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ABSTRACT 

 

This study examined morphology, physico-chemical characteristics, classification, 

potentials and limitations of soils developed on gneissic-granites of Rwanda. Three pedons 

(GSK-P1, GSK-P2 and TMB-P1) were studied and 19 soil samples analysed. All pedons 

were very deep, well drained, with loamy to clayey topsoils overlying dominantly clayey 

subsoils. Pedons GSK-P1 and GSK-P2 depicted eluviation-illuviation as dominant 

pedogenetic process. All topsoils had low bulk and particle densities ranging respectively 

from 1.02 to 1.34 g/cm
3
 and from 2.18 to 2.59 g/cm

3
. Topsoil porosity was high, ranging 

from 48.34 to 53.23%. Topsoil reaction was strongly to slightly acid with pH ranging from 

5.49 to 6.59, whereas subsoil reaction was strongly to medium acid with pH between 5.13 

and 5.86. Total nitrogen (TN), organic carbon (OC) and available phosphorus (Av. P) 

increased with depth. Whereas TN and OC were, respectively, very low to medium (0.15 

to 0.24%), and low to medium (1.6 to 2.5%), Av. P was rated as low to medium (6.4 to 

15.7 mg/kg). Topsoil and subsoil cation exchange capacity ranged from low (9.8 - 21.6 

cmol (+)/kg) to medium (4.2 - 13.2 cmol (+)/kg) respectively while base saturation was 

low (<50%) for all horizons. Phosphorus retention capacity was < 50% and increased with 

depth in Pedons GSK-P1 and GSK-P2 but did not show any definite trend in Pedon TMB-

P1. All pedons had suboptimal nutrient ratios implying potential nutrient imbalance and 

toxicity. On the basis of silt/clay ratios, degree of weathering decreased from GSK-

P1>GSK-P2>TMB-P1. Using USDA Soil Taxonomy, the pedons classified as Ultisols 

(GSK-P1 and GSK-P2) and Inceptisols (TMB-P1), respectively, correlating to Alisols and 

Cambisols of WRB for Soil Resources. The soils were rated as having low fertility and 

only marginally suitable for major crops of the area. Specific land management and 

cropping systems were recommended for sustainable utilization of soils. 
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CHAPTER ONE 

 

1.0 INTRODUCTION 

1.1 Background Information and Justification 

Pedological characterization is defined as the gathering of soil information by systematic 

identification, grouping and delineation of different soils occurring in the locality (Tan, 

1995; Kebeney et al., 2015; Msanya et al., 2016). According to Jenny (1941), cited by 

Munishi (2010), soil forming factors namely climate, parent material, biota, relief and time 

influence the morphological, physical, chemical and biological characteristics of soils. 

Soils are known to vary greatly across landscapes, and are influenced by topographical 

features, vegetation types, lithology, climate and land use; and these may influence spatial 

and temporal variations in the soil physico-chemical properties (Msanya et al., 2003; 

Fantappiè et al., 2011). Pedological characterization provides valuable information and 

knowledge on soil characteristics and gives clear understanding of soil genesis, 

morphology, classification and spatial distribution of soils in an area (Karuma et al., 2015; 

Kebeney et al., 2015). The information gathered through pedological characterization is 

needed by soil fertility specialists to carry out fertilizer trials and establish meaningful 

fertilizer recommendations (Msanya et al., 2003). 

 

In Rwanda, soil and related land resources were mapped, analysed and accrued data stored 

by the project named “Carte Pédologique du Rwanda (CPR)” during the period between 

1955 and 2002 (Verdoodt and Van Ranst, 2003b). The national soil survey resulted in the 

elaboration of 43 soil maps at a scale 1: 50,000 covering the whole of Rwanda. The soil 

units were mainly associations or complexes of soil series (Van Wambeke, 1963; 

Verdoodt and Van Ranst, 2003b).  
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Over the years, land degradation has been recognized as a major problem in Rwanda 

(Nsengimana and Gascon, 1991; König et al., 1994; Mukashema, 2007 and Rushemuka et 

al., 2014). Soil productivity and yields declined as a result of continued land degradation 

in the country and it is currently a serious threat to sustainable livelihood of the rural 

population (Mukashema, 2007). In Rwanda, soil degradation is mainly caused by erosion 

and acidification which, are strongly linked to the population density, climate (high 

rainfall), geomorphology and ill-judged farming methods (Twagiramungu, 2006; Anika, 

2008). 

 

Rwanda is a landlocked country facing rapid population growth (mean annual growth rate 

was 1.2 in 1991 - 2002 and grew to 2.6 in 2002 - 2012 periods with an overall density of 

321 inhabitants/km
2
 in 2002 which has increased also to 416 inhabitants/km

2
 in 2012 

(National Institute of Statistics of Rwanda - NISR, 2012). This has led to land shortage 

where lands are intensively cultivated with no fallow periods (Clay, 1996). Also 

population density has led to deforestation due to high demand for wood products and 

other human activities such as grazing and, consequently, it has resulted to reduction of 

the vegetation and forest cover that contribute to high runoff, soil erosion and sediment 

loss (Olson et al., 1994c; clay, 1996; Holtz, 2003; Twagiramungu, 2006). High 

mountains (range from 970 to 4 507 m.a.s.l.) of Rwanda with steep hillsides (> 60%) 

combined with high rainfall (800 -1600 mm) have increased erosion rate (König; 1994, 

Clay; 1996; Verdoodt and Van Ranst, 2003a). 

 

As the land degradation problem intensified, government policy following colonial 

tradition was to develop physical responses to the problem since the 1930s (Bizoza and De 

Graff, 2010).  
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The programme involved the construction of bench terraces and application of soil 

conservation technologies such as grass strips to mitigate soil losses due to fluvial and 

other processes in this fragile landscape (Rushemuka et al., 2014). However, as surface 

horizons are uplifted during terracing, subsurface horizons or bedrock effectively rise 

closer to the surface thus resulting in profound changes in soil and topographic properties 

such as colour, structure and texture, as topsoil has been cut and subsoil has been exposed 

and to a certain degree soils have been mixed up (pedoturbation) (Morgan, 2005). This 

often lowers soil quality and if subsurface horizons are problematic for plant growth, 

serious degradation of productivity can ensue unless some prevention or improvement 

measures are undertaken (Rushemuka et al., 2014).  

 

The Congo Nile Watershed Divide (CNWD) and Central Plateau (CP) Agro - ecological 

zones (AEZs) are no exception in terms of extensive land degradation. These areas are 

dominated by Precambrian metamorphic complexes of Butare including alternation of 

granite, gneissic granite, quartzitic and mica-schistose metasediments, amphiboles and 

some mylonites which resulted in fragile and acidic soils (Theunissen et al., 1991). 

Demographic pressure with mean annual growth rate was from 0.5 in 1991 - 2002 to 2 in 

2002 - 2012 periods with densities which have increased from 386 in 2012 to 565 

inhabitants /km
2 

in 2012 (NISR, 2012). This has led to cultivation periods to be extended 

up to two to three times per year intensive seasonal cropping. This have contributed to the 

highly acidic soils (less than 5.5), deficient in phosphorus (P), nitrogen (N) and crops 

suffer from aluminium toxicity (König, 1994; Roose and Barthès 2001). The nutrient 

status of the soils is poor because of the low CEC of the clay fraction and the rapid 

decomposition of OM (Rutunga, 2006). Heavy rains frequently occur in these 

mountainous regions cause serious erosion and subsequent soil sedimentation in the lower 

parts of the hillsides.  
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These cause significant damage to crops and deposition of new materials from the upper 

part (soil truncation) to the lower part (soil aggradation). As a result, the soil in upper part 

is shallow, acidic and less fertile whereas the soils in lower part are deeper, less acidic and 

more fertile (Musahara 2006 and Msanya, 2015). Consequently, it decreases the soil 

depth, alters the soil structure and decreases the SOM, thereby reducing the water holding 

capacity with consequent leaching of nutrients and associated acidification of the soil 

(Roose and Barthès, 2001). The soil profiles we see today are thus no longer the soils that 

were mapped before. Research on changes of soils due to anthropogenic activities in 

Congo Nile Watershed Divide and Central Plateau zones of Rwanda in terms of 

pedological characterization has not been done. This is a big challenge as we cannot make 

accurate predictions on the current soil conditions. In order to have useful soil database 

allowing proper decisions for assessing the potentials and constraints of the soils for 

different uses and land management options such as fertilizer application, improved tillage 

methods as well as crops management systems, pedological characterization of the study 

area has to be done. The purpose of the work reported herein was to fill this observed gap. 

 

1.2 Objectives of the Study 

1.2.1 Overall objective 

The main objective of the proposed study was to characterize the study area to generate 

needed information for land use planning.  

 

1.2.2 Specific objectives 

i. To identify and describe the major representative soils of the study area in terms 

of their morphological and ecological features. 

ii.  To characterize the soils in terms of their chemical and physical properties. 
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iii.  To classify the soils of the catena using the USDA Soil Taxonomy (Soil Survey 

Staff, 2014) and the FAO-World Reference Base for Soil Resources [IUSS 

Working Group WRB (2015)]. 

iv.  To assess the potential and limitations of the soils in the study area with respect to 

production of the major crops, i.e. maize, beans, sweet potatoes and wheat 

 

1.2.3 Research questions 

i.  What are the major morphological and ecological features and soil formation 

processes in the study areas?  

ii.  What are the chemical, physical and mineralogical characteristics of the dominant 

soils in the selected study areas?  

iii.  What are the soil types in the study areas as per FAO-WRB for Soil Resources 

and USDA Soil Taxonomy schemes of soil classification?  

iv.  What are the potentials and limitations of the soils for production of major crops 

in the study areas? 
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CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1 Pedological Characterization 

Pedology, a component of soil science, was defined by Bridge (1997) as the study of soil 

body in their natural environment. It deals with appearance of the soils (morphology), its 

mode of formation (pedogenesis), its physical, chemical and biological composition as 

well as classification and its distribution in the space (Sokolov, 1996; Buol et al., 1997). 

Soil is a 3-dimensional body with properties that reflect the impact of climate, living 

organisms and topography on the soil parent material over a variable time span (Soil 

Survey Staff, 1999). In pedology, soil is considered as an independent body in nature with 

a unique morphology that differs from the surface down to the parent material as 

expressed by the soil profile (Tan, 1995; Fantappiè et al., 2011). Pedological 

characterization is gathering of soil information by systematic identification, grouping and 

delineation of different soils occurring in the locality. In addition, environmental 

characteristics (e.g. climate) as well as socio-economic factors are also important elements 

in pedological characterization. In general, pedological characterization provides 

information and knowledge on soil properties aimed at gauging the potential and 

limitations of the characterized sites (Munishi, 2010). 

 

The spatial variations of soil properties such as morphological, physical, chemical and 

biological characteristics of soil is significantly influenced by some environmental factors 

such as climate, topography, parent material, vegetation and disturbance due to human 

activities (Jenny, 1941; Chen et al., 1997; Chaplot et al., 2001 and Ollinger et al., 2002 

and Msanya et al., 2003). For instance, the soil on steep slopes is generally not as deep and 
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productive as soil on gentle slopes and soil that has developed from sandstone is sandier 

and less fertile than soil formed from rocks such as limestone. Also the properties of a soil 

that has developed in tropical climates are quite different from soil found in temperate or 

arctic areas (Brady and Weil, 2002). Thus, reliable soil data through pedological 

characterisation are the most important prerequisite for the design of appropriate land use 

systems and soil management practices as well as for a better understanding of the 

environment (Msanya et al., 2003; FAO, 2006). In arriving at such an understanding, three 

phases namely soil genesis (the evolution of a soil from its parent material), soil 

classification and soil survey (its interpretation and utilization) are inevitable. 

 

2.1.1 Soil genesis 

Genesis of soils is a formation of soils from mountain rocks or unconsolidated materials 

and their further development under influence of soil-forming factors in natural and 

anthropogenic ecosystems of the Earth (Buol et al., 2011). Genesis of soils receives 

attention first, starting with the five separate, yet interacting factors influencing soil 

formation or profile development. These factors give soil profiles their distinctive 

character (Jenny 1941; Bockheim et al., 2013). 

 

2.1.1.1 Soil parent material 

The parent material is the material from which the soil has presumably been derived 

(Jenny, 1941; FAO, 2006). Soil may form directly by the weathering of consolidated rock 

in situ (a residual soil), saprolite (weathered rock) or it may develop on superficial 

deposits, which may have been transported either by water, called alluvium (fluvial if 

transported by stream), or by gravity, called colluvium. Mostly, deposits originate from 

the denudation and geologic erosion of consolidated rock. However, consolidated material 

is not strictly parent material, but serves as a source of parent material after some physical 
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or chemical weathering has taken place. Soils may form also on organic sediments (peat, 

muck) or salts (evaporites) (Brady and Weil, 2002; FAO, 2006). 

 

The nature of the parent material influences the morphological, chemical, physical and 

mineralogical characteristics of the resultant soils (Wanjogu and Mbuvi, 1995). Indeed, 

properties of the parent material exert impact on soil development including colour, 

texture, structure, mineralogical composition, permeability and degree of stratification 

(Bockheim et al., 2005). The chemistry and mineralogy of the parent material is mirrored 

in the soil and can determine the weathering process and control the natural vegetation 

composition. For example, lime-rich soils are generally derived from calcareous rocks 

(e.g. limestone, chalk) or sediments derived from such deposits. Furthermore, parent 

material has a marked influence on the type of clay minerals in the soil profile. Illite, for 

instance, tends to form from the mild weathering of potash-containing micas, whereas 

smectite is favoured by base-rich minerals high in calcium and magnesium (Brady and 

Weil, 2002).  

 

2.1.1.2  Climate 

The effect of climate on soil formation is direct and indirect. The direct effect is that of 

precipitation (moisture), temperature, evaporation and wind. The indirect effect is in its 

effect on flora and fauna (Vitousek, 1994). The main soil morphological and mineralogical 

properties that correlate with climate are organic matter content, clay content, kind of clay 

iron minerals, colour, various chemical extracts, presence or absence of CaC03 and more 

soluble salts and depth to the top of salt-bearing horizons. For instance, soils that are in a 

predominantly moist environment tend to be highly weathered (Fantappiè et al., 2011).  
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The occurrence of leaching, the movement of minerals through the soil profile, profile 

depth; change of nutrient status and loss of base cations (Ca
2+

, Mg
2+

, K
+
, Na

+
) which result 

in the increase of soil acidity; increases as the amount of moisture increases. This means 

that some acid soils have developed from parent materials that originally contained basic 

rocks, while other soils has developed on acidic rock such as granite (Sowunmi and 

Akintola, 2010). Precipitation affects also the aspect of the landscape, especially the type 

of vegetation and the nature of the soils which in turn influences soil development 

(Sowunmi and Akintola, 2010). In the CNWD the annual rainfall varies between 1 300 - 1 

800 mm and this abundant rainfall has totally leached the soils that developed from poor 

parent materials such as sandstone, quartzite, quartzophyllite and granite. Where the forest 

has been cleared, also the mineral reserves of the litter layer are rapidly consumed and 

poor soils are left (Verdoodt and Van Ranst, 2003a). Temperature influences 

evapotranspiration (increases with increasing temperature). As example, chemical and 

biological reaction rates double for every 10 ºC increase (Bockeim et al., 2014). Humid 

region soils tend to have greater clay content, low pH, low base saturation, and greater 

biomass productivity than arid region soils (Foth, 1998). 

 

2.1.1.3 Living organisms 

Organisms, especially plants and soil microorganisms, do a lot to weather parent material 

by producing acids and other organic matter. For example, trees in a forest have different 

root systems and produce different organic matter than grasses in grassland. Organic 

matter accumulation, biochemical weathering, profile mixing, nutrient cycling, and 

aggregate stability are all enhanced by the activities of organisms in the soil (Brady and 

Weil, 2002). 

 

The primary succession of plants that colonize a weathering rock culminates in the 

development of a climax community, the species composition of which depends on the 
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climate and parent material, but which, in turn, has a profound influence on the soil that is 

formed. For example, acid litter of pines or heather favour the development of acid soils 

with poor soil structure, whereas litter of deciduous trees favours the development of well-

structured soils (White, 1997). Earthworms build up a stone-free layer at the soil surface, 

as well as intimately mixing the litter with fine mineral particles they have ingested and 

the surface area of the organic matter that is accessible to microbial attack is then much 

greater. Soil horizons are less distinct when there is much soil organism activity (Brady 

and Weil, 2002).  

 

Man influences soil formation through his impact to the natural vegetation, i.e., his 

agricultural practices, urban and industrial development (Amundson et al., 1991). Heavy 

machineries compact soils and decreases the rate of water infiltration into the soil, thereby 

increasing surface runoff and erosion. Land use and site specific management (e.g. 

application of fertilizer, lime) also act on soil development (White, 1987; Bryant et al., 

2003). Man's influence on soil formation is on alteration of natural soil drainage class, on 

vegetation clearing and on application of fertilizers that result in man-made horizons 

(Meliyo, 1997). 

 

2.1.1.4 Relief (landforms and topography) 

Relief influences where water and other materials accumulate on or leave the landscape 

(Buol et al., 1997). For example, the bottom of a hill will receive more water than the top 

because water runs down the hill. So, the parent material at the bottom will have more 

water leaching through it than the parent material on the top, so the soils will eventually 

look different (Buol et al., 1997). Relief strongly affects pedogenesis in several ways, thus 

soil parameters vary to a large extent along a toposequence (Milne, 1936; Gerrard, 1992). 

It influences soil profile thickness, i.e. as angle of slope increases so does the erosion 
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hazard; Its gradient affects run-off, percolation and mass movement as well as the local 

climate and the vegetation, for example changes in elevation affect the temperature (a 

decrease of approximately 0.5 
o
C per 100 m increase in height), the amount and form of 

the precipitation and the intensity of storm events; thus affecting soil moisture relations. 

These factors interact to influence the type of vegetation (Gerrard, 1992). Landscape 

position influences rainfall, drainage and erosion. Water velocity on a slope, affects 

deposition of materials in suspension, the largest particles, like sand are the first to drop of 

suspension, fine clay size particles can be carried further away from the base of the slope 

before they are deposited. Landscape orientation affects the microclimate of a place, 

inclined surface facing into the sun tend to be warmer and drier than flatter surface facing 

away from the sun (Gerrard, 1992). 

 

Topography plays a major role as one of the factors that influence pedogenesis and in the 

process that dictates the distribution and use of soils on the landslope (Hoosebeek et al., 

2000). The importance of relief was highlighted by Milne (1935), who recognized a 

recurring sequence of soil forming on slopes in a generally undulating landscape. He 

introduced the term catena (Lat. 'chain') to describe a sequence of contiguous soils 

extending from hill to top of a hillslope. Congo Nile Watershed Divide AEZ has an 

average altitude varying from 1 800 to 2 700 m. It has uneven altitude with some summits 

at times going beyond 3 000 m high. The altitude and rains increase as and when one 

approaches Congo-Nile Crater. Its relief is characterized by jagged and irregular slopes 

ranging from 60° to 120 °c making soils susceptible to soil erosion and degradation 

(Nyamagabe District, 2012). 

 

2.1.1.5  Time 

Soils take a very long time to develop; new soils do not have distinguishing horizons but 

given enough time and the other four soil forming factors, soils develop interesting and 
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story-telling horizons (Wanjogu and Mbuvi, 1995). The length of time that materials have 

been subjected to weathering plays significant roles in soil formation. Most soils develop 

very slowly and young soils retain many of the characteristics of the parent material, over 

time they acquire other features resulting from the addition of organic matter and the 

activity of organisms (Brady and Weil, 2002). An important feature of soils is that they 

pass through a number of stages as they develop, resulting in a deep profile with many 

well differentiated horizons. The nature of soil is strongly influenced by the length of time 

that processes have been operating, e.g., the longer a soil has been forming, the thicker it 

becomes and the less it resembles the parent material. 

 

2.1.2 Soil classification 

Soil classification is the systematic arrangement of soils into groups or categories on the 

basis of their characteristics (Msanya et al., 2003). The purpose of soil classification is to 

organize what we know about soils so that this knowledge can be used to predict the 

behaviour and performance of soils. Such predictions are of value to growers, engineers, 

land owners, extension agents, and government officials (Uehara et al., 2000). 

 

The main purpose is to establish groups or classes of soils under study in a manner useful 

for practical and applied purposes in (a) Predicting their behaviour, (b) Identifying their 

best uses (c) Estimating their productivity and (d) Providing objects or units for research 

and for extending and extrapolating research results. For this kind of purpose, soil survey 

forms an essential link for its practical application. A soil profile or pedon representative 

of typical soils is dug to study its morphology, soil physico-chemical characteristics and 

hence classified (Msanya et al., 2003). Soil classification is very important discipline in 

the field of soil science. It can be a prerequisite for soil survey and mapping which is an 

ultimate necessity in the inventory of soil and in general, land resources. 
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2.1.3 Soil Survey (Soil interpretation and its utilization) 

Soil Survey is a systematic examination, description, classification, and mapping of the 

soils in a given area (Brady and Weil, 2002). Soil survey is the application of field 

methods and supporting information from other sources to identify, define and classify 

soils; to delineate on a soil map areas occupied by different soil types; and to predict the 

adaptability of the mapped soils to various land uses under defined sets of management 

practices (Msanya et al., 2015). The purpose of a soil survey is to acquire knowledge of 

the spatial distribution of the kinds of soils that occur on the landscape (Uehara et al., 

2000). It describes the characteristics of the soils in a given area, classifies the soils 

according to a standard system of classification, plots the boundaries of the soils on a map, 

and makes predictions about the behaviour of soils. The different uses of the soils and how 

the response of management affects them are considered (Ranjan et al., 2015). 

 

2.2   Importance of Pedological Characterization 

The soils information (genesis, morphology, soil types and its distribution in the space) 

gathered through pedological characterization are used in various areas of life (Kebeney et 

al., 2015). It is important to land users especially farmers who use the data to make 

decisions on what crops and management practices are best for the optimal and sustainable 

production of crops (Munishi, 2010). A good data bank on soil properties and related site 

characteristics is inevitable for one to be able to advise both current and potential land 

users on how to use the land in the best possible way. Also soil fertility specialists need 

well characterized sites with similar soil and other ecological conditions in order to carry 

out meaningful fertilizer trials (Msanya et al., 2003). According to Dent and Young 

(1981), pedological studies and land resource surveys provide a better understanding of 

spatial changes in the characteristics of the soil continuum so that soils may be used more 

efficiently for the benefit of mankind. 
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2.3  Historical Background of Soil Surveys in Rwanda 

Rwanda is a landlocked mountainous country in Central Africa. The landscape of this 

‘land of a thousand hills’ is characterized by rolling highlands in the central and eastern 

part of the country and rift-related volcanic mountains and rift lakes in the west and 

northwest (Verdoot and Van Ranst, 2003b). The soil survey of Rwanda started in 1955 at 

Rubona station by “Institut National d’étude Agronomiques au Congo (INEAC). After 

independence, Institut des Sciences Agronomiques du Rwanda” (ISAR) continued the 

activities which have been later integrated in 2012 into the Rwanda Agriculture Board 

(RAB). In 1963, the major soil types of the country had been described (Van Wambeke, 

1963). In the 1980s, almost all soil knowledge acquired by the INEAC-ISAR team was 

synthetized into a soil association map at a scale of 1:250 000 (Prioul et al., 1981). During 

the period 1981-1990, the project “Carte Pédologique du Rwanda” (CPR) conducted a 

comprehensive soil survey of Rwanda and was finalized in 1994 (Birasa et al., 1990).  

 

Initially, the intention of the soil survey was to map Rwanda at a scale 1:100 000. 

However, the geologic and geomorphologic complexity of the Rwandan land and the 

multiplication of rural projects required more detailed soil information, which resulted in a 

modification of mapping scale to 1:50 000 (Verdoodt and Van Ranst, 2006). Following a 

judgemental sampling strategy, soil profiles were described and sampled up to a depth of 1 

to 2 m, or to an impermeable layer. Additionally, 0.5 m deep mini soil profiles extended 

by augering up to 1.25 m were described (Verdoodt and Van Ranst, 2006). Based on 

unique combinations of parent material, degree of weathering, soil depth, drainage and 

texture, the identified soils were regrouped into 276 soil series (Verdoodt and Van Ranst, 

2006). More than 2000 soil profiles, corresponding to 176 different soil series were 

described and analysed. The Carte Pédologique du Rwanda (CPR) project produced a soil 

association and elaborated 43 soil maps under “Soil Taxonomy” classification system at a 
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scale 1:50 000 covering the whole of Rwanda. In 2002, the soil map was digitized and the 

associated database published (Verdoodt and Van Ranst, 2003b). The Carte Pédologique 

du Rwanda (CPR) has shown the importance of understanding the spatial distribution of 

soils and their properties which is very important for agricultural development and more 

rational management of land resources, particularly in response to issues such as ongoing 

land degradation and decreasing yield (Rushemuka et al., 2014). 

 

2.4 Land Degradation in Rwanda 

Land degradation may be defined as 'the aggregate diminution of the productive potential 

of the land including its major use (rain-fed, irrigated, arable cropping, rangeland, inland 

fishery and forestry), its farming systems (e.g. smallholder subsistence) and its value as an 

economic resource' (Stocking and Mumaghan, 2001). Land degradation is induced by both 

natural and human factors. These factors are complex and interrelated; the natural causes 

involve climatic conditions such as rainfall variability and intensity, drought, flood, 

temperature and wind. In fact, adverse climatic conditions are increasingly seen as a major 

cause of land degradation (Dahlberg, 1994). Land degradation also results from social and 

economic factors such as poverty, inequitable distribution of land resources, inappropriate 

land use, farming systems, growing need for food and energy and from other uses as a 

result of population increase (Holtz, 2003). 

 

In Rwanda, land degradation has long been recognized as a major problem (König et al., 

1994). The degradation of the natural environment is particularly linked to soil erosion 

that affects the important portion of agricultural land. Generic impacts of erosion are 

numerous, for instance loss of soil fertility by leaching arable lands; increasing 

sedimentation on land cultivated downhill from eroded plots; risk of destruction of crops 

and sand banks which are particularly high in marshlands and valleys; risks of landslide, 
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flooding and risk of irreversible leaching of soils. All these have long been assumed to be 

a major reason for the poverty and food insecurity in the country (Olson et al., 1994; 

Twagiramungu, 2006). 

 

2.4.1 Causes of land degradation in Rwanda 

2.4.1.1  Pedological cause 

Rwandan soils are naturally fragile and they are generated by physical-chemical alteration 

of basic schistose, quartzite, gneissic, granite and volcanic rocks that make up the 

superficial geology of the country and therefore vulnerable and very sensitive to erosion 

(Rushemuka et al., 2014). In highland tropical regions, similar to where Rwanda is 

localized, the natural process of soil formation presents some peculiarities in sense that all 

pedogenetic factors (nature of parent material, temperatures, precipitations, biological 

activity and relief) lead to rapid deterioration and usually to weathered and degraded soils 

(Mbonigaba, 2007). Soils in the hilly region of Congo Nile Watershed Divide and Central 

Plateau are particularly susceptible to erosion and are generally older, acidic and less 

fertile than the soils in the rest of the country (Verdoodt and Van Ranst, 2006). 

 

2.4.1.2 Morphological cause 

The country of Rwanda can be divided into three distinct regions according to the altitude: 

(i) the lowlands of the east lying between 1000 m and 1500 m a.s.l. with annual rainfalls 

between 700 mm and 1000 mm, (ii) the Central Plateau with the altitude between 1 500 m 

and 2 000 m a.s.l. and annual rainfalls between 1 500 mm and 2 000 mm and (iii) the 

Congo-Nile River divide in the west, at altitudes between 2 000 m and 3 000 m a.s.l. and 

annual rainfalls between 1 500 mm and over 2 000 mm (Verdoodt and Van Ranst, 2006) . 

High altitude with annual rainfall increases from East (900 mm) to the West (1 600 mm) 

while the higher altitudes of northwest receive more rainfall, with an average of 1 800 mm 
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per year, and a maximum of 2 500 mm. This high rainfall with steep slope makes the 

slopes vulnerable to water erosion (Twagiramungu, 2006). 

 

2.4.1.3 Climatic variability  

Climate-related shocks like drought and flooding are becoming more regular in Rwanda. 

The poor are particularly vulnerable to these shocks. The eastern and south eastern regions 

(Umutara, Kibungo, Bugesera and Mayaga) are most affected by prolonged drought which 

causes deforestation since it reduces crop production and plant regeneration (Dembele, 

2006), while the northern and western regions (Ruhengeri, Gisenyi, Gikongoro and 

Byumba) experience abundant rainfall that usually causes erosion, flooding and landslides 

(Twagiramungu, 2006). Rainfall in Rwanda is unpredictable. It is regulated by altitude. 

Annual rainfall increases from East (900 mm) to West (1 600 mm). The eastern lowlands 

receive less rain, with an annual rainfall that is less than 1 000 mm per year, while the 

higher altitudes of northern and southern part of Rwanda receive more, with an average of 

1 800 mm per year, and a maximum of 2 500 mm. This high rainfall makes the slopes 

vulnerable to soil erosion by water (MINAGRI, 2009). 

 

2.4.1.4 Population pressure 

Rwanda is a landlocked country facing rapid population growth. Since the 1970s, four 

modern censuses have been successfully conducted in Rwanda, in 1978, 1991, 2002 and 

2012. Between 1978 - 1991 periods, the annual growth rate was 3.1% while between 1991 

- 2002, it decreased up to 1.2%. This drop in growth rate is largely due to the disruptive 

effects of the events of the early 1990s: loss of human life, massive internal and external 

displacements of people. However, there are consistent indicators to the effect that the 

present population of Rwanda is in the process of reconstituting itself. In period 2002 -

2012, the annual growth rate has increased from 1.2 to 2.6%. In the case of southern 
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province, the annual growth rate was 1.8 between 1978 - 1991 periods; 0.5% between 

1991 - 2002 period and 2.3% in period between 2001 – 2012 (NCS, 2002 and NISR, 

2012). 

 

 
Figure 1: Trend of population density in different periods of years 

Source: (NCS, 2002 and NISR, 2012). 

 

As a result of the high population pressure, the size of cultivable land is rapidly 

decreasing. In many cases, cultivation periods have been extended, up to two to three 

times per year; with very limited soil inputs or soil conservation measures. This has had a 

major impact on reducing soil fertility and productive capacity and renders Rwanda’s soils 

subjected to continual degradation if appropriate measures are not taken (Clay, 1996). A 

practical way to break out of this cycle is to increase both soil nutrient capital and Soil 

Organic Matter (SOM) through the simultaneous application of organic inputs (e.g. animal 

manure) and chemical fertilizers (Lewis, 1988). In the southern parts (Gikongoro and 

Butare), the main poverty-environment issue is soil erosion and soil infertility, largely due 

to over cultivation, use of inappropriate technology and lack of external inputs (Gasco, 

1992). Also population pressure has led to overgrazing, this practice contributed to soil 
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compaction which led to declination of water infiltration capacity of soils and causing 

significant surface runoff. Not only does this run-off lead to accelerated loss of topsoil, but 

it also reduces soil moisture and groundwater recharge (Nsengimana and Gascon 1991). 

Overgrazing is characterized by a significant reduction in plant cover, SOM content and 

soil biological activity. As a consequence, there is increased exposure of the soil to erosion 

by rainfall, which degrades the soil physical structure and reduces soil nutrients (Konig, 

1994). Demographic pressure associated with high demand for wood products and other 

human activities constitute the main cause of intensive deforestation and it immediately 

results in reduction of the vegetation and forest cover (Clay, 1990 and Twagiramungu, 

2006). Domestic and industrial energy demands have also indirectly contributed to soil 

erosion. Much of the country’s energy requirements are met by crop residues as well as 

fuel wood. The use of crop residues limits the extent to which they can be used to 

conserve soil moisture and fertility. Deforestation, on the other hand, leads to extensive 

soil erosion and in some instances floods and landslides.  

 

All the above mentioned causes of land degradation contributed to accelerated erosion 

which is one of the major causes of soil loss and soil degradation and the most significant 

ecological restriction to sustainable agricultural production on steep-lands (Gachene, 

2003). In Rwanda soil erosion causes a total soil loss of about 15 million tonnes (almost 

certainly an under-estimate) per year, equivalent to loss of the capacity to feed 40 000 

people annually (MINAGRI, 2009). The amount of plant nutrients lost annually are 

estimated at about 945 000 tonnes of organic matter, 41 210 tonnes of Nitrogen, 3 055 

tonnes of Potassium and 280 tonnes of Phosphorus. Erosion causes denudation of 

mountain and hill tops, decreases the soil depth, alters the soil structure and decreases the 

soil organic matter, thereby reducing the water holding capacity with consequent leaching 

of nutrients and associated acidification of the soil. Heavy rains frequently occur in the 
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mountainous regions of the country of Rwanda cause serious erosion and subsequent soil 

sedimentation in the lower parts of the hillsides, often causing significant damage to crops 

and destruction of infrastructure such as roads, etc. it has compromised ecosystem 

integrity, eroded riverbanks and led to nutrient loading of water bodies. It has also led to 

reduced soil fertility in the acid-soil mountainous areas resulting in lowered agricultural 

yields (Musahara, 2006). Overall the country is estimated to be losing 1.4 million tonnes 

of soil per year. This is equivalent to a decline in the country’s capacity to feed 40 000 

people per year (Bizoza and de Graaff, 2010). This decrease in soil productivity and yields 

as a consequence of continued land degradation in Rwanda is a serious threat to 

sustainable livelihoods for the rural population and is a major factor of the high level of 

poverty in the countryside. Land degradation also contributes significantly to poor 

performance of the agricultural sector, which is a key pillar of the Rwandan economy 

(Bizoza and De Graaff, 2010).  

 

2.4.1.5 Bench terraces in Rwanda 

Bench terracing has received considerable attention for soil and water conservation (SWC) 

programmes involved in soil erosion control in Rwanda (Bizoza and de Graaff, 2010), but 

it has been cleared as the method of changing soil properties due to the way it is 

constructed. Therefore, they directly affect local hydrology and consequently runoff 

characteristics (Chow et al., 1999). Some authors explain that terraces retain too much 

water leading to saturation and consequently storm runoff (Gallart et al., 1996).  

 

In Rwanda, bench terraces were introduced in 1973 in the mountainous region of 

Buberuka AEZ at Kisaro Hill. In this region, terraces have been greatly appreciated as an 

effective way of controlling soil erosion and maintaining or progressively improving soil 

fertility. Since 1992, the use of bench terraces has been expanded to the unproductive soils 
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of the topographically similar mountainous region of the Congo Nile Watershed Divide at 

Kigeme Hill. In this region, in contrast, bench terraces have not been adopted, and the 

terraced terrains have remained unused (Bizoza, 2011; Rushemuka et al., 2013). 

 

As shown in previous reviews, terracing may lead to significant spatial variation in soil 

and topographic properties unless measures are taken to preserve topsoil and restore it to 

the levelled terrace surface such as using appropriate input supply (limestone, organic 

input, fertilizers and improved seeds) in terraced land (Rushemuka et al., 2014). 

Therefore, there is a need to examine the variation in soil chemical properties in terraced 

fields due to soil erosion and redistribution in comparison with a long hillslope (Quine et 

al., 1999a).  

 

2.5 Land use Requirements for Selected Crop Grown in CNWD and CP AEZ of 

Rwanda 

Land use requirements are discussed because they represent a most critical stage in land 

evaluation process (FAO,1988). Climatic and soil factors greatly affect crop production. 

 

2.5.1 Maize (Zea mays L.) 

Maize (Zea mays L.) grows on a wide range of rainfall patterns in East Africa (Norman et 

al., 1984). It is a drought sensitive crop, which requires 750 to 1 250 mm of well 

distributed rainfall during the growing season (Young, 1976). It has to be grown in full 

sunlight for efficient photosynthesis (Du Plessis et al., 2003; Raemaekers, 2001). The 

optimum temperatures for growth and development of the maize plant are 18 to 32 
o
C. The 

most favourable soil moisture content for growth and development of the plant and for 

high grain yield is 60 - 70% of field capacity (Sowunmi et al., 2010). The most suitable 

soil for maize is one with good effective depth, favourable morphological properties, good 

internal drainage and sufficient and balanced quantities of plant nutrients that are 
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favourable specifically for maize production (EUROCONSULT, 1989). Effective soil 

depth of more than 100 cm, well drained, fine structured soils that are rich in Organic 

matter are rated suitable (Raemaekers, 2001). Sandy and shallow soils depress yields both 

because of it increases drought hazard and low nutrient supplies (Young, 1976).  

 

The pHwater for low input farming level 6.0 - 7.0 is rated suitable while less than 5.5 and 

above 8.0 is rated marginal (Young, 1976; FAO, 1988). Oxisols, Ultisols, Alfisols and 

inceptisols are known to have greatest potential for maize production in the tropics 

(Norman et al., 1984). However, maize production in the acid and highly weathered soils 

is commonly limited by nutrients deficiencies. Maize suffers severe depression of yields 

on poor soils mainly nitrogen because it is one among the most nutrient demanding crop 

(Young, 1976). The plain regions are most suitable for maize cultivation, because this 

helps in use of machines. Although, maize is also cultivated on undulating lands as well as 

on lower slopes of the hills. Maize is also grown as a major crop of shifting cultivation 

(Du Plessis et al., 2003). 

 

2.5.2  Common beans (Phaseolus vulgaris L.) 

Common bean grows well in areas with medium rainfall. Excessive rain and hot weather 

cause flower and pod drop and increase the incidence of diseases (Raemaekers, 2001). The 

optimums temperatures for seed germination range between 25 
o
C and 30 

o
C (Raemaekers, 

2001). Germination requires a soil temperature of 15 °C or more, and at 18 °C germination 

takes about 12 days, while at 25 °C about 7 days (FAOSTAT, 2001). The crop does not 

have specific soil requirements but friable, deep soils with pH of 6.0 to 7.5 are preferred. 

Common beans are known to grow successfully on a moderately wide range of soil 

textures ranging from light sands to heavy clays (Young, 1976; Norman et al., 1984). 

Common bean is sensitive to soil salinity and it is also a drought sensitive crop hence it is 
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not suitable to sandy soils in areas of marginal rainfall (Young, 1976). The soil should 

have high available water capacity because the crop prefers moist soil throughout the 

growing season (Norman et al., 1984). 

 

2.5.3  Sweet potatoes (Ipomoea batatas L.) 

Sweet potatoes are adaptable to different agro ecological zones ranging from 0 - 2 000 m 

a.s.l. and occasionally are found in altitudes of about 2 400 m. They thrive at optimum 

temperature between 21 
o
C and 28 

o
C in abundant sunshine and they require rainfall of 

600 - 1 200 mm /year (Raemaekers, 2001). Sweet potatoes require deep well drained soils 

for a fertility-effective root system. On pH 5 – 8, it has a short growing season which 

makes it drought-escaping rather than drought resistant (EUROCONSULT, 1989). Soils 

with poor internal drainage are characterized by high moisture content and poor aeration. 

These conditions cause sweet potato roots to be large, misshapen, cracked and rough-

skinned (Raemaekers, 2001). Soils high in organic matter will usually produce rough 

sweet potatoes that are damaged by scurf. This tuber clearly prefers coarse textured soils, 

fine textured soils, and those with vertic properties, are only marginally suitable, soils with 

this fine texture generally produce sweet potato roots with smoother skins, longer roots 

than do heavy-textured soils (Rosie Lerner, 2011). Sweet Potato shows good tolerance to 

aluminium-rich, phosphorus-poor acid soils; growth is possible even at pH 4.0 

(Raemaekers, 2001). 

 

2.5.4 Cow pea (Vigna unguiculata L.) Walpers 

Cowpea is well adapted to semi-arid regions with annual rainfall of less than 600 mm and 

sub humid zones with annual rainfall between 1000 - 1500 mm. The flower and young 

pods are badly affected by frost. The optimum temperatures for cowpea are 20 to 25 
o
C 

(Boswell, 1920). Cowpea is a low altitude plant and as a rule, is not grown above 1000-1 
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200 m altitude (Raemaekers, 2001). Peas can be grown on all types of soils but it prefers 

well-drained sandy loam to the heavy clay soils. The soils should be rich in organic matter 

as it enhances better growth by supplying nutrients at a slower rate. It does not thrive in 

highly acidic or alkaline soils or saline soils. It grows best at a pH of 6.5. If the pH is less 

than 6, 0, then it should be amended to improve the soil conditions (Verdoodt and Van 

Ranst, 2003a). Peas need an open position in full sunshine and an open soil that has plenty 

of air between the crumbs. Air is essential for the bacteria that live on the roots of the pea 

plant to thrive. The bacteria pass nitrogen to the plant in return for sugars. The soil should 

be neutral or slightly limy. Peas prefer soil that does not dry out. Well-rotted compost 

added to light soil improves it and it helps to open up heavy clay soils (McKay, 2003). 

 

2.5.5  Wheat (Triticum spp.) 

Wheat (Triticum spp.) is traditionally a crop of temperate climate and exhibit, sensitivity 

to high temperatures. The moisture requirement for wheat crops in tropical Africa ranges 

between 400 and 600 mm during the growing season. Although wheat is adapted to a wide 

range of soil conditions, areas receiving high annual precipitation (> 1000 mm) often 

experience soil related production constraints (Raemaekers, 2001). Wheat production 

requires lower rainfall and higher sunshine than other field crops (EURONCONSULT, 

1989).  

 

Wheat is a temperate crop requiring the highest temperatures of about 25 to 31 
o
C. In 

highland zones receiving high levels of precipitation but lacking a geologically recent 

volcanic overlay, the weathered lateritic soils commonly exhibit problematic levels of 

acidity (low pH) and soluble aluminium. Wheat is relatively sensitive to aluminium and 

/or manganese in the soil solution, and, particularly at pH <5, the wheat root can be 

severely stunted. It prefers clay or silt dominated soils for production, but medium and 
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light textured soils can be used for maximum production (Raemaekers, 2001). Generally, 

adequate soil fertility is one of the requirements for profitable wheat production. Nitrogen 

(N) is known to be the most yields limiting nutrient whereas Phosphorus (P) is the next 

most limiting nutrient for maximum wheat production (Landon, 1991). 
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CHAPTER THREE 

 

3.0 MATERIALS AND METHODS 

3.1 Description of the Study Area 

3.1.1 Location of the study area 

The study was carried in Central Plateau and Congo Nile Watershed Divide Agro - 

ecological zones of Rwanda as presented in Fig. 2. Study sites were identified and located 

in Huye and Nyamagabe Districts, whereby two of them were respectively in Gitwa and 

Raro villages in Nyamagabe District, and one was in Musange village in Huye District. 

Detailed site features of the study sites are presented in Table 1. 

 

 

Figure 2: Map of study sites in Nyamagabe and Huye Districts 
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Table 1: Salient characteristics of the studied sites 

  

 

 

 

 

 

 

 

 

 

 

 

1)
 AEZs: Agro-Ecological Zones: CNWD: Congo Nile Watershed Divide, the fifth largest agro-ecological zone, occupying the highland area of Rwanda. In this region the altitude varies 

between 1,900-2,500 m while the annual rainfall varies between 1,300 and 1,800 mm/year. This abundant rainfall has totally leached the soils that were developing from poor parent 

material such as mica-schistose, gneissic granites. 

  CP: Central Plateau, Large region of hills and valleys between the Congo-Nile mountain chain and the Granitic Ridge zones, at the centre of the country. At an average altitude of 

1,700 m a.s.l., the annual rainfall amounts to 1,200 mm and the average temperature attains 19 °C. If the humus-bearing horizons are conserved, the soils can be used for the 

cultivation of a whole range of climatically adapted crops.  

 2)STR= Soil Temperature Regime  

 3) SMR = Soil Moisture Regime 

Pedon 

no. 

Coordinates AEZs
1
 Altitude 

m. a.s.l. 

Lithology/parent 

materials 

Landform Land use/vegetation STR
2
 SMR

3
 

GSK-P1 029
o
32′20.7″E 

02
o
27′58.6″S 

CNWD 2128 Precambrian metamorphic 

complexes of Butare 

including alternation of 

granite, gneissic granite, 

quartzitic and mica-

schistose metasediments, 

amphiboles and some 

mylonites. 

Mountainous Agriculture/banana, 

sweet, potatoes, 

beans, coffee, wheat 

and peas 

Isohyperthermic Udic 

GSK-P2 029
o
35′23.0″E 

02
o
29′59.0″S 

CNWD 1768 As above As above Agriculture/beans 

and banana 

Isothermic 

 

Udic 

 

TMB-

P1 

 

 

029
o
44′07.8″E 

02
o
38′23.8″S 

 

CP 

 

1624 

 

As above 

 

Hill bordering 

a U-shaped 

valley 

 

Agriculture/rice 

maize and banana 

 

Isothermic 

 

Udic 

2
7
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3.1.2 Physiography 

Huye District is situated in the Central Plateau AEZ of Rwanda. Topographically, the 

district is characterized by a hilly landscape which protrudes from East to West and 

develops into a steep hilly and mountainous area as one move, towards the West and 

North West. These hills are with an average altitude of 1 700 m.a.s.l. which decreases to 1 

450 m.a.s.l. towards Songa farm. In the western part of the district there are high 

undulating mountains including the famous Huye Mountain with an altitude of more than 

2 000 m.a.s.l. (Huye District, 2012). Nyamagabe District is located in CNWD AEZ of 

Rwanda. It has an average altitude varying from 1 800 to 2700 m.a.s.l. It has uneven 

altitude with some summits at times going beyond 3000 m a.s.l. (Nyamagabe District, 

2012). Physiographically, Nyamagabe District relief is characterized by angular hills and 

headlands jagged with irregular slopes ranging from 60
o 

to 120
o
 making soils susceptible 

to soil erosion and degradation (Verdoodt and Van Ranst, 2003b). 

 

3.1.3 Climate 

Huye District is characterized by sub - equatorial temperate climate with an average 

temperature fluctuating between 19 and 21 
o
C. The optimum annual rainfall ranges 

between1 200 – 1 281 mm (Huye District, 2012; Verdoodt et al., 2003a). Like in the rest 

of the country, it has four climatic seasons; long rainy season (mid February - May), long 

dry season (June - mid September) in which precipitations can be lowered below 50mm, 

short rainy season (mid – September - December) and short dry season (January - mid 

February) (Mbonigaba and Culot, 2004). Nyamagabe District is located in CNWD zone. 

The climate of this region is cool and rainy, moderated by the effect of high altitude (Van 

Minnenbruggen, 1965; cited by Rutunga, 1996). It is among the regions in the country 

with the highest rainfall. The annual rainfall varies from 1300 to 1450 mm with average 

temperature of 18 
o
C. The climate comprises, essentially, four seasons spread throughout 
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the year as follows:  two dry seasons stretching from January to February and from July to 

mid-September and two rainy seasons from mid-September to December and from March 

to June (Nyamagabe District, 2012). Figure 3 presents the climatic data and their trends in 

the study area. 

 

3.1.4  Agro - ecological zones 

The two districts in the study area are located in two agro-ecological zones of Rwanda. 

 

3.1.4.1 Agro - ecological zone of Nyamagabe District 

Nyamagabe District is located in CNWD AEZ. This zone occupies the highland area, 

extending from the Nyungwe forest in the South and to the Gishwati forest in the North, 

which divides the country into two watersheds. The lower altitude boundary is 1 900 m 

and corresponds to the altitude above which most crops of the tropical lowlands are badly 

adapted. The tops of the mountain chain surpass an altitude of 2500 m.a.s.l. In the North, 

the annual rainfall varies between 1300 and 1500 mm, while in the South annual rainfall 

totals between 1400 and 1 800 mm have been recorded. This abundant rainfall has totally 

leached the soils that were developing from poor parent materials such as sandstone, 

quartzite, quartzophyllite and granite. Where the forest has been cleared, also the mineral 

reserves of the litter layer are rapidly consumed and poor soils are left. Although the 

inhabitants improve the soils near their residence and cultivate several traditional crops, 

this region has a vocation for forestry in the first place (Verdoodt and Van Ranst, 2003a). 

 

3.1.4.2 Agro -  ecological zone of Huye District 

Huye District is located in Central plateau zone which is the large region of hills and 

valleys between the Congo-Nile mountain chain and the Granitic Ridge AEZs. 
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Figure 3: Climatic data of the study area  
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At an average altitude of 1 700 m.a.s.l., the annual rainfall amounts range from 1 100 to 1 

300 mm and the average temperature is 19 
o
C. If the humus-bearing horizons are 

conserved, the soils can be used for the cultivation of a whole range of climatically 

adapted crops (Verdoodt and Van Ranst, 2003b). 

 

3.1.5 Geology and soils 

The geology of those 2 agro-ecological zones is largely composed by Precambrian 

metamorphic complexes of Butare including alternation of granite, gneissic granite, 

quartzitic and mica-schistose metasediments, amphiboles and some mylonites (Theunissen 

et al., 1991). The soils found in Nyamagabe District are generally acidic in nature with a 

pH ranging from 3.6 - 5.5. This generally implies a very poor soil which is saturated with 

aluminium cations implying its low agricultural productivity unless organic and mineral 

fertilizers are added. In Huye District, the soils are sandy and have enough humus, if they 

are not formed from erosion of hills. The soils depth depends on the situation on the hill 

and the best soils are found in swamps. Soils on the dorsal granite are not fertile as they 

are poor in humus content. These soils are better; they are the kaolisol type, fertile when 

the erosion has not impacted it and their humus layer has been conserved (Huye and 

Nyamagabe Districts, 2012). 

 

3.1.6  Vegetation and land use 

In Huye District natural vegetation has disappeared due to agricultural pressure and has 

been replaced by the man-made vegetation dominated by food plant. The largest part of 

the land is under cultivation for food plant such as rice, banana, beans, maize, manioc and 

coffee according to their interest in the District. Generally, Huye District lacks forest cover 

and a few forests which already exist require harvesting and reforestation. However, there 
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are certain patches of reforested land dominated in large part by eucalyptus, grevillea and 

cypress. 

 

In Nyamagabe District there is Nyungwe National Park natural forest which covers a 

surface area of 91 138 ha of which 44 900 ha are found in Nyamagabe. It exercises 

considerable influence on local and regional bioclimatic conditions. It acts as a sponge 

which retains water and releases it slowly during the dry season hence ensuring hydrologic 

functioning and regulation. The dominant land use is mainly cultivation of rainfed crops 

such as maize, climbing beans, banana, peas, wheat, coffee and, sweet potatoes. The 

dominant grass species include Eragostis spectabilis, Ocimum basilicum Thitonia 

rotundifolia, Lantana camara, and Harungana madagascaris. 

 

3.2 Pre-field Activities 

The tasks performed during this phase included review of previous works and collection 

of available data on soil survey of Rwanda (Verdoodt and Van Ranst, 2006, Rushemuka et 

al., 2014). Geological map of Rwanda at the scale of 1: 250 000 (Theunissen et al., 1991), 

District reports (Huye and Nyamagabe Districts reports, 2012) and map of Rwanda for 

navigation in study areas were consulted. 

 

3.3 Field Work Activities 

3.3.1 Reconnaissance survey 

Through a reconnaissance field survey using transect walks, auger observation and 

descriptions, the representative study sites on the basis of altitudes, landforms and other 

physiographic attributes were established. At each observation site, data on landform, soil 

morphological characteristics (including soil colour, texture, consistence, structure, 

porosity, and effective depth), elevation, slope gradient, parent material (lithology), 
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natural vegetation, natural drainage, erosion and land use/crops were recorded. These data 

were filled in forms adopted from the FAO guidelines for soil description (FAO, 2006). 

Soil colour was determined by using Munsell Colour Chart (Munsell Colour Co, 1992). 

Sample sites were located by international coordinates determined by using Global 

Positioning System (GPS) (model GARMIN etrex 20). From the reconnaissance survey, 

sites that represent the major landforms and soils were selected along a transect from 

Nyamagabe to Huye Districts. 

 

3.3.2 Soil profile excavation 

Based on the information obtained from free reconnaissance survey, a total of three soil 

profile pits representing the dominant physiographic units to represent soil variability in 

the study area was selected and fully geo-referenced. Soil profile pits were dug to a depth 

of 2 m or to a lithic or paralithic contact. The selected units and their respective soil 

profiles (abbreviated in parentheses) are: Gasaka (GSK-P1), Gasaka (GSK-P2) in 

Nyamagabe district and Tumba (TMB-P1) in Huye district. Soil profiles pits were studied 

and described according to FAO Guidelines for Soil Description (FAO, 2006). 

 

3.3.3  Soil sampling 

From each profile pit, disturbed (bulk) and undisturbed (core samples) samples were taken 

from each genetic soil horizon for physical and chemical analysis in the laboratory. 

Nineteen soil samples representing the soil horizons of three profiles were collected and 

prepared for analysis. 

 

3.4  Post-field Work Activities 

Laboratory analyses 

The laboratory work was done in the Soil Science Laboratories of Sokoine University 

Agriculture and University of Rwanda. The collected disturbed soil samples were air-dried 
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and ground to pass through a 2-mm sieve for laboratory analyses. Undisturbed core 

samples were used for the determination of bulk density, particle density, porosity, and 

soil moisture retention characteristics. Bulk density was determined by the core method 

(Black and Hartge, 1986). Particle density of the soil was calculated by determining the 

mass of the solid particles and the volume they occupy. Mass of the solid particles was 

then obtained by weighing the solid particles and likewise the volume was determined 

from the mass and density of water displaced by the sample (Blake and Hartge, 1989). 

Total soil porosity was determined using a formula outlined by NSS (1990) as follows: 

Soil porosity = (Particle density - Bulk density)/Particle density)*100………………(1) 

 

Soil moisture retention characteristics were studied using sand kaolin box for low suction 

values and pressure apparatus for higher suction values (NSS, 1990). The disturbed soil 

samples were used for determination of other physical and all chemical properties of soils. 

Particle size analysis was determined by hydrometer method after dispersion with sodium 

hexametaphosphate 5% (NSS, 1990). Textural classes were determined using the USDA 

textural class triangle (USDA, 1975). The electrical conductivity was measured on 1:2.5 

ratio extract with an EC meter (Okalebo, 2002). Penetration resistance was done in the 

field using portable recording penetrometer. The penetrometer is operated by placing the 

cone on the soil surface with the shaft oriented vertically. The cone is then pressed into the 

soil until it just becomes buried. The slide hammer is raised until it touches (but does not 

strike) the collar and is then released. This operation defines one blow of the penetrometer 

and is repeated until the desired penetration depth is reached. Penetrometer to depths of 30 

cm, have been used which covers most, but not all, compaction problems in agricultural 

settings (Jeffrey and Tim, 2002). Cone indices, computed from static penetrometer data, 

have been used to characterize soil compaction and resistance to root growth (Vyn and 

Raimbault, 1993; Busscher et al., 2000). 
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Soil pH was measured potentiometrically in water and 1N KCl at a ratio of 1:2.5 Soil: 

water and KCl (Okalebo, 2002). Sodium-fluoride pH was also determined 

potentiometrically at 1:50 soil: NaF ratio and pH measurements taken after 2 min (NSS, 

1990). Total exchangeable acidity was determined by 1M KCl extraction solution and the 

soil extract titrated with sodium hydroxide. A second titration with 1M HCl after addition 

of sodium fluoride was used to obtain the exchangeable aluminium ((NSS, 1990). 

Aluminium saturation as measure of toxicity was calculated by dividing exchangeable 

aluminium by the sum of exchangeable bases and exchangeable aluminium. Organic 

carbon was determined by the Walkley and Black wet oxidation method (Nelson and 

Sommers, 1982) and OC was converted to organic matter by multiplying by a factor of 

1.724 (Duursma and Dawson, 1981). Total N was determined using micro-Kjeldahl 

digestion - distillation method as described by Bremner and Mulvaney (1982). Available 

phosphorus is extracted from the soil using Bray No 1 solution as an extractant.  

 

The extracted phosphorus is measured colourimetrically based on the reaction with 

ammonium molybdate and development of the ‘Molybdenum Blue’ colour. The 

absorbance of the compound is measured at 882 nm in a spectrophotometer and is directly 

proportional to the amount of phosphorus extracted from the soil (Okalebo, 2002). 

Phosphate-retention capacity was determined according to the method of Blakemore et al. 

(1981). The CEC and exchangeable bases were extracted by saturating soils with neutral 

1M NH4OAc (ammonium acetate) (Thomas, 1982) and the absorbed NH
4+

 displaced by 

K
+ 

using 1M KCl and then determined by Kjeldahl distillation method for the estimation 

of CEC of the soil. The bases Ca
2+

, Mg
2+

, K
+
 and Na

+ 
displaced by NH4

+
 were measured 

by atomic absorption spectrophotometer (Thomas, 1982). The total exchangeable bases 

(TEB) were calculated arithmetically as a sum of the four exchangeable bases (Ca
2+,

 Mg
2+

, 
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Na
+
 and K

+
) for a given soil sample. On other hand, Cation Exchange Capacity of clay 

(CECclay) was calculated using the formula outlined by Landon (1991). 

CECclay = CECsoil/% Clay)*100 …………………………………………………………(2) 

 

Determination of Fe, Mn, and Cu by atomic absorption spectrophotometer was done 

following standard atomic absorption procedures (Soil Survey Staff, 1999). Determination 

of multi-element oxides for selected soil horizons was done by X-Ray Fluorescence. 60 g 

of air dried (fine earth fraction) soil samples were open-air dried by using Infra-Red lamps 

for two hours. Samples were ground to particle size ≤ 177 μm (80 Mesh) using swing mill 

pulverizer. Powdered samples were pressed into XRF sample cups and mounted with 

PANalytical B.V X-Ray filmpolyesterpetp. Elemental oxides were measured using 

PANalytical, Minipal 4 Energy Dispersive X- Ray Fluorescence Spectrometer (ED-XRF) 

Model PW4030/45B. Weathering potential of the soils could be assessed based on the 

silt/clay ratio, CECclay, silt/clay, silica sesquioxide ratio. 

 

3.5  Classifications of Soils 

Using field and laboratory data, the soils were classified to family level of the USDA Soil 

Taxonomy (Soil Survey Staff, 2014) and to tier-2 of the FAO World Reference Base for 

Soil Resources [IUSS Working Group WRB (2015)].  

 

3.6 Data Analysis 

MS-Excel software (Microsoft Excel, 2010) was used to construct graphs and Pearson’s 

rank correlation was employed to assess correlation between soil parameters. 

 

3.7 Determination of Potentials and Limitations of Soils for the Production of 

Major Crops 

Using field and laboratory data, rating of potential and limitations of soils was done using 

known guidelines (EUROCONSULT, 1989; Landon, 1991 and Raemaeker, 2001). Rating 
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involved matching the ecological crop requirements such as amount of rainfall in the 

growing season, temperature, physical condition, ground water, soil pH and natural 

fertility with what the land can offer in terms of its quality. 
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CHAPTER FOUR 

 

4.0 RESULTS AND DISCUSSION 

4.1 Soils 

4.1.1 Soil morphology 

Key morphological properties of the profiles are presented in Table 2. Soil profile (GSK-

P1) was very deep (>251 cm), with moderate fine crumby structure in topsoil and weak to 

strong medium and coarse subangular blocky structure in subsoil.  Soil profile GSK-P2 

was also very deep (>220 cm), with moderate medium crumby structure in topsoil and 

strong to weak, coarse to fine subangular blocky structure in subsoil. Soil profile TMB-P1 

is very deep (>240cm), with shallow soils and saprolite in subsoil, with moderate, fine to 

medium crumby in topsoils. Subsoil of TMB-P1 was characterized by weak fine 

subangular blocky in Bw and BC horizons and structureless single grained in the rest of 

the profile horizons (Table 2). 

 

The presence of soil colour is due to OM which tends to coat mineral particles, darkening 

and masking the brighter colours of the minerals themselves, and water content which 

affects the oxidation state of iron and manganese. Profile GSK-P1 had dark yellowish 

brown sandy clay topsoil overlying brown, reddish brown and yellowish brown sand clay 

and gravelly clay subsoil (Table 2). The subsoil colour was attributed partly to the 

presence of goethite and/or hematite which was a function of moisture conditions in the 

soil. Goethite tends to impart yellowish brown colour whereas hematite tends to impart red 

colour to soils (Allen et al., 1990). 
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Table 2: Main morphological characteristics of soil profiles in study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soil pedons: GKS-P1=Gasaka; TMB-P1=Tumba 
1)

 Texture: SC=sand clay; gSC=gravely sand clay; C=clay; vgC =very gravely clay; L=loam; CL=clay loam; gL =gravely loam; LS=loamy sand; gC=gravely clay. 
2) 

Colour: b=brown;y=yellowish;db=dull brow;d=dull;r=red; drb=dull reddish brown; br=bright reddish; dyb=dull yellowish brown; g=gray; yo=yellow orange. 
3)

 Consistence:vfr=very friable; s=sticky; p=plastic; vs=very sticky; vp=very plastic; f=firm 
4)

 Structure:                   Grade:s=strong; mo=moderate; w=weak; m-s=moderate to strong; w-m=weak to moderate; 

Size: c=coarse; m=medium; f=fine; f+m=fine and medium; m+c=medium and coarse; 

Form: cr=crumby; sbk=subangular blocky; ss=structure less single-grained 
5)

 Cutans: 
Quantity: m=many; f=few; v=very few;             Thickness: d=distinct; f=faint;   Type: cs=clay+ sesquioxides; ch=clay and humus (organic matter). 

6) Horizon boundary: Width: c=clear; d=diffuse; a=abrupt; g=gradual;  Topography: w=wavy; s=smooth 

Pedon 

no. 

Horizon Depth (cm) Texture
1
 Moist color

2
 Moist and wet 

consistence
3
 

Structure
4
 Cutans

5
 Horizon 

boundary
6
 

GSK-

P1 

Ap 0 - 10/16 SC dyb(10YR4/4/) vfr,st&pl mo,f,cr - cw 

Bt1 10/16 – 69 gSC r(2.5YR4/6) fr,vst&vpl mo,m+c,sbk m,d,cs ds 

Bt2 69 – 139 C yb(10YR5/6) fr,vst&vpl mo-s,m,sbk m,d,cs ds 

Bt3 139 – 172 C b(7.5YR5/4) fr,vst&vpl mo-s,c,sbk m,d,cs cs 

Bt4 172 - 195/208 C dyb(10YR4/6) fr,st&pl mo,c,sbk m,d,cs cw 

CBt 195/208 - 251+ vgC yb(10YR5/6) fr,st&spl w,m-c,sbk f,f,cs - 

GSK-

P2 

O 0 - (-4/13) L dyb(10YR4/4) vfr,nst&spl mo,m,cr - cw 

Ap 0 - 13/34 CL b(7.5YR5/4) fr,sst&spl mo,f+m,sbk - cw 

BA 13/34 - 38/51 CL b(10YR4/3) fr,sst&spl w-m,f+m,sbk - cw 

Bt1 38/51 -75/122 C yr(5YR4/6) f,vst&vpl mo,m+c,sbk m,d,ch gw 

Bt2 75/122 – 183 C rb(5YR5/4) f,vst&vpl s,m+c,sbk m,d,cs ds 

Bt3 183 - 223+ C yr(5YR5/6) fr,st&pl s,m+c,sbk m,d,cs - 

TMB-

P1 

Ah 0 – 8 CL b(10YR4/3) vfr,sst&spl mo,f+m,cr - cw 

Bw 8 - 48/68 SC rb(5YR4/4) fr,st&pl w,m+c,sbk - cw 

BC 48/68 - 55/87 gSC dyb(10YR3/4) fr,sst&spl w,f,sbk - dw 

CB 55/87 - 100/130 gL yr(5YR4/6) fr,sst&spl Ss - cw 

C1 100/130 - 148/174 LS r(2.5Y5/6) f,sst&spl Ss - cw 

C2 148/174 - 188/200 gC yb(10YR5/6) f,st&pl Ss - aw 

C3 188/200 - 240+ LS y(10YR8/8) fr,sst&spl Ss - - 
 

3
9
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 Plate 1: Representative soil profiles in Nyamagabe and Huye Districts of Rwanda 

 

Plate 1: GSK-P1 Plate 2: GSK-P2 Plate 3: TMB-P1 
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Rock fragments were found in subsoils of GSK-P1 and TMB-P1 profiles due to resistance 

to weathering of the granitic parent materials. The observed rock fragments were 

described as very few to many, fine and coarse; fresh to slightly weathered; angular and 

subangular blocky rock fragments. Rock fragments help soils to resist compaction and 

erosion and retain good structure (Van Wesemael et al., 1995). Soils with high amounts of 

coarse fragments tend to have low bulk densities, probably because the fine earth fraction 

cannot pack as closely to the large particles as it would do to itself (Van Wesemael et al., 

1995). All soil profiles had pores ranging from few to many common, fine and very fine 

pores, with very few to many, fine to coarse roots in topsoils and few to common, medium 

to fine roots in subsoils. The recorded animal nest, presence of charcoal and artefact in the 

form of bricks showed the influence of the human activities in the study area. 

 

4.1.2 Soil physical properties 

Particle size distribution 

Particle size distribution and textural classes of the soils studied are presented in Table 3. 

The results show that topsoils of the studied soils had variable textural classes, which were 

sandy clay for GSK-P1, sandy loam for GSK-P2 and clay loam for TMB-P1. Subsoil 

texture varied among soil profiles. The subsoil textural classes included sandy clay, sandy 

loam, clay, gravely clay and loam for the profiles studied. According to McDonald et al. 

(1994), sand content rated as very high and ranged from 46.0 to 48.0 % in topsoils and 

from 35.0 to 80.0% subsoil, respectively. This is probably due to influence of parent 

material. The parent material of the study sites is mainly composed by granites which have 

been metamorphosed into gneissic materials. These materials are resistant to chemical 

weathering but rather susceptible to physical disintegration (Msanya, 2015). There is a 

decrease in sand content with soil depth due to migration of finer soil particles from 

topsoil in suspension down the profile and/or washing away of finer soil particles leaving 
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coarser particles behind (illuviation and argillation in the Bt horizons) (Brady and Weil, 

2008). Profile TMB-P1 doesn’t show any trend of decrease or increase with depth. 

According to Phiri et al. (2014), coarse textured soils with more than 65% sand and less 

than 18% clay usually have low fertility status. 

 

The clay content of the studied soils ranges from 25.0 to 38.0 % in topsoil and from 6.0 to 

57.0% in subsoil (Table 3). According to McDonald et al. (1994), the content of clay in 

GSK-P1 ranges from moderate to high. GSK-P2 ranges from moderate to very high while 

TMB-P1 profile range from low to very low. The increase of clay content with soil depth 

for GSK-P1 and GSK-P2 profiles may be due to eluviation - illuviation process as 

indicated by clay cutans in subsoils. In the saprolites (TMB-P1) the increase of clay with 

depth may be due to neoformation of clay minerals during the weathering process when 

primary minerals are broken down by hydrolysis and free ions of siliceous and aluminum 

from secondary minerals (Junge and Skowronek, 2007). Clay has been reported to interact 

with organic matter and increase water and nutrient holding capacity (Landon, 1991). 

Wakindiki and Ben - Hur (2002) expressed that in soils containing more than 20% clay, 

the clay particles act as a cementing agent and will increase aggregate stability against 

raindrops and decrease surface sealing. 

 

Silt content of the studied soils is generally low compared to sand and clay content (Fig. 

5). The topsoil silt content ranges from 14.0 to 29.0% while in the subsoil it ranges from 

5.0 to 27.0% and did not show any clear trend of either increasing or decreasing with 

depth. 
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Table 3: Soil physical properties of pedons from selected Districts, Southern region (Nyamagabe and Huye Districts), 

Rwanda 

  

 

  

 

 

 

 

 

 

 

 

 

GSK-P1&P2: Soil profiles in Gasaka Sector; TMB-P1: Soil profile in Tumba Sector;  nd: not determined. 

 

Pedon no. Horizon Depth 

(cm) 

 Particle size distribution Bulk 

density 

(g/cm
3
) 

Particle 

density 

(g/cm
3
) 

Soil Porosity % Penetration 

resistance 

kg/cm
-2

 

      Sand 

% 

Clay % Silt % Silt / 

clay 

ratio 

Textural classes         

GSK-P1 

  

  

  

  

  

Ap 0 - 10/16 47 39 14 0.36 Sandy clay 1.34 2.59 48.34 1.60 

Bt1 10/16 – 69 47 41 12 0.29 Sandy clay 1.43 2.61 45.36 5.69 

Bt2 69 – 139 41 49 10 0.20 Clay 1.37 2.61 47.69 4.91 

Bt3 139 – 172 43 47 10 0.21 Clay nd nd  nd 7.50 

Bt4 172 - 195/208 37 53 10 0.18 Clay nd nd  nd 8.54 

CBt 195/208 - 251+ 45 49 5.6 0.11 Clay nd nd  nd 5.16 

GSK-P2 

  

  

  

  

  

O 0 - (-4/13) 46 25 29 1.16 Sandy loam 1.02 2.18 53.23 0.78 

Ap 0 - 13/34 39 37 24 0.65 clay loam nd nd  nd 4.45 

BA 13/34 - 38/51 39 47 14 0.30 Clay loam 1.3 2.66 51.27 5.69 

Bt1 38/51 - 75/122 39 55 6 0.11 clay  1.35 2.58 47.67 16.68 

Bt2 75/122 – 183 41 53 6 0.11 clay  nd nd  nd 13.19 

Bt3 183 - 223+ 35 57 8 0.14 clay  nd nd nd 14.81 

TMB-P1 

  

  

  

  

  

  

Ah 0 -  8 48 38 14 0.37 Clay loam 1.06 2.21 52.19 0.92 

Bw 8 -  48/68 47 46 7 0.15 Sand clay 1.55 2.64 41.42 5.55 

BC 48/68 - 55/87 47 48 5 0.10 Gravely sand clay 1.31 2.56 49.01 6.78 

CB 55/87 - 100/130 45 28 27 0.96 Gravely loam nd nd  nd 7.51 

C1 100/130 - 148/174 74 6 20 3.33 Loamy sand nd nd  nd 37.73 

C2 148/174 - 188/200 43 56 1 0.02 Gravely clay nd nd  nd 13.97 

C3 188/200 - 240+ 80 9 11 1.22 Loamy sand nd nd  nd 22.87 

4
3
 

 

4
3
 

4
3
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This low values indicates that a soil doesn’t have enough capacity for retaining available 

water for plant growth due to the unique combination of surface area and pore sizes 

(McDonald et al.,1994). 

 

 

Figure 4: Particle size distribution against soil depth for selected 

soils 

 

Figure 4 gives the size particle distribution in relation to depth. This clearly indicates that 

the distribution patterns of the textural separates are similar for all pedons. This supports 

the fact that the two pedons have developed largely under same soil forming factors and 
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have attained comparable degree of pedogenesis (Kebeney et al., 2015). The silt/clay ratio 

(Table 3), as an indicator of soil susceptibility to detachment and transport, was less than 

the threshold of 0.4 (Wanjogu, 1992; Karuma et al., 2015), implying moderate resistance 

to erosion. Also the silt/clay ratios particularly for subsoil of all the three pedons are very 

low comparing to topsoil, indicating that the pedons are highly weathered (Kebeney et al., 

2015).  

 

Bulk density 

Topsoil bulk densities of the studied soils ranged from 1.02 to 1.34 g/cm
3
 while subsoils 

bulk densities ranged from 1.3 to 1.55 g/cm
3
for all soil profiles (Table 3). According to 

Zonn, 1986), cited by Msanya et al. (2016), the values of BD are within the common 

range for tropical soils and these values suggest that studied soils were not compact hence 

plant roots can penetrate easily and hence it cannot pose any physical limitation for the 

agricultural purposes (Msanya et al., 2016). Low bulk density values in topsoil and their 

increase with depth are due to the increase in clay content and free oxides of iron, 

aluminum and manganese which are the cementing agents in soil and strongly bind 

together individual soil particles (Mullins et al., 1992 and Karuma et al., 2015). The high 

bulk density in subsoils is because subsurface layers are more compacted and have less 

organic matter, less aggregation, and less root penetration compared to surface layers, 

therefore contain less pore space (Dalal and Mayer, 1986; Pikul et al., 2003). Soil bulk 

density has a major impact on the dynamics of water and air in the soil and crop root 

development which ultimately affects crop growth and yield. Therefore, deep subsoiling is 

required to improve the bulk density and thus soil water uptake (Landon, 1991; Pikul et 

al., 2003). 

 

Particle density 

Particle density of the studied soils ranges from 2.18 to 2.59 g/cm
3
 topsoil and 2.56 to 2.66 

g/cm
3
 subsoil, respectively. Generally, there was an increase in particle density with soil 
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depth. Low particle density (<2.6 g/cm
3
) in the topsoils of all studied pedons (Brady and 

Weil, 1990) means that there is no restriction to crop growth since they indicate no soil 

compaction, roots penetration without difficulty, adequate aeration and water storage 

within the soil (Cresswell and Hamilton, 2002; Soil Survey Staff, 2014). 

 

Total porosity 

Total porosity in topsoil ranges from 48.34 to 53.25 % and 41.42 to 51.27 subsoil (Table 

3). The higher values of total porosity in the topsoil than subsoil for the respective profiles 

are probably caused by relatively high soil OM content and the disturbances of the topsoil 

due to continuous cultivation. Also the low total porosity in the subsoil may be attributed 

by higher clay content (Karuma et al., 2015). The porosity was > 40% in all the horizons, 

thus they are not liable to restrict crop growth since they indicate no soil compaction, roots 

penetration without difficulty, adequate aeration and water storage within the soil 

(Gachene et al., 2003). 

 

Penetration resistance 

Penetration resistance (or cone index) is used to provide a relative measure of the 

resistance offered by soil to the penetration of roots, and is expressed as the ratio between 

the force required to push a metal cone into a soil versus the basal area of the cone 

(Lowery and Morrison, 2002). Topsoil of the studied pedons ranged between 1.60 - 5.20 

g/cm
2 

and subsoils range 0.8 - 16.68 g/cm
2 

(Table 3), this depicts low penetration 

resistance in the upper topsoil which is attributed to low bulk density (Whaley, 2006). All 

soil profile in the study areas has increasing penetration resistance with depth (Table 3), 

and increased matric potential (Figure 4) due to probably increased particle-to-particle 

cohesion. Soil resistance increases with increase in bulk density with decrease in total 

porosity and soil available moisture content due to increased capillary cohesion (Whaley, 
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2006). Generally, all profiles in the study areas had penetrometer resistance of <30, this 

point out possible soil compaction in the profile horizons in the study area and which may 

cause slow growth and development of crops (Busscher et al., 2000; Kebeney et al., 

2015).  

 

Soil moisture characteristics curves of the pedons  

Figure 5 presents results on soil moisture characteristics curves for Gitwa (GSK-P1) Raro 

(GSK-P2) and Musange (TMB-P1) sites respectively. Subsoil horizon (Bt2) of the profile 

GSK-P1, retain much water than topsoil and intermediate horizons. This is because Bt2 

horizon had more clay than the overlying horizons, thus had more moisture at any suction. 

Topsoil of the profile GSK-P2 retain more water than intermediate and subsoil layers (Fig. 

6). This layer has high organic matter (3% OC) which has a natural attraction to water (Lal 

and Shukla, 2005). So the more organic matter a soil contains, the greater the affinity it 

has with water. The high affinity to retain much water for intermediate horizon in TMB-P1 

was due to high clay content. The soil moisture of GSK-P2 indicates a higher retention 

capacity with a gradual decrease as the suction potential increases because of its high 

organic matter than other soil profiles of the study area. Generally, the soil moisture of 

GSK-P2 indicates a higher retention capacity with a gradual decrease as the suction 

potential increases. GSK-P1 is the second to have high retention capacity more than TMB-

P1 profile. This is probably due to high OM in the topsoil and increase of clay content 

with depth in the subsoil for Raro (GSK-P2). Musange (TMB-P1) site depicts a drastic 

decrease in available water content as the suction potential increases suggesting an effect 

of drastic dryness of field crops whenever there is a dry spell during the rainy season 

consequently causing plants to experience temporal wilting (Kebeney et al., 2015). The 

trend of the curves observed in GSK-P1 and TMB-P1 profiles concur with the seemingly 

rapid run-off and rapid infiltration under natural drainage.  
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GSK-P1&P2: Gasaka profiles   TMB-P1: Tumba profile  

Figure 5: Soil moisture characteristics curves of the studied pedons 

 

The gradual decrease in soil water content with increasing matric suction associated with 

clay soils is due to the pore size distribution and the adsorptive forces holding the water. In 

a sandy loam soil, like TMB-P1 profile, the pores are relatively large thus likely to be 

emptied at low matric suctions leaving small amounts of water to be released at high 

suctions (Landon, 1991; Lar and Shukla, 2005; Brady and Weil, 2008). The soil moisture 

release curves indicate that the soils in the studied pedons apparently with the type of clay 
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mineral present clay mineralogy which is more of the non-expanding 1:1 silicate clays 

release less water. 

 

4.1.3 Soil chemical properties 

Soil pH 

The pH of the studied soil varies slightly between and among profiles (Table 4). Topsoil 

was rated as moderately acidic to slightly acidic pH whereas subsoil, was rated as strongly 

acidic to medium acidic ranging between 5.49 - 6.49 and 5.13-5.86, respectively (ILACO, 

1993; Landon, 1991; Baize, 1993; Msanya et al., 2001). The acidity of the soils in the sites 

are mostly contributed by high amount of exchangeable Al (ranging from 0 – 0.35cmol 

(+)/kg, which can enter in the soil solution and hydrolysed to form hydroxy Al compounds 

and free H
+
 that make the soil acidic (Yatno and Zauyah, 2008). 

 

All profiles in the study areas did not show any trend of either increasing or decreasing 

with depth but subsurface soils are more likely to be acidic than in topsoil. This might be 

caused by higher rainfall in the areas under study coupled with deep rooted perennial 

plants such as cypress, grevillea and eucalyptus observed in the field. Since in higher 

rainfall areas, deep rooted perennial plants reduce the risk of leaching as they are able to 

grow quickly after the ‘autumn break’ rains and capture soil water before leaching can 

occur (McKenzie et al., 2004). Low pH in the study area is probably induced by acidifying 

nitrogen fertiliser, nitrate leaching, removal of the bases through crop harvests and the 

farming practices in the study area (McKenzie et al., 2004; Brady and Weil, 2008; and 

Landon, 1991). The strongly acid reaction values suggest possible low availability of both 

the macro and micro plant nutrients for uptake by crops. Low soil pH values below pH < 

5.5 have potential to cause toxicity problems and deficiency of some essential plants 

nutrients as well as affect soil microbial activities (Adamchuk et al., 2005). It could also 
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cause dissolution of aluminum and iron minerals which precipitates with phosphorus 

effectively causing its fixation and further lowering the soil pH (Brady and Weil, 2008). 

The comparison of pHKCl with pHwater provides an assessment of the nature of the net 

charge on the colloidal system. The difference in pH results from displacement of OH
–

 ions by Cl
–
 ions. All profiles in the study areas had positive delta pH (pH water - pH KCl) 

values, indicating that the exchange complexes of the colloidal fractions of the soils are 

mostly negatively charged (Kebeney et al., 2015; Karuma et al., 2015). 

 

Most plants thrive well in soils of pH 6.5 to 7.5 (for non-calcareous soils) (Baize, 1993). 

Thus, soils studied may present limitations to crop growth because of the low pH values of 

less than 5.5 which may limit availability of various plant nutrients such as phosphorus 

and bases (Marschner, 1995), According to Landon (1991) phosphate ions combines with 

iron and aluminum to form compounds which are not readily available to plants in soils 

with pH of less than 5.5. Application of liming materials may be considered necessary to 

raise the pH to favourable levels of around pH 6.5 and 7.5. Alternatively, crops that 

tolerate to acidity are recommended for because plant species and varieties differ in the 

degree to which they tolerate pH values outside the range (EUROCONSULT, 1989). 

 

Soil pH in NaF is a measure of surface OH ions released by exchange with F ions, 

although some OH ions may be reabsorbed and others neutralized by soil acidity (Gilkes 

and Hughes, 1994). The pHNaF values of the studied soils ranges from 9.07 to 9.75 in the 

topsoils and 9.05 to 10.09 in the subsoils, respectively. A 1 M pHNaF of more than 8.4 at 2 

minutes after the NaF solution is added is a strong indicator that short-range order 

minerals dominate the soil exchange complex (Thomas, 1996). The free carbonates 

observed in these soils can result in high pHNaF values without the presence of short-range 

order minerals (SSS, 1999; Thomas, 1996). 
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The value of pHNaF in some horizons of the pedons were lower than 9.5 (Table 4), this 

indicates the lack of active aluminium as it determines the solubility of many substances 

and provides the soil solution environment to which plant roots and microbes are exposed 

(Thomas, 1996). The close relationships of extractable forms of Al with pHNaF makes 

pHNaF a primary measure of the abundance of OH ions associated with extractable Al 

compounds (Gilkes and Hughes, 1994). According to Perrott et al. (1976), cited by 

Munishi (2010), silica and ferric oxides do not release OH to NaF solution at pH values 

greater than 8.6. Hence values greater than 9.0 are mostly due to OH from Al compounds.  

 

Electric conductivity  

Topsoils EC ranges between 0.06-0.1 while subsoil ranges between 0.01-0.06 (table 4). 

Topsoil has high EC than subsoil; this is probably due to its high OM (Doerge et al., 

2012). All soil profile in the study area showed low values <0.07 which imply infertile 

soils once coupled with low CEC (Fenton and Helyar, 2007). The soils are non-saline as 

indicated by its low values of electrical conductivity (<1.7dS/m) with values ranging from 

0.01 to 0.1 dS/m in the Pedon. On the basis of EC, it has been reported that salinity effects 

are mostly negligible if EC is below 2 dS/ m and that yields of many crops are restricted at 

EC of 4 through 8 dS/m while only tolerant crops may yield satisfactorily at EC between 8 

and 16 dS /m. Above 16 dS /m only a few very tolerant crops yield satisfactorily (US 

Salinity Laboratory Staff, 1954), cited by Hasinur (2008). 
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Table 4: Selected chemical properties of pedons from selected areas in Nyamagabe and Huye District of Southern province 

 

  

 

 

 

 

 

 

 

 

 

GSK-P1&P2: Soil profiles in Gasaka Sector, Nyamagabe District             TMB-P1: Soil profile in Tumba Sector, Huye District 

Pedon 

no. 

 Horizon  Depth( cm) pH EC 

(dS/m) 

OC  

% 

OM % TN  

% 

C/N  

ratio 

Avail. P 

(mg/kg) 

P retention  

capacity % 

   H2O KCl NaF        

GSK-P1 

  

  

  

  

  

Ap 0 - 10/16 5.49 4.75  9.07 0.06  1.99 3.43 0.16 12.44 6.44 30.6 

Bt1 10/16 – 69 5.61 4.72  9.06 0.03  1.20 2.07 0.14 8.57              4.83 38.3 

Bt2 69 – 139 5.64 4.72  8.68 0.03  0.90 1.55 0.13  6.92 4.63 35.8 

Bt3 139 – 172 5.42 4.68  9.18 0.02  1.02 1.76 0.15  6.73 5.62 33.2 

Bt4 172 - 195/208 5.23 4.68  9.05 0.03  0.85 1.46 0.12  7.08 4.38 39.9 

CBt 195/208 - 251+ 5.13 4.68  9.20  0.03 0.44 0.76 0.08  5.55 1.45 40.8 

GSK-P2 

  

  

  

  

  

O 0 - (-4/13) 6.36 5.59  8.75 0.1  3.00  5.17 0.26  8.35 16.24 25.6 

Ap 0 - 13/34 5.43 4.63  9.46 0.06  1.43  2.47 0.16  8.93 8.36 38.3 

BA 13/34 - 38/51 5.2 4.77  10.01 0.03  1.72  2.97 0.14  12.29 9.40 35.5 

Bt1 38/51 - 75/122 5.51 4.815  9.44 0.03  1.06  1.83 0.12  8.83 10.63 28.2 

Bt2 75/122 -183 5.42 4.725  8.75 0.03  0.60  1.03 0.09  6.66 7.33 30.6 

Bt3 183 - 223+ 5.3 4.84  9.27 0.05  0.56  0.97 0.08  7.00 6.33 20.5 

TMB-

P1 

  

  

  

  

  

  

Ah 0 – 8 6.59 5.14  9.56 0.06  2.50 4.31 0.24 12.66 15.70 10.2 

Bw 8 - 48/68 5.41 4.81  9.65 0.02  1.59  2.74 0.13 12.23 4.50 7.7 

BC 48/68 - 55/87 5.79 4.83  10.2 0.02  1.38  2.38 0.12 11.50 4.92 2.6 

CB 55/87 - 100/130 5.86 4.83  9.69 0.01  0.34  0.59 0.07 4.86 5.04 3.1 

C1 100/130 - 148/174 5.5 4.85  10.09 0.02  0.21  0.36 0.06  3.50 8.92 10.1 

C2 148/174 - 188/200 5.4 4.74  9.58 0.02  0.39  0.67 0.07  5.57 6.23 17.7 

C3 188/200 - 240+ 5.2 4.90  9.51 0.02  0.18  0.31 0.06  3.00 6.87 7.54 

5
2
 

 

5
2
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The electrical conductivity is a measure of relative salt concentrations or salinity and too 

much salt in the soil can interfere with root function and nutrient uptake which was not 

observed in this pedon (Hodges, 2007). This indicates that there is no risk of crop injury 

and yield reduction for the crops grown in the area (Landon, 1991). 

 

Organic carbon and organic matter 

The organic carbon contents in the topsoils range from 1.99 to 2.50% which rated as low 

to medium corresponding to 3.43 to 5.24 % OM (Table 4). In subsoil organic carbon 

ranges from 0.18 to 1.72 which is rated as very low to low corresponding to 0.31 to 2.96 

% OM (ILACO, 1993; Landon, 1991; Baize, 1993; Msanya et al., 2001). The low OC 

observed may be attributed to low pH which restricts microbial activities. For pH values of 

about 5.5 and below, bacterial activity is reduced and mineralization of OM is 

significantly retarded. Also the low values could be due to clearing of vegetation and 

erosion especially on mountainous land (Msanya et al., 2001).  

 

High amount of OM was observed in TMB-P1 (Table 4). The area around this profile has 

been kept as fallow. Johnsons (2002) observed the higher concentration of OM in the 

surface soil under no-tillage systems. Less disruption resulted in greater accumulation of 

surface residue carbon because the roots of fodder crops and the slower rate of OM 

decomposition might have contributed to the build-up of OM in soil with zero tillage 

treatment. GSK-P1 and GSK-P2 had low to medium OM as these sites are under tillage. 

The tillage treatment enhanced the decomposition of OM and thereby reduced its content. 

Since any minor mixing of residue with soil would allow residue to remain wetter and, 

therefore, provide ideal conditions for microbial decomposition that leads to loss of 

surface residue. (Hasinur et al., 2008). High values of OM in toposoil than subsoil may be 

attributed by decomposition of large quantities of plant residues into the soil every season. 
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It may also due to substantial amount of rainfall of about 1000 to 2400 mm/year and warm 

temperatures which ranges from 18 to 25 
0
C. Such good climatic condition is favourable 

for vegetation growth and rapidly decomposition of organic materials on the soil surfaces 

in the study areas. Generally, all profiles in the study area, showed low values of organic 

matter. This can be a cause of poor soil structure and low supply of plant nutrients such as 

nitrogen, phosphorus, and potassium (Nandi and Luffman, 2012). It is also responsible for 

low water holding capacity and low infiltration rate which may result in soil erosion by 

runoff surface water during the rains (Dowuona et al., 2012). 

 

Total nitrogen and C/N ratio 

The topsoil TN ranged from 0.16% (low) in the pedon GSK-P1 and GSK-P2 to 0.24% 

(medium) in the pedon TMB-P1 (Table 4) (ILACO, 1993; Landon, 1991; Baize, 1993; 

Msanya et al., 2001) and generally decreases with soil depth in the pedon. According to 

Landon (1991), the low TN observed may be attributed to low pH which restricts 

microbial activities. For pH values of about 5.5 and below, bacterial activity is reduced 

and nitrification of organic matter is significantly retarded. Also the low nitrogen levels 

observed may be attributed to erosion and continued nutrient mining by plants.  

 

The relatively higher levels of N observed in topsoils of TMBP-P1 profile may be 

attributed to decomposition of plant litter as well as crop residues and application of both 

organic manure and inorganic fertilizer (Msanya et al., 2016). The low value of TN in 

topsoils in GSK-P1and GSK-P2 profile may be due to continuous cultivation without 

replenishment of organic residues (Kebeney et al., 2015). Nitrogen is a dynamic plant 

nutrient, which frequently needs replenishment, as an organic manure or as a mineral 

fertilizer because of its high risks of been lost from the soil either by leaching, erosion, 

volatilization and taken up by plants (Kebeney et al., 2015). The values of C/N ratio 
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ranged from 8.93 to 12.44 in the topsoil and from 3.00 to 12.29 in the subsoil (Table 4). 

According to (ILACO, 1993; Landon, 1991; Baize, 1993; Msanya et al., 2001), the quality 

of OM in topsoil studied soils was good (C/N ratio 8 - 13). In subsoil, C/N ratio indicated 

values which implies poor to good quality OM. 

 

Available phosphorus  

Available phosphorus in the studied soils ranges from 6.44 to 15.70 mg P/kg and from 

1.45 to 9.40 mg P/kg for topsoil and subsoil, respectively. According to ILACO 1991; 

Landon1991; Baize 1993; Msanya et al., 2001), these values can be rated as low to 

moderate in both topsoil and subsoil as well (Table 4). The low values of P in both topsoil 

and subsoil of GSK-P1 profile may probably be due to continuous cultivation without 

replenishment of P from different P fertilizers. The relatively high values of P in the 

topsoil of TMB-P1 profile may be caused by anthropogenic effects including addition of 

manure, crop residue and inorganic P fertilizers and low potential for phosphorus fixation.  

 

Low available phosphorus in the subsoil layers of the pedons may be attributed to low soil 

pH (<5.8) that could react with iron (Fe) and aluminium (Al) to produce insoluble Fe and 

Al phosphates that are not readily available for plant uptake (Hodges, 2007). An available 

P level of 7-15 mg/kg is generally considered as the critical level below which P 

deficiency symptoms are likely to occur in many crops (Landon, 1991; Hodges, 2007; 

ILACO (1991). Addition of OM levels can help reduce any P ‘fixation’ reactions that may 

be present, by binding Al, Fe and Ca, and forming soluble complexes with P which may 

be available to plants (Hodges, 2007).  

 

Phosphorus retention capacity of soil 

The P-retention capacity of the soils under study ranged from 33.25 to 40.80% (i.e mg 

P/kg soil) for profile GSK-P1; 20.48 to 38.3% for GSK-P2 and 2.56 to 17.75% for TMB-

P1. For profiles GSK-P1 and GSK-P2, PRC increased with increasing depth, while for 
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profile TMB-P1 there was no well-defined trend of PRC with increasing depth. The 

increase of PRC with depth could be contributed to the increase in clay contents, Al and 

Fe hydrous oxides such as hematite and goethite (Adam et al., 2007). The clay and, Al and 

Fe hydrous oxide have high affinities for phosphorus, hence the amount of P retained, the 

high affinities of the clay and oxides could be attributed to the high specific surface area 

and the existence of variable charges (pH-dependent charges) on their exposed surfaces. 

Low values of PRC in topsoils may be attributed by high OM in topsoils than subsoils 

since soil OM competes with P for the ion retention sites of the inorganic soil colloids, 

hence the low P retention capacities of the surface soil (Perez et al., 2014). From the data 

(Table 4), the pH decreases with depth. The decrease in pH increased the concentration of 

the hydrogen ions in the soil solutions which protonated the exposed OH
-
 groups on the 

surface of the soil colloids (both organic and inorganic), hence increase in the magnitude 

of the positive charges on the soil colloids with consequent increase in the adsorption of 

the phosphate ion species in solution. This increase with depth conforms to the 

observation made by Van Wambeke (1992).  

 

Exchangeable cations and related chemical properties of the studied soils 

Exchangeable acidity 

The exchangeable hydrogen values range from 0.00 to 0.20 cmol (+)/kg in the topsoil and 

0.05 to 0.35 cmol (+)/kg in the subsoil (Table 5). Exchangeable aluminium values ranges 

from 0.20 to 1.05 cmol (+)/kg in the topsoil and 0.40 to 2.55 cmol (+)/kg in the subsoil 

(Table 5). According to Jamieson et al. (1995) and Brady and Weil, (2002), The values of 

exchangeable Al
3+ 

in topsoil are rated as low whereas the rest of the profile horizons were 

rated as medium to high. These results indicate that the acidity of these soils is mostly 

contributed by exchangeable Al to a large extent and by hydrogen to a less extent. 

Aluminium ions are released from clay lattices at pH values of about below 5.5 and 

become exchangeable in the clay complex (Landon, 1991). Aluminium saturation as a 
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measure of toxicity ranged from 8.15 - 33.83 % in topsoil which is rated as very low to 

medium while subsoil range from 26.16-76.56 % and rated as low to high (ILACO, 1991; 

Landon, 1991; Baize, 1993; Msanya et al., 1996). 

 

Cation exchange capacity (CEC) 

The CEC of the studied soils ranged from 9.8 to 21.6 cmol(+)/kg in topsoil, and 4.2 to 16.8 

cmol(+)/kg in subsoil (Table 5). According to (Landon, 1991; Baize, 1993; ILACO, 1993; 

Msanya et al., 2001), all pedons in the study areas have low to medium CEC in topsoil and 

very low to medium CEC in subsoil (Table 5). The low values are contributed by the 

kaolinite and sesquioxide or oxidic clays which are dominant clay minerals in highly 

weathered soils, lacking negative charges. Consequently, they don’t retain adsorbed 

cations and end up with low CEC due to the low nutrient retention capacity (Landon, 

1991).  

 

The CEC values in the topsoil are higher than those in subsoil for GSK-P2 and TMB-P1 

profiles and this can be attributed to higher soil organic matter content (Tomašić et al., 

2013). The CEC in GSK-P1 is generally increasing with depth; this might have been 

contributed by movement into and accumulation of clay in the sub-surface horizons (Pam 

and Brian, 2007). Landon (1991) and Pam and Brian (2007), reported CEC range between 

15 cmol (+)/kg to 25 cmol (+)/kg to be satisfactory for growth of most plants.  

 

Due to the observation in the field, the low CEC levels observed could also be attributed to 

low leaching instead strong runoff due to high erosion rate as these sites are steeply 

sloping area (30 - 60 or > 60%). Erosion causes sediment loss from the upper part (soil 

truncation) and deposition of new material in the lower part (soil aggradation), this 

resulted in loss of nutrients in the upper part of the mountains. The CEC values of the 

pedons indicate possible negative influence on the buffering capacity of the soil and 
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reduced retention of base cations by the soils studied. Consequently, it doesn’t have ability 

to protect soluble cations from leaching out of the plant root zone and helps soils resist 

changes in pH (Barker et al., 2007; Brady and Weil, 2008).  

 

Exchangeable base cations 

Exchangeable Ca, Mg, K, and Na in the soils studied are presented in Table 5. The 

exchangeable calcium in the soils is low in the topsoil and very low to low in the subsoil 

with values ranging from 2.01 to 2.24 and 0.56 to 1.69 cmol(+)/kg topsoil and subsoil, 

respectively. Possible reasons for low values could be that the parent material on which 

soil has developed is poor in bases (Landon, 1991; EURONCONSULT, 1989; Baize, 

1993). Exchangeable magnesium levels in topsoil and subsoil were very low ranging from 

0.045 to 0.085 cmol(+)/kg and 0.002 to 0.034 cmol(+)/kg for all studied profiles (Landon, 

1991; Baize, 1993; ILACO, 1993; Msanya et al., 2001).  

 

The exchangeable magnesium levels decreases with soil depth. Msanya et al. (2001) 

reported that the desired saturation level of exchangeable Mg is between 10 to 15%. 

Consequently, soils of the study areas don’t have sufficient levels of exchangeable 

magnesium for crop production. Therefore; quick - acting Mg fertilizers for example may 

be required. The topsoils exchangeable K
+ 

levels range from 0.080 to 0.490 cmol (+)/kg 

which is very low to medium and the values show decrease trend with increase in soil 

depth (Table 5). The subsoil exchangeable K
+ 

levels range from 0.004 to 0.019 cmol 

(+)/kg which is very low. Exchangeable potassium levels below 0.2 cmol (+)/kg suggest 

that a plant response to the application of potassium fertiliser is possible, particularly 

where heavy removal of potassium by harvesting or grazing occurs (Tazaki, 2006). 
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Table 5: Exchangeable cations and related chemical properties of the studied soils in Nyamagabe and Huye Districts, Rwanda 

 

 

 

 

 

 

 

 

 

 

 

 

 

GSK-P1&P2: Soil profiles in Gasaka Sector, TMB-P1: Soil profile in Tumba Sector  

Pedon no. Horizon Depth (cm) Exchangeable bases TEB CECsoil  CECclay Exchangeable acidity PBS 

   cmol(+)kg
-1

  

   Ca Mg K Na    Exch.  Al
3+

 Exch. H
+
  

GSK-P1 Ap 0 - 10/16 2.01  0.045 0.080 0.089  2.22 9.8 25.13 1.05 0.20  22.69 

  Bt1 10/16 – 69 1.38 0.012 0.014 0.064  1.47 11.0 26.83 0.80 0.15  13.36 

  Bt2 69 – 139 1.36 0.034 0.014 0.081  1.49 8.0 16.32 0.65 0.10  18.61 

  Bt3 139 – 172 1.69 0.017 0.014 0.089  1.81 11.6 24.68 2.25 0.10  15.60 

  Bt4 172 - 195/208 1.31 0.009 0.014 0.081  1.41 10.6 20.00 2.35 0.10  13.34 

  CBt 195/208 - 251+ 0.82 0.004 0.004 0.072  0.90 10.0 20.41 2.55 0.10  9.00 

GSK-P2 O 0 - (-4/13)  2.02 0.085 0.494 0.115  2.71 21.6 86.40 0.25 0.20  12.56 

  Ap 0 - 13/34  1.15 0.006 0.105 0.106  1.37 16.8 45.41 1.65 0.20  8.14 

  BA 13/34 - 38/51  1.25 0.005 0.055 0.089  1.40 11.0 23.40 2.25 0.20  12.72 

  Bt1 38/51 - 75/122  0.82 0.007 0.070 0.081  0.98 11.6 21.09 2.70 0.05  8.43 

  Bt2 75/122 – 183  0.82 0.003 0.004 0.072  0.90 8.2 15.47 2.35 0.10  10.96 

  Bt3 183 - 223+  0.83 0.002 0.004 0.098  0.93 6.8 11.92 1.00 0.10  13.73 

TMB-P1 Ah 0 – 8  2.24 0.063 0.292 0.089  2.68 14.2 37.37 0.20 0.00  18.90 

  Bw 8 - 48/68  0.85 0.018 0.019 0.098  0.98 12.4 26.96 2.05 0.10  7.94 

  BC 48/68 - 55/87  0.82 0.002 0.004 0.081  0.91 13.2 27.50 2.90 0.10  6.87 

  CB 55/87 - 100/130  0.56 0.003 0.004 0.098  0.67 12.8 45.71 0.40 0.50  5.20 

  C1 100/130 - 148/174  0.92 0.002 0.004 0.072  1.00 11.4 190.00 1.05 0.05  8.77 

  C2 148/174 - 188/200  0.81 0.002 0.004 0.072  0.99 8.4 15.00 1.40 0.25  11.71 

  C3 188/200 - 240+  0.92 0.011 0.004 0.072  1.01 4.2 46.67 1.45 0.35  23.97 
 

5
9
 



60 
 

Exchangeable Na ranges from 0.089 to 0.115 cmol (+)/kg soil which is rated as very low 

to low. The subsoil exchangeable Na levels range from 0.064 to 0.106 cmol (+)/kg which 

is rated very low (Msanya et al., 2001).  The levels do not show any decrease or increase 

with soil depth. These low value of exchangeable cations has direct implications on the 

cation exchange capacity (CEC), soil pH and ultimately plant nutrient imbalances, 

unavailability and nutrient induced deficiencies (Barker and Pilbeam,2007; Kebeney et 

al.,2015). 

 

Base saturation 

Percentage base saturation (PBS) of the studied soils ranged from 8.14 to 22.69% and 5.20 

to 23.97% topsoil and subsoil respectively. According to Karuma et al. (2015), the PBS 

can be rated as very low (< 50%) in the topsoil and subsoil of all the pedons. Low base 

saturation levels may result in very acid soils and potentially toxic cations such as 

Aluminium and Manganese from the soil (Hodges, 2007). Poor cultivation practices, poor 

soil and water conservation and inadequate supply of fertilizer to replenish nutrients 

removed by crops among others are reported to contribute to low level of bases in most 

soils (Ellenkamp, 2004; Jones et al., 2013). GSK-P2 and TMB-P1 topsoils had PBS of 

below 20%. GSK-P1 had PBS of above 20, implying good soil fertility for crop 

production. It also implies low or no intensive leaching of bases from topsoils to subsoils 

(Msanya et al., 2016). 

 

Nutrient balance 

Nutrient ratios of the studied pedons are presented in Table 6. The ratios of Ca/TEB of the 

studied pedons ranged from 0.74 to 0.91% (Table 6). According to Landon (1991 and 

Msanya et al. (2016), Ca/TEB of more than 0.5 may affect the uptake of other bases, 

particularly Mg and/or K as Ca induced deficiency of Mg and /or K may appear. The 
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ratios of Ca/Mg in studied topsoils ranged from 43.60 to 185.90. These values are not 

within the optimum range of 2 - 4 favourable for plant growth and development (Table 6) 

(Landon, 1991). The Mg/K ratios in topsoils ranged from 0.06 to 0.57 for all pedons and 

were below the recommended range of 1 to 4 for optimum nutrient uptake by plants (Table 

6) (Landon, 1991; Msanya et al., 2016), implying potential nutrient imbalance and 

toxicity. In addition, because these ratios are below the minimum level of 1 in some 

horizons, it implies that K in some horizons is greater than Mg in these pedons. This is 

likely to reduce uptake of Mg from the soil by plants. The overall K/TEB ratios (expressed 

as percentage) in topsoils of studied pedons ranged between 3.6 and 18.23 % (Table 6). 

These ratios are above 2% which is said to be favourable for most tropical crops (Landon, 

1991; Karuma et al., 2015; Kebeney et al., 2015). From these results, it is apparent that, 

nutrient imbalances observed in this study will influence nutrient availability. As a matter 

of fact, nutrient availability determines the yield potential of crops and can be improved by 

manuring, application of inorganic fertilizers and crop rotation (Jones et al., 2013; Karuma 

et al., 2015). 

 

4.1.4  Correlation among some chemical characteristics of the studied soils 

Table 7 shows correlations among soil chemical and physical properties of the studied 

soils. 

 

The pH, OM, OC, TN, CEC and exchangeable Ca were strongly and negatively correlated 

with horizon depth with correlation coefficients of 0.64, 0.87, 0.87, 0.84, 0.69, and 0.64 

respectively. This means that the mentioned attributes decreased with depth. Soil pHwater 

was strongly and positively correlated with OM; with a correlation coefficient of 0.64. 
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 Table 6: Nutrient balance in the studied pedons 

Pedon no. Horizon Depth( cm) % Ca/TEB Ca/Mg Mg/K % (K/TEB) 

GSK-P1 Ap 0 - 10/16 0.91 43.60 0.57 3.60 

  Bt1 10/16 – 69 0.94 114.80 0.82 0.95 

  Bt2 69 – 139 0.93 51.72 2.4 0.93 

  Bt3 139 – 172 0.93 95.95 1.22 0.77 

  Bt4 172 - 195/208 0.92 130.80 0.66 0.99 

  CBt 195/208 - 251+ 0.91 211.70 0.94 0.44 

GSK-P2 O 0 - (- 4/13) 0.74 23.06 0.17 18.23 

  Ap 0 - 13/34 0.84 185.90 0.06 7.66 

  BA 13/34 -  38/51 0.89 171.70 0.13 3.93 

  Bt1 38/51 - 75/122 0.84 300.00 0.04 7.14 

  Bt2 75/122 – 183 0.91 514.20 0.39 0.44 

  Bt3 183 - 223+ 0.83 12.76 15.6 0.43 

TMB-P1 Ah 0 – 8 0.85 119.00 0.06 10.90 

  Bw 8 - 48/68 0.87 514.20 0.08 1.94 

  BC 48/68 - 55/87 0.90 300.00 0.66 0.36 

  CB 55/87 - 100/130 0.89 581.90 0.39 0.60 

  C1 100/130 - 148/174 0.92 581.90 0.39 0.40 

  C2 148/174 - 188/200 0.91 163.60 1.22 0.40 

  C3 188/200 - 240+ 0.91 86.66 2.60 0.40 

GSK-P1&P2: Soil profiles in Gasaka Sector TMB-P1: Soil profile in Tumba Sector 

 

This is because the presence of OM helped to raise pHwater but its contribution was not 

significant as the acidity of soils in these areas was much correlated with exchangeable 

aluminium. As aluminium ions enter into soil solution and get hydrolysed to form hydroxy 

Al compounds and free H
+
 ions which tend to make the soil acidic (Yatno and Zauyah, 

2008).  

 

pH was strongly and positively correlated with OC, TN, CEC and exchangeable bases. 

This is because pH contributes to the availability of macro and micro nutrients, as pH is 

lowered, the availability of those nutrients (macro and micro) will be low for uptake  
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Table 7:  Correlation between some soil physico-chemical parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pearson’s rank correlation at 95% confidence level, *** signifies P<0.001, ** signifies P<0.01 

 Horizon % Clay % 

Sand 

pH Exch. Al % OM % OC %TN % 

PRC 

CEC Exch.Ca Exch. 

Mg 

Exch. 

K 

Exch. Na 

Horizon 1              

% Clay 0.02 1              

% Sand 0.26 -.858** 1            

pH -.635** -0.238 -0.014 1           

Exch. Al .742** 0.347 -0.031 .551* 1          

% OM -.874** 0.072 -0.262 .637** -0.633** 1         

% OC -.874** 0.017 -0.273 .615** -0.633** 0.928** 1        

% TN -.835** 0.004 -0.269 .699** -0.633** 0.923** 0.940** 1       

%PRC -0.08 0.43 -.502* -0.35 0.067 0.049 0.121 0.195 1      

CEC -.691** -0.085 -0.222 .579** -0.641** 0.667** 0.789** 0.789** 0.13 1     

Exch. Ca -.661** -0.074 -0.092 .542* -0.534* 0.737** 0.710** 0.844** 0.303 0.447 1    

Exch. Mg -0.3 -0.043 -0.166 0.381 -0.219 0.346 0.526* 0.518* 0.134 0.316 0.561* 1   

Exch. K -0.592** -0.239 -0.061 .769** -0.572* 0.708** 0.810** 0.853** -0 0.775** 0.645** 0.628** 1  

Exch.Na -0.494* 0.103 -0.325 0.246 -0.41 0.609** 0.721** 0.684** 0.165 0.680** 0.458* 0.611** 0.628** 1 
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by crops (Adamchuk et al., 2005). CEC provides a buffering effect to changes in pH, 

available nutrients and calcium levels. As such it is a major controlling agent of stability 

of soil structure and nutrient availability for plant growth.  Also as soils become more 

acidic, exchangeable cations are replaced by H
+
, Al

3+
 and Mn

2+
, thus lowering the CEC of 

the soil (Pam and Brian, 2007). Organic matter was strongly and positively correlated with 

OC, TN, CEC and exchangeable bases. CEC of soil was strongly and positively correlated 

with OM, with a correlation coefficient of 0.67 (Table 7). High content of OM and clay 

contribute to high CEC values because both have a large number of negative charges on 

their surface which attract and hold cations (Tomašić et al., 2013). All exchangeable 

cations Mg, Ca, K and Na were weakly and positively correlated with percentage BS of 

the studied soils with correlation coefficients of 0.37, 0.31, 0.01 and 0.39 respectively. 

This observation suggests that, these cations contributed little to the BS of the studied 

soils. 

 

4.1.5 Total elemental composition of the studied pedons 

The total elemental composition of soils under study (Table 8) revealed that Si was the 

most abundant element among all determined oxides (45.4 to 58.4%). This is probably due 

to the parent material because these soils are mainly composed of granite - gneissic 

materials which consist dominantly of quartz (SiO2) and feldspar (KAlSi3O8). The Al2O3 

is the second in abundance with concentration ranges from 17.00 to 27.00 %. Al in soils 

has been attributed to the formation of clay minerals (Acosta et al., 2011). 

 

Total Al in soil reflects the type of soil and the underlying geology, being present in the 

matrix of clays and other silicate minerals, and highly weathered soils are often high in Al 

concentrations (Rawlins et al., 2012; Takeda et al., 2004). However, at the opposite 

extreme, low Al is a marker of organic - rich soils, which contain a smaller proportion of 
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aluminosilicate minerals (Rawlins et al., 2012). The Fe2O3 is the third in abundance with 

concentration between 16.70 % and 24.30 % probably derived from gibbsite and hematite. 

Fe2O3 content was low in surface horizons in all soils irrespective of weathering status and 

land use, suggesting enhanced mobility of Fe under prevailing soil moisture (Raheb and 

Heidari, 2012). The increasing Fe2O3with depth may be interpreted by formation of 

mineral of the former limonite group, especially hematite and goethite during weathering. 

The depth distribution of Fe increased with depth because of its solubilisation and leaching 

in response to drop in redox potential and this may be attributed to clay a content which 

increases with depth (Raheb and Heidari, 2012).  

 

The depth distribution of CaO and MgO in all three soil profiles showed that Ca decreased 

with depth while for Mg oxide, only TMB-P1 and GSK-1 profiles showed the increasing 

trend of Mg with depth. This is due to intense leaching of Mg which resulted in its 

uniform distribution throughout the profile (Raheb and Heidari, 2012). The depth 

distribution of Na in all soil profiles did not show definite trends with respect to profile 

development. K2O ranged between 3.38 - 1.16 % in all profiles and decreased with soil 

depth. K is readily leached from the soil profile, thus leading to highly weathered soils. 

For example, soils with high Al and Fe concentrations have low K concentrations (Acosta 

et al., 2011). The clear trend of K with depth could not be realised because K interacts 

with clay and its content is modified due to external manipulation through fertilization 

(Sidhu et al., 1977), cited by Dey, 1999). 

 

4.1.6 Pedogenesis 

Pedogenesis can be defined as the process of soil development. It is largely determined by 

five interrelated factors: climate, living organisms, parent material, topography and time 

(Landon, 1991). 

6
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Table 8: Total elemental composition of the studied pedons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GSK-P1&P2: Soil profiles in Gasaka Sector, Nyamagabe District TMB-P1: Soil profile in Tumba Sector, Huye District

 

Pedon no. 

  

 

Horizon 

  

 

Depth 

(cm) 

Al2O3 SiO2 Fe2O3 MnO Na2O CaO MgO K2O V2O5 TiO2 Total 

% 

GSK-P1 Ap 0 - 10/16 19.00 52.20 21.38 0.11 0.002 0.45 0.001 3.38 0.08 2.36  99.0 

  Bt2  69 – 139 20.00 51.50 21.49 0.08 0.004 0.42 0.001 3.08 0.07 2.28 98.5 

  Bt4  172 - 195/208 20.00 49.30 23.14 0.07 0.002 0.33 0.001 3.31 0.07 2.27 99.4 

  CBt  195/208 - 251+ 21.00 48.40 29.12 0.06 0.003 0.28 0.003 2.61 0.07 1.90  97.8 

 

GSK-P2 

 

Ap 

 

0 - 13/34 

 

21.00 

 

53.20 

 

18.55 

 

0.07 

 

0.008 

 

0.30 

 

0.008 

 

2.29 

 

0.06 

 

2.29 

 

98.8 

  Bt2  75/122 – 183 17.00 58.20 20.77 0.04 0.002 0.26 0.001 1.16 0.04 1.40 98.7 

  Bt3  183 - 223+ 22.00 59.90 21.05 0.06 0.002 0.28 0.008 2.03 0.06 2.33 99.3 

 

TMB-P1 

 

Ah 

  

0 – 8 

 

19.00 

 

58.40 

 

16.70 

 

0.14 

 

0.001 

 

0.47 

 

0.003 

 

1.93 

 

0.07 

 

2.58 

  

99.3 

  Bw  8 - 48/68 21.00 53.30 19.00 0.13 0.005 0.30 0.009 1.47 0.08 2.54 97.8 

  CB  55/87 - 100/130 24.00 45.40 24.30 0.06 0.004 0.26 0.009 1.38 0.09 2.26 97.8 

 C2 1448/174 - 188/200 27.00 46.30 19.85 0.05 0.005 0.26 0.007 1.94 0.09 2.30 97.8 
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There are different pedogenic processes observed to have operated and differentiated the 

soils in the study area. The consistently low OM of the soils is presumed to be a result of 

rapid humification and mineralization as conditioned by high radiation in the area. The 

low amounts of exchangeable bases and the predominance of exchangeable acidity on the 

exchange complex in all the soils, is an indication of leaching and erosion processes as 

depicted by presence of gullies and rills in the sites (Foth et al., 1998). The increase in 

clay content with depth in the soils of Gitwa and Raro villages (GSK-P1 and GSK-P2 

pedons) as indicated by clay cutans in subsoils evidently indicates the process of lessivage 

(eluviation-illuviation) (Msanya et al., 2016). Ferralitization, defined as accumulation of 

hydro (oxides) of Fe, Mn and Al, involving strong depletion of basic cations resulting into 

low pH and dominance of low activity clays and hydroxydes (Dey, 1999), is common in 

the study area. This forms inherently poor soils with unfavourable chemical properties for 

agriculture use.  

 

4.1.7 Indices of degree of weathering 

Weathering state of soils can be inferred from the kinds and arrangement of horizons in 

the profiles, and their weathering potentials (Ayolagha, 2001; Ceryan et al. 2005). The 

weathering indices evaluated in the study areas is silica/sesquioxide, silica Alumina and 

silt/clay ratio. 

 

Silica/alumina (SiO2/Al2O3) ratios in the soils decrease with depth and are generally 

moderate indicating that subsoils are more weathered than topsoils (Yanai et al.,2012; 

Takeda et al., 2004). As presented in Table 9, silica/sesquioxide ratios within pedons were 

< 1.6 indicating the predominance of kaolinite and considerable percentages of gibbsite, or 

aluminium oxides (Foth et al., 1998).  

Kaolinite as elaborated by Buol et al. (2003) is the most common clay mineral in acid, 

highly weathered soils. Silt/clay ratios were slightly higher > 0.2 in topsoils but generally 

< 0.2 in subsoils (Table 9) of the studied pedons, implying that subsoil horizons were 
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more weathered than topsoils (Yanai et al., 2012). On the basis of silt/clay ratios, the 

degree of weathering followed the trend Pedon GSK-P1 > Pedon GSK-P2> Pedon TMB-

P1with mean silt/clay ratios of 0.21, 0.30 and 0.37 respectively. 

  

Table 9: Parameters showing weatherability of soils in studied 

pedons in Nyamagabe and Huye Districts, Rwanda 

 

GSK-P1&P2: Profiles in Gasaka Sector, Nyamagabe District, Rwanda  

TMB-P1: Profile in Tumba Sector, Huye District, Rwanda 

 

4.2 Soil Classification 

Soil morphological and laboratory analytical data were used to define the diagnostic 

horizons and other features used for classifying the soils. Table 10 presents the diagnostic 

horizons and features for classifying the soils according to the Soil Taxonomy (Soil 

Survey Staff, 2014). The soils have been classified up to the family level of Soil 

Taxonomy. Similarly, Table 11 presents a summary of the diagnostic properties of the 

studied soils and identifies the prefix and suffix qualifiers, which allowed the classification 

of the soils up to the TIER-2 of the FAO World Reference Base Classification Scheme 

(FAO-WRB, 2015). At the first (order) level of the USDA Soil Taxonomy the soils have 

been classified as Ultisols (pedons GSK-P1 and GSK-P2), and Inceptisols (TMB-P1) 

(Table 10). According to the FAO-WRB for Soil Resources the soils of the study area 

Pedon no. Horizon Depth SiO2  / Al2O3 [SiO2 /(Al2O3 + Fe2O3)]* Silt / clay 

ratio 

 

GSK-P1 Ap 0 - 10/16 2.75 1.29 0.34 

  Bt2 69 - 139 2.58 1.24 0.19 

  Bt4 172 - 195/208 2.47 1.14 0.18 

  CBt 195/208 - 251+ 2.59 1.36 0.11 

GSK-P2 Ap  0 - 13/34 2.53 1.35 0.64 

  Bt2  75/122 – 183 3.42 1.54 0.11 

  Bt3  183 - 223+ 2.31 1.18 0.14 

TMB-P1 Ah  0 - 8 3.07 1.64 0.36 

  Bw  8 - 48/68 2.07 1.33 0.15 

  CB  55/87 - 100/130 1.89 0.94 0.96 

  C2 1448/174 -188/200 1.71 0.99 0.01 
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have been classified at the Reference Soil Group level (TIER 2) as Alisols (pedons GSK-

P1 and GSK-P2), and Cambisols (TMB-P1) (Table 11). 

 

4.3 Potentials and Limitations of the Studied Soils for the Production of Maize, 

Beans, Sweet Potato and Wheat 

Potentials and limitations are presented by both physical and analytical data obtained from 

the studied soils. 

 

4.3.1 Physical and chemical conditions 

The high altitude areas of the Congo-Nile Watershed Divide and Central plateau zones 

have slopes ranging between 30 and 60% posing limitations for mechanized agriculture 

and high risk of soil erosion. The studied soils are very deep > 200 cm and well drained 

where any crop can be grown and established well. All the studied sites do not have 

limitations like surface stoniness, sealing/crusting, flooding which would have otherwise 

prompted the selection of other land uses apart from crop production. The area is 

dominated by textures that are favourable for the production of different crops. Soil acidity 

is certainly one of the most damaging soil conditions which affecting the growth of most 

crops in the area (Table 5). The soils of the study area are considered to have low soil 

fertility as indicated by low TN, low OC and low OM, low pH, low available P, low levels 

of CEC and exchangeable bases and low base saturation and this could make crops suffer 

from different nutrients deficiency. Various tables (12, 13, 14, 15, 16 and 17) showing 

different ratings of soil properties and soil related land qualities are discussed here. 
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 Table 10:  Summary of diagnostic features of the studied soils and classification according to USDA Soil Taxonomy  

 (Soil Survey Staff, 2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GSK-P1 & P2= Soil profiles in Gasaka Sector, Nyamagabe District, Southern Province  TMB-P1=Profile in Tumba sector, Huye District, Southern Province 

Pedon 

No. 

Diagnostic  

horizon(s) 

Other diagnostic features Order Suborder Greatgroup Subgroup Family 

GSK-P1 Ochric epipedon, 

argillic horizon 

Mountainous (slope >60%), very 

deep, clayey, medium acid, udic 

SMR, thermic STR, presence of clay-

sesquioxide cutans 

Ultisols Humults Palehumults Typic 

Palehumults 

Mountainous, very deep, 

clayey, medium acid, udic, 

thermic, Typic Palehumults 

GSK-P2 Ochric epipedon, 

argillic horizon 

Mountainous (slope >60%), very 

deep, loamy over clayey, strongly 

acid, udic SMR, thermic STR, 

presence of clay-humus and clay-

sesquioxide cutans 

Ultisols Humults Palehumults Typic 

Palehumults 

Mountainous, very deep, 

loamy over clayey, strongly 

acid, udic, thermic, Typic 

Palehumults 

TMB-P1 Ochric epipedon, 

cambic horizon 

Steeply dissected (30 - 60%) very 

deep, clayey over loamy, medium to 

strongly acid, udic SMR, thermic 

STR 

Inceptisols Udepts Dystrudepts Typic 

Dystrudepts 

Steeply dissected, very deep, 

clayey over loamy, medium to 

strongly acid, udic, 

thermic,Typic Dystrudepts 

7
2
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Table 11: Summary of diagnostic horizons and features of the studied soils and classification according to World Reference Base for 

Soil Resources [IUSS Working Group WRB (2015)] 

Pedon 

no. 

  

  

USDA Soil Taxonomy(Soil Survey Staff, 2014) World Reference Base for Soil 

Resources (IUSS Working Group 

WRB, 2015) 

Order Suborder Greatgroup Subgroup Family Reference Soil 

Group-Tier1 

TIER2-WRB Soil 

name 

GSK-P1 Ultisols Humults Palehumults Typic 

Palehumults 

Mountainous, very deep, 

clayey, medium acid, udic, 

thermic, Typic Palehumults 

Alisols  Haplic Alisols 

(Clayic,  

Cutanic, Hyperdystric, 

Humic, Profondic 

                

GSK-P2 Ultisols Humults Palehumults Typic 

Palehumults 

Mountainous, very deep, 

loamy over clayey, strongly 

acid, udic, thermic, Typic 

Palehumults 

Alisols Haplic Alisols (Clayic,  

Cutanic, Hyperdystric, 

Humic, Profondic)  

                

TMB-

P1 

Inceptisols Udepts Dystrudepts Typic 

Dystrudepts 

Steeply dissected, very deep, 

clayey over loamy, medium to 

strongly acid, udic, thermic, 

Typic Dystrudepts 

Cambisols  Dystric Cambisols 

(Loamic, Humic) 

GSK-P1&P2: Soil profiles in Gasaka Sector, Nyamagabe District, Southern Province  TMB-P1= soil Profile in Tumba Sector, Huye District, Southern Province 

7
1
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4.3.2 Land qualities and their rating 

Land quality defined as a complex attribute of land that influence land suitability for a 

defined type of use in a specific way (EUROCONSULT, 1989). The comparison of 

relevant land qualities to the specific requirements of the land use type under consideration 

leads to the establishment of possible quality deficiencies. The major land qualities which 

are important in this study are moisture availability, temperature regime, O2 availability to 

root, rooting condition, availability of nutrients, nutrients retention capacity, aluminium 

toxicity, salinity, flooding hazard and erosion hazards. 

 

4.3.3 Land suitability classification 

The process of suitability classification is the appraisal and grouping of specific areas of 

land in terms of their suitability for predetermined use. It also referred to as current 

suitability because it enlightens the present status of the land with minor improved 

management practices only. 

 

Class 1: Highly suitable land (S1) 

Highly suitable land is the one having no significant limitations to sustained application of 

a given use, or only minor limitations that will not significantly reduce productivity or 

benefits and will not raise inputs above an acceptable level. The studied sites contain some 

limitations; hence none of the studied soils was classified under highly suitable land. 

 

Class 2: Moderately suitable land (S2) 

Moderately suitable is the land having limitations which in aggregate are moderately 

severe for sustained application of a given use. The studied sites contain some limitations; 

hence none of the studied soils was classified under moderately suitable land.
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Table 12:  Main ecological requirements for maize in the studied areas compared to the actual conditions in the field 

GSK-P1&P2:  Soil profiles for Gasaka Sector, Nyamagabe District  TMB-P1: Soil profile in Tumba Sector, Huye District 

 

Land use 

requirements) 

(Land quality) 

Land characteristics 

 (Diagnostic factor 

Unit Optimum  Actual field range Rating 

 Range (rate) GSK-P1 GSK-P2 TMB-P1 GSK-

P1 

GSK-

P2 

TMB-

P1 

Moisture 

availability 

Total rainfall in growing 

period 

Mm ≥500mm in 3-

4 months 

1300-1450 1300-1450 1200-1281 S1 S1 S1 

Temperature 

regime 

Mean temperature in 

growing period 

0
C 18 to 32

O
C 18

o
C 18

o
C 19-21

o
C S1 S1 S1 

Oxygen availability 

to roots 

Soil drainage Class well drained well 

drained 

well drained well 

drained 

S1 S1 S1 

Rooting conditions Effective soil depth Cm very deep very deep very deep very deep S1 S1 S1 

  Ground water level Cm >75cm >200 >200cm >200cm S1 S1 S1 

Nutrient 

availability 

soil texture  medium fine 

textured 

fine textured fine 

textured 

S1 S1 S1 

  soil reaction (pH)  6.0 – 7.0 5.49 6.36 6.59 S1 S1 S1 

  topsoil OC % High Medium medium medium S2 S2 S2 

  Topsoil TN % High Low medium medium S3 S2 S2 

  TOpsoil Avail P Mg/kg High very low medium medium S3 S2 S2 

Aluminium toxicity Al. saturation % None Medium high high S3 S3 S3 

Nutrient ret. 

Capacity 

BS % High very low very low very low S3 S3 S3 

  CEC  cmol(+)/kg High Low medium medium S3 S2 S2 

Salinity Ece  (dS/m) <5 <1.7 <1.7  <1.7 S1 S1 S1 

Flooding hazard Frequency of flooding  None None none none S1 S1 S1 

Erosion hazard Slope angle %   >60 >60 30-60 S4 S4 S3 

7
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Table 13:  Main ecological requirements for beans in the studied areas compared to the actual conditions in the field 

 

 

 

 

 

 

 

 

 

 

 

 

GSK-P1&P2:  Soil profiles for Gasaka Sector, Nyamagabe District  TMB-P1: Soil profile in Tumba Sector, Huye District 

Land use requirements) 

 (Land quality) 

Land characteristics 

 (Diagnostic factor 

Unit Optimum range 

  

Actual field range Rating 

GSK-P1 GSK-P2 TMB-P1 GSK-

P1 

GSK-

P2 

TMB-

P1 

Moisture availability Total rainfall in growing 

period 

Mm ≥300mm in 3 

months 

1300-1450 1300-1450 1200 -1281 S1 S1 S1 

Temperature regime Mean temperature in 

growing period 

o
C 15 to 27

o
C 18

o
C 18

o
C 19 – 21

o
C S1 S1 S1 

Oxygen availability to 

roots 

Soil drainage Class well drained well 

drained 

well 

drained 

well 

drained 

S1 S1 S1 

Rooting conditions Effective soil depth Cm very deep very deep very deep very deep S1 S1 S1 

  Ground water level Cm >50cm >200 >200cm >200cm S1 S1 S1 

 

Nutrient availability 

Soil texture Class medium fine 

textured 

fine 

textured 

fine 

textured 

S1 S1 S1 

  Soil reaction (pH)0-25cm  5.5– 7.5 5.49 6.36 6.59 S1 S1 S1 

  OC % High Medium medium medium S2 S2 S2 

  TN % High Low medium medium S2 S2 S2 

  Avail P mg/kg High very low medium medium S2 S2 S2 

Aluminium toxicity Al. saturation % None Medium high high S3 S3 S3 

Nutrient retention 

capacity 

BS % High very low very low very low S3 S3 S3 

  CEC  cmol(+)/kg High Low medium medium S3 S2 S1 

Salinity Ece  (dS/m) <5 <1.7 <1.7  <1.7 S1 S1 S1 

Flooding hazard Frequency of flooding  None None none none S1 S1 S1 

Erosion hazard Slope angle % Low altitude >60 >60 30-60 S3 S3 S3 

 

7
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Table 14:  Main ecological requirements for sweet potatoes in the studied areas compared to the actual conditions in the field 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GSK-P1&P2:  Soil profiles for Gasaka Sector, Nyamagabe District  TMB-P1: Soil profile in Tumba Sector, Huye District 

                    

 

 

 

Land use 

requirements) 

 (Land quality) 

Land characteristics 

 (Diagnostic factor 

Unit Optimum range 

  

Actual field range Rating 

GSK-P1 GSK-P2 TMB-P1 GSK-

P1 

GSK-

P2 

TMB-

P1 

Moisture availability Total rainfall in growing 

period 

mm 600-1200 1300-1450 1300-1450 1200-1281 S3 S3 S3 

Temperature regime Mean temperature in growing 

period 

0
C 21-28

o
C 18

o
C 18

o
C 19-21

o
C S3 S3 S2 

Oxygen availability to 

roots 

Soil drainage Class Well drained Well 

drained 

Well 

drained 

Well 

drained 

S1 S1 S1 

Rooting conditions Effective soil depth cm Very deep Very deep Very deep Very deep S1 S1 S1 

  Ground water level cm >50cm >200 >200cm >200cm S1 S1 S1 

Nutrient availability Soil texture  Medium to Coarse Sand clay Clay loam Clay loam S1 S1 S1 

  Soil reaction (pH)0-25cm  5.8-6.0 5.49 6.36 6.59 S1 S1 S1 

  OC % High Medium Medium Medium S2 S2 S2 

  TN % High Low Medium Medium S3 S2 S2 

  Avail P mg/kg High Very low Medium Medium S3 S2 S2 

Aluminum toxicity Al. saturation % None Medium High High S3 S3 S3 

Nutrient ret. Capacity BS% % High Very low Very low Very low S3 S3 S3 

  CEC  cmol(+)/kg High Low Medium Medium S3 S2 S2 

Salinity Ece  dS/m <5 <1.7 <1.7   S1 S1 S1 

Flooding hazard Frequency of flooding % None None none none S1 S1 S1 

Erosion hazard Slope angle (dS/m) <6% >60 >60 30-60 S3 S3 S3 

7
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Table 15:  Main ecological requirements for cowpeas in the studied areas compared to the actual conditions in the field 

 

 

 

 

 

 

 

 

 

 

GSK-P1&P2:  Soil profiles for Gasaka Sector, Nyamagabe District  TMB-P1: Soil profile in Tumba Sector, Huye District 

Land use 

requirements) 

 (Land quality) 

Land characteristics 

 (Diagnostic factor 

Unit 

  

Optimum 

range 

  

Actual field range Rating 

GSK-P1 GSK-P2 TMB-P1 GSK-

P1 

GSK-

P2 

TMB-

P1 

Moisture availability Total rainfall in growing period mm 1000-1500 1300-1450 1300-1450 1200-1281 S1 S1 S1 

Temperature regime Mean temperature in growing 

period 

o
C 20-25

o
C 18

o
C 18

o
C 19-21

o
C S2 S2 S2 

Oxygen availability to 

roots 

Soil drainage  Class Well drained Well drained Well drained Well drained S1 S1 S1 

Rooting conditions Effective soil depth   Very deep Very deep Very deep Very deep S1 S1 S1 

  Ground water level cm >50cm >200 >200cm >200cm S1 S1 S1 

Nutrient availability Soil texture Class medium sand clay clay loam clay loam S1 S1 S1 

  Soil reaction (pH) 0 - 25cm   6.5 5.49 6.36 6.59 S2 S1 S1 

  OC % High Medium Medium Medium S2 S2 S2 

  TN % High Low Medium Medium S3 S2 S2 

  Avail P mg/kg High Very low Medium Medium S3 S2 S2 

Aluminium toxicity Al. saturation % none Medium High High S3 S3 S3 

Nutrient ret. Capacity BS % High Very low Very low Very low S3 S3 S3 

  CEC  cmol(+)/kg High Low Medium Medium S3 S2 S2 

Salinity Ece  (dS/m) <5 <1.7 <1.7   S1 S1 S1 

Flooding hazard Frequency of flooding   none None none none S1 S1 S1 

Erosion hazard Slope angle % low altitude >60 >60 30-60 S3 S3 S3 

7
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Table 16: Main ecological requirements for wheat in the studied areas compared to the actual conditions in the field 

 

 

 

 

 

 

 

 

 

 

                        

 

 
 

 

 

 

 

 

 

 

 

GSK-P1&P2:  Soil profiles for Gasaka Sector, Nyamagabe District  TMB-P1: Soil profile in Tumba Sector, Huye District 

Land use 

requirements) 

 (Land quality) 

Land characteristics 

 (Diagnostic factor) 

Unit 

  

Optimum range 

  

Actual field range Rating 

GSK-P1 GSK-P2 TMB-P1 GSK-

P1 

GSK-

P2 

TMB-

P1 

Moisture availability Total rainfall in  mm 400-600 1300-1450 1300-1450 1200-1281 S3 S3 S3 

Temperature regime Mean temp  in growing period 
o
C 25-31

o
C 18

o
C 18

o
C 19-21

o
C S3 S3 S3 

O2 availability to roots Soil drainage  Class Well drained Well drained Well drained Well drained S1 S1 S1 

Rooting conditions Effective soil depth   Very deep Very deep Very deep Very deep S1 S1 S1 

  Ground water level cm >50cm >200 >200cm >200cm S1 S1 S1 

 

Nutrient availability 

Soil texture Class Light- medium  Sand clay Clay loam Clay loam S1 S1 S1 

  Soil reaction(pH)0-25cm   6.0-7 5.49 6.36 6.59 S2 S1 S1 

  OC % High Medium Medium Medium S2 S2 S2 

  TN % High Low Medium Medium S3 S2 S2 

  Avail P mg/kg High Very low Medium Medium S3 S2 S2 

  BS % High Very low Very low Very low S3 S3 S3 

Aluminium toxicity Al. saturation % none Medium High High S2 S3 S3 

Nutrient ret. Capacity CEC  cmol(+)/kg High Low Medium Medium S3 S2 S2 

  Ece  (dS/m) <5 <1.7 <1.7   S1 S1 S1 

Salinity Frequency of flooding   none None None None S1 S1 S1 

Flooding hazard duration of flooding   none None None None S1 S1 S1 

Erosion hazard Slope angle % low altitude >60 >60 30-60 S3 S3 S3 
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Class 3: Marginally suitable land (S3) 

Land having limitations which in aggregate are severe for sustained application of a given 

use and will so reduce productivity or benefits, or increase required inputs, that this 

expenditure will be only marginally justified. Gitwa (GSK-P1) and Raro (GSK-P2) sites 

are marginally suitable for maize, beans, sweet potatoes, cowpeas and wheat. Some 

limitations such as temperature regime, moisture availability, nutrient availability, nutrient 

retention capacity, and toxicity and erosion hazard have been observed as limitations 

(Tables 12,13,14,15,16 and 17). 

 

Class N: Not suitable (N) 

Land having limitations which appear as severe as to disqualify any possibility of 

successful sustained use of the land in the given manner; or the limitations may be 

surmountable in time but cannot be corrected with existing knowledge at currently 

acceptable cost. The areas under study doesn’t have such kind of situation because even if 

temperature was noted as limitation but some crops can tolerate and once soil fertility 

improved, the production can be successful. 

 

Table 17: Overall land suitability classification for the representative areas of 

Nyamagabe and Huye Districts 

GSK-P1&P2:  Soil profiles for Gasaka Sector, Nyamagabe District TMB-P1: Soil profile in Tumba 

Sector, Huye District 

Limitations to suitability: 

 

x=toxicities, na= nutrient availability, nr= nutrient retention capacity, m= moisture availability,                            

c= temperature regime, e= erosion hazard 

Land area/ 

Studied sites 

Rainfed crops 

 Maize Beans Sweet potatoes Pea Wheat 

GSK-P1 S3x,nr,na,e S3x,nr,e S3m,c,x,na,nr,e S3na,x,nr,e S3m,c,na,nr,e 

GSK-P2 S3x,nr,e S3 x,nr,e S3m,c,x,na,nr,e S3x,nr,e S3m,c,na,nr,e 

TMB-P1 S3x,nr,e S3 x,nr,e S3x,nr,e S3x,nr,e S3m,c,na,nr,e 
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CHAPTER FIVE 

 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The following conclusions can be drawn from the results of the study: 

i. Parent material, climate and relief have influenced soil characteristics. Human 

activities such as terracing, deforestation and cultivation without proper land 

management practices have influenced the soils as well. They have led to an 

increase in soil erosion, which is among the pedogenetic processes  

ii. The soils of the study area are rated as having low fertility as indicated by low TN, 

low OC and low OM, low pH, low available P, low levels of CEC, exchangable 

bases and low base saturation. Low pH values may increase P unavailability 

because pH values below 5.5 are associated with free Al and Fe which tend to fix 

P. Also nutrient imbalances caused by Ca/Mg ratio, Ca/TEB ratio and Mg/K ratio 

can inhibit uptake of some nutrients by plants. 

iii. Elemental composition coupled with silica/sesquioxide, silt/clay ratio showed that 

the soils of Nyamagabe (GSK-P1 and GSK-P2) and Huye (TMB-P1) Districts are 

dominanantly composed by kaolinite 1:1 silicate clay mineral and 

sesquioxides.These soils are, therefore, highly weathered, with GSK-P1 being most 

highly weathered followed by GSK-P2 profile and TMB-P1 which is the least 

highly weathered one. 

iv. The lands of the study areas are marginally suitable for production of maize, beans, 

cowpeas, sweet potato and wheat with some limitations such as temperature 

regime, moisture availability, nutrient availability, nutrient retention capacity, 

nutrient toxicity and erosion hazard. 
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5.2 Recommendations 

From the results of this study, the following recommendations are given: 

i. Permanent crops such as coffee, banana and tea or agroforestry and fodder crops 

should be planted in these areas. This will help in stabilizing the soil from erosion 

by their extended roots and reduce leaching of cations. The use of progressive and 

bench terraces should be promoted for soil and water conservation, particularly in 

the highly mountainous areas of Rwanda. 

ii. Sustainable cropping can be achieved with introduction of technologies suitable for 

rejuvenating soil fertility such as manuring, crop rotation, proper management of 

crops residues, fallow periods, and introduction of leguminous cover crops in the 

farming system and use of fertilisers coupled with efficient placement,especially 

non-acidifying types of fertilisers. For soil acidity problems, the practice of either 

liming, which is important in raising the low pH to favourable levels of around pH 

6.5 and 7.5, or planting crops that are tolerant to acidity are recommended as the 

best options for these areas.  

iii. Al toxicity can be corrected by liming to pH > 5.5 to precipitate the exchangeable 

Al aluminum hydroxide. Alternatively, organic matter addition can reduce Al 

toxicity by binding the Al ions in organic matter complexes  

iv. Further research should be carried out in  order to assess efficient use, types and 

application rates of fertilisers to replenish deficience nutrients. In addition, as land 

degradation posed a serious impact on soil changes, more detailed in pedological 

characterisation and soil classification (systematic soil mapping) should be carried 

out to cover more areas in Rwanda. 
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