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ABSTRACT 

Characterizing and classifying the behavior of soil based on differences in topography 

and land use systems practiced is useful for sound soil management. To this effect, the 

influence of topographic positions (lower, middle, and upper) and land uses (cultivated 

land and grassland) on soil physicochemical characteristics were assessed and thereby 

classify the major soil types of the study area. Accordingly, a total of three pedons, one at 

each topographic position, were freshly opened and described for their morphological 

properties in the field. The soil samples from each of the identified horizons and surface 

composites (0-20cm) were collected from each land use at each topographic position and 

physicochemical properties of the soils were characterized in the laboratory following 

standard procedures. The result revealed that clay, silt, sand, EC, exchangeable 

potassium, CEC, and Fe were significantly (P ≤ 0.05) affected by topographic positions. 

Accordingly, the significantly highest concentration of clay and silt fraction, soil EC and 

exchangeable potassium were observed at lower topographic positions whereas, 

significantly higher sand content, CEC, Fe and Mn were recorded at upper topographic 

positions. Similarly, EC, Mg, K, Na, CEC, Fe, Mn and Zn were significantly (P ≤ 0.05) 

affected by land uses in which significantly highest of these parameters recorded under 

grassland. The observed relationship between topographic features, soil characteristics, 

and land use types will help to advance the understanding of soil-land use-landscape 

relation in the study area, and showed a less costly way of acquiring soil information. 

The results of the in-situ morphological description of the soil pedons followed by the 

laboratory analysis of the sampled horizons, soils were classified as Phaezomes 

Cambisols and Luvisols at upper, middle and lower topographic positions, respectively. 

Generally, surrounding landform and land use influenced soil properties, suggesting the 

need for different management practices for varying slope gradients and land uses for 

sustainable agricultural production. 

 

Keywords: land use; pedon; physicochemical properties;  topographic positions
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1. INTRODUCTION 

Soil is an important natural resource for agriculture, the basic economic source of Ethiopia. 

Agriculture is the mainstay of the national economy (Shimeles, 2012), on which livelihoods of 

the majority has been highly dependent on natural resources for centuries (Amsalu et al., 

2007). Agriculture, accounting for about 45% of gross domestic product (GDP) and 85% of 

total employment,  is the dominant sector in the national economy of  Ethiopia  (CSA, 2010).  

Increasing population pressure expanded farming from gently sloping surfaces in the 

highlands to steeper slopes and marginal lands (Demel, 2001) which in turn have brought 

disturbance to the ecosystems, particularly soils that are the determinant factors of agricultural 

production and productivity. 

In developing countries like Ethiopia where research funds are limited, the availability of 

pedogenic information and proper classification of soils will be greatly important in adopting 

well tested management technologies and landscape positions without going through the 

whole process of time consuming and expensive technology selection field trials as this will 

provide the basic information for sustainable agricultural planning. Nevertheless, sustainable 

soil managements that are based on the understanding of soil systems are not available for 

most parts of the country (Fikre, 2003). 

Characterizing of soil physical and chemical properties is essential for proper use of soil 

resources on different topographic positions and speeding up technology transfer (Seid et al., 

2017). A study conducted by Daniel and Tefera (2016) in Aba Midan Sub Watershed in 

Bambasi Wereda, West Ethiopia concluded that increasing extent of continuous and intensive 

cultivation with minimum conservation practices and erosion due to slope effect can further 
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deteriorate soil properties and the control of such damaging effects would require proper soil 

conservation strategies such as proper land leveling, afforestation, crop rotation, fallowing, 

terracing and inclusion of restorative crops in cropping systems on these lands.  

Several studies have been conducted to determine dominant controlling factors on soil 

properties within landscape (Fantaw et al., 2006; Mulugeta and Sheleme, 2010; Dinku et al., 

2014). Dinku et al. (2014) regarded topography as the dominant factor influencing soil 

property variation along a toposequence due to its influence on runoff, drainage and soil 

erosion, and consequently on soil development along a toposequence of Ele watershed, 

Southern Ethiopia. Many soil properties including particle-size distribution, pH, organic 

carbon, total nitrogen, available phosphorus, exchangeable cations and cation exchange 

capacity vary with slope position (Mulugeta and Sheleme, 2010; Dinku et al., 2014; Teshome 

et al., 2016).  On the other hand Teshome  et al (2018) carried out study on characterization 

and classification of soils of Wolkite University research sites, Ethiopia argued that soils  of  

the  research  sites  were  acidic  with  low  status of  available phosphorus, which need 

amelioration of soil acidity and nutrient management. Within the same context Endalkachew 

et al (2018) conducts study on the characterization and classification of soils of Yikalo 

Subwatershed in Lay Gayint District, Northwestern Highlands of Ethiopia stated that optimum 

rates of organic and inorganic amendments should be applied to reduce the level of soil 

acidity, and improve the fertility level of the soils for better crop production and productivity. 

On the other hand study carried out by Lawal et al. (2013) reported that sand dominated the 

mineral fraction and its content in the surface horizon decreased down the slope, whereas silt 

content increased down the slope due to sorting by geological and pedogenic processes. 

Although organic carbon (OC), total nitrogen (TN) and available phosphorus (P) were rated 
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high, TN and available P decreased down the slope. High cation exchange capacity (CEC) was 

an indication that the soils have high potential for plant nutrients retention. 

The farmers in and around Siltie woreda, practices traditional land management and soil 

conservation with mixed farming systems. Despite their long standing traditional land  

management and soil conservation  practices,  which  are  still in use, the toposequance of 

their agricultural lands were not studied in the woreda. The information on characterization 

and classification of soil along the toposequance of Boneya Keto in relation to agricultural 

productivity were not well documented. Therefore, the present study was aimed to 

characterize and classify the soils of toposequance of Boneya Keto as well as to these the 

study provided detailed information on the morphological, physical and chemical 

characteristics. It is hoped that the study will provide valuable and baseline information on the 

soils and other land resources of the study area in developing a sound management plan for 

agricultural activity of toposequance of Boneya keto. 

1.1.Statement of the Problem 

vital role to understand the soil environment and its service (Nahusenayet al., 2014). Soil 

fertility decline remains one of the most serious problems facing the world. Ethiopia  has  

diverse  soil  resources  largely  because  of  its  diverse  topography,  climatic conditions and 

geology (Abayneh, 2001). Due to these higher variations of soil, regional and small-scale 

studies seem to be inadequate in providing basic soil data that can help manage soils according 

to the local variability. Soil survey reports (FAO, 1984) have indicated that soil conditions 

show great variations across the regions, and that different soils require specific management 

practices. Several studies were indicated that characterization and classification of soils along 
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the toposequence in small scale could not be enough to draw development planning at 

watershed level (Alemu and Tadele, 2018).  Consequently, sustainable soil management 

practices that are based on the understanding of soil system are not available for most parts of 

the country.  

However, the farmer‟s productivity constrained and continued decline of soil fertility and land 

degradation on smallholder farmers is partly attributed to inappropriate land use as a results of 

poor understanding of the soil resource base. Hence, there is a need to commence detailed soil 

characterization and classifications along the toposequence of toposequence of Boneya Keto. 

Lack of data to show the characteristics and classification of soil along the toposequence of 

the study site is an important limitation to the characterization and classification of soils. 

Unfortunately, the expected knowledge from farmers regarding to the characteristics and 

classification of soil along the toposequence is not considered for sustainable soil management 

practices that are based on the understanding of the soil system. Perhaps this study was carried 

out to identify the morphological, physical and chemical properties of the soil along the 

toposequence and classify the soils of the toposequence of Boneya Keto according to WRB 

Classification systems. 

1.2.Objective 

1.2.1. General Objective 

The overall objective of this study is to characterize and classify soil along the toposequence 

of Boneya keto. 
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1.2.2. Specific objective 

 To determine the influences of topography and land uses on physicochemical 

properties of the soil. 

 To examine the morphological, physical and chemical properties of the soil along the 

top sequence of the study area. 

 To classify the soils of the top sequence of Boneya Keto according to WRB 

Classification systems. 
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2.LITERATURE REVIEW 

2.1. Overview of Soil 

Soil is slowly renewable dynamic natural resource that determines the ultimate sustainability 

of any agricultural system. Water movement, water quality, land use, and vegetation 

productivity all have relationships with soil. Soils provide food, fodder and fuel for meeting 

the basic human and animal needs (Schoonover and Crim, 2015). Soils have diverse 

morphological, physical, chemical and biological properties. As a result, they differ  in their  

responses  to  management  practices,  their  inherent  ability  to  deliver  ecosystem  services,  

as  well  as  their  resilience to disturbance and vulnerability to degradation (FAO, 2017). 

Ethiopia is a country of great geographical diversity with mountains, highlands, extensive 

plateaus, valleys, deep gorges and lowlands. Being located within the tropics, such physical 

conditions and variations in elevations have resulted in the greatest diversity of climate, 

vegetation and soils (Dereje, 2004). 

2.2. The Effect of Topography on Soil Properties 

Topography influences soil properties through its effects on geomorphological, hydrological 

and biogeochemical processes (Webster et al., 2011).  It  determines  both  the  vertical 

redistribution  of  elements  within  soil  profiles  through  leaching  and  laterally  along  slope  

gradients (Laekemariam et al., 2016). Topography plays a vital role in biogeochemical 

processes which performs key environmental, economic and social functions (Griffiths et al., 

2009).Any spatial patterns depend on soil forming processes, our understanding of which is 

still limited, especially in regards to topographic effects. Soils vary in their characteristics 

primarily because of  topography (Amhakhian and Achimugu, 2011) which modifies soil 
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water relationships and large extent influences on rainfall, drainage, soil erosion, textural 

composition and other soil properties that affect plant growth within a field (Atofaratiet et al., 

2012). Topographic variability associated with crop production is an integrated reflection on 

soil properties and factors affecting agricultural productivity (Dinaburga et al., 2010). 

According to Buol et al. (2011), specific statements about the relationship between slope and 

soil property can be made only within specified geographic areas. This is probably due to 

variation in intensity and nature of soil forming factors. Within a specific geographic region, 

the following soil properties are commonly found to be relief related. These are depth of 

solum, thickness and organic matter content, relative wetness of the profile, color of the 

profile, degree of horizon differentiation, soil reaction, soluble salt content, kind and degree of 

“pan” development, temperature and characteristics of the materials. In similar study 

topographic attributes are also central to many ecological characteristics through their 

influence on both soil moisture and soil chemistry and there by affecting plant communities 

and their distribution on the landscape (Yimer et al., 2006). 

Study conducted by Amuyuo and Kotingo (2015) reported that Cultivation and slope gradients 

have marked influence in soil Properties as expressed in the distribution in soils along slope 

positions in the Obudu Mountains. However,  the  variation  in  soil  properties  in  the  area  

was  not  remarkable.  Sand fractions were relatively uniform across the upper, middle and 

foot slope positions of the catena. But silt and clay were observed to record high values (22.14 

%) and (28.75 %) in the lower segment of the slope within top layers while they exhibited 

irregular distribution at 15-30 cm of soil depth. In any case, sand particle fraction was the 

dominant inorganic fragment across the different slope complex. 
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Also, the distribution of  soil  pH  across  the  upper,  middle  and  foot  slope  positions  was 

moderately acidic. But soil pH value was relatively high in the upper slope segment compared 

to other segments of the catena.  The pH value at the upper slope position could probably be 

attributed to the site being covered with grasses. Since there is limited change in the vegetation 

and  turning  of  the  soil  as  compared  to  cultivated  fields;  this  mean  the  pH  is  likely  

remain  unaffected (Fungo et al.,  2011). On the contrary, the frequency of cultivation may 

result in a more repaid decomposition of organic matter and weakening of soil structure which 

later results in lowering of soil pH. 

2.3. Soil Landform Relationships 

Soils that vary with landscape are due to some combinations of microclimate, Pedogenesis and 

geological processes. In a given geographical location the landform, indirectly control most of 

the soil forming processes. Erosion processes are more intensive on the steeper slopes and 

convex landform; accumulation processes are concentrated on the flatter areas and concave 

landforms (Weigel, 1986). The same author described that due to the longer periods of high 

soil moisture, weathering processes are much more intensive in flatter and concave areas. 

The most obvious relationship of soil properties to landform/topography probably occurs in 

humid regions where soils on nearly level areas reflect to have thicker solum than on sloppy 

land (Buol et al.,2011). Soils on the uplands commonly are well drained, whereas those in 

depressions are poorly drained and rich in clay and organic matter, with signs of various 

degrees of gleying. 



 
 

9 
 

2.4. Soil Characterization 

Soil characterization  provides  the information for our understanding of the physical, 

chemical, mineralogical and  microbiological  properties of  the soils we depend  on  to grow  

crops, sustain  forests and  grasslands  as  well  as  support  homes  and  society  structures  

(Ogunkunle,  2005). 

Previous studies indicated that made so far were mostly at small scale, which could not be 

applicable for site specific land use and soil management. Therefore, adequate knowledge on 

soil characteristics at large scale and or local watershed or farm level is essential in tackling 

specific and local problems of agricultural production (Hailu et al., 2015). As the landscape is 

undulating, soil characteristics at different topographic positions differ. 

2.4.1. Morphological Properties 

Soil morphology, characterized by soil structural analysis in toposequence, facilitates the 

understanding of the topographic influence on the chemical, physical, hydrological and micro 

morphological attributes of soils. Micromorphology combined with other soil analyses helps 

in the integration and synthesis of soil processes, covering several hierarchical levels, from the 

landscape to the soil microstructure (Balasubramanian, 2017). In order to place a soil in its 

correct position in the classification system, a thorough knowledge of the morphological 

characteristics is necessary. Morphology of soil is the most important tool than physical and 

chemical properties of soil in soil classification because it is observed under natural 

undisturbed condition (Balasubramanian, 2017). 
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2.4.1.1. Soil Color 

Soil color is one of the important basic properties which help to identify the kinds of soils and 

recognize the successions of soil horizons or layers in soil profiles. It has long been used for 

soil identification and qualitative measurements of soil properties and is a helpful field soil 

property for characterizing soil types (Noshadi et al., 2013). According to Mohammed et al. 

(2005), in Jelo micro- catchments of the Chercher highlands of eastern Ethiopia, color 

characteristics showed a gradient pattern of variation from dark in up slope uncultivated soils 

through brown in foot slope, to black and/or dark brown in toe slope cultivated soils. 

Nuga et al. (2006) reported that the variation in color matrix of soils could be attributed to the 

sequence of drainage condition and physiographic position. Hossain et al. (2011) stated that 

the alternate wetting and drying conditions in the soils resulted in the reduction and 

subsequent release of iron oxides, which were accumulated in the form of brown, light olive 

brown, dark brown and dark yellowish brown mottles in the middle zone of the profiles. In a 

similar way, Dinku et al. (2014) identified the color variation in the toposequence of Ele 

watershed southern Ethiopia thatvaried from dark red at upper slope to very dark gray at 

depression and indicating the influences of topography on soil color patterns through its effect 

on the rates of surface runoff, erosion and deposition.  

Organic matter, water content and the presence and oxidation states of iron and manganese 

oxides influence soil color. Soils on hilly slopes are usually characterized by coarse-textured 

and are lighter in color while soils at lower slopes are fine in texture and darker in color due to 

the removal of organic matter and finer soil particles from the upper slopes in the case of the 
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former, and their deposition at the lower slopes in the case of the latter (Dinku et al 2014; 

Sheleme, 2017). 

2.4.1.2. Soil Structure and Consistence 

The term structure relates to the arrangement of primary soil particles in to aggregates or peds. 

Soil structure is one of the soil physical properties, which is very sensitive to soil management 

practices. Ashenafi et al. (2010) reported that higher clay content could be reason for better 

development of soil structure. The soils at the foot slope had strong to moderate, fine to 

medium, sub angular blocky structure on the surface that changed to moderate to strong, 

medium to coarse angular blocky in the subsurface horizons (Mohammed et al., 2005). 

According to the same authors, the toe slope soils dominantly consisted of strong to very 

strong, medium sub angular blocky on the surface and very strong, coarse to very coarse 

angular blocky in the subsurface horizons. The structure of the soil along the toposequence 

exhibited wide variability. The structure of the soil at the summit areas was weak to moderate, 

fine to medium, crumb while that of the soil at the toe slope was moderate to very strong, fine 

to very coarse blocky structure at the surface (Mebit, 2006). 

Soil consistence refers to the manifestations of the physical forces of cohesion and adhesion 

acting within the soil at a range of soil moisture contents (Lal and Shukla, 2004). Most of time 

consistence is described for three moisture levels; wet, moist, and dry (Buol et al., 2011). It is 

a term used to describe the action of physical forces of cohesion and adhesion on the attributes 

of soil material at these moisture contents that determines the resistance of soil material to 

crushing or rupture and its ability to change the shape or to be molded. Ashenafi et al. (2010) 
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stated that friable consistency of soils indicates soils are workable at appropriate moisture 

content and lack of very sticky and very plastic consistency. 

2.4.2. Physical Properties 

The physical properties of the soil are influenced by the size, proportion, arrangement and 

mineral composition of the soil particles. Soil physical properties also largely determine the 

manner in which it can be used, water and air supplying capacity to plants. Some 

morphological and physical properties of the soils are highly influenced by the land use 

system and its management, whereas others by differences and/or the origin (geology) from 

which they were formed. For example, many soil physical properties changed with cultivation, 

intensity of cultivation, the instrument used and the nature of the land under cultivation, 

rendering the soil less permeable and more susceptible to runoff and erosion losses (Mesifin, 

1998). 

2.4.2.1. Soil Texture 

The soil solid phase as a whole can be characterized in terms of the relative proportions of its 

particle size groups called soil separates. The relative size range of the soil particles is 

expressed by the term texture, which, qualitatively, refers to the fineness or coarseness of the 

soil. Quantitatively, it refers to the relative proportions of the different particle size fractions, 

specifically referred to as sand, silt and clay  (with  organic  and  cementing  materials  

removed)  (Chaudhary, 2002; Hillel, 2004). Soil texture affects a number of physical and 

chemical properties of soils including infiltration  and  retention  of  water,  soil  aeration,  

absorption  of  nutrients,  microbial  activities,  tillage  and  irrigation practices (Gupta, 2004). 
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According to Samuel (2006), the texture of the surface soil at the back slope profile was sandy 

loam in back slope areas at which sand was the dominant soil separate (61%), whereas it was 

clay in texture throughout the profile except loam soil texture (23% clay) occurred at the depth 

of 131-194 cm of the foot hill slope soil. However, textural classes of the surface horizons 

were clay for all the landforms except for the back slope, which was clay loam. Clay 

percentage increased and sand decreased from the summit area to the toe slope. Although 

texture is an inherent soil property, slope may contribute directly for the change in particle size 

distribution particularly in the summit area as a result of clay removal through erosion and 

deposition at the toe slope (Mebit, 2006). On the other hand study carried out by Mohammed 

et al. (2005), the soil textural class varied with positions of soils in the landscape. It ranged 

from silt clay loam in the upper slopes to clayey in the lower slope positions; suggesting that 

amount of clay increases down slope. 

2.4.2.2. Particle and Bulk Densities 

The fact that the bulk density is lower at the surface than the under-lying horizons observed in 

the toe slope and lower foot slope area soils were in agreement with the established fact that 

bulk density is lowest at the surface due to high organic matter content (Mebit, 2006; Samuel, 

2006). According to the same author, in the toe slope, lower foot slope and upper foot slope 

areas, bulk density increased with depth. According to Ahmed (2002), bulk density showed 

greater variation with profile depth and higher bulk density was obtained at the sub-soil 

horizons under all the elevation zones and land use types.  

Soil particle density is defined as the mass per unit volume of the soil solids. Particle density 

isaffected  by  mineralogical  composition  and  crystal  structure  of  mineral  and  OM  
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content.  However, it is not affected by structure of the soil and it is less affected by 

management practices (Brady and Weil, 2002; Hillel, 2004). As a result, soil particle density is 

relatively a permanent property. The presence of iron oxides and various heavy minerals 

increases the average value of  particle density whereas the presence of OM lowers it. 

However, in most mineral soils, the  mean  particle density is about 2.6 to 2.7 g cm
-3 

(Hillel, 

2004). For general calculation purposes, a particle density of 2.65 g cm 
-3

 is used if the actual 

particle density is not determined. 

2.4.2.3. Porosity 

The pore spaces exist because of the particle and the disturbance including those due to roots, 

soil animals, swelling, cracking on shrinking and tillage that alter the spacing of aggregates or 

particles (Rose et al., 1996). Considering only the surface soil layers, the lowest total porosity 

(55.07%) was observed on the toe slope, followed by (58.77%) the lower foot slope, and the 

highest total porosity (66.07%) was observed at the 0-25 cm depth of the Mollic Leptosols of 

the back slope area (Mebit, 2006).For soils with the same particle density, the lower the bulk 

density, the higher is the percent pore space (total porosity). Total porosity of soil usually lies 

between 30 to 70% and may be used as a very general indication of the degree of compaction 

in a soil in the same way as bulk density is used. As is the case with bulk density, management 

exerts a decisive influence on the pore space of soils (Brady and Weil, 2002). 

2.4.3. Soil Chemical Properties 

Soil  chemical  properties  are  those  soil  properties  which  are  responsible  and  take  part  

in  the  chemical reactions and processes of the soil and  are the results of weathering of their  



 
 

15 
 

mineral Components, decomposition of organic materials and the activity of plants and 

animals pertaining to plant and animal growth and human development (Kimmins, 1997). 

2.4.3.1. Reaction (pH) 

Soil reaction (pH) is the degree of soil acidity or alkalinity, which is caused by particular  

Chemical, mineralogical and/or biological environment. It is the simplest and the most 

important Chemical parameter measured in soils Teferi (2008). The degree and nature of soil  

reaction are influenced by different anthropogenic and natural activities  including  leaching  

of exchangeable  bases, acid rains, decomposition of  organic materials, application of 

commercial fertilizers and other farming practices (Brady and Weil,2002; Havlin et al.,2002). 

Soil organic matter, or humus, contains reactive carboxylic and phenolic hydroxyl groups that 

behave as weak acids releasing H
+
 to the soil solution. As described by Mebit (2006), the 

highest pH (H2O) value (5.7) was observed on the Mollic Leptosols of the back slope followed 

by the same soil unit of the summit area (pH=5.6) when the surface horizons were considered. 

This is due to the higher buffering capacity attributed to the relatively higher organic matter 

content of the areas. As reported by Tadesse (2002) and Solomon (2006) in the middle and 

high altitude areas, pH of the soil decreases with depth of the soil.The soils in high altitude 

and those with higher slopes had low pH values, probably suggesting the washing out of 

solutes from these parts (Belay, 1996, 1998; Abayneh, 2001; Mohammed et al., 2005). 

2.4.3.2. Organic Matter and Total Nitrogen 

Organic matter is a weathering material from plants and animals and their degradation 

compounds containing carbon with the exception of carbon dioxide, carbonates, carbides and 

metal cyanides (Kordel et al., 1997). Soil OC is sometimes used synonymously with OM as C 
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is the main building block  of  all  organic  molecules;  and  the  amount  in  the  soil  is  

strongly  related  to  the  OC (Magdoff and Van, 2000). Soil OM controls many soil physical 

and chemical properties.  It  improves  aggregate  stability,  structure  of  soils  and  is  a  

source  of  several essential plant nutrients, especially N, S and P (Prasad and Power, 1997). 

As reported by Abayneh (2001), soil OM depends on the rates of renewal (source) and loss 

(removal) of carbon from the soil and it decreases with depth of the soil.  

According to Mengistu et al. (2017), fertile soil has an adequate supply of OM as grassland 

and forest land significantly higher OM content as compared to arable land owning to 

intensive cultivation of arable land and the total removal of crop residues for animal feed and 

source of energy.  Altitude increases, OM content of the soil increases due to its low 

decomposition rates due to lower air as well as soil temperature with increasing altitude.  

Demelash (2010) states that higher OM content in the surface horizons of the low-lying areas 

could be related to its foot slope position. This position could allow the profile to receive OM 

from upper slope areas through processes of erosion and deposition. In general, organic matter 

is the primary source of nitrogen, phosphorus and sulphur and a temporary sink for most plant 

nutrients. Moreover, organic matter is important in maintaining soil filth, aiding the infiltration 

of water and air circulation, promoting water retention, reducing erosion and controlling the 

efficiency and fate of applied pesticides (Gregorich et al., 1994). 

Nitrogen is the most limiting nutrient in the tropics and critical shortage of this nutrient brings 

significant grain/biomass yield reduction (Yihenew, 2002). According to Demelash (2010) N 

was high in the surface horizons and showed a systematic decrease with depth of the profiles. 

Sheleme  (2011)  found  out  that  OC  and  total  N  contents  were  not  influenced  by  land-
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use systems, possibly due to the complete removal of crop residues, and continuous heavy 

grazing in the case of grasslands. The C: N ratio was optimal, indicating the mineralization 

stage of soils and the availability of N to plants. The low content of OC and N could be 

attributed to the effects of intensive cultivation, which aggravated the oxidation of OC. 

Another finding also revealed that cultivation of land results in the reduction of OC and N 

(Wakene and Heluf, 2003). On the other hand authors reported that the highest (0.56%) 

content of total nitrogen corresponded to the profile having high value of organic matter 

content. The lowest amount of total nitrogen (0.04%) was recorded in the pedon which also 

had the lowest organic matter content (1.7%). Considering the surface soil layers, the highest 

total nitrogen (0.446%) was recorded under the Mollic Leptosol of the backslope, whereas, the 

lowest total nitrogen (0.12%) was recorded under the Dystric Nitisols of the lower foot slope 

(Mebit, 2006). 

2.4.3.3. Cation Exchange Capacity 

Cation exchange capacity (CEC) is the ability of the soil solid phase to attract or store and 

exchange cationic nutrients with the soil solution and render them available to plants through 

exchange reactions (Muller-Samann and Kotschi, 1994).The CEC of  a soil  is  strongly 

affected  by the amount and type of clay, and  amount  of OM  present  in  the  soil  (Brady 

and Wevil, 2002). Both clay and colloidal OM are negatively charged and therefore can act as 

anions (Kimmins, 1997).  As a result, these two materials, either individually or combined as a 

clay-humus complex, have the ability to absorb and hold positively charged ions (cations).  

Soils  with  large  amounts  of  clay  and  OM  have  higher  CEC  than sandy soils low in OM. 

In surface horizons of mineral soils, higher OM and clay contents  significantly  contribute  to  

the  CEC,  while  in  the  subsoil  particularly  where  Bt  horizon  exist,  more CEC is 
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contributed  by the clay fractions than by OM due to the decline of OM with profile  depth 

(Brady and Weil, 2002). Soil solutions contain dissolved chemicals, and many  of  these  

chemicals  carry  positive  charges  (cations)  or  negative  charges  (anions)  (Fisher  and  

Binkley, 2000). According to, Mohammed et al. (2005) reported that the values of CEC were 

uniformly high throughout most profiles and did not show any clear pattern of variability 

among horizons of the profiles except two pedons, which showed slight decrease with depth. 

2.4.3.4. Available Phosphorus 

The term available phosphorous (Av.P) refers to the inorganic  form,  occurring  in  soil 

solution, which is almost exclusively orthophosphate. This orthophosphate occurs in several 

forms  and  combinations,  and  only  a  small  fraction  of  the  total amount  present  may  be 

available  to  plants,  which  is  of  direct  relevance  in  assessing  the  P  fertility  level.  

Soluble Phosphate may be adoptively retained at the surface of colloidal particles. In most 

soils, the main source of orthophosphate is organic matter (Buruah and Barthakur, 1997).  As 

reported by Mohammed et al. (2005) the levels of plant available P in soils vary depending on 

land use system, altitude, slope position and other characteristics, such as contents of clay and 

calcium carbonates. According to Demelash (2010), available P showed variation along the 

toposequence and within the horizons in the studied profiles of Dilla zuria District of Gedeo 

Zone. Apart from that, its level was also low in most of the soils; thus it is one of the major 

crop production limiting nutrient elements in the study area.  

Another author reported that topsoil phosphorus is usually greater than that in subsoil due to 

sorption of the added phosphorus and greater biological activity and accumulation of organic 

material in the former. However, soil phosphorus content varies with parent material, extent of 
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Pedogenesis, soil texture, and management factors such as rate and type of phosphorus applied 

and soil cultivation (Tekalign et al., 1998). 

2.4.3.5. Exchangeable Bases 

Exchangeable  bases  including  Ca,  Mg,  K  and  Na  are  important  in  soil  classification 

and genesis (Buol et al., 2011). Their levels in a given soil are more important than CEC 

because they not only  indicate  the  existing  nutrient  status,  but  can  also  be  used  to  

assess  balances among  cations. Moreover,they influence other soil properties, such as soil 

structure and nutrient uptake by crops (Landon, 1991). According to Ahmed (2002), different 

land management affects the amount of exchangeable calcium and magnesium. Leaching 

caused preferential losses of Na+ and K+. Higher values of Ca/Mg indicated the decrease in 

extractable magnesium content in soils (Satyavathi and Suryanarayan, 2003). 

All soils are naturally variable with their properties changing across landscape and vertically 

down the soil profile ( Sheleme, 2011). Several studies shows topography is the dominant 

factor influencing exchangeable base variation due to its influence on runoff, drainage and soil 

erosion, and consequently on soil development along a toposequence (Fantaw et al., 2006; 

Mulugeta and Sheleme, 2010; Dinku et al., 2014). They indicated that most of the important 

soil quality indicators were affected by different landscape positions, particularly at surface 

horizons. On steep slope, exchangeable bases are washed away from upper and steeper slopes 

and as consequence; soils of these parts tend to have lower content of Ca, Mg and Na, which 

may lower pH values (Buol el al., 2011). On other hand, soils of lower slope positions and 

foot slopes receive all forms of materials removed from their counter upper position and 

steeper slopes and resulted in higher contents of exchangeable Cation (Buol et al., 2011). 
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Exchangeable sodium (Na)  alters  soil  physical  and  chemical  properties  mainly  by  

inducing swelling and dispersion of clay and organic particles resulting in restricting water 

permeability  and air movement and crust formation and nutritional disorders (decrease 

solubility and availability of calcium (Ca) and magnesium (Mg)  ions) (Buol et al., 2011). 

According to (Brady and Weil, 2002), exchangeable Mg commonly saturates only 5 to 20% of 

the effective CEC, as compared to the 60 to 90% typical for Ca in neutral to somewhat acid 

soils. Research  works  conducted on Ethiopian  soils  indicated  that  exchangeable  Ca  and  

Mg  cations  dominate  the  exchange sites of most soils and contributed higher to the total 

percent base saturation  particularly  in  Vertisols  (Eyelachew,  2001).  Different crops have 

different optimum ranges of nutrient requirements. The response to calcium fertilizer is 

expected from most crops when the  exchangeable Ca is less than 0.2 cmol/kg of soils, while 

0.5 cmol (+)/kg soil is reported to be the deficiency threshold level for Mg in the tropics 

(Landon, 1991). 

2.4.3.7. Percent Base Saturation 

The percent base saturation (PBS) is as much a measure of the actual percentage of cation 

exchange sites occupied by exchangeable bases. It is influenced by the pH of the CEC 

determination. The denominator includes oxide-mineral complexes between the initial soil pH 

and the reference pH (7.0 or 8.2) (Bohn et al., 2001). Percent base saturation (PBS) is also 

directly related to soil pH and represents the relative availability  of  many  positively  charged  

nutrients  (Cations)  such  as  calcium,  magnesium, and potassium (Bandle and Meisinger, 

2002). Bierman and Rosen (2005) as indicated that  cation  exchange  is  the  major  nutrient  

reservoirs  of  K+,  Ca2+ and  is  also  important  in  holding N in the ammonium (NH4+) 

form. Major causes of soil acidity are leaching  and  plant  up  take  of  basic  cations  (Ca  and  
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Mg).  The  primary  issues  and  from  fertility  standpoint,  the  actual  amount  of  

exchangeable  Ca  or  Mg  in  soil,  rather  than  the  ratio  between them, is the most critical  

factor. 

According to same author, since neither the content of exchangeable Al nor exchangeable H is 

appreciable above pH 5.5, the effective CEC of the soil above this pH should be essentially 

100% base saturated. However, soils in the pH range of 5.5 to 7.0 or 8.2 generally still have 

measured base saturations well below 100%.  Such base saturation values are particularly low 

for minerals that have a high proportion of PH dependent charge, such as kaolinite clays. 

2.4.3.8. Available Micronutrients (Fe, Mn, Zn and Cu) 

Micronutrients are just as important in plants as the major nutrients except that they simply 

occur in plants and soils in much smaller concentrations. However, the information available 

about the status and limitation of micronutrients particularly in soils of sub-Saharan Africa is 

not adequate and is currently difficult for users to access (Haque, 1988).The same authors 

study conducted that, the first attempt of diagnosing the micronutrients status in Ethiopian 

soils showed that Fe and Mn were adequate, Zn varied between low to high, and Cu was 

deficient throughout the investigation sites (Haque, 1987).  

According to Brady and Weil (2002), intensive cropping, in which large amount of plant 

nutrients are removed in the harvest accelerates the depletion of micronutrient reserves in the 

soil and increases thelikelihood of micronutrient deficiencies. Erosion of topsoil carries away 

considerable soil organic matter, in which much of the potentially available micronutrients are 

held on steep slope land. 
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Study conducted by Mulugeta and Sheleme (2010) reported that, micronutrients contents 

decreased with increasing depth of the profile in order of micronutrient concentration in the 

profile was Mn > Zn > Fe > Cu. The trend of Mn concentration under different slope position 

was similar to that of Fe distribution indicated that these two elements have similar chemical 

behavior in tropical soil. The distribution of Cu was consistently decreased from the surface to 

the subsurface horizons, which might be attributed to strong association of soil organic matter. 

Positive correlation between Cu and organic matter showing that Cu is strongly complexed 

with organic matter as describe by (Wakene and Heluf, 2003). 

2.5. Soil Classification 

Soil classification is the categorization of soil into groups at varying levels of generalization 

according to their physical, mineralogical and chemical properties. According to Buol et al., 

(2011), classification and categorization of natural phenomena like, soils are generally done 

for one or more of the following purposes. These are to organize knowledge of subjects, 

provide maximum knowledge with least cognitive effort, provide a map or organization chart 

of the structure of the world we perceive and live in, to satisfy our natural curiosity and for 

ease in communication, reveal and understand the relationship among individuals and classes, 

identify and learn new relationship and principles not previously perceived, provide objects or 

classes as subjects for research and experimentation and /or research and, establish group or 

subdivisions of the objects classified to enable particular application. Soil classification is one 

of the most important stages in natural resources assessment and soil map is one of the basic 

tools for planning any agricultural development (Rabia et al., 2013).  
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There are several soil classification schemes in the world. The classification schemes differ 

because they are based on different appreciation of soil formation, use different criteria, and 

different hierarchical sub-divisions. But, according to Buol et al. (2011), the most common 

classification systems used worldwide are the WRB Legend and Soil Taxonomy of the United 

States. These two classification systems attempt to include all naturally occurring soils in 

different parts of the world.  

Currently the WRB legend classification has 32 major soil units of the higher level and 153 

sub units as a secondary level (IUSS Working Group, 2015). According to Fikre (2003), the 

criteria used by Soil Taxonomy are objective and based on properties that are determined 

quantitatively as well as seasonally dynamic soil temperature and moisture regimes. The 

system contains six levels or categories order, suborder, great order, subgroup, family, and 

series from the highest to the lowest level of generalization (Buol et al., 2011). 

2.6. Effects of Land Use Systems on Soil Chemical Properties 

Soil  chemical  properties  are  those  soil  properties  that  are  responsible  for  the  chemical 

reactions  and  processes  of  soil  and  are  the  result  of  soil  mineral  component  

weathering, decomposition of OM in the soil and the activity of plants and animals about plant 

and animal growth and human development (Sims, 2000). The chemical reactions that arise in 

the soil highly affects processes leading to soil improvement and soil fertility build -up 

(Amelework, 2017). Sheleme (2017) reported that, chemical properties of the surface soils 

including organic carbon, available P, exchangeable bases and CEC were significantly 

affected by land use. 
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The land-use system causes differences in pH and nutrient concentrations in the surface layers 

(Materechera and Mkhabela,  2001). Alemayehu and Assefa (2016) noted that the soil's pH of 

forestland were higher than cultivated and grazing lands soils and cultivated land were more  

acidic than those of the forestland and grazing lands owning to intensive farming over several 

years with nitrogen fertilizers on cultivated land.  

Managing SOC is indispensable for enhancing soil physical, chemical, and biological 

processes and properties (Shapro et al., 2013). The author also stated that an increase in SOC 

can  increase  soil aggregate stability, water retention capacity, water infiltration, plant 

available water, soil microbial and macro fauna biomass and activity, and cation exchange. 

Wondimagegn et al. (2018) indicate that the SOC concentration showed significant difference 

with land use types in which highest was observed under natural and mixed forest and lower 

under cultivated land compared with other land uses. On the other hand, soil organic carbon 

content exhibits considerable variability spatially, both horizontally according to land use and 

vertically within the soil profile. The variability of soil organiccarbon stock could be due to 

input from fresh material decomposition of some partsof above-ground foliage, which is the 

main pathway of input of new soil organic carbon into the  soil;  i.e.,  input  from  material  

decomposition  was  relatively  lower in  communal  and cultivated land use types owing to 

removal by grazing (Addis et al., 2019).  

Nitrogen  occurs  in  the  soil  in  both  organic  and  inorganic compound form of which plants 

absorb N in its cationic form (NH4+) and anionic form (NO3-) and get readily available N 

forms from various sources (Amelework, 2017). Wasihun (2015) illustrated  that  when  the  

values  of  OM  content  increased,  the  contents  of  total  N  also increased and vice versa 
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showing the direct relationship between them. On the other hand, the total N content of the 

soils was significantly affected by land use. Accordingly, the average value of total N was 

highest in the forest land and lowest under the cultivated land (Mamo, 2011).  The  

considerable  reduction  of  total  N  in  the continuously  cultivated  fields  could  be  ascribed  

to  the  usually  anticipated  rapid mineralization of soil organic matter following frequent 

tillage operations, which increase aeration and microbial accessibility to organic matter 

(Jobira, 2018).  

Phosphorus is generally available as phosphate, an anion that is not bindable by the cation  

exchange complex and thus can be easily leached from the soil by rain or runoff (Wiedenhoeft 

and Alex, 2006). The study by Berhanu (2016) indicated that, available phosphorus (P) 

content was significantly affected by land uses. The highest available Pcontent recorded in the 

surface soils of the cultivated land could be attributed to carryover effects from the continuous 

application of P fertilizers.  

The CEC is a property of a soil that describes its capacity to supply nutrient cations to the soil 

solution for plant uptake (Sonon et al., 2014). There was great variation in cation exchange 

capacity (CEC) of the soils under the differentland uses in both the surface and subsurface 

layers of the profiles (Brady and Weil, 2002). The highest mean CEC value was recorded for 

soils of the HL followed by FL, while the lowest was recorded for soils of the GL followed by 

CL (Jobira, 2018). This is due to the higher clay and OM can absorb and hold positively 

charged ions (cations) at HL and FL land uses.   

Mulugeta et al.  (2019) reported that percent base saturation (PBS) was significantly affected 

by land-use types. The highest mean value of PBS was recorded from the surface layer (0-30 



 
 

26 
 

cm) of the GL, while the lowest was in the surface layer of the CL. This is due to the PBS 

have a strong correlation with SOC, TEB, and pH (Jobira, 2018). Similarly, exchangeable base 

contents of soils showed differences in response to variations in land uses (Jobira, 2018). 

Wakene and Heluf (2003) reported that the surface soil horizon contained the highest 

exchangeable Ca in all management system except for current abandoned and fallow land for 

fifteen years as compared to their respective surface horizon, similarly exchangeable Mg was 

the highest in the surface soil on the intensive cultivated research field.  

The concentrations of the micronutrients (Fe, Mn, Zn, and Cu) of the soil were affected by 

different land uses, except Cu and Zn (Berhanu, 2016). Mamo (2011) also reported that the 

contents of micronutrients (Fe, Mn, Zn, and Cu) were significantly affected by land use and 

soil depth. With this regard, Brady and Weil (2002), intensive croppingin which large amounts  

of  plant nutrients are removed in the harvest product accelerates the depletion of 

micronutrient reserves in the soil and increases the likelihood of micronutrient deficiencies. 
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3.MATERIALS AND METHODS 

3.1. Study Area and Description 

Boneya Keto toposequence is found in SNNPR of Siltie zone Misrak Silti woreda which is 

located at 225 Kilometers away from the capital city of Addis Ababa and 160 km in north 

direction of the regional capital city of Hawassa. Boneya Keto toposequence also located at 28 

km from east of worabe town to border line of Tinishu Abaya Lake. Geographically, Boneya 

keto toposequence is located at 7
0
56'43"N to 7

0
56'55" N latitude and 38

0
23'12" E to 38

0
 

22'54"E Longitude. Its altitude ranges from 1834 - 1902 m.a.s.l. According to relative 

location, the boundary of Boneya Keto toposequence shares Tinishu Abaya Lake in the East, 

Mirhab silti woreda in the North, Dalocha Woreda in the South and Mirhab silti Woreda in the 

West. The Boneya keto toposequence total area covers 4596 ha. 

 

Figure 1. Map of the study area(Boneya Keto toposequence) 
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The dominant land use of study area are cultivated land and followed by the grazing land with 

scattered trees and the remaining area coverage of the Boneya keto toposequences constitute 

settlement areas and others. Mixed  crop-livestock  agriculture  is  a  common  farming  

system  in  the  study  area. The major crops grown during the main rainy season are maize  

(Zea mays L.), wheat (Triticum aestivium), sorghum (Sorghium bicolor) and pulses like bean 

(Vicia faba), haricot bean (Phaseolus vulgaris), chickpea (Cicer arietimum). The natural 

vegetation of Boneya Keto toposequence area consists of scattered trees and mainly covered 

with grasses. The trees include species such as Eucalyptus camel dullness and Acacia. 

 

Figure 2. The mean annual temperature and the rainfall of the study area 
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3.2. The Research Design 

At the beginning, a general visual field survey of the study area was carried. According to the 

natural topography and slopes the toposequence of study area were divided into different 

topographic positions (UTP, MTP and LTP). Then after general site division, representative 

Pedon were selected from each topographic position by random auger sampling in transect 

walk at distance. The soil samples were collected from every identified horizon of the Pedons 

and random surface composite samples was collected from all directions around each Pedon. 

During collection of samples furrow, manures, wet spots, areas near trees and compost pits 

were excluded to minimize differences among the pedon. To determine influences of land use 

and topographic position on soil properties, two dominant land use of the area namely; 

cultivated and grass land were selected and 9 sub-surface random composite soil sample was 

collected and triplicates at each topographic position identified.  

3.3. Soil Profile Description and Sampling 

The topographic map (scale 1:50,000) Ethiopian Mapping Authority (EMA) was used for 

locating the study area important land features. Toposequences were selected along south-

north facing slopes (toposequence) encompassing landform components spanning from upper 

top to nearly level lower in Boneya Keto toposequence. 24 Auger samples were taken to select 

representative soil pedons along the toposequence. Each toposequence were divided into 

topographic positions, upper position, middle position and lower position. A total of three 

pedons 2 m length, 2 m width and 2 m depth were excavated on every topographic position.  

The Pedons were described for the soil morphological properties in the field following the 
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Guidelines for Field Soil Description (FAO, 2006). Physico-chemical properties of the soils 

were also characterized in the laboratory through the analysis of soil samples collected from 

every identified soil horizons.  

3.4. Soil Sample Preparation 

Soil samples collected from each horizon/layer of the soil profiles and surface soil samples 

were bagged, labeled and transported to Hawassa Soil laboratory for preparation and analysis 

of the selected soil physicochemical properties following standard laboratory procedures. In 

preparation for laboratory analysis, the soil samples were air dried in shade (house), grinded 

with pestle and mortar and made to pass through a 2 mm size sieve for the analysis of the 

selected soil properties except OC and total N in which case the soil samples were passed 

through 0.5 mm sieve to avoid coarser material. The bulk densities of the soils were 

determined from samples collected using core sampler. 

3.5. Laboratory analysis of soil samples 

3.5.1. Physical properties 

The particle size distributions of the soils were analyzed by the Bouyoucos hydrometer 

method (Day, 1965). Total porosity was estimated using the following formula: 

                 
  

  
     

3.5.2. Chemical properties 

The major chemical properties of soil such as pH, CEC, exchangeable bases (Ca, Mg, Na, K), 

organic matter, total nitrogen content, available P and micronutrients ( Fe, Cu, Zn, Mn,) were 

analyzed following the standard procedures. Soil pH was measured potentiometrically using a 
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digital pH meter in the supernatant suspension of 1:2.5 soils to water ratio. Cation exchange 

capacity (CEC) of the soil was determined from ammonium-saturated samples that are 

subsequently replaced by sodium (Na) from a percolating sodium chloride solution. The 

excess salt was removed by washing with 96% ethanol alcohol and the ammonium that is 

displace by sodium was measured by the Kjeldahl (Chapman, 1965) procedure and reported as 

CEC. Exchangeable bases were extracted with 1M-ammonium acetate at pH 7 (Sahlemeden 

and Taye, 2000). Exchangeable Ca and Mg were measured from the extract with atomic 

absorption spectrophotometer while exchangeable K and Na were determined from the same 

extracts with flame photometer as described by Rowell (1994).  

Percent base saturation (PBS) was computed as the percentage of total exchange bases to CEC 

of the soil. The CEC of clay was determined by dividing the values of CEC of soil to 

percentage of clay and multiplying by 100 (Landon, 1991).The organic carbon content of the 

soils were analyzed following the wet digestion method described by Walkley and Black 

(1934), which involves digestion of the organic carbon in the soil samples with potassium 

dichromate (K2Cr2O7) in sulfuric acid solution. The Kjeldahl procedure was followed for the 

determination of total nitrogen as described by Sahlemeden and Taye (2000) by oxidizing the 

organic matter with concentrated sulfuric acid and converting the nitrogen in the organic 

compounds into ammonium sulphate during the oxidation. 

Available phosphorus was determined by the Olsen methods. Available soil P was analyzed 

according to the standard procedure of Olsen et al. (1954) extraction method when the average 

pH of the study area is neutral and pH of 8.5. In the Olsen procedure, the soil samples were 

shacked with 0.5 M sodium bicarbonate at nearly constant pH of 8.5 in 1:2 soils to solvent 
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ratio for 30 minutes and the extract was obtained by filtering the suspension as indicated by 

Olsen et al. (1954). The available phosphorus extracted was measured by spectrophotometer 

following the procedure outlined by Murphy and Riley (1962). 

Available Fe, Mn, Zn and Cu are extracting from the soil samples with DTPA as described by 

Lindsay and Norvell (1978). All micronutrients extract with different methods will be 

measured by atomic absorption spectrometry. 

3.6. Soil classification 

Soil classification was consisted of three steps. First, the expression of thickness and depth of 

layers were checked against the requirements of WRB diagnostic horizons, properties and 

materials, which were defined in terms of morphology and/or analytical criteria. Where a layer 

fulfilled the criteria of more than one diagnostic horizon, property or material, they were 

regarded as overlapping or coinciding (FAO/WRB, 2014). 

Second, the described combination of diagnostic horizons, properties and materials were 

compared with the WRB Key in order to find the Reference Soil Group (RSG), which was the 

first level of WRB classification, and it was going on through the Key systematically, starting 

at the beginning and excluding one by one all RSGs for which the specified requirements were 

not met (FAO/WRB, 2014). 

Third, for the second level of WRB classification, qualifiers were used. Prefix qualifiers 

comprise those that was typically associated to the RSG and then intergraded to other RSGs. 

All other qualifiers were listed as suffix qualifiers. For classification at the second level, all 

applying qualifiers were added to the name of the RSG. Redundant qualifiers (the 
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characteristics of which are included in a previously set qualifier) were not added. Specifiers 

were used to indicate the degree of expression of qualifiers (FAO/WRB, 2014). 

3.7. Statistical Analysis 

The data obtained from physical and chemical analyses were subject to using the general 

linear model procedure of the statistical analysis system and Correlation analysis of soil 

properties in different pedons along toposequence by using (SAS, 2008). Analysis of variance 

arranged by factorial (2*3) experiment and laid down in RCBD design was computed using 

statistical analysis system. Whenever significant, LSD test was used to compare means.  
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4.RESULT AND DISCUSSION 

4.1. Site characterization 

The site characteristics of the pedons indicated differences in slope, permeability and extent of 

water erosion (Table 1). The pedons on the upper and middle topographic position classes 

were well drained, whereas the pedon on the lower topographic position was poorly drained. 

Evidence of slight to accelerated water erosion were observed at the sites and surrounding 

upper topographic position and middle topographic position, whereas the pedon on lower 

position, showing the susceptibility of soils to very slight erosion. The UTP showed signs of 

accelerated water erosion as evidenced by gullies on the surrounding landscape, while MTP 

experiencing slight water erosion and lower very slight erosion. Consequently, the soil of 

pedon LTP was developed from continuous deposition of material originating from the 

surrounding slopes including the studied toposequence on which the other pedons are located. 

On the other hand, the soils of pedons USP and MSP were developed from in situ weathering 

of basaltic parent material, although influence of material deposition was noted on the surface 

layer of LTP pedon.   

 

The slope and parent materials are the major contributing factors for the differences in the site 

characteristics, that is, erosion, deposition and drainage. The parent materials determine 

certain soil properties and drainage condition such as clay mineralogy, which is among other 

factors to determine the type of soil (Dinku et al., 2014). The observed well-drained condition 

and water erosion on UTP and MTP pedons could be attributed to relatively gently slope 

gradients and subsequent downslope movement of water. Farmers apply contour plowing and 

terracing to reduce removal of surface soils on these landscapes. The LTP pedon poorly 
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drained with only slight erosion owing to the nearly flat slopping conditions at these positions. 

The results are coherent with topographic impact on soil quality through direct soil and water 

movement and indirect profile development as documented earlier (Thompson and Troeh, 

1993). 

Table 1. Site characteristics and land use of the pedons. 

Pedons Geographic position Altitude(m) Slope (%) Drainage Land use PM 

Latitude Longitude 

USP 8°64′43”N   38°23′12‟‟E 1902 7 WD Cultivated basaltic 

MSP 7°56′50‟‟N  38°23′4‟‟E 1855 6 WD Cultivated sedimentary 

LSP 7°56′55‟‟N   38°22′54‟‟E 1834 3 SP Cultivated Colluvium 

USP, MSP and LSP refer to pedons on upper slope position, middle slope position and lower 

slope position, respectively; WD = Well-drained; PD = poorly drained; S = Slight; PM = 

Parent material. 

 

4.2. Soil Morphological Properties 

4.2.1. Soil depth 

The morphological properties of soils; depth, horizon, color, structure, consistency and 

horizon boundary varied along the toposequence at the study site. All the pedons had a very 

deep profile (>200 cm). The USP was characterized by A, AC and C sequence of horizons, 

while the MSP pedon consisted of 5 horizons (A-AB-B-BC-C).  The pedon at the LSP had 2 

horizons (A-B1-B2-B3) sequence of horizons showing deposition of materials from the 

topographically higher pedons and surrounding slopes. The described profile at upper 

topographic positions showed that the thickness of Ap (surface) horizons was 15cm. This 

thickness generally increases with depth, probably indicating diminishing of differences in 
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morphological properties with depth of the profile (Shimeles, 2006; Seid et al., 2017). The 

thickness of identified sub-surface horizons of upper topographic position varied from 16-200 

cm. Below the Ap horizon 16-32 cm thick subsoil was identified and designated to be AC 

horizon.  Next to AC horizon 33-200 cm subsoil was identified and assigned as C horizon. 

Within the C horizon there was C1, C2, and C3 horizons were identified and the thickness 

varied from 32-67, 67-110, and 110-200
+
 respectively (Table 2). 

The depth of the middle profile was very deep (> 200 cm), indicating that the slope gradient 

could be the main factor influencing the depth of the soils. The identified genetic horizons had 

variable thickness in middle topographic position. Surface horizon (AP) had about 30 cm 

thick. Below AP horizon, about 25 cm thick subsoil horizon (AB) was identified. Under AB 

horizon, about 30 cm thick another sub-soil horizon (B) was recognized below which BC 

horizon with having 51 cm thickness was observed (Table 2). At last fifth horizon which had 

about 64 cm thick subsoil horizon was also identified and designated as C horizon. 

The lower profile, the total depth was observed to be greater than 200 cm. The thickness of Ap 

horizon had about 45 cm. The genetic horizon underlying the topsoil was thick for 40 cm (B1), 

which changed to a 45 cm thick the sub surface horizon (B2). The remaining horizon changed 

to a 70 cm (B3) thick (Table 2).  Generally, the depths of different surface horizons vary from 

deep to very deep (Table 2). Along the toposequence, the pedon at the lower topographic 

position has relatively the deepest surface horizon (45 cm) followed by the middle pedon (30 

cm) whereas the upper pedon has a shallow (15 cm) surface layer. The variation in soil depth 

is most likely attributed to the topographic position that influenced soil formation and 

development through its effects on erosion, infiltration and the percolation of water deep into 

the soil.  
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The relatively shallow thickness of the surface layers of USP and MSP pedons as compared to 

that of LSP pedon could be attributed to the influence of runoff, which might have removed 

soil particles from the upper and middle topographic positions and partly deposited on the 

lower topographic landscape. Dinku et al. (2014) indicated that steepness, shape and length of 

slope are important in influencing the rate at which water enters into or runoff the soil. The 

running water, if the site is unprotected, may erode soils on slopes and form thinner surface 

layer because the surface soil is consistently removed by erosion. On the other hand, the 

increment in the thickness of surface layers at LSP can be attributed to soil deposition at lower 

landscape position corroborating the previous findings (Mulugeta and Sheleme, 2010; 

Sheleme, 2011; Dinku et al., 2014). The slightly slope situation at LSP could be the result of 

accumulation of the soil deposits eroded from the upper and middle slope positions. 

4.2.2. Soil color 

The color is a property that is easy to observe and measure, but its interpretation must be made 

in interference with soil mineralogy, alteration stage, organic matter content, seasonal 

fluctuations in water and several other aspects of land use and performance (Olson, 1981). 

This is a very important criterion to study because it provides information on the properties 

and behavior of the soil. The surface horizon of profile at upper topographic position had 

black (7.5YR 2.5/1) moist, and dark reddish gray (5 YR 4/2) dry color. The color of sub-

surface soils of AC to  C3  horizon varied only in their value from 7.5YR 4/3 to 7.5YR 3/4 

(moist); but there were no variations when dry,  due to they showed similar  color behavior 

which had dark  brown  (7.5YR  4/4) (Table 2 ).  The moist and dry color of the topsoil of 

middle profile was very dark gray (7.5YR 3/1) and dark brown (7.5YR 3/2) respectively, 

while the moist and dry colors of sub-soil horizons ranged from very dark brown to dark 



 
 

38 
 

brown (10YR 2/2 to 7.5 YR 3/3) and very dark grayish brown to dark brown (10YR 3/2 to 7.5 

YR 3/4) (Table 2). The topsoil horizons of lower profile  had reddish brown (2.5YR 2.5/1) and 

dusky red (2.5YR 3/2) under moist and dry color, respectively while, the moist and dry colors 

of sub-soil horizons ranged from black to very dusky red (5YR 2.5/1 to 2.5 YR 2.5/2) and dark 

reddish brown to very dusky red (5YR 3/2 to 2.5 YR 2.5/2).  In general, the moist color of 

surface horizons varied from black (7.5YR 2.5/1) to very dark gray (7.5YR 3/1), whereas the 

surface horizon of dry color varied from brown (7.5YR4/2) to dark brown (7.5YR 3/2).  

 

All of the pedons (USP, MSP and LSP) had darker color in the surface as compared to 

subsurface horizons owing to the relatively higher organic matter contents in the surface 

horizons. The results show that soil color is highly influenced by organic matter content 

whereby the color is getting darker with an increase in organic matter content (Haviln et al., 

1999; Teshome et al., 2016).  The surface horizons of the upper and middle profile were 

darker as compared to the subsurface horizons that mainly could be due to the accumulation 

and decomposition of organic materials, as it was also discussed by previous studies 

(Mulugeta and Sheleme, 2010), while the lower profile of surface and subsurface horizons was 

red, strongly suggesting the presence of iron compounds in the different states of oxidation 

and hydration as was also suggestions (Foth, 1990) and Alemayehu et al. (2016). All profiles 

horizon dry color “value” and “chroma” were higher due to that the soil color lighter compare 

to moist soil color. The upper and middle profiles had surface color black and brown whereas, 

the lower profiles color had red due to the presence of iron oxide. 
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4.2.3. Soil structure 

The surface structure of profile at the upper topographic position had weak, fine, granular that 

changed to moderate, medium, subangular blocky structure in its underlying horizon. The 

remains underlying horizon had strong, coarse, massive structure. The surface structure of 

profile at middle topographic position among the four AP, B1, B2 and B3 horizons moderate, 

very fine and sub-angular blocky changed to weak, very fine, sub-angular blocky.  

The surface horizon of lower slope position Profile had weak, fine, sub-angular blocky 

structure which was more similar to all underlying horizon.   The surface horizons varied from 

weak, fine and granular structure at upper profile to weak, very fine, subangular block of 

middle and lower profile, whereas the subsurface horizons varied from moderate, medium, sub 

angular blocky at upper profile to weak, fine, sub-angular blocky of middle and lower profile. 

In general, a better structural development down the profile was observed in all pedons except 

upper slope position due to the relatively higher clay content of the subsurface horizons than 

their respective surface horizons (Ashenafi et al., 2010; Alemayehu and Sheleme, 2013).   

4.2.4. Soil consistency 

The surface horizon of upper profile had hard (dry), friable (moist), sticky and plastic (wet) 

consistency. For some of the cases, there were changes inconsistency at least by one grade 

with depth of the profile.  The horizon underlying the Ap horizon (AC) had extremely hard 

(dry), very friable (moist), slightly sticky and slightly plastic (wet) consistency. The horizon 

underlying the AC horizon (C) had extremely hard (dry), very friable (moist), non-sticky and 

non- plastic (wet) consistency. The change related to consistency characteristics may be 

related to a change in texture.  That is, the increase in clay content with depth except the C 

horizon of a profile may result in changing the consistency of the soil at different moisture 
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levels. The topsoil of middle Profile had soft (dry), loose (moist), very sticky and very plastic 

(wet) consistency. The horizon underlying the Ap horizon (AB and B sub-surface horizons) 

had slightly hard (dry), very friable    (moist), very sticky and very plastic (wet) consistency. 

The horizon underlying the B horizon (BC and C sub-surface horizons)  had  hard  (dry),  very 

friable  (moist),  slightly  sticky  and  slightly plastic  (wet)  consistency. The lower profile had 

loose (dry), very friable (moist), very sticky and very plastic (wet) consistency. The horizon 

underlying the B horizon (B sub-surface horizons) had loose (dry), very friable (moist), very 

sticky and very plastic (wet) consistency. 

 In all cases the consistency was loose to friable, slightly sticky and slightly plastic to very 

sticky and very plastic. On the other hand, the moist consistency of the subsurface horizons 

ranged from firm to friable; whereas the range was from non-sticky/non-plastic to very 

sticky/very plastic when wet (Table 2). The hard and non-sticky/non-plastic consistency 

observed in the subsurface of C horizons whereas, the friable and slightly sticky/slightly 

plastic to very sticky/ very plastic consistency observed in the surface horizons of all pedons 

could be attributed to the relative higher organic matter content of the surface than subsurface 

layers. These results were in agreement with that of Wakene (2001) who argued that although 

consistency is an inherent soil characteristic and mainly a reflection of the particle size 

composition of the soil, high organic matter content changed stickiness and plasticity of 

surface soil layer. These are main constituent of highly plastic soils, which experience periodic 

swelling and shrinkage during alternate wet and dry periods (Dinku et al., 2014). 
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4.2.5. Horizon boundary 

The boundary of upper profile, the Ap horizon was characterized by clear and smooth and AC 

had gradual and smooth horizons boundary, but the lower C1 and C2 horizon which had 

changed to diffuse to smooth, whereas middle profile was characterized by diffuse and smooth 

boundary in the surface horizon Ap and sub-surface horizons AB, which changed to gradual 

and smooth in the subsoil B and BC and horizons. The horizon boundary of lower profile 

indicate that Ap was diffuse and smooth and B1 horizon was characterized by clear and 

smooth, whereas there were gradual and smooth in B2 horizon boundary. This implies that, 

whereas there were clear morphological differences between overlying and sub-soil horizons, 

such differences become slope gradient with depth of the profile. The gradual and smooth 

boundaries in the lower horizons reflect absence of distinct morphological differences between 

the subsequent subsoil horizons of such soils.  
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Table 2. Selected morphological characteristics of the soils under different topographic 

positions 

Depth 

(cm) 

Horizon Color Structure Consistence Horizon 

Boundary 
Moist Dry 

Upper 

0-15 AP 7.5YR 

2.5/1 7.5YR 4/2 

WE,F,GR VER,S,P 
C,S 

15-32 AC 
7.5YR 4/3 7.5YR 4/4 

MO,M,SAB VER,SS,SP G,S 

32-7 C1 
7.5YR 3/3 7.5YR 4/4 

ST,C,MA VFI,SS,SP D,S 

67-110 C2 7.5YR 

2.5/3 7.5YR 4/3 

ST,VC,MA EFI,SS,SP 
D,S 

110-200
+
 C3 

7.5YR ¾ 7.5YR 4/4 
ST,VC,MA EFI,SS,SP  

Middle 

0-30 AP 
7.5YR 3/1 7.5YR 3/2 

WE,F,SAB VER,VS,VP D,S 

30-55 AB 
10YR 2/2 10YR 3/2 

WE,F,SAB VER,VS,VP D,S 

55-85 B 
7.5YR 3/2 7.5YR 4/2 

WE,F,SAB FR,VS,VP G,S 

85-136 BC 
7.5YR ¾ 7.5YR 5/3 

MO,C,MA VFI,SS,SP G,S 

136-200
+
 C 

7.5YR 3/3 7.5YR 3/4 
ST,C,MA EFI,SS,SP  

 

4.3. Soil Physical Properties 

The study revealed that physical characteristics of the soil such as texture and bulk density 

were influenced by the difference in slope characteristics along the toposequence. 

4.3.1. Particle size distribution 

The texture of upper profile is clay in top soil horizon, whereas the sub-surface horizons 

showed loam (AC), sandy loam (C1), loam  (C2 and C3) texture from upper sub-surface 

horizon to the deeper lower horizon, respectively. The particle size analysis indicates that, the 
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proportions of clay and sand showed an irregular variation with depth of this profile. On the 

other hand, the regular allocation in amounts of silt except (15-32cm) depth could indicate 

equal weathering of materials among the horizons of the profile (Table 2). The irregular 

variation in amounts of clay and sand could implicate unequal weathering of materials among 

the horizons in the profile.  

The texture of middle profile was clay in the surface horizon, whereas the sub-surface 

horizons showed clay, clay, clay loam and loam texture from B sub-surface horizon to the 

deeper lower horizon, respectively. The  proportions  of  sand  and  silt increased in the sub-

soil horizons except 30-85cm profile depth, whereas thus depth the proportion of clay increase 

the  presence  of  clay  migration from upper to the lower horizon.  The proportion of clay 

showed an even variation in all the horizons with the exception of the BC and C sub-soil 

horizon (85-200
+
 cm) which showed lower clay content but, higher silt content those horizons 

(Table 2).  The increase in sand and silt content with depth of subsurface horizons (85-200
+
 

cm) may be attributed to the C horizon as well as its transformations from other particle sizes.  

On the other hand, the regular allocation in amounts of silt could indicate equal weathering of 

materials among the horizons of the profile. A lower silt/clay ratio was identified in the sub-

surface horizon. However, it increased unsystematically down the profile. Higher silt/clay 

ratio was recorded from the lower horizon. Higher silt/clay ratio in the sub-surface C horizon 

also indicates less nutrient reserve and water retention capacity than the Ap, AB and B 

horizon.  

The texture of lower profile is silt clay in the surface horizon, whereas the sub-surface 

horizons showed clay throughout lower depth.  The irregular variation in amounts of silt and 
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sand could implicate unequal weathering of materials among the horizons in the profile. The 

proportions of clay increased in the sub-soil horizons the presence of clay migration from 

upper to the lower horizon (Table 3).   

The textural class of the surface horizons ranged from clay to silt clay, whereas the subsurface 

horizons of most of the layers were clayey except for the C horizons of both the upper and 

middle pedons, which were sandy loam and loam, respectively. However, the soils at all slope 

positions showed discernible increase in clay content with depth indicating high rates of clay 

formation in subsoil horizons. From the three profiles, clay content in the lower slope position 

increased with increasing soil depth and forming argillic horizons. According to Boul et al. 

(2011), the accumulation of clay in the subsurface horizon could be also contributed by the 

insitu synthesis of secondary clays, and the weathering of primary minerals in the B horizon.  

Generally, proportion of clay increased consistently down the profile due to attributed to clay  

migration with slop position. Along the toposequence there is difference in the depth of clay 

texture soil. The lower slope has relatively deep (45 cm) clay textured soil, while the upper 

and middle slope had 15 and 30 cm respectively.  

4.3.2. Bulk density and total porosity 

The bulk density of upper profile showed an increasing pattern with depth of the profile.  It 

varied from 1.1 g/ cm
3
 in the surface horizon 1.28 g/ cm

3
 in the sub-surface horizon. The 

values of bulk densities indicate that there was slight to strong relation with depth in contents 

of organic carbon. On the other hand, the total porosity decrease from surface (58.5%) to the 

last sub-surface (52%) horizon (Table 3). Bulk density in the middle profile showed an 

increasing pattern with depth. It varied from 0.85 g/ cm
3
 in the surface horizon to 1.16 g/ cm

3
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in the lower sub-surface horizon. On the other hand total  porosity  (TP)  of  the  soils  showed 

decreasing trends  from  68 %  at surface layer  to  56 % at subsurface layer (Table  3).  The 

bulk density value of lower Profile in the surface horizon varied from 0.97g/cm
3
 to 1.2 g/cm

3
 

to the lower sub-surface horizon. However the total porosity varies from surface horizon 63% 

to 55% in sub surface with depth. According  to  (Brady  and  Weil, 2002),  ideal  total  pore  

space  values,  which  are acceptable  for  crop  production,  are  around  50%.  Hence, the 

soils have an acceptable range of total porosity values for crop production. 

Generally, the highest bulk density (1.28 g/cm3) was noticed at the C- horizon of the middle 

 pedon, whilst the lowest (0.85 g/cm3) was found at surface horizon of the middle pedon 

(Table 3). In all pedons, the lowest bulk densities were found at the surface horizons. 

Moreover, bulk densities in the pedons increased with depth from surface to sub-surface 

horizons. Lower bulk density in Ap horizon could be due to the fact that organic matter makes 

soils loose, porous and well aggregated, and thereby lower bulk densities (Celik, 2005). 

Besides, the density of organic matter is very low as compared to the mineral soil and hence 

higher organic matter content results in lower density. Moreover, higher compaction due to the 

weight of the overlying layers also increases the bulk density of the subsurface layers 

(Shiferaw, 2004).  
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Table 3. Selected physical characteristics of the soils under different topographic 

positions  

  

Depth 

(cm) 

Horizon Particle size (%) Texture Bulk 

density  

(gm/cm3) 

Total   

porosity 

Silt/Clay 

Clay Silt Sand 

Upper 

0-15 AP 
42.16 28 29.84 

Clay 1.1 0.58 0.67 

15-32 AC 
24.16 29 46.84 

Loam 1.14 0.57 1.20 

32-7 C1 
18.16 14 67.84 

Sandy Loam 1.17 0.56 0.77 

67-110 C2 
20.16 30 49.84 

Loam 1.24 0.53 1.50 

110-

200
+
 

C3 

22.16 38 39.84 

Loam 1.28 
0.52 1.7 

Middle 

0-30 AP 
56.16 22 21.84 

Clay 0.85 0.68 0.39 

30-55 AB 
60.16 26 13.84 

Clay 0.91 0.66 0.40 

55-85 B 
56.16 30 13.84 

Clay 0.95 0.64 0.54 

85-136 BC 
32.16 40 27.84 

Clay Loam 1.13 0.57 1.25 

136-

200
+
 

C 

26.16 40 33.84 

Loam 1.16 
0.56 1.5 

Lower 

0-45 AP 
50.16 40 9.84 

Silt Clay 0.97 0.63 0.80 

45-85 B1 
64.16 21 14.84 

Clay 1.1 0.58 0.32 

85-130 B2 
58.16 28 13.84 

Clay 1.16 0.56 0.50 

130-

200
+
 

B3 

56.16 27 12.84 

Clay 1.2 
0.55 0.45 
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4.4. Soil Chemical Properties 

The pH-H2O of soils in the study area ranged from 5.69 to 7.89 which were rated as 

moderately acidic to slightly alkaline reaction according to Foth and Elias (1997) and was 

within the preferred range for most crops. The pH-H2O of pedon at all topographic positions, 

showed inconsistent relations with soil depth. Generally, the soil pH increased with depth of 

soil profile and relatively high soil pH was observed at subsoil horizons at all physiographic 

positions. The relatively high soil pH observed at subsoil horizons may be attributed to 

vertical movements of exchangeable bases which is evidenced by their positive correlation 

(r=0.36). On the other hand, the probable reason for high pH at subsurface layers of soil could 

be due to  less H
+ 

ions released from decomposition of organic matter  at subsurface layers. 

The result is  in agreement with the findings of Abay and Sheleme (2012) who reported 

increasing of pH with depth might be due to decreaseing of organic matter content as was also 

supported by significant and negative correlation (r=-0.68**) with organic carbon. 

Due to the moderately acidic to neutral nature of most soils of the study area, the electrical 

conductivity (EC) values were below 1 dS m
-1

. The relatively higher value of electrical 

conductivity of the extract was recorded at the sub surface horizon of upper profile which was 

0.26 dS m
-1 

(Table 4). Electrical conductivity values in all profiles were rated as very low as 

rated in Shaw (1999). Generally, the EC values measured throughout the depths of the soils in 

the study area indicated that the concentrations of soluble salts are below the levels at which 

growth and productivity of most agricultural crops are affected due to soil salinity (US Salinity 

Laboratory Staff, 1954; Landon, 1991). 
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The organic carbon of soils (%) was in the range between 0.59 and 2.73, and was generally 

between low and medium rate as adapted from Tekalign (1991) who rated the values of OC as 

extremely very low (<0.5%), low (0.5-1.5%), medium (1.5-3%) and high (>3%). The organic 

carbon contents of the soils decreased with soil depth (Table 4) which might be due to the 

concentration of most of the root activities and incorporation of organic materials in the 

surface layers. This finding is in agreement with several research finding who reported that 

organic carbon contents of the soils decreased with soil depth, which might be due to the 

concentrations of most of the root activities and incorporation of organic materials in the 

surface layers (Tilahun and Asefa, 2009; Lalisa et al., 2010; Beyene, 2017; Mulugeta et al., 

2019). In general, the higher OC were recorded at the surface layer of lower topographic 

position as compared to the upper topographic position where located on sloppy land. There is 

a general increasing in the distribution of surface OC from upper to lower physiographic 

positions. This indicates the influence of the slope gradient, which could be attributed to the 

transport of organic materials and other nutrient from areas having higher slopes to landscapes 

with gentle or flat gradient corroborating the previous findings (Beyene, 2017; Dessalegn et 

al., 2014). 

The content of total nitrogen also showed an decreasing trend with depth of the profile in line 

with variations in the level of organic carbon at all topographic positions which was also 

evidenced by their significant and positive correlation (r=0.98***). It varied from 0.05% in the 

sub surface horizon of upper topographic position to 0.23% in the surface horizon of lower 

topographic profile. This finding is in agreement with several research finding who reported 

that total nitrogen contents of the soils decreased with soil depth, which might be due to the 

concentrations of most of the root activities and incorporation of organic materials in the 
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surface layers (Tilahun and Asefa, 2009; Lalisa et al., 2010; Beyene, 2017; Mulugeta et al., 

2019). This decrease of TN with depth generally parallels to a decrease in contents of organic 

matter, suggesting that the main source of total nitrogen was organic matter. According to 

ratting set by Havlin et al. (1999), TN content of the soils are categorized <0.15 as low, 0.15 

to 0.25 as medium and > 0.25 as high, thus the TN content of surface soils are categorized as 

medium (0.23%) at lower physiographic position and low at middle and upper physiographic 

positions. Regarding to the level of carbon to nitrogen ratio of study area, its varied from 

10.25 to 12.4. Foth and Elias (1997) reported that soils with C: N ratios in the range of 10- 12 

provide nitrogen in excess of microbial needs. Therefore, the result obtained in all pedons, 

showed optimum range for active microbial activities for humification and mineralization of 

organic residues (Table 4).  

Table 4. Chemical properties of the soils in the pedon of Boneya Keto toposequence 

Pedon Depth Horizon 
pH(H2O) ECdSm

−1
       OC      TN     C/N Av.P 

         %                                   

Upper 

0-15     AP 5.79 0.08 1.56 0.143 10.87 1.98 

15-32     AC 6.85 0.09 1.09 0.098 11.09 2.95 

32-7     C1 6.55 0.12 0.58 0.052 11.24 2.95 

67-110     C2 7.45 0.16 0.58 0.051 11.46 6.05 

1110-200+     C3 7.38 0.26 0.58 0.050 11.60 1.89 

Middle 

0-30     AP 5.78 0.05 1.95 0.156 12.43 3.22 

30-55     AB 6.08 0.09 1.36 0.127 10.69 1.89 

55-85     B 6.88 0.04 1.36 0.116 11.70 1.54 

85-136     BC 6.35 0.09 0.81 0.072 11.36 1.36 

136-200+     C 7.89 0.18 0.58 0.051 11.46 1.54 

Lower 

0-45    AP 5.87 0.03 2.73 0.227 12.01 4.10 

45-85    B1 6.03 0.03 1.75 0.171 10.25 1.45 

85-130    B2 6.28 0.04 1.65 0.136 12.11 1.28 

1130-200+    B3 5.69 0.09 0.97 0.087 11.15 0.84 
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Available P content of surface layers ranged from 1.98 mg kg
-1

 at the upper topographic 

position to 4.1 mg kg
-1

 on lower topographic positions. According to Olsen et al. (1954), the 

available soil P level of < 5 mg/kg is rated as low, 5-10 mg/kg as medium and > 10 mg/kg is 

rated as high, showing available P of study soils were in low ranges at all physiographic 

positions of study area. Available phosphorous has generally shown an inconsistent 

relationship with depth in upper topographic pedon and the irregular trend observed was not 

explained. Whereas, consistently decreasing pattern of available P from the surface to sub-

surface horizon were observed at middle and lower topographic pedons. This decreasing trend 

down the profile might be attributed to the increasing in clay content as evidenced by their 

negative correlation (r=-0.45) and decreasing of organic carbon. Phosphorus fixation tends to 

be more pronounced and ease of phosphorus release tends to be lowest in those soils with 

higher clay content and lower organic carbon (Brady and Weil, 2002). There is also a general 

increasing in the distribution of surface available P from upper to lower physiographic 

positions. The variation in the distribution of available phosphorous observed among 

topographic positions might be attributed to variations in slope gradient, which could be due to 

the transport of organic materials from areas having higher slopes to gentle or flat landscapes 

position. 

The very low availability of P at study area might be attributed to the inherent P deficiency of 

the soils, the fixation of P with Fe and Al and by Ca and Mg, inaducate application of external 

P sources and continues cultivation of the land.  As represented by all profiles, crop cultivation 

in these soils would be limited by very low P status in addition to other limiting factors, as a 

result application and management of P may be required. In fact, low availability of P is a 

common characteristic of soils in different areas of Ethiopia as in the present study area 
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(Tamene et al., 2017). Wakene and Heluf (2003) have also suggested that the existence of low 

contents of available P is a common characteristic of most Ethiopian soils. Consequently, very 

low available P of the soils could form one of the major soil fertility limiting factors in the 

study area. Therefore, to increase any economical agricultural production would require 

raising of available P through various P management practices, such as fertilization and/or 

organic manure application (Tamene et al., 2017).  

Exchangeable calcium followed by magnesium formed the dominant cation in the exchange 

complex throughout the horizons of the all representative profiles (Table 5). The two cations 

relatively showed increasing pattern from the surface to sub-surface horizon at all topographic 

positions. Considering the surface horizons, the highest concentrations (23.85 and 2.98 cmol 

(+) kg
-1

 of exchangeable Ca and Mg respectively, were recorded at the upper topographic 

pedon. Among the different layers of horizon, the highest values of exchangeable Ca (31.37 

cmol (+) kg
-1

) was obtained at the subsurface layers (15-32 cm) of upper topographic pedon. 

This could be due to the presence of Ca and Mg bearing parent materials at the site of soil 

sampling that has contributed much to the high exchangeable Ca and Mg contents on the soil 

exchange complex. In accordance with that of Landon (1991) rating, exchangeable Ca and Mg 

of the study areas were categorized as  high at lower to very high at upper and middle 

topographic positions and medium at upper to high level at lower and middle topographic 

positions respectively.  

Exchangeable K and Na were found in high to very high and high concentration ranges in all 

soils studied in accordance with Landon (1991) ratting.  Among the surface horizons, the 

highest (1.83 cmol(+) kg
-1

) of exchangeable K was recorded at the upper and lower 
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topographic positions. According to Berhanu (1980) rating of soil characteristics, the high to 

very high status of exchangeable K obtained in all pedons were in agreement with the 

common idea that Ethiopian soils are reach in K. But it disagrees with Alemayhu (1990), 

Belay (1996) and Wakene (2001) who reported K deficiency in Eutric Vertisols of Melbe 

(Tigray) and Dystric Nitisols of Bako area, respectively. On other hand, despite high 

exchangeable Na contents of the study soils, the exchangeable Na concentration along the 

toposequence were generally medium as compared to the critical level. The critical level that 

causes deterioration of soil structure and Na toxicity could be when the exchangeable Na 

percentage (ESP) is greater than 15% as indicated by Miller and Donahue (1990). Apparently, 

this is due to the high amount of annual rainfall at the study area which causes enough 

leaching of basic cations and finally soil acidity. At all topographic positions, the analytical 

values of cations are in the order: Ca > Mg > Na > K. Mesfin (1998) and Yihenew (2002) 

reported a similar order (Ca > Mg > Na > K) for Alfisols of Debre Markos and Bahir Dar area 

and different major soil groups of Adet Research Center and its testing sites, respectively. 

Balance between the basic cations on the exchange complex has an important effect on their 

availability for crop production. The ratios of Ca: Mg were 7.99, 8.18 and 5.48 in surface 

layers of upper, middle and lower topographic pedons, respectively (Table 5) suggesting that 

magnesium may become progressively less available to plants with increasing calcium. 

According to Landon (2014), Ca: Mg > 5:1 possibly cause Mg deficiency and inhibition of P 

uptake, particularly at high pH; the ration between 3-5:1 could be considered as normal range 

and if < 3:1 it possibly inhibit P and cause Ca deficiency. Accordingly, nutritional disorder 

might be expected at sub surface layer of middle and upper topographic positions.   
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Table 5. Chemical properties of the soils in the pedons of Boneya Keto toposequence 

 

Pedon Depth Horizon Ca  Mg  K Na  CEC PBS Fe   Mn Zn  Cu  
(cmol(+)/kg of soils 

 

% (mg/kg soil) 

Upper 

0-15 AP 23.9 3.0 1.8 1.2 39.0 77 12.5 0.65 0.85 1.3 

15-32 AC 31.4 3.1 2.7 1.2 39.4 98 12.0 0.26 0.82 1.2 

32-7 C1 31.0 3.0 3.0 1.3 35.0 109 11.8 0.11 0.85 1.1 

67-110 C2 28.3 2.8 2.4 1.3 37.4 93 10.0 0.21 0.80 1.0 

110-200+ C3 30.8 1.9 1.1 1.3 34.6 101 10.1 0.23 0.88 1.0 

Middle 

0-30 AP 23.6 2.9 1.7 1.2 39.4 74 13.3 8.19 1.22 1.2 

30-55 AB 27.0 3.0 0.8 1.1 39.0 81 10.1 4.11 0.94 1.2 

55-85 B 23.7 3.1 1.3 1.2 39.6 74 12.0 0.55 0.70 1.2 

85-136 BC 22.5 2.9 1.8 1.2 39.4 72 9.6 0.43 0.95 1.1 

136-200+ C 24.7 2.5 2.5 1.3 37.0 84 12.7 0.77 1.16 1.3 

Lower 

0-45 AP 14.8 2.7 1.8 1.2 37.0 55 17.4 7.90 1.13 1.4 

45-85 B1 25.2 3.8 1.3 1.1 36.2 87 13.0 8.60 1.36 1.1 

85-130 B2 20.8 3.4 1.1 1.2 38.4 69 13.0 1.95 0.83 1.3 

130-200+ B3 27.8 4.1 2.5 1.2 38.4 93 11.3 8.45 0.77 1.3 
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The cation excheange capacity (CEC) of the soils in both surface and sub-surface layers were 

ranged from 34.6 cmolckg
-1

 to 39.6 cmolckg
-1

 and was generally in very high range according 

to Landon (1991). The high amount of CEC in the soils of the study area may due to the 

presence of active clay mineralogy. The CEC of upper profile ranged from 34.6 cmolckg
-1

in 

the subsurface horizon to 39 cmolckg
-1 

in the surface horizon. CEC varied from 37 to 39.6 

cmolckg
-1

in middle profile, and varied from 36.2 cmolckg
-1

to 38.4 cmolckg
-1

in lower profile, 

respectively. In all profiles, CEC showed irregular variation with depth of the profiles. A 

relatively lower value of CEC was recorded for horizons where all total exchangeable cations 

were found to be low. Similarly, Seid et al. (2017) also reported lower CEC of soil were 

recorded from horizons of lower total exchangeable bases.  

The PBS of upper Profile ranged from 77% on the surface to 109% in the underlying 

subsurface horizon. The high PBS at subsurface horizon of upper topographic positions were 

attributed to high effervesces of subsurface horizon observed at field characterization which 

belong to calcareous nature of soil. The very high PBS of the profiles indicates the presence of 

CaCO3, which would be dissolved during CEC determination using 1M NH4AOc ammonium 

acetate of pH 7, and contributes to the values exchangeable Ca.  A similar result was also 

reported by Serkalem and Sosena (2019) who obtained high PBS above 100% and attributed 

to the very high contents of exchangeable Ca and Mg dissolved from calcium carbonates in 

the process of extraction. Therefore, it would not be possible to make a generalization on PBS 

of the soils based on these values. It varied from 74% to 84% at middle profile, and 55% to 

93% at lower topographic positions profile respectively. At all topographic position the PBS 

of the soil were greater than 50% and showed unsystematic variation with depth of Profile 

(Table 5). The PBS values in both surface and sub-surface horizons ranged from high (60-
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80%) to very high (> 80%) based on the rating of Metson (1961). Accordingly, the PBS of 

soils of the study area could be characterized as very weakly leached (50-70%) and weakly 

leached (70-100%).   

The highest Fe (17.4 mg kg
-1

) and Cu (1.4 mg kg
-1

) contents were registered at the lower 

topographic pedon. Relatively the decreasing pattern of Fe, Mn and Cu with soil depth were 

observed at all topographic positions. Significant variation was also observed along the 

toposequence in available Fe and Cu concentrations between the surface and subsurface 

horizons of the study area. In general, available Fe in the surface horizons increased 

consistently along the toposequence from the lowest at the upper topographic pedon to the 

highest at lower topographic positions (Table 5).  

The trend and distribution of available Mn concentration in the profile and along the 

toposequence was nearly similar to that of Fe distribution (Table 5), indicating that these two 

elements have similar chemical behavior in tropical soils. The highest concentration of 

available Mn (8.6 mg kg
-1

) was observed at the sub surface soil of the lower topographic 

positions. Sims and Johnson (1991) indicated that the critical or threshold levels of available 

Fe and Mn for crop production are 2.5-4.5 mg kg
-1

and 1-50 mg kg
-1

, respectively. Therefore, 

the results observed in this study revealed that the average mean values of available Fe and 

Mn were greater than an adequate range for Fe and in adequate range for Mn for the 

production of most crop plants. In connection with this, the status of available Fe and Mn of 

sudy area were categorized as low and very low range following the rating adopted by 

EthioSIS, (2016) respectively. 



 
 

56 
 

The trend of extractable Zn concentration shows irregular pattern with depth of all Profile, and 

varied from 0.7 mg kg
-1

in to 1.36 mg kg
-1

in the profile of study area. Whereas, extractable Cu 

decreased consistently with increasing of depth at all topographic positions and varied from 1 

mg kg
-1

to 1.4 mg kg
-1

in Profile of study area.  The decreasing of Cu concentration with depth 

of profile might be attributed to decreasing of organic carbon contents of the soil (Table 5). 

The higher value of available Cu recorded at surface layers of all profile could be due to 

higher organic carbon contents of surface horizon as was supported by significant and positive 

correlation (r=0.66**) for which copper is strongly complexed with organic matter which 

were also discussed by Kiflu and Beyene (2013). With this regard, the status of surface 

available Zn content of upper profile soils was categorized as very low, while at middle and 

lower topographic positions were in low range following the rating adopted by EthioSIS, 

(2016). Similarly, the status of surface available Cu content of study soils were categorized as 

optimum range following the rating adopted by EthioSIS, (2016). 

4.5. Soil Classifications based on WRB legend 

The soils were classified based on both morphological and analytical data following the FAO 

World Reference Base for soil resources (WRB, 2014). The results revealed that there are 

differences in soil types (Table 6) between profile that might be attributed to diversity of 

geographical, morphological and ecological conditions (Piccolo and Huluka, 1986; Fritzsche 

et al., 2007; Shimelis et al., 2007; Ashenafi et al., 2010; Rabia et al., 2013). The surface 

horizon (0-15cm) soils of the upper topographic position pedon had OC 1.56%; base 

saturation (by 1M NH4OAc, pH 7) of 77%; structure that was not massive and hard when dry; 

had color values of  2.5(moist), chroma of 1(moist). These criteria qualify the surface layer for 

mollic diagnostic surface horizon. The profile has base saturation (by 1 M NH4OAc, pH 7) of 
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≥ 50% throughout to a depth of 100 cm which can be classified as Phaeozems. The soil fail to 

meet the criteria‟s listed under principal qualifier and grouped as Haplic. The soil is being 

ploughed to a depth of ≥ 20 cm from the soil surface. It also is having a texture class of loam, 

sandy loam and loam in a layer ≥ 30 cm thick, within 100 cm of the mineral soil surface to 

qualify loamic supplemental qualifier. Therefore, soils of the upper topography are classified 

as Haplic Phaeozems (Aeric, Loamic).   

The surface horizon (0-30 cm) soils of the middle topographic position had OC 1.95%; base 

saturation (by 1M NH4OAc, pH 7) of 74%; structure that was not massive and hard when dry; 

had color values of 3(dry) and 2(moist), chroma of 1(moist). These criteria qualify the surface 

layer for mollic diagnostic surface horizon. Subsurface horizon was meeting the criteria for 

abrupt textural difference and base saturation greater than 50 percent. It had evidence of 

pedogenic alteration; not meeting the criteria of diagnostic horizons that indicate stronger 

alteration or accumulation processes. With these set of characteristics, the soils at the middle 

topographic position could be classified as Cambisols according to the WRB (IUSS, 2014). 

The profile had a texture of clay in a layer more than 30 cm thick within 100 cm of the soil 

surface and clay coatings on B horizon, which qualify for Clayic and Cutanic qualifiers and 

support the Cambisols classification. Thus, the soils were classified as Abruptic Cambisols 

(Clayic, Cutanic). 

The soils of the surface horizon (0-45 cm) of the lower topographic position pedon had color 

values of 3 (dry) and 2.5(moist), chroma of 1 (moist); structure that was not massive and hard 

when dry; contained 2.73% OC; base saturation (by 1M NH4OAc, pH 7) greater than 50 

percent and hence fulfill the requirements of mollic diagnostic surface horizon. The subsurface 

horizon (45-200 cm) had more than double clay as compared to the surface layer; clay 
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increment throughout the horizons and the ratio of clay in subsurface horizon to surface 

horizon greater than 1.2 indicating argic subsurface diagnostic horizon. The argic subsurface 

horizon had CEC greater than 24cmol (+) kg
-1

 and base saturation greater than 50 percent 

qualifying the soils as Luvisols. The soil had a textural class of clay in a layer more than 30 

cm thick within 100 cm of the soil surface; clay coatings in B horizon, which qualify it for 

Clayic and Cutanic qualifiers. Additionally, the argic horizon had an overlying coarser 

textured horizon that was not separated by lithic discontinuity and had 26% less clay as 

compared to the argic horizon, which meet the criteria for Differentic qualifier. So, the soils at 

this topographic position could be classified as Abruptic Luvisols (Clayic, Cutanic, 

Differentic).  

Table 6. Diagnostic horizons and soil types of Boneya Keto sites according to WRB 

(FAO, 2014) 

Pedon Digonstic horizon Soil  type 

Upper Mollic Phaeozems 

Middle Cambic Cambisols 

Lower Argic Luvisols 

 

4.6. Influences of topography and land use on physicochemical properties of soil 

The analysis of variance on physicochemical properties of studied soil showed the presence of 

significant varations among different topography and land uses along the toposequences 

(Table 7 and Appendix Table 1). Accordingly, the clay, silt and sand fractions, EC, 

exchangeable potassium, CEC, Fe and Mn were significantly (P ≤ 0.05) affected by the 
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topographic positions (Table 7 and Appendix Table 1). Similarly, the contents of EC, 

exchangeable Mg, exchangeable K, exchangeable Na, CEC, Fe, Mn and Zn were also 

significantly (P < 0.05) affected by different land uses. Whereas, the contents of pH, EC, Mg, 

K, Na, CEC, PBS, TEB, Fe, Mn and Zn were sinificanly affected by the interaction effect of 

topography and land uses (Table 7 and Appendix Table 1). The details of each parameters are 

presented and discussed in the following sections. 
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Table 7. Analysis of Variance on effects of Topography and land use on physicochemical properties of soils at Boneya Keto 

toposequence. 

 

 

Source of variation DF P value 

Clay  Silt  Sand  BD(gm/cm3) pH ECdSm
−1

 OC TN Av. P CEC 
% 

TP 2 0.0012 0.0012 0.0032 0.49 0.109 0.001 0.06 0.1 0.29 0.0026 

LU 2 0.06 0.54 0.15 0.84 0.107 0.003 0.39 0.4 0.67 0.03 

TP x LU 4 0.45 0.07 0.13 0.035 0.006 0.002 0.72 0.7 0.06 0.0017 

 

Table 7 continued.  

Source of variation DF P value 

Ca Mg K Na Fe Mn Zn Cu 

(cmol(+)/kg of soils 

 
TP 2 0.31 0.0511 0.012 0.067 0.0054 0.023 0.78 0.07 

LU 2 0.74 0.007 0.022 0.044 0.0158 0.017 0.02 0.07 

TP x LU 4 0.057 0.026 0.005 0.032 0.003 0.004 0.037 0.65 
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4.6.1. Effect of topography on physicochemical properties of soil 

The significantly higher clay content (Table 8) was observed at lower slope position where the 

clay moved down the slope and accumulated to the gentle and level slope position. Similarly, 

the significantly higher silt content was recorded at lower slope position which are attributed 

to the influences of slope on soil erosion. On other hand, significantly higher sand content was 

noted at the upper topographic position which might be attributed to the removal of fine soil 

particles from steeper slope and their deposition at lower slope positions.Besides, the loose 

aggregate structure of the upslope soils has enhanced easy transportation of the fine soil 

particles downslope along with the water movement. In support of this, Dinku et al. (2014) 

and Sheleme (2017) reported differences in transport for each sediment particle-size, whereby 

transport of course-size particles (sand) was low whilst that of fine- and medium-size particles 

was high. To this effect, decreasing of sand content down the toposequence implicate an 

existence of sheet erosion in topsoil horizons ascribed to easy transportation of fine soil 

particle and whereby transport of course particle size was low. 

Table 8. Effect of topography on physicochemical properties of soil of Boneya Keto topo 

sequence. 

Topographic 

position 

Physical properties Chemical properties 

Clay  Silt  Sand  ECdSm
−1

 K  CEC Fe  Mn 
(cmol(+)/kg of soils 

 
UTP 46.2

b
 33

a
 20.8

a
 0.04

b
 1.5

b
 38.8

a
 19.7

a
 12.9

a
 

MTP 57.2
a
 26.5

b
 16.3

a
 0.04

b
 1.7

b
 37.2

a
 11.2

b
 4.8

b
 

LTP 55.2
a
 34.8

a
 10

b
 0.06

a
 2.3

a
 34.8

b
 14.2

b
 7.5

ab
 

LSD t0.05 5.13 3.83 5.39 0.01 0.48 1.91 4.61 5.56 

CV (%) 7.73 9.69 27.26 19.93 21.01 4.11 24.41 25.36 

Mean followed by the same letters was not significant at the probability level of 0.05; UTP, 

MTP and LTP =Upper, middle and lower topographic position respectively. 
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With regard to exchangeable potassium, the significantly highest content of exchangeable 

potassium (K) was recorded at lower topographic positions (Table 8). The higher 

exchangeable potassium of the soils at lower topographic positions as compared to those on 

upslope positions were influence of slope classes. This could be attributed to the transport of 

soil materials from upslope positions and their deposition on the lower slope and depression 

corroborating previous finding by Dinku et al. (2014) and Sheleme (2017). Concerning the 

CEC of the soil, the significantly lower CEC of the soil was recorded at lower topographic 

position where the transport of soil materials from upslope positions and their deposition on 

the lower slope are expected, although this could not explain the low soil CEC obtained at 

lower slope positions (Table 8). Incontrast to this study, the highest values of CEC, were 

recorded at the topographic position with the low slope gradient indicating the accumulations 

of OC and bases from steep slope areas (Sheleme, 2017; Dinku et al., 2014).  Similaly, the 

significantly highest available Fe and Mn were recorded at upper topographic position (Table 

8). This variation could be due to the removal of exchangeable bases from upper slope 

position and deposition at lower and depression area. Mengistu et al. (2017) also discussed the 

reason of higher available micronutrient at the surface layer of soil are because of removal of 

basic cations from surfaces to subsurface layer through leaching. 

4.6.2. Effect of land uses on physicochemical properties of soil 

The significantly lower contetns of exchangeable magnesium, exchangeable potassium and 

exchangeable sodium were observed under cultivated land (Table 9). The significantly lower 

contents of exchangeable Mg, K and Na observed under cultivated land could related to 

removal of exchangeable bases through harvested product, continuous cultivations and 

inorganic farming practices in the study area.  The result is supported by previous study 
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findings that indicate intensity of weathering, cultivation and use of acid forming inorganic 

fertilizers affect the distribution of exchangeable bases in the soil system and enhance its 

depletion (Mengistu et al., 2017). Where as, the significantly higher CEC contents were 

recorded under grass land (Table 9). The higher CEC values recorded under grass land soil 

could be attributed to the effect of the relatively higher organic matter content of the grassland, 

since organic matter is strongly associated with CEC as was also discussed by Sheleme 

(2017). 

Table 9. Effect of land use on soil chemical properties of Boneya Keto toposequence 

Land use  Chemical properties 

EC Mg  K  Na  CEC Fe Mn Zn 

(cmol(+)/kg of soils 

 
Cultivated  0.04b 2.6

b
 1.6

b
 1.1

b
  36.1

b
 12.6

b
 5.5b 1.3b 

Grassland  0.06a 3.1
a
 2.1

a
 1.2

a
 37.8

a
 17.4

a
 11.3a 1.9a 

LSD t0.05 0.01 0.28 0.39 0.07 1.55 3.76 4.53 0.52 

CV (%) 19.93 9.59 21.01 6.24 4.11 24.41 25.36 31.33 

Mean followed by the same letters was not significant at the probability level of 0.05 

 

With regard to extractable micronutrient, the significantly highest available micronutrient (Fe, 

Mn and Zn) were recorded under grassland (Table 9) which might be attributed to absence of 

their removal though harvested crop product. The result corroborating previous study finding 

by Alemayehu and Sheleme (2013) and Mengistu et al. (2017) who reported that 

micronutrient status was significantly influenced by different land use systems, whereby the 
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higher extractable micronutrient cations were available in grazing land as compared to 

cultivated land uses. 

4.6.3. The interaction effect of land uses and topography on physicochemical properties 

of soils 

Considering the interaction effects of land use and topographic position, the significantly 

lowest pH was recorded at lower topographic position under cultivated land (Table 10). The 

significantly lower pH at lower topography under cultivated land might be attributed to lower 

total exchangeable bases which evidenced by significant and positive correlations (r= 0.47*). 

Continuous cultivation practices and application of inorganic fertilizers could also be some of 

the factors which are responsible for the low pH in the under cultivated land of lower 

topographic position soil. The other studies also reported continuous cultivation practices, and 

application of inorganic fertilizers could be some of the factors which are responsible for the 

variation in pH in the soil profiles (Ahmed, 2002; Mengistu et al., 2017).  

Wih regards to exchangeable bases, the significantly highest exchangeable magnesium, 

potassium and sodium were recorded under grass land at lower topographic position (Table 

10). The possible reason could be due to the transport of soil materials from upslope positions 

and their deposition on the lower slope and absence of removal of exchangeable bases through 

harvested crop product under grassland soil. Inadition to this, the varation observed might be 

related to varations in their OC contents between land uses and removal of OC from upslope 

and accumulations on the lower slope positions corroborating other study (Sheleme, 2017) 

who reported higher contents of exchangeable bases under grass land and ascribed to higher 

organic carbon contents of grass land soil. Similarly, the signifficanly higher CEC was 
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notedunder grass land soil and could be attributed to the effect of the relatively higher organic 

matter content of the grassland, since organic matter is strongly associated with CEC as was 

also discussed by Sheleme (2017). 
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Table 10. The interaction effect of topography and land use on soil chemical properties of of Boneya Keto toposequence 

Topographic 

position 

Land use Chemical properties 

pH EC Mg K  Na  CEC PBS  TEB  Fe  Mn Zn  

UTP Cultivated 6.4
a
 0.05

b
 2.2

c
 2.0

b
 1.2

a
 38.5

a
 77.2

a
 29.7

a
 11.8

b
 1.7

b
 0.9

c
 

Grassland 5.8
bcd

 0.04
bc

 3.0
ab

 1.1
c
 1.1

a
 39.1

a
 61.4

b
 23.9

ab
 27.5

a
 24.2

a
 2.4

a
 

MTP Cultivated 5.6
cd

 0.03
c
 3.1

ab
 1.1

c
 0.9

b
 38.1

a
 68.6

ab
 26.1

ab
 11.6

b
 6.5

b
 1.6

abc
 

Grassland 6.1
ab

 0.04
bc

 2.9
ab

 2.4
ab

 1.2
a
 36.4

a
 82.2

a
 29.9

a
 10.8

b
 3.1

b
 1.4

bc
 

LTP Cultivated 5.4
d
 0.03

bc
 2.6

bc
 1.8

b
 1.1

a
 31.6

b
 70.4

ab
 22.3

b
 14.3

b
 8.5

b
 1.4

bc
 

Grassland 6.1
abc

 0.1
a
 3.1

a
 2.8

a
 1.2

a
 38.1

a
 75.1

ab
 28.7

ab
 13.9

b
 6.6

b
 2.1

ab
 

LSD t0.05 0.49 0.02 0.48 0.69 0.13 2.70 15.5 6.74 6.52 7.86 0.91 

CV (%) 4.72 19.93 9.59 21.01 6.24 4.11 12 14.14 24.41 25.36 31.33 

mean followed by the same letters was not significant at probability level of 0.05; UTP, MTP and LTP =Upper, middle and lower 

topographic position respectively. 
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Regarding to the interactions effect of topography and land uses on extractable miconutrients, 

the significantly higher available micro nutrient (Fe, Mn and Zn) were observed under 

grassland soil at upper topographic positions (Table 10). This variation might be attributed to 

removal of exchangeable bases from upper slope position though erosion and absence of 

microntrrient removal through harvested crop product as was also discussed by Mengistu et al. 

(2017). 
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5. CONCLUSIONS AND RECOMMENDATION 

Soils of BoneyaKeto toposequence, Southern Ethiopia, could differ as a result of erosion, 

transport and deposition of surface materials as well as leaching, translocation and deposition 

of chemicals and particulate constituents in the soil. Topography plays a major role in these 

processes and thereby influences the development and characteristics of the soils along the 

toposequence. Soil color and particle-size distributions were influenced by topography such 

that the upper and middle slope position soils were black to dark red and course texture, 

whereas the lower slope position soils were black to very dark grayish and clayey texture. The 

topography has also influenced site characteristics (i.e., drainage, susceptibility to erosion and 

land use types) and soil morphological properties (i.e., soil depth, root ability and profile 

development). Soil depth, root ability and profile development improved from the upper to the 

lower slope positions, whereas the drainage conditions decrease from upper slope to lower 

slope position. Moreover, the upper and middle slope position were enhanced the surface 

erosion due to that the surface horizon of the upper and middle slope position shallow. 

Whereas, the lower slope position had thick surface horizon. The most of the important soil 

quality indicators such as bulk density, structure, OC, soil pH, CEC, total N, available P, 

exchangeable bases, and available micronutrients were influenced by the different landscape 

positions, particularly at the surface horizon. Consequently, three soil types, Phaezomes, 

Cambisols and Luvisols were identified in upper, middle and lower slope position 

respectively.  

 The land use types of the BoneyaKeto toposequence, Southern Ethiopia have also controlled 

the chemical properties of the soils, particularly soil organic carbon, exchangeable bases and 

CEC. Grassland soils had higher amount of organic carbon, exchangeable bases and CEC, as 
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compared to their cultivated counterparts. Thus, reducing intensive cultivation, implemented 

soil management practices to control erosion and integrated use of inorganic and organic 

fertilizers could replenish the degraded soil quality parameters for sustainable productivity as 

well as reduce runoff and surface soil removal. However, further study of the areas is 

recommended especially with respect to soil landscape land management relationships so as to 

give sound conclusion for the sustainable use of the land. 
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7. APPENDIX 

Appendix Table 1: Profile Description Sheet 

Profile No 1  

Location  Bonia Misrak silitiee 

Date of examination   

Surveyor  Salya Hassen   

Coordinates  N 07
o
 56‟43‟‟ 

E 38
o
23‟12‟‟ 

Elevation  1902m a.s.l 

Human influence  Have influence 

Surrounding landform  Steep slope  

Physiographic position upper slope  

Slope  7% 

Moisture condition  Moist  

Drainage  Well drained  

Soil type  Sanch afer 

Groundwater table  Not observed up to 200+ cm depth 

Parent materials  Basaltic Type 

Erosion  Water and sheet erosion  

Rock outcrops/stoniness  None  

Present land use  Agriculture 

Rootable depth  67 cm 

 

 

Horizon Depth (cm) Description 

AP 0-15 Black (7.5YR2.5/1) moist; clay; weak, fine, granular; very friable, sticky and 

plastic; few, fine roots; clear and smooth boundary. 

AC 15-32 Brown (7.5YR4/3) moist; loam; moderate, medium, sub angular blocky; very 

friable, slightly sticky and slightly plastic; very few, fine roots; gradual and 

smooth boundary. 

C1 32-67 Dark brown (7.5YR3/3) moist; sandy loam; strong, common, massive; very 

firm, slightly sticky and slightly plastic; very few, very fine roots; gradual and 

smooth boundary. 

C2 67-110 Very dark brown (7.5YR2.5/3) moist; loam; strong, very common, massive; 

extremely firm, slightly sticky and slightly plastic; diffuse and smooth boundary. 
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C3 110-200
+
 Dark brown (7.5YR3/4) moist; loam; strong, very common, massive; firm, 

slightly sticky and slightly plastic. 

 

Profile No 2  

Location  Kito Misrak silitiee 

Date of examination   

Surveyor  Salya Hassen   

Coordinates  N 07
o
 56‟50‟‟ 

E 38
o
23‟04‟‟ 

Elevation  1855m a.s.l 

Human influence  Have influence 

Surrounding landform  gently slope  

Physiographic position middle slope  

Slope  5% 

Moisture condition  Moist  

Drainage  Well drained  

Soil type  Lem 

Groundwater table  Not observed up to 200+ cm depth 

Parent materials  Basaltic Type 

Erosion  Water and sheet erosion  

Rock outcrops/stoniness  None  

Present land use  agriculture 

Rootable depth  85 cm 

 

 

Horizon Depth (cm) Description 

AP 0-30 Very dark gray (7.5YR3/1) moist; clay; weak, fine, granular; very friable, very 

sticky and very plastic; few, fine roots; diffuse and smooth boundary. 

AB 30-55 Very dark brown (10YR2/2) moist; clay; weak, fine, sub angular blocky; very 

friable, very sticky and very plastic; few, fine roots; diffuse and smooth 

boundary. 

B 55-85 Dark brown (7.5YR3/2) moist; clay; weak, fine, sub angular blocky; very 

friable, very sticky and very plastic; very few, very fine roots; gradual and 
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smooth boundary. 

BC 85-136 Dark brown (7.5YR3/4) moist; clay loam; weak, fine, sub angular blocky; very 

firm, slightly sticky and slightly plastic; very few, fine; gradual and smooth 

boundary. 

C 136-200
+
 Dark brown (7.5YR3/3) moist; loam; strong, common, massive; extremely firm, 

slightly sticky and slightly plastic. 

 

Profile No 3  

Location  Rabaka Misrak silitiee 

Date of examination   

Surveyor  Salya Hassen   

Coordinates  N 07
o
 56‟55‟‟ 

E 38
o
22‟54‟‟ 

Elevation  1834m a.s.l 

Human influence  Have influence 

Surrounding landform  nearly slope  

Physiographic position lower slope  

Slope  1% 

Moisture condition  Moist  

Drainage  poor drained  

Soil type  Tem afer 

Groundwater table  Not observed up to 200+ cm depth 

Parent materials  colluvium Type 

Erosion  Water and sheet erosion  

Rock outcrops/stoniness  None  

Present land use  agriculture 

Rootable depth  130 cm 
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Horizon Depth (cm) Description 

AP 0-45 Reddish black (2.5YR2.5/1) moist; silt clay; weak, fine, granular; very friable, 

very sticky and very plastic; few, common roots; diffuse and smooth boundary. 

B1 45-85 Black (5YR2.5/1) moist; clay; weak, fine, sub angular blocky; friable, very 

sticky and very plastic; few, fine roots; clear and smooth boundary. 

B2 85-130 Very dusky red (2.5YR2.5/2) moist; clay; weak, fine, sub angular blocky; 

friable, very sticky and very plastic; very few, very fine roots; gradual and 

smooth boundary. 

B3 130-200
+
 Very dark brown (10YR2.5/1) moist; clay; weak, fine, sub angular blocky; very 

firm, very sticky and very plastic. 

 

Appendix table2.  Analysis of variance on the effect of topography and land use on 

physicochemical properties of soil 

Parameters    Source of 

variation  

DF Square sum Mean square  F P Value 

Clay TP  2 412 206 12.4 0.0012 

LU 1 72 72 4.32 0.06 

TP*LU 2 28 14 0.84 0.45 

Error 12 200 16.7   

Silt TP  2 230.1 115.1 12.4 0.0012 

LU 1 3.55 3.55 0.38 0.54 

TP*LU 2 61.4 30.7 3.31 0.07 

Error 12 111.3 9.3   

Sand TP  2 355.4 177.7 9.66 0.0032 

LU 1 43.55 43.55 2.37 0.15 

TP*LU 2 12.11 6.1 0.33 0.13 

Error 12 220.7 18.4   

BD TP  2 113.3 56.6 0.75 0.49 

LU 1 3 3.1 0.04 0.84 

TP*LU 2 674.1 337.1 4.45 0.035 

Error 12 908.6 75.7   

pH  TP  2 0.42 0.21 2.68 0.109 

LU 1 0.23 0.23 3.04 0.107 

TP*LU 2 1.24 0.62 7.99 0.006 

Error 12 0.93 0.08   

EC TP  2 0.0027 0.0013 13.1 0.001 

LU 1 0.0025 0.0025 24.4 0.003 
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TP*LU 2 0.0041 0.0021 19.8 0.002 

Error 12 0.0012 0.0001   

OC TP  2 2.3 1.15 3.58 0.06 

LU 1 0.24 0.24 0.77 0.39 

TP*LU 2 0.22 0.11 0.34 0.72 

Error 12 3.85 0.32   

TN TP  2 0.017 0.008 3.57 0.1 

LU 1 0.002 0.002 0.8 0.4 

TP*LU 2 0.002 0.001 0.34 0.7 

Error 12 0.03 0.002   

Av. P TP  2 20.9 10.4 1.35 0.29 

LU 1 1.41 1.41 0.18 0.67 

TP*LU 2 53.9 26.9 3.49 0.06 

Error 12 92.6 7.72   

 

Appendix table2 continued  

Parameters    Source of 

variation  

DF Square sum Mean square  F P Value 

Ca TP  2 30.5 15.3 1.28 0.31 

LU 1 1.32 1.32 0.11 0.74 

TP*LU 2 87.67 43.83 3.67 0.057 

Error 12 143.3 11.94   

Mg TP  2 0.57 0.28 3.85 0.0511 

LU 1 0.78 0.78 10.55 0.007 

TP*LU 2 0.74 0.37 4.99 0.026 

Error 12 0.89 0.07   

K TP  2 1.98 0.99 6.58 0.012 

LU 1 1.03 1.03 6.83 0.022 

TP*LU 2 4.64 2.32 15.4 0.005 

Error 12 1.81 0.15   

Na TP  2 0.034 0.017 3.42 0.067 

LU 1 0.025 0.025 5.03 0.044 

TP*LU 2 0.047 0.023 4.61 0.032 

Error 12 0.061 0.005   

CEC TP  2 47.05 23.52 10.21 0.0026 

LU 1 13.86 13.86 6.02 0.03 

TP*LU 2 52.2 26.1 11.32 0.0017 

Error 12 27.65 2.3   

Fe TP  2 223.2 111.6 8.32 0.0054 

LU 1 105.8 105.8 7.89 0.0158 
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TP*LU 2 265.8 132.9 9.91 0.003 

Error 12 160.9 13.4   

Mn TP  2 205.2 102.6 5.26 0.023 

LU 1 148.4 148.4 7.6 0.017 

TP*LU 2 636.2 318.1 16.3 0.004 

Error 12 234.3 19.52   

Zn TP  2 0.13 0.065 0.25 0.78 

LU 1 1.85 1.85 7.11 0.02 

TP*LU 2 2.27 1.14 4.38 0.037 

Error 12 3.12 0.26   

Cu TP  2 0.124 0.062 3.2 0.07 

LU 1 0.073 0.073 3.76 0.07 

TP*LU 2 0.017 0.008 0.45 0.65 

Error 12 0.23 0.019   
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Appendix table3. Pearson correlation matrix for pedon at different topographic position. 

  Ph EC Fe Mn Zn Cu Ca Mg K Na TEB CEC PBS Clay Silt Sand OC TN A.P 

pH 1                                     

EC 0.72** 1                                   

Fe -0.36 -0.53* 1                                 

Mn -0.66* -0.46 0.51 1                               

Zn -0.16 -0.15 0.46 0.59* 1                             

Cu -0.46 -0.62* 0.75** 0.39 0.11 1                           

Ca 0.41 0.62* -0.71** -0.36 -0.33 -0.64* 1                         

Mg -0.55* -0.69* 0.06 0.43 -0.07 0.34 -0.06 1                       

K 0.26 0.28 -0.06 -0.19 -0.15 -0.09 0.42 0.07 1                     

Na 0.62* 0.74** -0.21 -0.52* -0.37 -0.28 0.44 -0.45 0.67** 1                   

TEB 0.36 0.55* -0.65* -0.33 -0.34 -0.58* 0.98*** 0.05 0.55* 0.47 1                 

CEC -0.34 -0.54* -0.05 0.02 -0.25 0.36 -0.26 0.33 -0.12 -0.37 -0.22 1               

PBS 0.42 0.64* -0.59* -0.31 -0.25 -0.62* 0.96*** -0.04 0.53* 0.53* 0.96*** -0.47 1             

Clay -0.71** -0.74** 0.33 0.71** 0.19 0.58* -0.51 0.63* -0.57* -0.79** -0.49 0.41 -0.55* 1           

Silt 0.37 0.34 0.04 -0.18 0.03 -0.02 -0.34 -0.52* -0.07 0.25 -0.37 0.04 -0.36 -0.23 1         

Sand 0.55* 0.60* -0.36 -0.63* -0.21 -0.58* 0.65* -0.41 0.61* 0.69** 0.66* -0.43 0.72** -0.9*** -0.2 1       

OC -0.68** -0.76** 0.81** 0.64* 0.41 0.66* -0.78** 0.21 -0.46 -0.62* -0.77** 0.26 -0.77** 0.67** -0.04 -0.66* 1     

TN -0.70** -0.72** 0.78** 0.65* 0.44 0.62* -0.72** 0.26 -0.47 -0.67** -0.72** 0.24 -0.73** 0.69** -0.08 -0.66* 0.98*** 1   

A.P 0.22 0.17 0.11 -0.06 0.03 -0.28 0.07 -0.35 0.36 0.35 0.08 -0.15 0.11 -0.45 -0.01 0.46 0.02 -0.1 1 
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Appendix table4. Pearson correlation matrix for land use and topographic position. 

  pH EC Fe Mn Zn Cu Ca Mg K Na TEB CEC PBS Clay Silt Sand OC TN A.P 

pH 1                                     

EC 0.72** 1                                   

Fe -0.36 0.02 1                                 

Mn -0.31 -0.1 0.94*** 1                               

Zn -0.15 0.23 0.77** 0.81*** 1                             

Cu 0.36 0.31 0.66** 0.53* 0.55* 1                           

Ca 0.45 0.03 -0.47* -0.47* -0.33 -0.26 1                         

Mg -0.23 0.11 0.19 0.31 0.56* 0.05 0.15 1                       

K 0.49* 0.63** -0.38 -0.52* -0.17 0.04 0.37 0.03 1                     

Na 0.54* 0.51* 0.09 -0.11 0.02 0.52* 0.12 -0.13 0.68** 1                   

TEB 0.47* 0.16 -0.46 -0.49* -0.27 -0.22 0.98*** 0.23 0.53* 0.24 1                 

CEC 0.46 0.17 0.18 0.16 0.26 0.31 0.54* 0.31 -0.12 -0.07 0.50* 1               

PBS 0.31 0.07 -0.63** -0.64** -0.45 -0.41 0.84*** 0.11 0.66** 0.31 0.88*** 0.05 1             

Clay -0.24 -0.06 -0.74** -0.55* -0.35 -0.5* 0.07 0.15 0.14 -0.37 0.09 -0.26 0.23 1           

Silt -0.09 0.07 0.41 0.37 0.19 0.28 -0.4 -0.25 0.06 0.41 -0.36 -0.38 -0.21 -0.45 1         

Sand 0.33 0.01 0.45 0.29 0.21 0.34 0.25 0.08 -0.21 0.06 0.19 0.58* -0.07 -0.7** -0.32 1       

OC -0.1 0.38 -0.39 -0.32 -0.22 -0.04 -0.03 -0.01 0.47* 0.26 0.05 -0.24 0.18 0.44 0.23 -0.6** 1     

TN -0.21 0.39 -0.37 -0.36 -0.28 -0.03 -0.02 -0.1 0.46* 0.28 0.09 -0.17 0.27 0.43 0.21 -0.7** 0.99*** 1   

A.P -0.32 -0.21 -0.25 -0.11 -0.04 -0.44 0.26 0.58* -0.13 -0.46 0.25 0.25 0.14 0.41 -0.27 -0.21 0.25 0.31 1 
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Appendix table5. Average monthly annual rainfall of study area 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2008 NA 0 5 15.4 95.6 124.7 130.7 201.4 109.7 13.9 158.5 0 

2009 3 1.5 90.8 7.6 26 39.5 178.9 132.5 66 138.9 0 23 

2010 7.2 59.5 105.9 154.2 136 125.3 113 137.8 184.3 83.7 25 23 

2011 NA 6.2 59.1 NA NA NA 138.4 122.2 NA 0 0 0 

2012 0 0 66.3 44.5 63.5 93 276.9 64.1 105.7 0 0 0 

2013 56.3 0 NA 99.4 23.5 122.3 104.9 73.2 56.1 116.1 0 0 

2014 0 45.3 50 45.6 78 72.1 94 47.6 NA NA NA NA 

2015 0 0 10 NA 64.7 29.2 60.2 53 28.9 1.3 0 0 

2016 NA 20 47 NA 14.9 2.1 67 71 82.8 16 0 NA 

2017 33 17 33 32 75 33 73 52 57 19 0 0 

2018 NA NA 89.8 107.6 48 81 56 68 33 66 0 0 

2019 0 0 NA NA NA NA NA NA NA NA NA NA 

AV.AN.RF 12.43 13.59 55.69 63.28 62.52 72.22 117.54 92.98 80.38 45.49 18.35 5.11 
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Appendix table6. Average monthly annual minimum temperature of study area 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2006 NA NA NA 13.50 14.1 13.37 13.36 13.43 13.10 13.50 13.26 11.69 

2007 11.95 13.62 13.67 14.02 13.64 12.23 12.62 12.29 12.74 12.64 NA 9.75 

2008 10.86 11.58 13.49 12.35 13.67 13.54 12.85 13.30 13.23 13.37 12.10 10.6 

2009 11.56 12.92 12.72 14.52 13.33 13.30 12.91 13.3 NA 11.92 11.96 12.72 

2010 11.57 12.33 12.53 13.02 13.06 11.66 12.39 13.08 12.33 13.05 12.30 10.63 

2011 11.72 12.74 13.36 14.02 13.58 NA NA NA NA NA NA NA 

2012 NA NA NA NA NA NA NA NA NA NA NA NA 

2013 NA NA 12.75 13.26 12.46 12.19 NA 11.85 NA NA 11.90 NA 

2014 11.83 12.35 13.18 13.78 13.42 12.85 12.58 11.83 12.12 12.12 NA 10.02 

2015 10.48 12.33 13.56 14.04 12.65 13.03 11.53 11.41 12.87 14.21 13.28 12.76 

2016 13.35 13.09 NA 13.89 13.49 12.45 12.88 12.75 12.97 12.43 12.77 11.82 

2017 NA 12.55 14.07 13.33 13.7 13.48 13.11 13.26 24.74 NA NA NA 

2018 9.31 12.43 12.26 12.68 13.02 12.75 11.70 12.32 12.14 11.80 12.15 11.00 

2019 10.52 12.12 12.5 13.49 12.32 12.60 12.57 12.62 12.78 11.13 11.77 11.23 

AV.M.ANU. 

MIN.T 11.32 12.55 13.10 13.53 13.26 12.79 12.59 12.62 13.90 12.62 12.39 11.22 
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Appendix table7. Average monthly annual maximum temperature of study area 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2006 NA NA NA 25.05 25.44 24.06 22.39 21.43 23.61 25.27 25.68 25.22 

2007 25.62 26.00 27.54 26.44 26.32 23.21 22.45 22.00 23.05 24.32 24.84 24.55 

2008 26.43 26.23 28.26 27.31 25.36 23.74 21.62 21.77 23.26 24.38 23.39 24.43 

2009 24.71 26.24 28.06 27.35 27.10 26.48 22.74 22.94 NA 23.97 25.48 24.29 

2010 26.06 25.41 25.27 25.57 24.85 24.81 21.82 22.36 23.28 25.59 25.07 24.66 

2011 26.07 27.59 26.49 28.06 25.62 NA NA NA NA NA NA NA 

2012 NA NA NA NA NA NA NA NA NA NA NA NA 

2013 NA NA 27.60 26.22 25.40 23.64 NA 21.72 NA NA 23.87 NA 

2014 25.62 25.93 26.81 26.79 26.14 25.96 23.92 23.52 23.17 23.88 NA 24.61 

2015 25.36 27.74 27.9 28.56 26.99 24.97 24.73 24.76 24.72 26.26 26.14 25.88 

2016 26.35 27.80 NA 25.61 25.44 23.99 23.23 23.22 24.40 25.39 25.82 25.23 

2017 NA 27.12 27.96 28.02 26.38 26.67 23.34 24.30 24.74 NA NA NA 

2018 26.01 26.91 25.76 25.16 25.22 24.13 22.90 23.27 25.16 25.70 25.23 25.73 

2019 26.40 28.29 29.17 27.43 27.72 24.31 23.26 23.05 24.50 24.69 25.83 25.52 

AV.M.AN.MAX.T 25.86 26.84 27.35 26.73 26.00 24.66 22.94 22.86 23.99 24.94 25.14 25.01 
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