007-2008).  It was 

found out that Ferralsols, Vertisols and Alfisols are generally low in total P while Andosols are 

generally high in P content (Mesfin, 1996). 

2.2.6 Exchangeable bases (potassium, calcium, sodium) 

2.2.6.1 Potassium (K
+
) 

Potassium is the third most important essential element after N and P that constrain crop 

productivity. K is essential for movement of sugars within plant and for starch formation. It is 

also necessary for opening and closing of stomata by guard cells as well as controlling water use 

by plants among other uses. Soils deficient with K slow down the growth of crops, plants tend to 

have weak stalks and so plants lodge easily among others. Available K may be due to the high 

ability of vegetation to absorb potassium from the underlying layers of soil and releasing it by 

the plant residues to surface layer (Mojirl et al., 2011).  

Potassium losses by leaching appear to be more intense on soils with low activity clays than 

those with high activity clays and K from fertilizer application move deeply (Foth and Ellis, 

1997).  Hence soils low in K is of low productivity. 

2.2.6.2 Magnesium (Mg
2+

) and Calcium (Ca
2+

) 

Soils in areas of low soil moisture such as arid and semi- arid regions are less affected by 

leaching of cations than those in humid regions (Jordan, 1993).  Soils under continuous 

cultivation, application of acid forming inorganic fertilizers, low pH are characterized by low 

contents of Mg and Ca mineral nutrients resulting into their deficiency due to excessive leaching 

(Dudal and Decaers, 1993) 
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2.3 Physical soil properties  

2.3.1 Soil texture 

Soil texture indicates the relative proportion of sand silt and clay in a given soil sample. It’s an 

important physical soil component that affects crop production and management of the field. Soil 

texture influences both chemical and physical properties including water holding capacity, 

aeration, drainage, organic matter, erosion susceptibility, soil pH, cation exchange capacity, soil 

tilth, buffering capacity as well as the workability of the soil (Gebeyaw, 2007). Soil texture 

influences how much water is available to the plant; clay soils have a greater water holding 

capacity than sandy soils (Berry, et al., 2007).  Well drained soils have good aeration meaning 

that the soil contains air for respiration of soil organisms as well as crops for their root growth 

and hence healthy high yielding crops. 

Different soils differ in their susceptibility to erosion based on texture, soils with a high    

percentage of clay and silt has a higher erodibility factor than sandy soils under the same 

condition due the fact that sandy particles are relatively heavy as compared to clay and silt. 

However, clay may resist erosion due to fine particles that are held by higher forces of cohesion 

and adhesion as compared to the relatively bigger sandy clay particles. Generally, clay particles 

are easily eroded but not easily detached while sandy particles are easily detached due the low 

cohesion and adhesion forces but not easily eroded. Differences in soil texture also impact on 

soil organic matter levels; organic matter decomposes faster in sandy soils than in fine textured 

soils, given the good aeration of these soils due to the open soil structure hence good air 

circulation (oxygen) available microbes for decomposition in light textured sandy soils as 

compared to fine clay particles. 

2.3.3 Soil structure 

Soil structure can be expressed as the degree of stability of aggregates (Bronick and Lal, 2005). 

It is influenced by other soil properties including soil organic matter, bulk density, soil texture 

and cation exchange capacity. Soil structure affects plant growth in many ways. Roots grow most 

rapidly in very friable soil, but their uptake of water and nutrients may be limited by inadequate 

contact with the solid and liquid phases of the soil. This contact is much more intimate in hard 

soil, but then the growth of the roots is strongly inhibited, so that their foraging ability is poor, 

and the plant may eventually become short of water or nutrients. 
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Soil structure not only affects the ability of roots to grow and to supply the leaves with water and 

nutrients, poorly developed soil structure may affect the growth of crops due lack of ability to 

hold water and soil nutrients. Sandy soils which have very large soil particles which are 

individually dispersed have low ability to hold water and nutrients easily leach in such soils 

making them unavailable for plant uptake thus affecting crop growth. 

 However, soil which is too compacted (with platy structure) like clay soils may encourage water 

logging that can interfere with respiration of plant roots and at times plants end up rotting, in turn 

affecting the total productivity of the soil (Bronick and Lal,2005) 

2.4 Land suitability assessment  

The FAO land suitability evaluation procedure involves a sequence of activities that can be 

summarized as follows: 

i) Initial consultations between planning authorities and the organization which will carry out the 

evaluation ii) Planning the evaluation, iii) Identification of land utilization types, iv) Selection of 

relevant land qualities for evaluation, v) Description of land mapping units, vi) Assessment of 

land use requirements, vii) Comparison of land qualities with land use requirements, viii) 

Presentation of results. 

The major essentiality is that the land characteristics need to be compared with crop 

requirements (Sys, 1985). Similarly, the types and number of criteria given for defining land 

suitability classes are not fixed and there is complete freedom in choice of the number and type 

of criteria. 

As opposed to the USDA land capability classification, the FAO land suitability evaluation has a 

sharp focus, looking for sites possessing the positive features associated with successful 

production, and suitability appraisal of a comprehensive list of crops with specific guidance on 

appropriate management practices. This has great advantages over a general capability 

classification where a low rating land might conceal high suitability for a single crop with 

relatively unusual requirements (McRae and Burnham, 1981). For example, a stony and 

compacted area which might be considered to have low capability rating can be highly suitable 

for a planted forest.  



 

15 
 

2.5 GIS use in land evaluation for suitability assessment  

GIS (Geographic Information System) was first introduced in developing countries during the 

1990s in experimental or project based applications. Taylor (1991) and Yeh (1991) suggested 

that it is important to improve the institutional arrangements related to the application of GIS 

rather than the technology in developing countries. The successful implementation of GIS will 

depend on a clear understanding of the functions and needs of planning that are related to system 

applications. 

Land suitability assessment is one of the contributions of GIS application. GIS technology has 

been used to assess the criteria required to define the suitability of land (Joerin et al., 2001). GIS 

combined with qualitative and quantitative methods for suitability analysis that can provide the 

necessary tools for the integration of both social and ecological data into a meaningful database. 

 

 

 

 

 

 

 

 

 

CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Description of study area 

The study was conducted at karugwa mixed farm named after the director Mr. karugwa Timothy, 

the farm was born in 2011 with 8 acres of land first with a few enterprises but has developed and 

now has multiple enterprises allocated evenly on its 41 acres of land, located in Kalagala village, 

Kayindu parish, Bamunanika county, Luwero district (Figure 1). The farm is hinged organic on 
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the pillar of organic farming reason why it’s a mixed farm for its integral advantage, with more 

emphasis put on pineapples, bananas and poultry, and piggery. Market of the produce is both on 

the local level to urban level  

 

Figure 1: Map showing the study area Luwero district and Kalagala Village.  

3.2 Materials used in the study 

Soil auger, hoe, polythenes, and basin, GPS, notebook, and pen, phone camera, computer, flash 

disk were used to collection of data from the delineated areas of homogeneity in which 

suitability will be studied. 

3.3 Soil sampling procedure, sample collection and preparation   

Soil sample collection 

This was the very first step to achieving objective one of the study; assessing the soil quality of 

Karugwa mixed farm based on the physical and chemical properties. Soil samples were collected 

from three different land uses that included pineapples, eucalyptus orchard and vegetables. 

Random sampling was method used in soil sample collection where five samples were obtained 

from each sampling point at two depths 0-15 and 15-30 within each land use and then mixed 

following quarter sampling to form a composite sample of 0.5 kg. The composite samples 24 in 

total were then packed in small sized polythene bags, labelled well to indicate a land use from 
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which it was taken, and transported to soil science laboratory at the department of agricultural 

production, Makerere University.   

 

Figure 2: Sampling points 

Preparation   

A small portion of soil was got from each soil sample and air dried by putting them on dry 

papers and spreading it for 2 days to dry. The dry soil samples were then crushed in a mortar 

using a pestle to break any soil clods, removal of roots, and stones and any form of organic 

residues. The soil was then sieved through a 2mm sieve and those soil particles that had a 

diameter greater than 2mm were either crushed again and re-sieved or discarded 

The sieved soil was kept in individual well labeled polythene bags ready for routine chemical 

analysis in the lab. Parameters that were analyzed for included pH, soil texture, soil organic 

matter (SOM), total nitrogen (TN), Available phosphorus (P) and exchangeable bases (K
+
, Na

+
, 

Ca
2+)

) 
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3.4 Lab analysis procedures 

3.4.1 Determination of soil chemical properties 

3.4.1.1 pH determination 

The potentiometer method was used to determine the pH.  

From each sieved soil sample, a subsample of 6g was weighed and placed into small plastic 

bottles (containers). 10 ml of distilled water was added to each sample to make 1:2.5 ratios water 

to soil to suspension. The bottles were then tightly covered and taken for shaking in the 

reciprocal shaker for 10 minutes. The pH meter was then standardized by placing the glass 

electrode in a different solution of known concentration (Buffer solutions of pH 4 and 7) 

(Okalebo et al., 2002). 

3.4.1.2 Available Phosphorus 

The amount of available phosphorous in the soil was determined by using Bray1 – method as per 

the principle that phosphorus is extracted from soil using   Bray -1 solution (extraction solution) 

to extract phosphorous from soil samples as described by (Jackson, 1958).  The extracted 

phosphorus was then measured calorimetrically based on color development. 

Procedure  

2.0 g of sieved soil samples were weighed into 100 ml extraction bottle (falcon tubes) and 20ml 

of melich 1 solution were used for extraction and the tubes were tightly covered including two 

blanks and four standard solutions. The covered tubes were then shaken for 10 minutes. The 

samples were then left to stand so as to settle and 5mls of the clear solution on top was pipetted 

from each falcon tube into other test tubes. 

2mls of a mixed reagent containing ammonium molybdate solution as a coloring agent, 

potassium antimony tartarate and ascorbic acid.8mls of boric acid were then added to each 

sample in order to remove any interferences by other ions.  

The resultant solutions were then left to stand for 30minutes to allow full color development and 

the results read within 24 hours. After 30minutes, a spectrophotometer set at 880 nm wavelength 

(Okalebo et al., 2002) was used to measure the absorption rate of the solutions which was later 

used to calculate the amount of available phosphorus. A standard a graph was drawn in which 
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absorbance (y-axis) was plotted against phosphorus concentration (x-axis) absorbance being 

directly proportional to the amount of Phosphorus extracted from the soil samples. Then 

Phosphorus was determined by the expression below: 

 (     )  (   )         

Where; x- Concentration of P in extract sample (ppm), y- Concentration of P in the blank (ppm), 

and 20 - Volume of the extracting solution. (ml), Mcf -   Moisture correction factor/dilution 

factor. 

3.4.1.3 Determination of total nitrogen 

The total Nitrogen content of the soil was determined by using the Kjeldahl method. The N 

content in the soil samples was extracted by the acid digestion and then N was determined by 

dilution and titration method.  

Procedure 

 0.3g of soil from the sieved soil samples was weighed into a 50ml dry and clean digestion tube.  

This was followed by addition of potassium sulphate (K2SO4) as a catalyst and then 5 ml of 

concentrated sulphuric acid (95 %) was added to each digestion tube and the blanks. The tube 

contents were then inserted into a preheated block digestion block and its temperature raised to 

350 
o
C, heating continued until the tube contents cleared, the tubes were removed from the 

digestion block and allowed to cool. The contents were then mixed thoroughly in order to 

dissolve all the remaining sediments after which distilled water was added to dilute the contents 

to the 50mls mark and further allowed to cool and settle until a clear supernatant was obtained.  

A steam distillation apparatus was then setup for the process steam distillation. 5mls of the clear 

solution was then pipetted into the reaction chamber of the distillation apparatus followed 10mls 

of 1% NaOH was added, the process of steam distillation was started immediately and the 

ammonia gas evolved was trapped by the 1% boric acid containing 4 drops of methyl red 

indicator the distillation was done for 3minutes until the solution turned green. The distillate was 

then removed and titrated against a 0.05 M HCl for determination of total organic nitrogen. The 

end point was observed and recorded when the green solution turned pink. The average titre 

volume of the blank and the nitrogen content was determined using the formula as follows as 

described by (Okalebo et al.,2002); (Black, 1965) 
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(               )

          
 

Where; N-Is the total nitrogen of the soil sample, ST- volume of sample titre, BT-volume of 

blank titre, S- Weight of the soil sample,14- Atomic mass of nitrogen, 50- Dilution factor ,0.005- 

Concentration of HCl, 1000- Conversion from mg to g. 

3.4.1.4 Determination of soil organic mater  

The organic matter content of the soil samples was determined using the Walkley- Black method 

which works under the principle of wet oxidation (Nelson, 1982). In this method organic carbon 

is oxidized using potassium dichromate (K2Cr2O7) and the unused dichromate is back titrated 

with ferrous sulphate. The used potassium dichromate gives a measure of organic carbon content 

of the soil (Okalebo et al., 2002). 

Procedure 

0.3g of sieved soil sample was weighed and put in the block digestion test tube. To each soil 

sample 5 ml potassium dichromate was added (oxidizing agent), this oxidizes the carbon in the 

sample. This was followed by addition of 5 ml of 0.2 M concentrated sulphuric acid H2SO4. Two 

blanks were prepared in the same way in order to standardize the ferrous sulphate solution which 

was used to determine how much carbon was in the sample. The tubes were then placed in a 

preheated block digester at 150 
o
C and heated for 30 minutes after which they were removed and 

set aside in the fume hood to cool.  

The solutions were then transferred into a 100 ml conical flask, 5 ml of distilled water was added 

followed by ferroin indicator (phenuroline hydrate) solution which was then titrated with 1.2 M 

ferrous sulphate solution until the end point was reached with change of color from greenish to 

brown and titre values determined and recorded. A blank titration was performed in the same 

manner. The organic matter content was then calculated using the expression below. 

  ( )  
(       )

 
 

T=Ts-Tb 

Organic Matter (%) = OC *1.729 
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Where: OC - organic carbon content in the sample (%), C- Concentration of ferrous sulphate 

solution, T- Recorded titre volume, Ts -Volume of FeSO4 used in sample titration (ml), Tb -

Volume of FeSO4 used in blank titration (ml), W- Weight of soil Sample ,0.3- milliequavalent of 

carbon (1ml of 1N dichromate solution is equivalent to 3mg of carbon 1ml of dichromate 

solution/3mg of carbon) ,1.729 - is the conversion factor from SOC to SOM. 

3.4.1.5 Determination of basic cations Ca
2+

, K
+
, Na

+
 

The ammonium acetate method was used in determining the amount of exchangeable cations in 

the soil following the principle that the soil sample was extracted with an excess of ammonium 

acetate solution (NH4OAc) such that the maximum exchange occurs between the NH4 and 

cations originally occupying the exchange sites on the soil surface. 

Procedure 

2.0 g of each sieved soil sample was weighed into plastic containers, 25 ml of ammonium acetate 

was added to the soil samples and a mixture shaken using a reciprocating shaker. The contents 

were then allowed to stand until a clear solution was formed on top.1 cm of the clear solution 

was pipetted and diluted with 10 ml of distilled water. The concentrations of the cations were 

then read using a flame photometer with which the abundance of the cations was detected. For 

every sample, the instrument was set using a standard of known concentration of cations. The 

cation concentrations were then calculated as follows; 

   
               

         
 

Where; Emission – abundance of cations read from the photometer, 25- Extraction volume, 100-

milliequivalent per 100g, 1000-conversion factor, 23- Sodium weight equivalent, W – Weight of 

soil sample  
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3.4. 2Texture determination 

The bouyoucos method which estimates the percentage sand, silt and clay contents of the soil 

was used for all the 11 samples. The texture is often reported as a percentage by weight of dry 

and organic free material (Okalebo et al., 2002). The measuring cylinder was filled up to 100 ml 

before shaking and reading and after inserting the hydrometer I ensured that the foam didn’t 

interfere with the reading by adding a few drops of absolute ethanol 90% which clears away the 

foams. 

 The detailed procedure followed for soil texture determination is similar to that presented in 

okalebo et al (2002). Individual soil particles are often bound into aggregates hence required 

dispersion which was done using calgon (sodium hexametaphosphate). Soil particles are 

assumed to be spherical and to have a specific gravity of 2.65 (Nyle, 1990). The bouyoucos 

method operates on stokes` law (Okalebo et al., 2002).  

Soil particles with a higher density settle first while those with lower density remain in 

suspension thus this gives the justification why time intervals of 40 seconds and 2 hours were 

used for taking the texture reading using this method. After 40 seconds, all sand had settled and 

only silt and clay were in suspension and it is only what is in suspension whose density is 

determined by the bouyoucos hydrometer.         

3.4.2 Determination of soil physical properties 

3.4.2.1 Determination of soil structure. 

Soil structure refers to the arrangements of soil particles in the soil. Clay content, organic matter 

helps in binding the soil structural units, aggregates or peds. A well-structured soil is one that has 

a good aggregation and allows free movement of air and water through cracks, free root 

penetration (high root density). Structureless soil is one without any aggregation of soil particles 

which pose a risk of generating runoff especially when poor soil structure is close to the soil 

surface. The structure of the soil across the land uses were fairly good with soil quality 1 to 2 

(Table A1), this permits proper infiltration, root penetration and aeration making survival of soil 

microbes easy, which are essential for normal growth and development as described by (Bruce et 

al, 2012) 
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Procedure 

Equipment used was a hoe, plastic sheet of polythene, phone camera, GPS.  Three different 

points of sampling were randomly selected in each treatment, I extracted a block of soil 0-15cm 

thick directly to full depth of the hoe and placed on the sheet of polythene, removed any 

compacted debris (stones), gently manipulated the block using both hands to reveal any cohesive 

layers or clumps of aggregates, the rest of the block dropped it on the polythene to break it up 

into structural units. I then took a picture and the GPS coordinates of the points sampling in the 

different land uses.  

The scoring process of the soil structure depends entirely on aggregation of the soil particles and 

the scale of tests ranges from Sq1 (good structure) to Sq5 (poor structure). Sq1 friable, the 

aggregates readily crumble with fingers and highly porous, Sq2 intact whose aggregates are easy 

to break with one hand with a mixture of rounded aggregates, Sq3 firm most aggregates break 

with one hand in which a mixture of porous angular aggregates, Sq4 compact mostly large sub-

angular and non-porous requiring a considerable effort to break aggregates with one hand, Sq5 

very compact difficult to breakup mostly with large angular and non-porous.  

Soil structure quality determination 

The observation method adopted was controlled observation where one observes the phenomena 

as it is being done according to prescribed criteria or after systematic procedure has been carried. 

Soil structure quality was assessed in the field following visual evaluation of soil structure 

(VESS) standard methods as described (Table A1). 

3.4.2.2 Soil texture 

The texture of soils in all land uses was dominated with sand (over 60%) giving a textural class 

of sandy loam soil. Generally, sandy and loamy soil breaks up easily, while a layer that is high in 

clay will be highly cohesive. Sandy loam soils are dominated by sand particles as, but contain 

enough clay and sediments to provide a good structure and fertility. Sandy loam soils are well 

aerated with good structure but may facilitate moderate loss of nutrients and accelerate soil 

erosion (Phogat et al., 2015).it has good aeration, infiltration capacity and porosity which can 

moderately improve plant root penetration and access to basic elements such as water and 

nutrients. 
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3.5 Data analysis 

 

Results from laboratory and field analysis were then used for achieving Objective two of the 

study, assessing suitability of soils for pineapple production where the data  collected was then 

subjected to analysis of variance (ANOVA) using gen stat statistical package and later also to 

ArcGIS for formulation of thematic maps on all the parameters for suitability evaluation of the 

soils for pineapple production. 

The land evaluation was done as per FAO (1983) guidelines based on matching qualities of 

different land units in a farm with the requirements of pineapple production in order to develop a 

set of themes for evaluation and ultimately produce suitability map for pineapples, the land 

requirements in terms of land qualities. Each parameter (characteristic) was considered as a 

thematic layer in Arc GIS. 

 All the different attributes; exchangeable bases (Ca
2+

, K
+,

 Na
+
), pH, texture, organic matter, N 

and P were added to the polygon attribute table. The attribute requirements were then compared 

to the pineapple crop requirements and assigned values of the ranges and the suitability classes 

tagged on all the ranges from highly suitable (S1)basing on the standard/critical value of each 

parameter.. 

The first step was to identify the relevant datasets. For this research, the datasets were the soil 

characteristics (soil pH, exchangeable bases (Ca
2+

, K
+,

 Na
+
), P, N, OM, texture). The data was 

then edited to suit objective 2 of the study and exported from excel to Arc GIS software for 

further processing as explained above. The land suitability factors were then reclassified to come 

up with standardized mapping units then overlaid using their respective weights. The land 

qualities with associated attribute data was overlaid in Arc GIS 10.2 software and generated 

thematic layers seven thematic layers with five suitability classes assigned values in form of 

ranges basing on the intensity all of which yields a suitability map. For example, pH range of 

4.5-5.5 being S1 meaning it’s highly suitable for pineapple production thus all land uses with pH 

with this range had suitable pH for pineapples (Figure. 4) 

 

 



 

25 
 

 

 

 

Table 1. Pineapple plant nutrient critical levels (Okiror et al., 2017) 

 

Parameter pH OM (%) N (%) P(ppm) K(cmol/kg) 

S1 6.0  - 6.5 6.5 – 6.9 ≥ 0.35 > 23.0 ≥ 2.4 

S2 5.5 – 5.9 6.0 – 6.4 0.30 – 

0.34 

18.1– 23.0 2.1 – 2.4 

S3 5.0 – 5.4 5.5 – 5.9 0.25 – 

0.29 

13.1 – 

18.0 

1.6 -1.9 

N1 4.5 – 4.9 5.0 – 5.4 0.20 – 

0.24 

8.0 – 13.0 1.1 – 1.4 

N2 < 4.5 4.5 – 4.9 0.15 – 

0.19 

< 8.0 ≤ 0.6 
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Figure 3: Flow diagram showing the operations followed to create the land suitability maps 

using     the FAO land suitability evaluation procedure (FAO, 1983) in a GIS overlay analysis 
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CHAPTER FOUR 

4.0 RESULTS   

4.1 Soil quality assessment based on physical and chemical properties 

4.1.1 Soil chemical properties 

4.1.1.1 Soil pH and organic matter content 

The soil pH was not significantly different (p > 0.05) among the different land use types. The 

soil pH ranged from 5.87 to 7.22 with a mean of 6.61 ± 0.27. The soil organic matter was not 

significantly different (p < 0.05) for all the land uses at the farm ranging from 0.52 to 1.98% with 

a mean of 1.23 ± 0.43 % (Table 1 and A1) 

Soil pH is very essential in soil suitability evaluation and management as it provides information 

about the solubility and thus potential availability of nutrients for specific crops such as 

pineapples. All the soils were slightly to strongly alkaline and the soil pH values ranged between 

5.6 and 7.2. The high values of the soil pH would be attributed to the high base saturation and 

exchangeable sodium percentage. This pH is suitable for pineapple production whose critical or 

standard pH levels is 4.5 to 5.6. Figure 4 shows the spatial variability of pH throughout the 

agricultural land at karugwa mixed farm. 
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Figure. 4 Spatial variability of soil pH. 

The soil organic matter content in the soil which has significant benefits for crop production such 

as reservoir of plant nutrients N, P and, S, important in maintaining micronutrient cations in 

available forms that are not toxic to plants.in addition has a high water holding capacity hence 

maintaining the effects of moisture stress. 

Generally, OM content of all land uses were low to medium 0.7 to 4.0 % this may be due to the 

prevalence of tropical conditions where the degradation of organic matter occurs at faster rates 

coupled with low vegetation cover, thereby leaving less organic matter in the soils (Figure. 5.) 
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Figure 5. Spatial Variability of soil Organic matter. 

 

4.1.1.2. Total Nitrogen. 

Nitrogen (N), was not significant p > 0.05 total nitrogen % ranging from 0.07 to 0.198 % with a 

mean of 0.125 ± 0.041%. Phosphorus (P) was significantly different p < 0.05, P concentration 

ranged from 2.6 to 71.2 (ppm) with mean of 27.6 ± 10.75 ppm. 

 The total nitrogen values varied from 0.07 to 0.16% suggesting that the soils had low to medium 

available nitrogen. The low organic matter could be the significant factor affecting the amount 

total nitrogen. The low total nitrogen decreases the suitability of soils for pineapple production 

the spatial variability of nitrogen is given in fig. 6 
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Figure.6 Spatial Variability of total nitrogen. 

Figure 7. The available phosphorus in the soils varied from minimum value of 3.00 to a 

maximum of 100.5 ppm .the very high available P content might possibly be due to heavy 

manure application and supplementation of depleted phosphorus through use of external sources 

i.e. Phosphorus containing fertilizers   
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Figure 7. Spatial Variability of available phosphorus  

 

4.1.1.3 Exchangeable ions 

The exchangeable ions potassium (K
+
), sodium (Na

+
) and calcium (Ca

2+
) were all significantly 

different among land use types (p < 0.05). The K
+
 ion concentration ranged from 0.256 to 0.025 

ppm with a mean of 0.0944 ± 0.0261 ppm. The Na
+ 

ion concentration ranged 0.061 to 0.0095 

with a mean of 0.0264 ± 0.00722. The Ca
2+

concetration ranged from 31.4 to 2.6 with a mean of 

11.2 ± 5.99 (Table 2 and Table A1) 

K varied from 0.03 to 0.30 cmol/kg that is low to medium concentration. Fig. 8 shows spatial 

variability of K. 
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Figure 8. Spatial variability of potassium.  

Suitability of the soils of Karugwa mixed farm for Pineapple production 

On estimation ,Suitability analysis indicated that about 80% of agricultural area is currently not 

suitable (N1) out of which 15% is permanently not suitable (N2),50 % is marginally suitable (S3) 

and 20 %  is moderately suitable (S2), 10% (S1) highly suitable (Figure. 9) . Low organic matter, 

deficient total Nitrogen and low base saturation are the major limitations to pineapple production 

which can be improved by specific management. 
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Figure 9: Soil suitability map for pineapple production in Karugwa mixed farm 
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Table 2: Table showing means of soil chemical and physical properties of Karugwa mixed farm 

Treatment  Ph OM (%) N (%) P (ppm) K (cmols/kg) Na (cmols/kg) Ca (cmols/kg) Sand (%) Silt (%) Clay (%) 

Eucalyptus  6.48 0.81. 0.0817 2.6 0.043 0.017 5.4 67 24 9 

Orchard  6.645 1.05 0.1167 3.6 0.0715 0.011 5.5 65 24 11 

Pine   6.515 1.11 0.1517 47.6 0.1335 0.027 10.1 59 30 11 

Pine   6.765 2.69 0.1167 67 0.256 0.045 31.4 55 31.5 13.5 

Pine   6.385 1.4 0.14 84 0.1345 0.0395 22.2 58 30.5 11.5 

Pine   6.78 1.98 0.1983 7.2 0.062 0.061 13 56 31.5 12.5 

Pine   6.485 0.82 0.07 6.6 0.0505 0.013 2.6 67 23.5 9.5 

Pine   5.87 0.93 0.1283 6.4 0.0725 0.0375 7.7 65 25 10 

Pine   6.61 0.93 0.0933 11.4 0.025 0.013 6.9 69 25 6 

Pine   6.745 0.93 0.1167 4.5 0.0425 0.0095 3.1 64 30 9 

Veg   6.895 0.52 0.175 19.4 0.0865 0.0175 11.2 56 32 11 

Veg   7.22 1.52 0.1167 71.2 0.1555 0.0255 15.8 64 23 13 

Mean  6.616 1.23 0.1254 27.6 0.0944 0.0264 11.2 62.1 27.5 10.58 

Se  0.2739 0.428 0.04189 10.75 0.0261 0.00722 5.99 3.55 3.48 1.155 

P value  0.289 0.138 0.238 <.001 0.002 0.006 0.015 0.142 0.435 0.033 

L.s.d  0.8525 1.331 0.09221 33.46 0.08124 0.02247 13.18 11.06 10.82 3.594 

%CV  1.3 14.6 14.3 49.3 46.7 26.1 45.8 3.2 9.9 4.5 
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4.2 Evaluation of the suitability of the soils for the current land use 

4.2.1 Soil physical properties 

Texture 

Sand had the highest content in all land uses, was not significantly different p > 0.05 sand % 

ranging from 55 to 69 % with a mean of 62.1 ± 3.55 % the highest sand content was observed in 

pine (69 %) and lowest in pine (55 %). Silt content was the second highest in all the treat and 

was not significantly ranging from 23 to 32% with a mean of 27.5 ± 3.48 %, highest in veg (32 

%) and lowest in pine (23 %). Clay content was the lowest in all land uses ranging from 6 to 13.5 

with a mean of 10.58 ± 1.155 highest being observed in pine (13.5 %) and lowest in pine (6 %) 

(Table 2). Generally the textural class (Sandy loam) is dominant which is highly suitable for 

pineapple production because of its high water holding capacity good aeration, infiltration 

capacity, and high porosity all of which contribute to a suitable soil status for production and 

nutrient availability. 

Table 3: Texture, structure, color, and the structural quality of different land uses 

Land uses  Texture  Structure  Color Structural quality 

Pine  Sandy loam Strong Black Sq3 

Pine  Loamy sand Weak Black  Sq1 

Pine  Loamy Strong Black  Sq3 

Pine  Sandy loam  Very weak Brown Sq1 

Pine  Loamy Strong Black Sq3 

Pine  Sandy loam Strong Black Sq1 

Veg  Loamy Weak Black Sq1 

Pine  Sandy loam  Very weak Light brown Sq1 

Veg  Sandy loam  Strong Grey-brown Sq1 

Pine  Loamy  Strong Black  Sq1 

Eucalyptus Sandy 

loam(stony) 

Strong Red  Sq4 

Orchard  Loamy sand  Strong  Black  Sq3 

 Where; Pine represents Pineapple, Veg represents vegetables 
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4.2.2 Soil chemical properties. 

4.2.2.1 Soil pH and organic matter content 

The soil pH ranged from 7.22 to 5.87. The mean soil pH was 6.616 ± 0.2739. The highest was 

observed in veg (7.22) and lowest in pine (5.87) respectively. The organic matter content ranged 

from 2.69 to 0.52 with mean of 1.23 ± 0.428, the highest observed in pine (2.69) with the lowest 

in veg (0.52). (Table 2) 

4.2.2.2 Non-Exchangeable ions 

Total nitrogen % ranging from 0.07 to 0.1983% pine had the lowest content (0.07%) while pine 

had the highest content (0.1983%), a mean of 0.1254 ± 0.04189 %. P concentration ranged from 

2.6 of eucalyptus being lowest to 71.2 of vegetables b the highest with mean of 27.6 ± 10.75 ppm 

(Table 2) 

4.2.2.3 Exchangeable ions 

Generally pineapples as a land use had both the highest and lowest values of the cations other 

land uses being Intermediate in concentration. The K
+
 ion concentration ranged from 0.256 to 

0.025 ppm with a mean of 0.0944 ± 0.0261 ppm. Pine had both the highest concentration of K
+
 

(0.256 ppm) and the lowest concentration of K
+
 (0.025 ppm). Same as the concentration of Na

+
 

where the highest concentration (0.061 cmol/kg) and (0.045 cmol/kg) and lowest (0.0095 

cmol/kg) were all in the pine land use. Pine also had the highest Ca
2+

 (31.4 cmol/kg) as 

compared to pine with the lowest Ca
2+

 concentration (3.1cmol/kg). (Table 2)  
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Figure 10: Exchangeable base concentration (cmols/kg) 
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4.3 Correlation studies 

There were significant differences in the relationship among different parameters for Ca and K (p = 0.9075), Ca and Na (p = 0.6095). 

High positive correlation relationships were observed between K and Ca (r = 0.9075); and Phosphorus and Calcium (r = 0.8434). The 

two-sided t-test results showed that these coefficients were significant at 1% (P ≤ 0.01). Low negative correlations were also observed 

for example the correlation between Na and pH was not significant at P ≤ 0.1 (r = -0.0768), % N and P (-0.0354) (Table 4) 

Table 4: Pearson’s Correlation coefficient showing relationships between the variables 

 
Ca K % N Na % OM pH P % Clay % Sand % Silt 

Ca  
 

         K  0.9075*** 
 

        % N 0.0086
 ns

 -0.0897
 ns

 
 

       Na 0.6095*** 0.5111** 0.2451
 ns

 
 

      % OM 0.6907*** 0.618*** 0.1336
 ns

 0.6116*** 
 

     pH 0.0805
 ns

 0.1436
 ns

 -0.0354
 ns

 -0.0768
 ns

 0.1439
 ns
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  P  0.8434*** 0.8499*** -0.036
 ns

 0.4158** 0.5186*** 0.1753
 ns

 
 

   % Clay 0.3535* 0.4098** 0.5662*** 0.4086** 0.3933* 0.0996
 ns

 0.3432
 ns

 
 

  % Sand -0.5367*** -0.4802** -0.6485*** -0.4293** -0.4389** -0.044
 ns

 -0.4247** -0.6269*** 
 

 % Silt 0.4255** 0.342
 ns

 0.5268*** 0.2843
 ns

 0.3399
 ns

 -0.0426
 ns

 0.3084
 ns

 0.3187
 ns

 -0.9135
 ns

  

Where *significant at 10%, **significant at 5%, ***significant at 1% and ns = not significant; 
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CHAPTER FIVE 

5.0 DISCUSION OF RESULTS.  

5.1 Soil quality parameters for pineapple production and their suitability maps. 

In land suitability analysis, a map represents each evaluation criteria with ordinal values (like S1, 

S2, S3, N1 and N2) indicating the degree of suitability with respect to a sub criterion, based on 

the crop requirements (Sehgal, 1999). Where S1- Highly suitable, S2 –Moderately suitable, S3- 

Marginally suitable, N2-Currently not suitable, N1-Permanently not suitable. 

5.1.1 Organic matter 

The organic matter content ranged from 2.69 to 0.52 with mean of 1.23 ± 0.428, with highest in 

pine (2.69%) soil and this can be attributed or due to the high level of decomposition of banana 

stems thus, releasing organic matter at the area of sampling. This organic matter plays a key role 

in maintaining the soil’s normal functioning for example structure stability as suggested by 

Musinguzi et al. (2013). The soil under eucalyptus had the lowest level of SOM (0.52%)  below 

the thresh hold (3%), and this could have been due to the low vegetation cover in the land use 

since the eucalyptus trees were young to shade off leaves which impacts on the litter levels on 

the ground thus low organic matter levels in the soil. The soil texture had an impact on % SOM 

because SOM breaks down faster in sandy soils than in fine textured soils due to the higher 

amount of oxygen available for decomposition in the light textured soils. In order to restore SOM 

in this soil, good management practices such as agroforestry, fallowing is also an important way 

of restoring soil fertility.  

 

5.1.2 Soil texture and structure 

The clay content was highest (10.5 ± 1.155%) under pine (13.5 %) and also lowest under pine 

(6%). In contrast, mean silt content was (27.5 ± 3.48%) highest vegetables (32 %) under but 

lowest under pine (23%). Percent sand was (62.1 ± 3.55%) highest under pine (69 %) and also 

lowest in pine (55%) There was no significant difference between sand silt and clay in all land 

uses. Generally, the soils in all the land uses was over 60 % sand dominated giving an overall 

textural class of sandy loam soils which is considered the best soil for most agricultural crops 

because of its good soil aeration, infiltration capacity and porosity which has the capacity to hold 
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water through the growth period of the crop and improve the plant root penetration and access to 

major growth requirements water and nutrient. In this soil texture class, the soils contain soil 

separates within these ranges 40 % or less silt, 20 % or less clay, and 53 – 85 % sand and 50 – 40 

% silt, less than 7 % clay, and between 43 % and 53 % sand which is moderately fine textured. 

There was no significate difference between the soil types across all land uses.  

Soil structure was determined using the field soil quality assessment tool, soil quality is used as a 

parameter to determine the water infiltration capacity of the soil, ease of root penetration in to 

the soil based on root distributions, the ability of the soil to hold nutrients avoid leaching and 

ability to support life of important soil biological content(soil microbes) the structure of the soil 

across the land uses were fairly good with soil quality 1 to 4 across the different land uses 

respectively (Table 3), which implies that this soil can  support pineapple growth due to their 

ability improve porosity that enhances infiltration, root penetration, aeration and water holding 

capacity which are essential for survival of the plant being a perennial crop. 

5.1.3 Soil pH 

Generally, soils in all land uses had an evidently highly alkaline 5.6 to 6.8 pH tending to neutral 

pineapple (6.5-6.7), Eucalyptus (6.4), orchard (6.6) and vegetable (6.8-7.2) the pH was not 

significantly different among all the land uses, And this so because of the moderately high base 

saturation in the soil which directly affects the soil pH, the pH observed in all these land uses is 

in range with the recommended soil pH of all agricultural crops (5.5-6.5) as suggested by (Owen 

et al., 2007). This pH is also well suited with the pineapple pH requirement of 4.5-5.6 (Attua and 

Fisher, 2010) thus all the soil is suitable pH wise, the suitability of land area for growth of 

pineapples also depends on pH because of its effect on other essential nutrients availability such 

as phosphorus. The high soil pH is attributed to no past fertilizer use on the soil. 

 

5.1.4 Total nitrogen  

The results showed that total nitrogen across the three land uses were lower than the critical 

range (0.2%) as prescribed in Okalebo et al. (2002). It’s known that 98 % of soil nitrogen is from 

organic matter therefore organic matter levels directly affect the total soil nitrogen availability 
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the higher the soil organic matter, the higher the total nitrogen availability and organic matter 

levels entirely depend on the amount of litter on the soil surface. 

Nitrogen content of the land uses ranged from (0.09-0.2). The low nitrogen content can also be 

attributed to the sandy nature of the soil with high which makes nitrogen susceptible to leaching 

leaving the field with inadequate amounts of nitrogen that cannot support crop growth (Richford, 

2003). Leaching of nitrates is also factor that could have contributed to the low levels of nitrogen 

which is also a major cause of low soil fertility in sandy soils, because the soils retain only about 

1 inch of water per foot of soil, relatively small amounts of rain or irrigation water readily move 

nitrate below root zone making nitrogen un available for plant absorption. 

 

5.1.5 Available phosphorus (P) 

There is a significant difference in soil phosphorus content across all the three land uses, with 

soils under pine (pineapple) and vegetables having the abnormally highest phosphorus with equal 

levels of (100.5ppm). The highest levels of phosphorus in pine and vegetables maybe a culprit of 

over-fertilization and high manure application but since no fertilizers are used at the farm, the 

high manure applied is typically high in phosphorus and can quickly lead to a spike in 

phosphorus levels as it also buffers the soil pH, and the buffering effects of the plentiful basic 

cations also contribute to the high phosphorus levels, Sufficient P is important for achieving 

optimal crop production, but excessive soil P levels may create a risk of P losses and associated 

eutrophication of surface waters.  

The low soil pH could also be another reason for low phosphorus levels in eucalyptus but the soil 

pH does not contribute to the fixation of the phosphorus since its highly alkaline and tending to 

neutral. The soil under eucalyptus was also low in phosphorus because of the low leaf drop off 

since the trees were still young therefore low or no nutrient recycling to release phosphorus thus 

the low phosphorus content in this land use. Soil pH less than 5.5 typically reduces availability of 

phosphorous in the soil solution by 30% or more (USDA, 2000).  Acid soils also reduce root 

growth which is critical to phosphorous uptake. Organic matter maintenance is an important 

factor in controlling phosphate availability. 
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Phosphorus from manure applications can be a potential pollutant. There are several reasons for 

this. First, as livestock and poultry farms have become more intensive, greater amounts of feed 

are imported onto the farms resulting in accumulation of excess nutrients in manure beyond what 

can be used by the crops on the farm (Beegle and Durst, 2002). Even when there is no overall 

excess of nutrients on the farm, application of manure nutrients is commonly done based on 

meeting the nitrogen requirement of the crop with the nitrogen content of the manure. Since the 

relative amounts of nutrients required by crops is different from the relative amounts contained 

in most manures, there will usually be an excess of phosphorus and potassium (K) applied in this 

system (Beegle, D and Durst, P, 2002) 

5.1.6 Potassium (K
+
), calcium (Ca

2+
) and sodium (Na

+
)  

The K
+
 ion concentration ranged from 0.256 to 0.025 ppm with a mean of 0.0944 ± 0.0261 ppm 

(Table 2).  Pine a had the highest concentration of K
+
 (0.256 ppm) while pine had the lowest 

concentration of K
+
 (0.025 ppm), The variation in the distribution of potassium between the 

different land uses may be due mineral present, particle size distribution, degree of weathering, 

climatic conditions, degree of soil development and the parent material from which the soil is 

formed (Wakene, 2001).  

The lowest level of potassium in soil under pine  could have been due to luxury uptake by the 

pineapple crops currently there, this is possible because potassium is a very mobile element in 

plants, another possible reason for the low level of potassium in soil could have been due to 

leaching, leaching is a major challenge in soil with high sand content, and since the soil was 

texturally classified as sandy loam with over 60% sand, leaching could have been facilitated 

resulting in to the low level of potassium observed under pine. Pine had the highest Ca
2+

 

(31.4cmol/kg) possibly due to as compared to pine with the lowest Ca
2+

 concentration 

(3.1cmol/kg) due to relatively high levels of organic matter , this when decomposes and 

mineralizes releasing Ca
2+

 that is stored in the plant tissues back into the soil. The low calcium 

levels are possibly due to low activity clay which is associated with these clays having low 

charge density and surface area. 

Soils under continuous cultivation, application of acid forming inorganic fertilizers, low pH are 

characterized by low contents of Mg and Ca mineral nutrients resulting into their deficiency due 

to excessive leaching (Dudal and Decaers, 1993). 
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CHAPTER SIX 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusion 

The first objective, assessing the soil quality status of karugwa mixed farm soils which was 

supported and accomplished through laboratory analysis and field determination of the soil 

properties. The parameters considered were total nitrogen, available phosphorus, calcium, 

potassium, sodium, and soil structure and texture. 

 The results from analysis indicated that the study area had sandy loam soil textural class as the 

dominant class which is considered best and suitable textural class for most agricultural crops 

with a moderately fine texture good water and nutrient supply capacity, infiltration and 

availability of plant nutrients. Soil pH was not significantly different across all the land uses and 

was best suited for the intended land use of pineapple production.  

Total nitrogen was highly deficient which is strongly attributed to the very low organic matter 

content in the soils, Phosphorus and potassium concentrations in the soil were ranging from low 

to medium levels.  
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The soil quality among all the land uses had a good soil structure, the soil quality one (Sq1) 

which is friable thus allows proper root penetration a necessity for nutrient and water access 

(Table 3) Thus Karugwa mixed farm is moderately suitable for pineapple production but after 

correcting the nutrient deficiencies in the soil through integrated nutrient (combined organic and 

inorganic fertilization of the soil) and other nutrient management related practices. 

The results from objective one were used as data for achieving objective two, assessing 

suitability of soils for pineapple production, this data was incorporated into ArcGIS software 

from which thematic maps of selected parameters were developed to show the spatial variability 

of  the properties pH,OM,N.P,K. From which it can be concluded that karugwa mixed farm soils 

are marginally suitable (S3) to currently not suitable (N1) and permanently not suitable (N2). 

 

6.2 Recommendation 

Generally, the soils have the capacity to support pineapple production with their relatively 

sufficient amounts of nutrients, a good soil structure and texture which is evident by the chemical 

properties of the soil whose nutrient levels were just slightly below the critical levels for 

pineapples. However immediate action should be taken on increasing the soil organic matter 

levels in the soil which is the major contributing factor to low nitrogen levels in the soil, 

therefore I recommend the use of mulches which would help maintain the soil structure improve 

the water holding capacity of the soil increase and maintain the nutrient levels in the soil after 

their decomposition, integrated nutrient management should also be adopted on the farm for 

organic farming alone  may not be practical therefore fertilizers should also be incorporated into 

the nutrient management program of the farm for higher and quality results. Soil and water 

conservation measures should also be a key focus for with poor soil and water management, no 

farming objectives can be achieved.  
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APPENDIX 

Appendix I: Analysis of variance summary 

Table 1: Soil chemical properties 

Variate Source of variation d.f. s.s. m.s. v.r. F pr. 

Ph Rep 1 0.0876 0.0876 0.58 

 

 

Treatment 11 2.33 0.2118 1.41 0.289 

 

Residual 11 1.6503 0.15 

 

  

 

Total 23 4.068 

 

    

% OM Rep 1 0.3851 0.3851 1.05 

 

 

Treatment 11 7.9312 0.721 1.97 0.138 

 

Residual 11 4.0211 0.3656 

 

  

 

Total 23 12.3374 

 

    

% N Rep 1 0.00383 0.00383 2.18 

 

 

Treatment 11 0.03001 0.00273 1.55 0.238 

 

Residual 11 0.01931 0.00176 
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Total 23 0.05315 

   P Rep 1 2232.6 2232.6 9.66 

 

 

Treatment 11 20830.4 1893.7 8.19 < 0.001 

 

Residual 11 2542.5 231.1 

 

  

 

Total 23 25605.4 

 

    

K Rep 1 0.02331 0.02331 17.11 

 

 

Treatment 11 0.09436 0.00858 6.3 0.002 

 

Residual 11 0.01499 0.00136 

 

  

 

Total 23 0.13266 

 

    

Na Rep 1 0.00057 0.00057 5.47 

 

 

Treatment 11 0.00578 0.00053 5.04 0.006 

 

Residual 11 0.00115 0.0001 

 

  

 

Total 23 0.00749 

 

    

Ca Rep 1 316.65 316.65 8.82 

 

 

Treatment 11 1585.46 144.13 4.02 0.015 

 

Residual 11 394.72 35.88 

 

  

 

Total 23 2296.83 

 

    

Where pH is the Hydrogen ion concentration, Na; sodium, Ca; calcium, OM; organic matter, P; 

Phosphorus, K; Potassium d.f = degree frequency, s.s = sum of squares, m.s= mean squares, 

v.r=Error of variance, F.pr. = probability function. 

 

Table 2: Soil physical (textural) properties 

Variate Source of variation d.f. s.s. m.s. v.r. F pr. 

% Sand Rep 1 48.17 48.17 1.91 

 

 

Treatment 11 541.83 49.26 1.95 0.142 

 

Residual 11 277.83 25.26 

 

  

 

Total 23 867.83 

 

    

% Clay Rep 1 2.667 2.667 1 

 

 

Treatment 11 93.833 8.53 3.2 0.033 

 

Residual 11 29.333 2.667 

 

  

 

Total 23 125.833 

 

    

% Silt Rep 1 88.17 88.17 3.65 

 

 

Treatment 11 294 26.73 1.11 0.435 

 

Residual 11 265.83 24.17 

 

  

 

Total 23 648 

 

    

Where d.f = degree frequency s.s = sum of squares, m.s= mean squares, v.r= Error of variance,  
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F pr. = Probability function. 
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Table 3: Analysis of variance summary showing mean squares of soil chemical and physical properties 

Source of variation d.f. 
Mean squares 

ph OM% N% P K Na Ca Sand Clay silt 

Rep  1 0.0876 0.3851 0.003834 2232.6 0.023313 0.00057 316.65 48.17 2.667 88.17 

Treatment 11 0.2118
ns

 0.721
ns 

0.002728
ns 

1893.7
***

 0.008578
***

 0.000525
***

 144.13
**

 49.26
ns

 8.53
**

 26.73
ns

 

Residual 11 0.15 0.3656 0.001755 231.1 0.001362 0.000104 35.88 25.26 2.667 24.17 

Total 23            

P Value  0.289 0.138 0.238 <.001 0.002 0.006 0.015 0.142 0.033 0.435 

Where *** significance of 1% **significance of 5%; OM = Organic matter, N=Nitrogen, P= Phosphorus, K= Potassium, 

Na=Sodium, Ca= Calcium, 

 

 

 

Table 4. Showing the procedures used to identify soil qualities (SQS) 

Method of assessment Field method 

Steps option Procedure 

Block extraction and 

examination 

Loose soil Remove a block of soil 15cm thick directly to the full depth of the spade/hand hoe and 

place the spade/hoe plus soil on to the sheet, tray or on the ground   

Firm soil Dig out a hole slightly wider and deeper than the spade/hoe leaving one side of the hole 

undisturbed. on the undisturbed side, cut down each side of the block with the spade 

and remove the block 

Examine soil block Uniform structure remove any compacted soil or debris from around the block 

Two or more horizontal 

layers of differing structure 

estimate the depth of each layer and prepare to assign scores to each separately 

Block break-up 

Break up block (take a 

 Measure blocks length and look for layers. Gently manipulate the block using both 

hands to reveal any cohesive layers or clumps of aggregate. If possible separate the soil 
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photograph-optional) into natural aggregates and manmade clods. clods are large, hard, cohesive and rounded 

aggregates 

Break up of major 

aggregates to confirm 

scores 

 break large pieces apart and fragment it until a piece of aggregate of 1.5-2.0 cm. look to 

their shape, porosity, roots and ease of break up. Clods can be broken in to non-porous 

aggregates with angular corners and are indicative of poor structure and higher score. 

Soil scoring 

Assign scores 

 match the soil to the pictures category by category to determine which fits best 

 

Confirm scores from Block extraction 

Aggregate shape and size 

Roots 

Anaerobism 

Aggregate fragmentation 

factors increasing the scores: 

difficulty in extracting the soil block 

large, more angular, less porous, presence of large worm holes 

clustering, thickening and deflections 

pockets or layer of grey soil, smelling of sulphur and presence of ferrous ions 

break up larger aggregates 1.5-2.0 cm of diameter fragments to reveal their type 

Calculate block scores 

for two or more layers of 

differing structure 

 multiply the score of each layer by its thickness and divide the product by the overall 

depth, e.g. for a 25 cm block with 10 cm depth of loose soil (sq1) over a more compact 

(sq3) layer at 10-25 cm depth, the block score is (1*10)/25 +(3*15)/25= sq2.2. 

Scoring:  scores may fit between Sq categories if they have the properties of both scores. Score of 1-3 are usually acceptable whereas scores of 4 

or 5 require a change of management.   
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Appendix II: Pictorial  
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