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 Assessing Land Use/Land Cover Change and Its Effects on Soil Physicochemical properties 

and Soil macro- fauna diversity in Shenkolla Watershed, South Central Ethiopia 

  

ABSTRACT  

Land Use/Land Cover (LU/LC) change is one of the major global challenges induced by 

anthropogenic and natural factors. Understanding the scope of LU/LC changes, the driving forces 

and consequences are crucially important for maintaining sustainable use of natural resource and 

promoting sustainable agriculture. This study examined the land use/land cover changes that have 

occurred, during the 1973-2017 period and its driving forces. In addition, the study explored the 

effects of the LU/LC changes and landscape positions on soil physicochemical properties, and 

diversity of soil invertebrate macro-fauna. Unsupervised and supervised classification techniques 

were employed to get thematic information from satellite imagery (1973, 1995 and 2017). 

Household survey, focus group discussion and key informant interview were also used to 

determine the drivers and consequences of this land use/land cover dynamics. Analysis of top soil 

samples collected from four adjacent land use/land cover types (forest land, grazing land, crop 

cultivated outfields and homestead garden fields) all under lower landscape position was 

conducted to determine the effects of LU/LC changes on soil physicochemical properties. Besides, 

analysis of top soil samples collected from three landscape positions (upper, middle and lower) 

each landscape category having three land use types: forest, grazing land and cultivated land was 

conducted to determine the effects of landscape positions on soil physicochemical properties. The 

soil data was analyzed using ANOVA to determine variations in soil parameters among landscape 

positions and land use types and treatment means comparison was determined using the least 

significant difference (LSD) at 0.05 level of significances. In order to evaluate the diversity of soil 

invertebrate macro fauna (SIMF) community eight parameters were measured: Shannon-Wiener 

index, Simpson diversity index, Pielou’s measure of evenness, Margalef’s diversity index, the 

Number of Occurrence Index, Relative abundance, Density (individuals per square meter) of each 

taxon and density of all SIMF and Bray-Curtis similarity index. SIMF data was further analysed 

using ANOVA and a general linear model to determine variations and the influence of land use 

types on abundance and diversity of SIMF, respectively. The results showed that agricultural land 

significantly increased while area covered by forest, was diminished drastically over the past four 
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decades (1973-2017). Forest land was reduced from 29.51% in 1973 to 20.52% in 2017, while 

agricultural land use increased from 70.49% in 1973 to 79.48% in 2017. Agricultural expansion, 

regime change and social unrest, population pressure, shortage of farm land and biophysical 

factors were major driving forces of the LU/LC changes. Environmental implications such as 

climate change, biodiversity loss, scarcity of basic forest products; habitat alteration, decline in 

quality and availability of water and crop yield reduction were consequences of the LU/LC 

change. The results of soil analysis indicated that there were significant (p<0.05) differences in 

soil physicochemical properties among the four LU/LC types. For most parameters evaluated, the 

most favourable soil properties were observed in forest land followed by homestead garden fields, 

while the least favourable soil properties were found in intensively cultivated outfields. With 

regard to landscape positions, the soils with best qualities were found in the lower landscape 

position. Concerning the soil invertebrate macro-fauna, 332 individuals, 10 orders, 12 families 

and 15 species were identified, from the collected samples that showed significant variation 

(p<0.05) among land use types except wireworm, spiders and millipedes. The forest land use had 

relatively higher value of species diversity (Simpson diversity index D = 0.83, Pielou’s evenness 

index J′ = 0.428, Margalef diversity index d= 2.56, and Species richness r = 15) followed by 

homestead garden fields, while the lowest was recorded in the cultivated outfields that had 

significantly lower species diversity (Simpson diversity index D = 0.22, Pielou’s evenness index J′ 

= 0.075, Margalef diversity index d= 1.06, and Species richness r = 5). Overall abundance and 

diversity were lowest in the cultivated outfields and grazing land and highest in homestead garden 

fields and forest land. The results suggest the need for proper land use planning that ensures 

conservation of existing forest cover and additional plantation of both indigenous and exotic trees 

in order to maintain the ecological balance. Moreover, proper use of physical and biological soil 

conservation measures on cultivated land play a decisive role in minimizing the removal of soils 

and loss of soil macro fauna diversity.  

 

Keywords: Land use/Land cover change, Physicochemical properties, Remote sensing, Satellite 

images, Soil invertebrate macro-fauna
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CHAPTER ONE 

 1. INTRODUCTION  

1.1 Background of the study   

Land is a basic natural resource which has many social, economic, and biophysical uses. It 

provides services such as biodiversity conservation, storing carbon, purifying and storing water 

and regulating the Earth’s climate by absorbing the heat from the sun (Molla, 2014). These 

services will continue if only the land is not degraded by anthropogenic actions. 

 

The patterns of land use/ land cover, as well as land management are influenced by complex 

interactions between the biophysical and societal factors (Overmars and Verburg, 2005). LU/LC 

changes are caused by natural and human driving forces (Belay Tegene, 2002). This means both 

natural and human factors are responsible for LU/LC change while the latter is increasingly 

recognized as a dominant force in LU/LC change (Woldeyohannes et al, 2018). The effects of 

natural drivers of LU/LC changes (e.g. climate change) are felt after a long period of time while 

the effects of human drivers such as deforestation for fuel wood and construction materials, and 

expansions of cultivated land and urban are immediate and favouring major changes (Woldeamlak 

Bewket, 2002).  

 

Land use/land cover (LU/LC) change is a major cause of concern for the global environment 

(Prakasam, 2010) as it leads to loss of environmental quality. Anthropogenic activities are 

responsible for the conversion and transformation of abundant natural land covers (Hamza and 

Iyela, 2012). Ever increasing human population and urbanization coupled with advances in 

development projects have resulted in enormous changes in the land use/land cover.  
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Over the past decades, land conversion particularly from forests, savannahs and other native 

landscapes to croplands, grazing lands and settelment areas led to land degradation (Lambin and 

Meyfroidt, 2011). Expansion of agriculture to meet the demand of growing population such as 

food and fiber at the expense of vegetated lands is the most significant historical change in all parts 

of the world (Lambin et al., 2003).   

 

Land use change is defined as the alteration of land use due to human intervention for agriculture, 

settlement, transportation, infrastructure, manufacturing, park recreation uses, mining and fishery. 

In contrast, land cover change refers to the conversion of land cover from one category of land 

cover to another and/ or the modifications of conditions within a category (Gashaw et al., 2014).  

   

During the last three centuries around 1.2 million km2 of forest and woodland and 5.6 million km2 

of grass and pasture lands have been converted to cultivated lands, that has increased by 12 million 

km2 (Agarwal et al., 2002). Such conversion of the natural ecosystems into cultivated fields, have 

enormously increased food production, but the gains generated have accompanied with decline in 

regulating of several ecosystem services of land such as loss of hydrological regulation and 

protective cover of the soil, loss of biodiversity and habitat for animals (Lawal et al., 2014).  

 

Land use/land cover (LU/LC) change is the major causal factor driving soil loss and deterioration 

of soil quality (Seutloali and Beckedahl, 2015). Land use change can trigger soil degradation in the 

form of soil erosion by water, depletion of macro and micro-nutrients, salinization and 

acidification of the soil and loss of soil fauna community (Elias, 2017). It also alters the 

hydrological regulation of a given areas leading to flooding at local scales (Gashaw et al., 2018). 
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The soil loss is also activated by an amalgamation of topographic factors such as slope gradient, 

and climate factors mainly precipitation and the intrinsic properties of the soil (Gelagay and 

Minale, 2016). Through its effects on the soil quality, LU/LC change affects agricultural 

production, food security, sustainability of biodiversity, biogeochemical cycles and the 

sustainability of ecosystem services (Ayoubi et al., 2011). Most recently, however, it was 

recognized that, land use change is considered the second largest source of greenhouse gas 

emissions (IPCC, 2007b), next to the burning of fossil fuels, and the drivers of global warming that 

lead to climate change. In turn, climate change globally may affect the sea levels through the 

melting polar ice caps and glaciers and an increase in temperature, along with increasing 

incidences of drought and flooding (Molla, 2014). LU/LC change has negative consequences on 

both the quality of environment and life.  

 

Being the second highly populated country in Africa, Ethiopia is experiencing enormous LU/LC 

changes (Kindu et al., 2013). These changes coupled with inappropriate land management 

practices have led to accelerated soil erosion and land degradation in the Ethiopian highlands. Soil 

erosion rate of 130t/ha in cultivated fields is estimated to be among the highest in SSA (Elias, 

2017). The aggregate national scale nutrient balance estimated a net nutrient losses of -41 kg N, -

6kg P and -26 kg K per ha for the agricultural soils of the Ethiopian highlands (Elias et al., 2019). 

These are, particularly, common in areas where high population pressure exists whose livelihoods 

directly depend on the exploitation of natural resources in rural areas (Hassen and Assen, 2017). 

Cultivated lands and degraded grass lands were expanding noticeably, while grasslands and forest 

areas have been diminished largely driven by population pressures, economic factors and policy 

issues (Alemu et al., 2015). 
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The survival and wellbeing of the present and future generation in countries with subsistence 

agriculture like Ethiopia depend on the extent of maintaining soil fertility. So, land must be 

carefully managed which encourages to establish land use system for conserving its fertility in the 

long term (Blair et al., 1991). The productivity and sustainability of soil depends on dynamic 

equilibrium among its physical, chemical, and biological properties (Somasundaram et al., 2013). 

These properties are continuously influenced by land use types. According to (Di et al., 2013), 

agricultural management practices can largely influence the quality of the soil. In addition, 

conversion of forest land in to cultivated land has been shown to cause the degradation of soil 

environment which leads to reduction in the number of soil macro-fauna communities with some 

rare taxa decrease in abundance or disappear (Menta, 2012). Processes of land use change and 

agricultural intensification are significant factors contributing to loss of soil macro-fauna diversity 

impairs the ability of agricultural systems to withstand unfavourable periods of stress and reduce 

soil productivity (Hairiah et al., 2001). Therefore, assessment of spatial and temporal distribution 

of LU/LC is essential pre-requisite for land resources planning, management and monitoring 

programs (Mani and Krishnan, 2013).  

 

GIS and Remote sensing technologies have made possible to assess and analyze LU/LC changes 

effectively, at low cost and with better accuracy (Abdullah et al., 2013). Availability of remote 

sensed data in various spatial and temporal resolutions made mapping and assessing LU/LC 

changes possible (Mani and Krishnan, 2013). On the other hand GIS has tools for collecting, 

storing, analyzing and visualization of the outcome of analysis (Reis, 2008). 
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1.2 Statement of the problem 

Research on LU/LC change in different parts of Ethiopia have concentrated on deforestation, the 

expansion of cultivated land, land degradation, river catchments and watersheds, urban growth, 

natural ecosystems and forests as well as the associated consequences (Tefera, 2011, Solomon 

Gebreyohannis et al., 2014, Ebrahim Esa and Mohamed Assen, 2017 ). In general, almost all have 

reached to the conclusion that cultivated land, rural and urban settlements have expanded 

tremendously at the expense of natural vegetation including forest, wooded land and shrub land 

(Assefa & Bork, 2014). Forestland is changed in to other land use/land covers by 693.84 ha 

annually in Dendi District, West Central Ethiopia (Berhane, 2007). Cultivated land was expanded 

at the expense of natural vegetation cover between 1957 and 1982 in Dembecha area, north-

western Ethiopia (Gete and Hurni, 2001). Although there was an increase of plantation in Beressa 

watershed, between 1957 and 2000, significant decline in natural forest cover was observed 

(Aklilu et al., 2007). There was a significant decrease of natural woody vegetation of the Koga 

catchment since 1950 due to deforestation in spite of an increasing trend in eucalyptus tree 

plantations after the 1980's (Eleni et al., 2013). Natural vegetation cover was reduced, but an 

expansion of open grassland, cultivated areas and settlements was increased in Gish Abay 

watershed, north-western Ethiopia (Woldeamlk and Solomon, 2013).  

 

The survival and wellbeing of the present and future generation in countries with subsistence 

agriculture depend on the extent of maintaining soil fertility thus making it necessary that land 

must sustainably managed for maintaining its fertility in the long term (Bationo et al., 2007).  Land 

use changes, such as the conversion of forest and grazing lands to intensively cultivated cropland, 

reduce the SOM content and cause soil bulk density to increase and aggregate stability and 



6 

 

saturated hydraulic conductivity to decline (Safadoust, 2015). Physical and chemical properties of 

the soils under intensive cultivation are found to be poor in its fertility status as they have high 

bulk density, diminished aggregate stability, low total porosity, low water holding capacity, low 

pH and very low organic matter or organic carbon content (Blair. et al., 1991; Bationo et al., 2007; 

Day, 1965; Dıaz, 2005). Cultivation has also altered other soil chemical properties and 

characterized by low total nitrogen, available phosphorus, available sulfur, cation exchange 

capacity and exchangeable bases (Guo, and Gifford, 2002). 

 

Information on the fertility status of a soil could also be used in adjusting present land use types 

and in the development of appropriate land use policy (Uzoho, Oti, and Ngwuta, 2007). This is 

particularly important in Ethiopia, where inappropriate use of the land resource is one of the major 

causes of soil depletion in the country (Worku et al., 2012). The effect of land use changes on the 

status of soil properties could provide an opportunity to evaluate sustainability of land use systems 

and thus the basic process of soil degradation in relation to land use (Woldeamlak & Stroosnijder, 

2003). Understanding and utilizing the heterogeneity of soil properties may help to improve land 

use efficiency and prevent further land degradation (Ozgoz et al., 2013). Land use change can 

exert a strong influence on the diversity and community composition of soil macro-fauna. Soil 

macro-fauna are also thought to be influenced by unsustainable land management practices and 

depletion of soil fertility (Tariku Negasa et al., 2017). When macro-fauna communities of 

important functional groups are affected by land use, essential ecosystem functions may also 

suffer, however, little has been worked to assess the potential effects of LU/LC changes on 

diversity of soil macro-fauna in Ethiopia (Sisay and Ketema, 2015).  
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The Shenkolla watershed, which is found in the south central Ethiopian highlands, is known with 

good productive potential in cereals. However, the watershed is adversely affected from human-

induced land degradation mainly due to agricultural expansion and unregulated LU/LC changes 

(Kibemo Detamo, 2011). As the result, fertile top soil of the cultivated lands has been depleted. 

The loss of productive potential of agricultural lands is threatening economic well-being of the 

people (Tagese Helore, 2010). Land use/ land cover change in relation to the soil physicochemical 

properties and soil macro-fauna diversity of the Shenkolla is not investigated so far, as the result; 

the extent of such change is poorly understood. Although, the area needs urgent conservation 

measures, basic information necessary to develop, improve and implement resource management 

and conservation strategies are lacking. Hence, thorough understanding of the extent of LU/LC 

change and its impacts on soil physicochemical property and soil macro-fauna diversity is 

critically important for designing sound land use and environmental planning and integrated 

management of the entire watershed. Moreover, the findings of this research is useful to indicate 

policy direction and help as the main input for decision makers to solve the problems related with 

LU/LC changes and soil loss. Therefore, this study was initiated with the following objectives. 

 

1.3 Objectives of the study 

1.3.1 General objective  

The overall objective of this study is to explore the effects of land use/land cover change on soil 

health and to generate important data for designing appropriate policy and good decision making.   
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1.3.2 Specific objectives  

� To detect and characterize the extent and driving forces of land use/ land cover changes 

from 1973 to 2017 periods, in the study area over the past 40 years  

� To examine the effects of land use/ land cover changes on soil physicochemical properties. 

� To investigate the effects of landscape positions on soil physicochemical properties.  

� To evaluate the impact of land use/ land cover changes on diversity of soil invertebrate 

macro-fauna. 

 

1.4 Research questions and hypothesis  

1.4.1 Research questions 

1) What is the magnitude and rate of observed LU/LC changes that have occurred in 

the study area from 1973 to 2017 periods? 

2) What are the perceived driving forces of LU/LC changes? 

3) How the LU/LC change affects soil physicochemical properties? 

4) What is the effect of landscape position on soil physicochemical properties? 

5) How LU/LC change affects diversity of soil invertebrate macro-fauna? 

 

1.4.2 Hypothesis   

1) Null hypothesis (H0): The magnitude and rate of land use/land cover changes have 

been zero  

     Alternate hypothesis (Ha): The magnitude and rate of land use/land cover changes   

      have been greater than zero  

2) Null hypothesis (H0): The driving forces of LU/LC changes are not perceived  
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Alternate hypothesis (Ha): The driving forces of LU/LC changes are perceived  

3) Null hypothesis (H0): Land use/land cover changes have no effects on soil 

physicochemical properties  

Alternate hypothesis (Ha): Land use/land cover changes have effects on soil 

physicochemical properties  

4) Null hypothesis (H0): landscape positions have no effects on soil physicochemical 
properties 
 
 Alternate hypothesis (Ha): landscape positions have effects on soil physicochemical   
 Properties 
 

5) Null hypothesis (H0): Land use/land cover changes have no influence on diversity 

of soil invertebrate macro-fauna   

Alternate hypothesis (Ha): Land use/land cover changes have influence on diversity 

of soil invertebrate macro-fauna 

   

1.5 Structure of the thesis  

This thesis is organized in five chapters. The first chapter provides general background 

information followed by the statement of the problem, research objectives, research questions and 

hypotheses. The second chapter is a review of relevant literatures that gives existing evidences on 

the severity of land degradation caused by LU/LC change, and the third chapter is the materials 

and methods section that begins with a description of the study area and explanations of the 

research methods. Chapter four presents results and discussion of each research objective which 

are published in peer-reviewed scientific journals. Chapter five provides the conclusions and 

recommendations of the research. 
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CHAPTER TWO 

 2. REVIEW OF RELATED LITERATURES  

2.1 Concepts and definitions 

Land is generally defined as a place on the earth’s surface that embraces all elements of the 

biosphere including the close surface climate, the soil and landforms, water surface, the biological 

life, the current and past human settlement patterns and activities (Briassoulis, 2000). The same 

author concludes that the explanation given for land differs among scholars due to the features that 

characterize the land.  

 

Land cover and land use are the two interrelated ways of observing earth’s surface (Duhamel, 

2011). The former represents the biophysical state of the earth’s surface and immediate subsurface, 

while the later indicates the manner human populations manipulate the biophysical attributes of the 

land and the purpose for which land is used (Pellikka, 2008; Duhamel, 2011). Some examples of 

land use are grazing, recreation, agriculture, urban development, logging and mining (Opeyemi, 

2006). The relationship between land use and land cover can be described as: change in land use 

affecting and being affected by land cover, however the change is not necessarily the product of 

the other. Single land use system may correspond to a single land cover or it may involve several 

distinct covers (Briassoulis, 2011). For instance a farming system may involve several distinct 

cover types such as cultivated land, woodlots, pasture or grazing land, and settlements or built up 

areas. On the other hand single class of cover may support multiple uses. For example the area 

covered by natural forest can be used for hunting and gathering, fuel wood collection, recreation 

and wild life preservation (Verheye, 2011). 
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Land cover and land use are distinguished in that land cover portrays any observable and visible 

thing on the land whether it is natural or manmade. On the other hand, land use indicates the 

practical actions that humans apply on the land like grazing land for cattle habitable areas (Lambin 

et al., 2007). Moreover, land cover depicts original and introduced vegetation cover, rocks, sand or 

other surface and human induced structure that are seen on the surface of the earth. Land use 

shows a multitude of activities carried by human beings with the motive of setting products and 

benefits from land resources like soil and vegetation cover (Duhamel, 2011).  

 

A change in land cover refers to conversion of one land cover type to another cover type or 

modification within one land cover category (Lambin and Geist, 2003). The major cover and land 

use change takes places when natural forest is converted into other uses such as agriculture, 

grazing, settlement or infrastructural development due to the influence of growing human 

population (Turner et al., 1995). In that sense, LU/LC change refers to the human modification of 

the earth’s terrestrial surface (Shrestha, 2012). Modification occurs when the change affect only 

the characteristics of the land cover without causing a complete shift from one LU/LC type to the 

other. On the other hand conversion occurs when one LU/LC type is completely replaced by 

another (Alemu et al., 2015).  

 

2.2 Extent of land use/ land cover change  

LU/LC change occurs at local, regional and global scales and changes at local scales can have 

cumulative impacts at broader scales (Burka, 2008). LU/LC change is as old as the age of human 

kinds (Gebreslassie, 2014). Human land use activities spread over about 50% of the ice free land 

surface starting from the control over fire and domestication of animals and plants. The spread of 
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land use activities were usually at the expanse of forest lands, resulting in the reduction of global 

forest cover from 50% to less than 30% (Lambin et al., 2003). Between the years 1700 and 1990, 

the area under cropland and pasture land have increased from an estimated 300-400 million ha to 

1500-1800 million ha, and 500 million ha to 3100 million ha, respectively. This resulted in 

corresponding reduction of forests from around 5000-6200 million ha in 1700 to 4300-5300 

million ha in 1990 and natural grasslands, steppes and savannas from around 3200 million ha in 

1700 to 1800- 2700 million ha in 1990 (Lambin et al., 2003). Crop cultivated land and pastures 

lands are now among the dominant agro-ecosystems on the planet, occupying more than 35% of 

the world’s ice-free land surface (Paul and Lisa, 2011). 

 

However LU/LC change is not homogeneous across all parts of the world. There are regions still 

with relatively undisturbed land cover such as parts of the tropics and Polar Regions. Some other 

regions experienced huge LU/LC change mainly through the expansion of agricultural lands at the 

expense of forest and grazing areas (WIREs Climate Change, 2014). 

 

Cumulative change in LU/LC, on the other hand, has been the most common kind of human-

induced environmental change since antiquity. Such change is geographically limited, but if 

repeated sufficiently can become global in magnitude. Changes in landscape, such as changes in 

forest cover, cropland, grasslands, wetlands, or human settlements are some examples of 

cumulative change (Figure 1). Such changes are driven by multiple factors (Maitima et al., 2009). 
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         Figure 1. Schematic representation of land use sequences (Maitima et al., 2009) 

 

In Ethiopia, empirical evidences show that there have been considerable LU/LC changes in 

different parts of the country having important environmental consequences (Bewket and Abebe, 

2013). Large areas of the country, which were once under vegetation cover are now changed to 

cultivated or bare land and exposed to soil erosion resulting into environmental degradation and 

serious threat to the land (Amare, 2007). The estimated forest cover of Ethiopia has been reduced 

from around 16% of the total land surface in the 1950s to only 4% in the 1980s and to less than 

2.7% at the end of the 1990s (Elias, 2002; Bojo and Cassells, 1995). 

 

The environmental problems include the alarming loss of natural forest by deforestation (Berhanu 

et al., 1998; Berhane, 2007) led to severe soil erosion (130t/ha for cultivated fields and 42t/ha for 

other land use types), and nutrient mining with annual loss of macronutrients at 122 kg N ha-1, 13 
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kg P ha-1 and 82 kg K ha-1, was estimated to be high (Elias, 2019). The change of land use/land 

cover evident in the country inevitably made the soils prone to degradation. This fact is also 

pointed out by (Mesfin Abebe, 1998) as the soils of some parts of Ethiopia, (particularly which of 

the highlands) degraded to extreme level. On the other hand, study conducted in the previously 

degraded parts of northern Ethiopia revealed the improvement of vegetation cover due to 

community afforestation, land rehabilitation and integrated watershed management activities 

(Amare, 2007).  

 

2.3. Drivers of land use/land cover changes 

Land use/ land cover changes are the outcome of numerous driving forces that command certain 

environmental, social and economic conditions (Shiferaw, 2011). The natural or biophysical 

causes of LU/LC change include:- slope gradient, climate change, soil type, wildfire, pest 

infestation, flood and drought (Garedew, 2010; Shiferaw, 2011). Human induced or anthropogenic 

driving forces of LU/LC change grouped as the direct effects of human activity (proximate causes) 

and indirect effects of human activity (underlying driving forces) EPA, 1999 report cited in 

(Morie, 2007) (Figure 2). The proximate causes comprise agricultural expansion, wood extraction 

and infrastructure expansion while the underlying driving forces include demographic, economic, 

technological, policy and institutional and cultural factors (Briassoulis, 2011). The human induced 

causative factors increasingly recognized as a dominant force in LU/LC change (Lamichhane, 

2008; Melaku, 2003). Different scholars pointed out population pressure, expansion of agricultural 

land, settlement and poverty in the front line as causes for land use/ land cover change and 

summed up driving forces behind land use/ land cover changes into proximate and underlying 

causes (Lambin et al., 2003) (Figure 2). 
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Figure 2. Five broad groups of underlying driving forces underpin the proximate causes (Geist and 

Lambin, 2002). 

 

Proximate or direct causes of land use change encompass human activities and immediate actions 

that originate from land use and directly affect land cover (Lambin et al., 2003). They generally 
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operate at a local level and involve a physical action on land cover. Agricultural expansion 

represents one of the most important direct causes of land use change (Geist and Lambin, 2002). 

From large scale permanent cultivation and cattle ranching systems in developed countries, to 

small scale subsistence farming systems associated with traditional shifting cultivation and 

extensive grazing practices of developing countries, agricultural expansion has been by far the 

most important driving force of land cover change (Geist and Lambin, 2002). Wood removals 

from forests (deforestation) for sawmill industry or for domestic uses, such as fuel wood, pole or 

charcoal production, have contributed to the conversion of a large proportion of tropical forest into 

savannas and grasslands (Geist and Lambin, 2002). The most recent human induced direct cause of 

land use change is the expansion of infrastructure. This involves road and railway development for 

transportation, the creation or development of public and private markets, urbanization and rural 

settlements, mining and oil exploitation, water lines, electrical grids and pipeline development 

(Veldkamp and Lambin, 2001). 

 

Underlying drivers of land use change (indirect or root causes) are fundamental forces that 

underpin the more proximate causes of land cover change (Lambin et al., 2003; Geist & Lambin, 

2002). They operate more indirectly, by altering one or more proximate causes and are formed by 

complex interacting population pressure, poverty and economic conditions, land tenure policies, 

political and cultural factors. The underlying causes are basic elements that pave the way for the 

proximate causes to operate. The effect is felt from far distant areas, frequently by affecting one or 

more proximate causes (Lambin et al., 2003). In coping up with an ever-increasing number of 

people, we are causing damage to the lithosphere, the hydrosphere, and the atmosphere, which 

consequently leads to global warming.  
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The population in Ethiopia increases by approximately 2.2 million people per year, and is 

predicted to be more than doubled by the year 2050 (United Nations Population Division, 2009). 

This population growth causes an increased pressure on land resources, mainly resulting from a 

demand for agricultural products (Molla, 2014). The total population of Ethiopia during the first 

population and housing census (1984) was 39,868,572. However, during the census of 1994 and 

2007 it increased to 53,477,265 and 73,918,505 respectively (CSA, 2014) suggesting that the total 

population increased by more than 34 million people between 1984 and 2007. This population 

growth has led to expansion of agriculture and settlement by clearing forest, grass and woodlands 

(Minale, 2012). Technology and market developments also accelerated the urbanization process. 

This has contributed to a large expansion of urban areas at the expense of other land cover types. 

Moreover, misguided policies and institutions relating to land tenure have become a major 

distinctive for investment in land resource management (Lambin and Geist, 2007). 

 

2.4 Effect of land use/land cover changes on soil properties 

Land use/land cover change has become an increasing concern in recent years since hundreds of 

millions of people in the world are affected and threatened by drought and famine, as well as with 

the degradation of soils and vegetation (UNCCD, 2012). LU/LC changes happening very quickly 

are basic environmental problems, and it is much serious in the Ethiopian highlands. In Ethiopian 

highlands, there has been a continuous expansion of cultivated land at the expense of vegetation 

cover and marginal landscapes. As pressure on LU/LC class increases, understanding LU/LC 

patterns and changes is critical (Grinblat et al., 2015). Studies pointed out that deforestation and 

expansion of cultivated land into marginal areas are the principal forms of LU/LC change types in 

the country (Minta et al., 2018). However, studies on LU/LC change were spatially concentrated in 
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specific areas, mainly in the Northern highlands (Blue Nile river basin) and some areas in rift 

valley lake basins (Muluneh, 2010). 

  

The physical properties of soils determine their adaptability to cultivation and the level of 

biological activity that can be supported by the soil. Soil physical properties also largely determine 

the soil's water and air supplying capacity to plants. Many soil physical properties change with 

changes in land use system and its management such as 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 (Getahun et al., 2014). 

 

Soil chemical properties are the most important among the factors that determine the nutrient 

supplying capacity of the soil to the plants and microbes. The chemical reactions that occur in the 

soil affect processes leading to soil development and soil fertility build up. Minerals inherited from 

the soil parent materials overtime release chemical elements that undergo various changes and 

transformations within the soil (Solomon, 1994). The impact of land use changes on soil chemical 

properties varies in magnitude of change across eco-regions and their effects are severe soil 

degradation, intensified agriculture, decreasing amount of forest land, loss of biodiversity, and soil 

erosion (Buytaert et al., 2002). This is responsible for soil deterioration through alteration of soil 

chemical properties which ultimately affect soil quality and agricultural productivity in adverse 

manner. 

 

Soil macro-fauna largely govern ecosystem functioning and are important components of below 

ground bio-diversity accounting for 50 to 75% of the total dry weight of invertebrates in soils 
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(Brown et al., 2001). However, ecologists have largely neglected belowground biodiversity and 

have focused mostly on above ground species (Decaëns, 2010; Pärtel et al., 2012). Land use 

change and intensive agriculture have negative effects on the diversity and densities of soil 

invertebrate macro-faunas, as well as on the functioning of food chains, mainly due to the 

simplification of landscapes, soil degradation, and deterioration of water quality (Ponge et al., 

2015). 

 

2.4.1 Soil texture, Particle density (PD), Bulk density (BD) and Porosity 

Soil texture forms the inherent property of soils and textural classes are not subject to easy 

modification in the field. Whereas, this property is subject to change under conditions of land use 

change, which leads to varied soil management practices that may contribute indirectly for changes 

in particle size distribution. Under land use changes, which usually involve conversion from forest 

to cultivated lands, the soil protective cover loosens and erosion prevails. Whilst soil erosion takes 

place, fine particles are preferentially removed, resulting in a greater concentration of clay and silt 

in the sediments than in the original soil (Woldeamlak and Stroosnijder, 2003). Over a very long 

period of time, pedogenic processes such as erosion, deposition, eluviation and weathering can 

change the textures of various soil horizons (Erkossa et al., 2005). This ultimately caused to 

change the particle size fraction composition of the original soil. This phenomenon is observed in 

the Ethiopian highlands where severe soil erosion prevails. 

 

Particle density of most mineral soils ranges between 2.60 to 2.75 Mg/ m3 since they are largely 

composed of quartz, feldspar, micas, and the colloidal silicates. For arable mineral surface soils   

(1 to 5% organic matter) the average PD value is estimated to be 2.65 Mg/ m3 (Mulugeta, 2004). 
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The same authors also showed that for some soils high in heavy minerals such as magnetite and 

hornblende, the particle density is higher even than 3.0 Mg/ m3 while in soils high in organic 

matter, the values would be reduced to 0.9 to 1.3 Mg/ m3. Generally, the presence of iron oxide 

and heavy minerals increases the average value of particle density and the presence of OM lowers 

it (Hillel, 1980). According to (Ahmed, 2002), the surface soil layer had lower particle density 

value than the subsoil horizons and the higher particle density was obtained at the subsoil horizons 

in different land use systems at different elevation. This is attributed to the lower OM content in 

the subsoil than in the surface horizons. 

 

Soil bulk density is among the hydro-physical properties affected by land use management 

practices, mainly cultivation. Bulk densities are found to be high in cultivated soils due to two 

major reasons: (1) rapid loss of organic matter due to its turnover and rapid rate of oxidation and 

(2) soil compaction due to ploughing (Zhang and Zhang, 2005). This demonstrates cultivation of 

deforested land may rapidly diminish soil quality, as ecologically sensitive components of the 

previous ecosystem are not able to buffer the effects of land use practices. However, these changes 

are functions of the length of time the soil is subjected to cultivation (Mulugeta, 2004). Soils under 

Eucalyptus plantation have been shown to have a higher bulk density than other land use types. 

These differences are attributable to, among others, the differences in soil organic matter content 

(which is low under eucalyptus), which is highly, influenced by land use management practices 

(Woldeamlak and Stroosnijder, 2003). Besides (Mulugeta et al., 2005) investigated the variation in 

bulk density due to soil depth which as a result has increased in the 0-10 and 10-20 cm layers 

relative to the length of time the soils were subjected to cultivation after deforestation. 

Contradictory to these, (Wakene, 2001) demonstrated bulk density was affected by soil depth at 
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Bako, which as a result was higher at the surface than the underlying horizons observed in 

abandoned fields and fallow lands left for twelve years. This finding is not in agreement with the 

established fact that bulk density is lowest at the surface due to the higher SOM content. Bulk 

density of a soil is a key physical property, which changes in response to disturbance or soil 

management practices (Sumner, 2000).  

 

The porosity of the soils usually lies between 30% and 70%, and may be used as a very general 

indication of the degree of compaction in a soil in the same way as bulk densities are used. As the 

bulk density of the soils becomes lower, the percent pore space (total porosity) will be higher 

(Landon, 1991). Many practices are known to influence the soil hydro-physical properties such as 

soil water retention, infiltration, porosity, etc. These include crop type (differ in root penetration 

capacity in soils), cultivation and application of organic residues (Jaiyeoba, 2003; Rachman et al., 

2004). The impact of management on soil water is indirect. For instance, intensive cultivation is 

known to enhance organic matter oxidation, and deteriorates soil structure thereby reduces water-

holding capacity at saturation (Rachman et al., 2004). As the soil organic matter content increases 

the degree of wetness and water holding capacity generally also increase. This demonstrates that 

effects of cropping systems on soil physical properties are often related to changes in level of soil 

organic matter, as it is responsible to forming stable aggregates with clay-sized particles. However, 

the continuous deterioration of the physical soil attributes could affect the productivity of the soils 

by altering the hydrological regimes (e.g. infiltration & water holding capacity), crop rooting depth 

and soil susceptibility to erosion in the long-term. The variation in soil water content due to land 

use was demonstrated by the findings of (Wakene, 2001) at Bako. His report revealed that the 

highest (526 mm/m) and the lowest (275 mm/m) soil water content at field capacity (FC) in the 
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deeper layers (90-140 cm) in continuously cultivated farm field and the surface (0-16 cm) soil 

layer of abandoned research field, respectively. Similarly, the highest (391 mm/m) and the lowest 

(174 mm/m) of soil water contents at permanent wilting point (PWP) were recorded for the subsoil 

(45-80 cm) layer of fallow field and the surface (0-16 cm) layer of the abandoned research field, 

respectively. Again (Buytaert et al., 2002) strengthened this idea and remarked water retention at 

permanent wilting point diminished by an average of 16% after two years of cultivation in south 

Ecuador, which is less than the reduction caused by drying in the laboratory, which reaches an 

average of 35%. In contrast to this, (Cunningham et al., 1999) reported that soil  water content and 

surface runoff have increased as a result of woodland clearance which can be attributed to the 

reduction in the transpiration demand of the vegetation and decreased land cover, respectively.   

 

2.4.2 Soil pH, Soil organic matter (SOM), Total nitrogen (TN) and Available phosphorus 

(AP) 

Soil pH is sensitive to changes in the natural environment and soil management practices. 

Deforestation followed by cultivation of the same land which results in leaching of basic cations 

due to adequate rainfall, forms the major cause for the change in pH and acidification process in 

the tropics (Smith et al., 1995). A gradual reduction of surface soil pH with time was observed in 

land units undergone continuous cultivation in Ethiopia (Elias, 2017). In Ethiopian highlands, 

excessive disturbance of the soil at seedbed preparation causes high rate of organic matter 

decomposition. Through the process of decomposition, the reaction of CO2 with H2O forms both 

organic acids such as carbonic acid (H2CO3) and inorganic acids such as sulfuric acid (H2SO4) and 

nitric acid (HNO3) which are potential suppliers of hydrogen ions in the soil encouraging the 

development of acidic cations (Wakene, 2001, Woldeamlak and Stroosnijder, 2003). Severe soil 
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erosion and leaching processes are other reasons for the reduction in soil pH in cultivated fields. 

With increasing number of cultivation years while almost all groups of soils tend to be slightly 

leached and become acidic in reaction which results in declining soil chemical fertility (Jaiyeoba, 

2003). Owing to the high soil acidity levels of the sub-tropical soils, the EC values are negligible 

and there were no apparent differences in electrical conductivity among the different soil 

management systems in the soils of Bako area, western Ethiopia (Wakene, 2001). 

 

Extensive deforestation and conversion of natural forests into agricultural lands in Ethiopian 

ecosystems led to significant decline in forest-derived SOM levels of the soils. Meanwhile, many 

factors that change soil organic matter levels and forms are controlled by soil management. Due to 

the complex soil processes, the soil organic matter (SOM) is the most sensitive to soil 

characteristics and land use change (Sanchez et al., 2002). These differ across eco-regions and 

strongly interact with land use, farming systems and soil/crop management systems (Batjes, 2004; 

Powers et al., 2004). The changes in land use impact SOM pools and fluxes which depend on a 

number of factors such as the old and new land use types, the soil type, management and climate 

(Lettens et al., 2004). These changes typically result in differing rates of soil erosion, aggregate 

stability, biological activity, and drainage all of which have a profound impact on SOM 

accumulation and CO2 evolution. However, forest and pasture lands make up the potential to build 

up large amounts of SOM, whereas conversion of natural ecosystem to croplands which results in 

high rate of its turnover led to declined level of SOM (Batjes, 2004). Extensive deforestation, over 

grazing and complete removal of crop residues from agricultural fields in the Ethiopian highlands 

has led to significant decline in SOM levels. The conversion of forestland into cultivation and 

grazing land led to a decline in the soil organic matter contents by 87% and 85%, respectively at 
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Chemoga watershed, Blue Nile basin, Ethiopia (Woldeamlak and Stroosnijder, 2003). Similarly, 

(Solomon et al., 2002) reported a drop down of SOM by 55% at Wushwush and by 63% at 

Munessa following conversion of natural forest to cultivated fields after 25 and 30 years of 

continuous cultivation, respectively. In favour of this, (Tesfu and Laktinov, 1996) reported 

intensive cultivation of Nitosol at Holetta area of central Ethiopia profoundly decreased SOM 

content as compared to the uncultivated fields. This indicates that land use practices have 

detrimental effects on SOM level and composition have far-reaching implications because of the 

multiple roles SOM plays in soil quality and link with soil fertility (Solomon et al., 2002). 

 

In view of the high nitrogen requirements of plants and low levels of nitrogen in virtually all types 

of soils, it is considered the most important and universally deficient nutrient element in managed 

ecosystems (Woldeamlak and Stroosnijder, 2003). Soil total nitrogen (TN) is composed of 

inorganic (NH4+, NO-3 and NO-2) and organic forms (SOM) are subject to change due to 

management (cropping, fertilization, erosion and leaching) (ICARDA, 2001). However, it is quite 

susceptible to changes in management practices that cause changes in level of SOM content 

(Solomon et al., 2002). In tropical environments where forest ecosystems are usually converted to 

agricultural systems, TN content tends to turn down quickly. Intensive cultivation of soil leads to a 

high rate of SOM turnover and accelerates its decomposition, which makes the soil more 

susceptible to erosion and decreases its water holding capacity at saturation (Solomon et al., 2002). 

This governs the TN content to be a characteristic feature of the highly disturbed weathered soils 

in the humid and sub humid tropics. The high loss of nitrogen in these soils resulting from leaching 

of soil nitrates as well as loss of SOM content as a result of intensive cultivation and rainfall 

contributes much to this decline (Mohammed et al., 2005). Though cultivation causes decrease in 
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the total nitrogen content of soils in different agro-ecosystems, the rate of decline is found to be 

rapid during the first few years of cultivation. In the same way, a 30% depletion of TN from 

agricultural fields cultivated for 40 years in Bako area, western Ethiopia was reported by (Wakene, 

2001). Surprisingly, the amount of depleted TN from abandoned land compared with the virgin 

land is 76%, which was 23% greater than that reported by (Solomon et al., 2002) from south-

western Ethiopian soil subject to cultivation for 25 years’ time.  

 

Carbon to nitrogen ratio (C/N) is an indicator of net N mineralization and accumulation in soils 

(Solomon et al., 2002). Research findings revealed that cultivation of land results in reduction of 

SOM and total N, and increase C: N of soils (Tellen and Yerima, 2018). Similarly, (Tesfu and 

Laktionov, 1996) reported that intensive cultivation of Nitosols at Holetta decreased their SOM 

content as compared to the uncultivated soils. Organic matter rich in carbon provides a large 

source of energy to soil microorganisms. Consequently, it brings population expansion of 

microorganism and higher consumption of mineralized N. Dense populations of microorganisms 

inhibit the upper soil surface and have an access to the soil N sources. If the ratio of the substrate is 

high there will be no net mineralization and accumulation of N (Genxu et al., 2004). They further 

noted that as decomposition proceeds, carbon is released as CO2 and the C/N ratio of the substrate 

falls. Conversion of carbon in crop residue and other organic materials applied to the soil into 

humus requires nutrients (Lal, 2001). Plant residues with C/N ratios of 20:1 or narrower have 

sufficient N to supply the decomposing microorganisms and also to release N for plant use. 

Residues with C/N ratios of 20:1 to 30:1 supply sufficient N for decomposition but not enough to 

result in much release of N for plant use the first few weeks after incorporation. Residues with C/N 

ratios wider than 30:1 decompose slowly because they lack sufficient N for the microorganisms to 
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use for increasing their number, which causes microbes to use N already available in the soil 

(Miller and Gardiner, 2001). They have further stated that the wider the C/N ratio of organic 

materials applied, the more is the need for applying N as a fertilizer to convert biomass into 

humus. According to the same authors, soil respiration results from the degradation of organic 

matter (for example mineralization of harvest residues). This soil biological activity consists of 

numerous individual activities; the formation of CO2 being the last step of carbon mineralization. 

Conditions that favor growth of microorganisms will favor fast decomposition rates: continuous 

warm temperature, wetness, clay types of texture, suitable soil pH (slightly acidic), and adequate 

nutrients and absence of other decomposition inhibitors such as toxic levels of elements 

(aluminum, manganese, boron, chloride), soluble salts, shade, and organic phytotoxines (Miller 

and Gardiner, 2001). Low soil temperature, by decreasing the rate of decomposition, appeared to 

have had an important effect on SOM content of the soil (Foth, 1990). 

 

The sources of Phosphorus include commercial fertilizer, animal manure, plant residues, human, 

industrial and domestic wastes and native compounds of P. Hence, its deficiency is directly related 

to food security issues, especially in the tropics where severe soil degradation is responsible for 

serious deterioration in soil quality (Zhang and Zhang, 2005). Besides this, phosphorus from 

fertilization and application of cattle dung as a soil conditioner in cultivated fields has been 

substantial in its effect. The forms and dynamics of available phosphorus (AP), however, can be 

greatly affected by soil management and land use practices, which often involve dramatic changes 

in vegetation cover, biomass production, soil organic matter level and nutrient cycling in the 

ecosystem (Ross et al., 1999; Solomon et al., 2002; Genxu et al., 2004). Land use changes led to a 

significant decline in AP content of soils in south-western Ethiopian ecosystems (Solomon et al., 
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2002). The authors attributed the land use effect on AP to the remarkable depletion of phosphorus 

associated with SOM, as deforestation led its decline and loss of associated nutrients. Here again 

AP fixation occurred due to leaching of base forming cations and subsequent development of 

acidity. Contrary to this, considerable increase in AP content was reported in north-western 

Ethiopia by (Weldeamlak and Stroosnijder, 2003) where forest trees shown to have extracted more 

phosphorus than field crops in which larger proportion of the P pool is retained and immobilized 

by microbes in the litter layers of forests. Significant number of authors agreed that the effect of 

deforestation and establishment of other types of land use on availability of this vital nutrient was 

not negative. However, the difference is strongly attributable to differences in SOM content and 

pH level of soils, severity of erosion and leaching, and types of crops grown and intensity of 

cultivation (Wakene, 2001). 

 

2.4.3 Cation exchange capacity (CEC) and Exchangeable bases affected by land use  

CEC was found to be determined by organic matter (humus) content far exceeding the role of clay, 

which is the primary source of charge sites from weathering of silicate minerals, and variations in 

the levels of CEC across land use types parallels that of organic matter because organic ions are 

the secondary sources of exchange sites in the soils contributed by organic anions (Saikh et al., 

1998; Woldeamlak and Stroosnijder, 2003). Besides, (Woldeamlak and Stroosnijder, 2003) 

reported a significant difference in CEC of soils due to land use types with values highest in soils 

under forest and lowest under cultivation.  

 

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 
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saturation particularly in Vertisols (Eyelachew, 2001). Soils under continuous cultivation, 

application of acid forming inorganic fertilizers, high exchangeable and extractable Al and low pH 

are characterized by low contents of Ca and Mg mineral nutrients resulting in Ca and Mg 

deficiency due to excessive leaching (Yimer et al., 2008). High contents of exchangeable Ca and 

exchangeable Mg increased in a down ward slope position (Mohammed et al., 2005).  

 

The variation in the distribution of potassium (K) depends on the mineral present, particle size 

distribution, degree of weathering and soil management practices (Wakene, 2001). Soil parent 

materials contain potassium (K) mainly includes feldspars and micas. As these minerals weather, 

and the K ions released become either exchangeable as adsorbed or as soluble in the solution 

(Yihenew and Getachew, 2013). On the other hand, (Wakene, 2001) reported that the variation in 

the distribution of exchangeable K depends on the mineral present, particles size distribution, 

degree of weathering, soil management practices, climatic conditions, degree of soil development, 

the intensity of cultivation and the parent material from which the soil is formed. The greater the 

proportion of clay mineral high in K, the greater will be the exchangeable K in the soils (Tisdale et 

al., 1995). Soil K is mostly a mineral form and the K needs of plants are little affected by organic 

associated K, except for exchangeable K adsorbed on SOM. Low presence of exchangeable K 

under acidic soils has been described by (Mesfin, 1996), while (Alemayehu, 1990) observed low K 

under intensive cultivated land. Normally, losses of K by leaching appear to be more serious on 

soils with low activity clays (e.g., Nitisols, Luvisols, etc) than soils with high activity clays (e.g., 

Vertisols, Leptosols, etc), (Foth and Ellis, 1997).  
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Exchangeable 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 Ca 

and magnesium Mg ions) (Sithambaranathan, 2009). Moreover, it also adversely affects the 

population, composition and activity of beneficial soil microorganisms directly through its toxicity 

effects and indirectly by affecting soil physical and as well as chemical properties. The general 

trend in the exchangeable Na is a decline with conversion of forest into the other types of land use. 

However, exchangeable Na contents of the soils show statistically insignificant differences among 

the land use types (Woldeamlak and Stroosnijder, 2003). This is partly because Na exists only in 

trace amounts in the Ethiopian highland soils under all land use types (Elias, 2016).  

 

2.4.4 Micronutrient levels as affected by land use 

The presence of SOM may promote the availability of certain elements by supplying soluble 

complex forming agents that interfere with their fixation (Hodgson, 1963). This implies that the 

SOM content significantly affects the availability of micronutrients. The availability of 

micronutrients is dictated by soil pH which is also significantly affected by land use; 

micronutrients are most soluble and available in acidic soils (pH below 5.5) while ionic forms of 

the cations are precipitated into oxides and hydroxides in higher pH soils (Elias, 2017). High 

available micronutrients were observed on surface layer of forest land (Habtamu et al., 2014). The 

presence of SOM in forest land may promote the availability of micronutrients by supplying 

soluble complexing agents or organic acids that interfere with their fixation (Belay, 2003). The 

status of micronutrients (Fe, Mn, Zn, Cu, and B) of the Bako area soils revealed the effects of 

different soil management practices on the concentration of each micronutrient element (Wakene, 
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2001). Factors affecting the availability of micronutrients are parent material, soil reaction, soil 

texture, and SOM (Brady and Weil, 2002). Moreover, the factors that determine the amount of 

available micronutrients to plants are importantly related to soil conditions and plant species. 

Micronutrients have positive relation with the fine mineral fractions like clay and silt while 

negative relations with coarser sand particles (Tisdale et al., 1995). This is because their high 

retention of moisture induces the diffusion of these elements (Tisdale et al., 1995).  

  

2.4.5 Soil invertebrate macro-fauna as affected by land use 

Soil is one of the most diverse habitats on earth and contains a corresponding diverse assemblage 

of living organisms (Giller et al., 1997). Soil microbial biodiversity includes bacteria, fungi, 

protozoa and macro-fauna (Hagvar, 1998). Belowground macro-fauna diversity has received little 

research attention which resulted in an acute lack of baseline data on most soil macro-fauna taxa, 

their systematic positions, geographic occurrence and distribution, abundance and critical 

ecological roles soil fauna play in maintaining soil structure, soil fertility and in mediating 

important ecosystem processes such as decomposition and nutrient cycling (Swift and Anderson, 

1993).  

 

Biological diversity of organisms below ground is probably higher in most cases than that above 

ground, it has generally been ignored in surveys of ecosystem biodiversity. Nowhere in nature are 

species so densely packed as in soil communities (Hagvar, 1998). Soil biota is a central constituent 

of any ecosystem, whether natural or managed, due to their role in regulating key soil functions 

such as organic matter decomposition, nutrient cycling and soil structure maintenance (Barrios, 

2007). Soil macro-fauna constitute an important component of soil biota given the significant 
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impact of their activities on soil properties. Macro-fauna found in soil and surface litter are known 

to play a central role in improvement of soil physical attributes such as aggregation, porosity, and 

water infiltration (Dangerfield and Milner, 1996; Rossi and Blanchart, 2005). Small soil 

organisms, such as insects and other invertebrates, play a vital role in the production and 

maintenance of healthy soils, and therefore are key elements in the development of sustainable 

agriculture (Stork and Eggleton, 1992). Soil fauna play a central role in many essential ecosystem 

processes (Wolters, 2001).  

 

When a natural system is shifted for agriculture or grazing purposes, major changes do occur in the 

soil environment and in the soil fauna diversity and their abundance. The intensity of the 

modifications induced by land use changes compared with the natural ecosystems and the ability 

of the various soil organisms to adapt to these changes will determine the ultimate community 

present after the perturbation (Hendrix et al., 1990). 

 

Practices that have negative effect on soil fauna include the use of pesticides, particularly 

insecticide, nematicides and fungicides the use of frequent and/ or deep tillage, the lack of 

adequate organic matter management and protection of the soil from physical degradation 

(erosion, compaction), contamination and pollution (Hendrix et al., 1990). On the other hand, a 

number of studies have also given credence to positive trees’ potential on soil organisms thereby 

enhance crop production when integrated with farming (Bardgett and Shine, 1999) 
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CHAPTER THREE 

 3. MATERIALS AND METHODS 

3.1. Description of the study area 

The study was conducted in Shenkolla watershed, covering 1457 ha in south central highlands of 

Ethiopia. The geographical location of the watershed falls within the coordinates of 7°24'30" - 

7°27'0" N Latitude and 37°43'30" - 37°46'30" E Longitude (Figure 3). The altitude ranges from 

2200 - 2830 m which is characterized by gently sloping to rolling plateaus with moderate to high 

relief hills, mountains, and dissected side slopes.  

  

 

Figure 3 Map of the study area in southern Ethiopia  
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The climate of the area is generally characterized as tepid sub-moist mid highland with long-term 

average rainfall of about 1107 mm with bi-modal pattern having Belg (light rainy season) is 

usually from March to May and the Meher (heavy rainy season) is from June to September. The 

annual average temperature of the study area is 17.2oC (Figure 4).  

   

 

Figure 4 Mean monthly rainfall and temperature of the of study area 

 

Geological formation is dominated by the quaternary volcanoes that poured large volumes of lava 

composed of acidic rocks (rhyolites, trachytes, etc) that form the parent materials (Elias, 2016). 

Nitisols are the most dominant soil types along with Luvisols, Vertisols, Cambisols and Planosols 

that cover extensive areas of agricultural fields (Elias, 2016).   

 

Highland mixed crop-livestock system is the major farming system providing source of livelihood 

for the community. Arable lands are composed of the intensively cultivated outfields (crop lands) 

and well managed homestead garden fields. Homestead garden fields are covered with staple food 

crop such as enset (Enset ventricosum) and trees such as avocado (Persia americana), Bessanna 
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(Croton macrostachyus) and Korch (Erythrina Abbyssnica) with undergrowth of some vegetables 

and spices forming multistory home garden (Elias, 2018). Soil fertility management is clearly 

differentiated between the cultivated outfields and homestead garden fields. Hoeing and 

incorporation of the farmyard manure in homestead garden fields is distinctly different from the 

plough-based complex system in the intensively cultivated outfields (Elias, 2016). Homestead 

garden fields receive the application of a wide range of organic fertilizers (farmyard manure, 

household refuse, compost, and leaf litter). Cultivated outfields are treated with a dose of less than 

prescribed amounts of mineral fertilizers with an average rate of 50 kg urea and 65 kg/ha DAP 

(diammonium phosphate: 18% N and 46% P2O5) (Elias, 2019). Crop residue removal is another 

problem that causes soil fertility decline in cultivated outfields. As a result, cultivated outfields are 

largely depleted of soil fertility but homestead garden fields are enriched. The outer fields are 

cultivated with cereals including wheat (Triticum aestivum L), teff (Eragrostis tef) (Zucc. Trotter), 

barley (Hordium vulgarae L), sorghum (Sorghum bicolor L.) (Monench) and maize (Zea mais L). 

It is characterized by traditional, rain-fed, labor intensive and subsistence oriented or hand to 

mouth. Forest lands are communally owned and managed while the arable lands and scarce 

grazing lands are individually owned. The system is noted for its high population densities (200-

350 persons per sq.km and sever land shortage) with average holdings of 0.5 ha for a family of 8 

persons along with intensive cultivation.  

    

Livestock husbandry is based on restricted grazing on private grazing lands and cattle are driven in 

to cultivated outfields in the aftermath of crop harvesting. Large herd size on small private grazing 

lands and poor pasture management increased the pressure on privately owned grazing land (Elias, 

2016). There is no reseeding effect, the most palatable grasses and legumes have disappeared, and 
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bare patches have developed, giving room for accelerated soil erosion and severe dissection by 

rills and gullies.  

  

3.2 LU/LC change analysis for 1973 – 2017 period 

3.2.1 Data sources  

The main data sources for this research were semi-structured questionnaires, complemented with 

field observations, remote sensing imagery, topographic maps, supportive data such as GPS 

records, and secondary literature. Primary data were collected through extensive field observation, 

sample households, key informant interview and focus group discussion. Ancillary data (training 

sites and ground control points) consisting of different LU/LC features and their location points 

were recorded using a Global Positioning System (GPS) instrument (Alemu et al., 2015). The 

images were freely obtained (downloaded) from the USGS Glovis website 

(http://glovis.usgs.gov/). ArcGIS 10.3 software was used to classify image and to delineate the 

study area. 

 

The spatial and temporal dynamics of LU/LC Changes were investigated using remote sensing 

images of the period from 1973 -2017, covering 40 years. The study period was divided into two 

time periods the 1973–1995 and the 1995–2017 period. The first period denotes the period of 

revolution, nationalization of land ownership by the state and the subsequent redistribution of land 

to peasants by the state during the regime of Derg (Benin and Pender, 2001). During this period, 

there was a national afforestation and soil and water conservation interventions using food-for-

work payment at the wake of the successive famines (Elias, 2002). Political instability during 

power vacuum transition period, after the change of Derg regime deforestation was accelerated. 
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The second period denotes the onset of the community-based watershed management with free 

labour contribution and mass mobilization (Kassawmar et al., 2018). However, there was 

agricultural expansion and reduction in forest cover as the result of population growth in the study 

area. These two periods are distinct in policies, interventions and land tenure system that have 

significant bearing on the LU/LC change and subsequently soil fertility status at farm level (Rashid 

et al., 2007). The sources of the images used in this study are summarized as follows (Table 1).  

 

                      Table 1 Characteristics of images used for LU/LC change analysis  

Satellite 

image Sensor Path/Row    Resolution(m) Bands used     

Acquisition 

date          Source 

Landsat 1      MSS 181/55     57*57        1, 2, 3 & 4          31/01/1973 USGS 

Landsat 5      TM         169/55    30*30     1, 2,3,4,5&7        21/01/1995 USGS 

Landsat 8        OLI_TIRS      169/55     30*30 1, 2,3,4,5,6&7 2/02/2017 USGS 

 

3.2.2 Image pre-processing and classification methods  

Before interpretation and classification of the satellite images, a reconnaissance survey was 

conducted to gain a general knowledge of the land use/land cover pattern. All satellite images were 

geometrically corrected to Universal Transfer Mercator coordinate system and geo-referenced to a 

datum in which Ethiopia has selected by WGS (World Geodetic System) (zone 84). Moreover, 

preprocessing activities such as radiometric corrections and a false color grid composite image was 

developed before classifying the images (Teferi et al., 2010; Reis, 2008).  
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Image classification was done by sorting pixels into a finite number of individual categories of 

data based on their data file values (Muke & Haile,  2017; Bogolibova & Tymkow, 2014; Boori, & 

Voženílek, 2014). All pixels in an image were placed into LU/LC classes in order to draw out 

useful thematic information (Aduah, and Baffoe,  2013). First, unsupervised classification was 

used to get the major land parcels which then used for supervised classification. A total of 150 

ground truth samples (75 GPS points in each LULC) were collected based on image interpretation 

keys during field survey and from interviews with the local inhabitants. Reference points in 

different land use/ land cover types were randomly recorded during the field survey using hand 

held Global Position System (GPS) for 2017 image exactly the same as the procedure followed by 

(Tilahun  and Teferie,  2015; Rientjes et al., 2011). Supervised classification with maximum 

likelihood algorism was used to classify the individual images independently using the ground 

control points collected from each LU/LC category (Rawat, 2013; Rientjes et al., 2011). ArcGIS 

10.3 image processing software was used for overall image processing. The way of the 

classification of this study was adopted in such a way that suits the purpose of the study. The 

dispersed rural settlement and scarce grazing land were categorized as agricultural land use class. 

Finally, two land use/land cover classes were identified using independent classification of 

individual images from different dates for the same geographic location. These include agricultural 

land and forestland. Land use/land cover classes of Shenkolla watershed and the corresponding 

description is displayed in (Table 2).  
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Table 2 Descriptions of land use/land cover types of the periods (1973-2017) 

 

Land use/land cover class                            Description 

 

Forest land                                   The land covered with natural and plantation forests.  

Agricultural land                         It includes cultivated outfields (areas of land used for growing        

                                                     various crops),  homestead garden fields, rural settlements and                      

                                                     small scattered plots of grazing lands  

 

3.2.3 Classification accuracy assessment  

To do accuracy assessment for the classified images, 100 random sample points (50 for each land 

use) in Arc GIS 10.3 were created for LU/LC mapping for the years 1973, 1995 and 2017 

respectively. Reference points were collected from the topographic map of 1973 and visual 

interpretation of the raw Landsat TM 1995 images as well as the personal knowledge of the study 

area and Google Earth images. The classification accuracy assessments of the resulting LU/LC 

layers were performed by examining the sample LU/LC class of the classified layer and the 

reference layer to discover similarities and differences. This means, the classified images were 

compared with the reference images by creating an error matrix (Ariti et al., 2015; Rientjes et al., 

2011). By comparing the data sets, the proportion of the pixels correctly classified was estimated. 

Error matrices were plotted as cross‐tabulations of the classified data versus the reference data and 

were used to assess the classification accuracy. Afterwards, overall accuracy, user’s and 

producer’s accuracies and the kappa coefficient were then derived from the error matrices. Overall 
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accuracy was calculated using the following formula (Congalton, 2005) as shown in Eq. 1, while 

the Kappa coefficient was calculated using the formula (Congalton, 1991) shown in Eq. 2. 

                                                � =
�

�
∗ 100                                       (Eq 1) 

Where, A is overall accuracy, x is number of correct values in the diagonals of the matrix, and y is 

total number of values of a reference point. 

 

The Kappa coefficient is a measure of overall agreement of a matrix. The Kappa coefficient takes 

also non-diagonal elements into account (Rosenfield and Fitzpatrick, 1986). The Kappa 

coefficient, which measures the difference between the actual agreement of classified map and 

chance agreement of random classifier compared to reference data, was calculated as follows.  

 

       K= 
	∑ ����∑ (���∗	�	�	�)�

���
�
���

	��∑ (���∗	�	�	�)�
���

                                      (Eq 2) 

Where, K is Kappa coefficient, r is the number of rows in the matrix, xii is the number of 

observations in row i and column i, xi+  are the marginal totals of row i, x + i are the marginal 

totals column i, and N is the total number of observations. 

 

3.2.4 LU/LC change detection during 1973- 2017 

The patterns of changes in terms of hectares for land use/ land cover classes was computed for 

each mentioned time periods and the extent of alteration in land use types within and between time 

periods was compared. The percentage share of each land use class (Hassen and Assen, 2017)  and 

rate of change in hectare per year (Shiferaw, 2011) were computed to demonstrate the magnitude 
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of the changes experienced between the periods using the following equations (Eq 3 and 4), 

respectively.  

                                       CA (%) = ( 
��	�		��

��
	)* 100                        (Eq 3) 

Where, CA (%) = percentage change in the area of land use/land cover type between initial time X1 

and final time X2   

X1 = area of land use/land cover type at initial year  

X2 = area of land use/land cover type at final year 

                                r =  (
	��	���

�
)                                                    (Eq 4)	

Where, r = rate of change in ha/year  

q1 = area of land use/land cover type at initial year  

q2 = area of land use/land cover type at final (recent) year 

t=  is time interval between final and initial years. 

 

3.2.5 Exploring the drivers and consequences of LU/LC change 

Household survey (HH), Key informant interviews (KII) and focus group discussions (FGD) were 

conducted to prove the correctness of the classified images and further come to know the possible 

major driving forces and consequences of land use change in the watershed. A questionnaire with 

semi-structured questions was used to assess the farmers’ perception of LU/LC change, its drivers 

and consequences (appendix I). The most appropriate age to correctly identify LU/LC changes, 

driving forces and consequences was found to be 55 years and above, so that all interviewees have 

lived through the complete study period and were able to answer questions about all periods. 

Therefore, 100 farmers with age 55 years and above were purposively selected. Key Informant 
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Interview was also employed by the participation of 10 experts of agriculture and natural resource 

office of the district. In each village, Focus Group Discussion was conducted with a number of 5 

persons, with varying gender, which included  individuals leaders of community based 

organization (leaders of Idir and traditionally assigned local leaders of community), and 

administrative leaders (Table 3). Respondents were requested to explain how they perceived 

LU/LC dynamics in their surrounding in the different time periods assessed in this study. They 

evaluated the status of the land use/land cover change, its drivers and consequences. Field 

observation helped to confirm the truthfulness of information obtained from FGD and KII. 

Moreover, the information was checked to make sure that it is accurate in district office of 

agriculture and natural resource. Finally, the driving forces, consequences and the direction of land 

use change were identified. Subsequently, the perceptions of the respondents were compared with 

the LU/LC changes observed from the remote sensing images interpretation (Figure 5).   

 

Table 3 Number of participants of HH survey, focus group discussion and key informant interview 

Village     Sampled HHs       FGD    KII 

Beraba            35        5      - 

Barawa            28        5      - 

Lembuda            20        5      - 

Weraido            17        5      - 

Office of Agriculture and 

Natural Resource 

            -        -     10  

Total           100        20      10 

HHs= Sampled households, FGD= Focus group discussion, KII= Key informant interview  
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Figure 5 Methodology of comparison between observed and perceived LU/LC changes  
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3.3 Soil sampling  

Before soil sample collection, field observation and reconnaissance survey were carried out in 

order to notice the general nature of the elevation of the Watershed. On the basis of information 

obtained from the reconnaissance survey, the landscape of the study site was classified in to three 

landscape positions according to relative slope gradient. These are upper landscape position with 

dominant slope gradient of >30%, middle with dominant slope gradient 15- 30% and lower with 

dominant slope gradient 0-15% were selected. After identifying four adjacent land use types 

(forest, grazing land, cultivated outfield and homestead garden field) all under lower landscape 

position, forty (40) disturbed soil samples (4 treatment (land uses) ×10 replications) with a soil 

depth of surface layer 0–20 cm were collected by taking 10 representative samples from each land 

use type to determine the effects of land use/land cover change on soil physicochemical properties. 

Besides, undisturbed core samples were collected from each soil sample site under four land use 

types separately using core sampler for the determination of soil bulk density and water retention 

capacity. These land use classes had similar soil type and slope class but their difference is land 

use and management practices. On the other hand, we identified three land use types (forest, 

grazing land and cultivated land) under three landscape categories (upper, middle and lower 

landscape positions). The land use classes had similar soil type except their differences in slope 

gradient and land use. Twenty seven (27) composite soil samples (3 treatments (landscape 

positions) × (3 replications) × (3 land use types) were collected by taking 9 representative samples 

from each landscape position to evaluate the effects of landscape position on soil physicochemical 

properties. In addition, undisturbed soil samples were also collected separately using core sampler 

from each land use type under upper, middle and lower landscape positions for the determination 

of soil bulk density and water retention capacity. In order to collect soil samples from each land 
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use and slope category experimental design and arrangements were accomplished using a transect 

line (Anderson and Ingram, 1993). To avoid the border effect, the line transect was located at a 

distance of 5m from the edges. On each line transect, sampling points were located at a distance of 

25 meters apart along a transect with randomly positioned starting point but perpendicular to the 

slope with a soil depth of surface layer 0–20 cm.     

                      

The soil samples were collected throughout the months of December and January 2017 after crop 

harvest. Disturbed soil samples placed in polythene bags and undisturbed soil samples in a steel 

core sampler were well labeled as described by the Soil Survey Field and Laboratory Method 

Manual (Burt, 2014) and then taken for subsequent laboratory test. Analyses of the soil samples 

for bulk density, total porosity, water holding capacity at field capacity and permanent wilting 

point, soil aggregate stability and texture were conducted at Ethiopian Water works Construction 

Design and Supervision Enterprise soil fertility lab following standard laboratory procedures as 

outlined in (van Reeuwijick, 2006). Analyses of the soil samples for, soil pH, organic carbon, total 

nitrogen, available phosphorus, cation exchange capacity, exchangeable bases, and available micro 

nutrients (Fe, Mn, Zn and Cu) were conducted at the soil fertility laboratory of the Agricultural 

Bureau of Southern Nations Nationalities and People’s Region. 

 

The soil samples were air-dried, mashed (ground) and passed through 2mm sieve and analyzed for 

physical and chemical parameters. The hydrometer method outlined by (Day, 1965) was used to 

determine soil particle size distribution. The soil textural names were determined based on the 

USDA textural triangle as described by (Rowell, 1994). The bulk density of the soil was estimated 

from undisturbed soil samples collected using a steel core sampler and the procedures outlined by 
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(Black, 1965) was used to determine both BD and particle density (PD). Total porosity was 

estimated from the bulk density and particle density as outlined by (Brady, 1990) using the 

formula: Total porosity (%) = [1-(Bd/Pd)] x100. The water holding capacity of the soil (w/w, %) at 

field capacity and permanent wilting point were measured at 1/3 and 15 bars soil water potential, 

using the pressure plate apparatus (Klute, 1965). Plant available water holding capacity was 

obtained by subtracting PWP from FC (Hillel, 1980). Soil aggregate stability test was carried out 

by wet sieving method as outlined in (Kemper and Rosenau, 1986). It involves abrupt 

submergence of air dry aggregates in water followed by wet sieving using 0.5 mm sieve. The 

reported figures are percentage of aggregates retained after wet sieving (Elias, 2017). Soil pH was 

measured in water (pH-H2O) using a pH meter in a 1:2.5 soil: water ratio (Peach, 1965). The 

content of organic carbon (%) was decided by the (Walkley and Black, 1934) method. After 

laboratory report, soil organic carbon content was converted to soil organic matter content using 

conversion factor of 1.724 adopted from (Young, 1976; Tan, 1996). The total nitrogen (%) was 

determined using the Kjeldahl methods for digestion (Jackson, 1979) and Carbon to Nitrogen ratio 

was calculated by dividing the organic carbon % by the total nitrogen (%). Available phosphorus 

(mg/kg) was determined by extraction from the soil using sodium carbonate at pH equals 8.5 

(Olsen et al., 1954). The cation exchange capacity (cmol+/kg) of the soils was determined at soil 

pH 7 after displacement by using 1N Ammonium Acetate method in which it was, thereafter, 

estimated titrimetrically by distillation of ammonium that was displaced by sodium (Chapman, 

1965). Exchangeable bases (Ca2+, Mg2+, Na+, K+) were determined after leaching the soils with 

ammonium acetate (Thomas, 1990). Amounts of Ca2+ and Mg2+ in the leachate were analyzed by 

(AAS) atomic absorption spectrophotometer and K+ and Na+ were analyzed by flame photometer. 

Percent base saturation was calculated by dividing the sum of exchangeable bases by the CEC of 
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the soil and multiplied by 100. Extractable micronutrients (Fe, Cu, Zn, and Mn) were extracted by 

diethylene triamine penta acetic acid (DTPA) as described in (Sahlemedhin and Taye, 2000). The 

amounts of all these micronutrients were measured by atomic absorption spectrophotometer at 

their respective wave lengths. 

 

3.4 Statistical analysis of soil data 

The analysis of variance (ANOVA) was applied to determine variations in soil parameters among 

land use types and landscape positions. Treatment mean comparison was accomplished using the 

Least Significant Difference (LSD) at 0.05 level of significance (Gomez and Gomez, 1984).  For 

the analysis of data Statistical package for SPSS version 16.0 was used. 

 

3.5 Soil invertebrate macro-fauna sampling  

In order to detect the effect of land use types on soil macro-fauna, sampling was conducted at the 

beginning of slight rainfall locally called belg when soil macro faunas are known to be more active 

(Seeber et al., 2005; Tondoh and Lavelle, 2005). Monolith sampling of soil macro fauna was done 

according to the outlined procedure of Tropical Soils Biology and Fertility Institute (TSBF) 

(Bignell et al., 2008). Five sampling points were chosen in each land use type. At each sampling 

point of the four land use classes, one small monolith (25 × 25 × 30cm) was dug out at 5m interval 

along a transect with randomly positioned starting point but perpendicular to the slope as per the 

modified TSBF protocol, (Anderson and Ingram, 1993). The total of 20 sampling points was dug 

out by taking 5 representative monoliths from each land use type. Each sample was taken to the 

sampling base and hand sorted, removing all the macro-fauna > 2 mm in diameter that were visible 

to the naked eye (Lavelle et al., 2003). Soil macro faunas were counted and preserved in vials 
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filled with 70% alcohol and labeled. The soil was returned to the site of removal after the 

extraction of soil organisms to minimize destruction and fragmentation of the susceptible soils of 

different land use types. 

 

The sampled organisms were then taken to the Insect Sciences laboratory of Addis Ababa 

University for identification. Species of soil invertebrate macro-fauna (SIMF) were identified in 

laboratory using identification key and pictures (Leonid and Rybalov, 1990). Macro-fauna 

abundance was determined in four land use types according to the following main groups: 

earthworms (Haplotaxida), termites (Isoptera), ants (Hymenoptera) and other macro-fauna. 

Finally, sampled soil macro-faunas were separated into taxonomic species; density and abundance 

of each species in four land use types were computed. 

 

3.6 Statistical analysis of SIMF data 

Eight community parameters, including:- Shannon-Wiener index, Simpson index, Pielou’s index 

of evenness, Margalef’s diversity index, Bray-Curts similarity index, the Number of Occurrence 

index,  Relative abundance, and Density were computed for land use types and used to compare 

SIMF diversity across the land uses. 

 

Shannon and Weiner index (Shannon and Weaver, 1949)  

Shannon-Weiner diversity index (�’ ) was used as a measure of species abundance and richness to 

quantify diversity of the SIMF (soil invertebrate macro-fauna). This index takes both species 

abundance and species richness into account. Shannon-Weiner index (H′) was calculated in order 
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to know the species diversity based on species abundance using the (Shannon and Weaver, 1949) 

is given by equation: 

               H′= (-∑ Pi * Ln (Pi))                                 (1)  

where H′ is Shannon-Wiener Diversity Index, Pi is the proportion of each species of SIMF in the 

sample, and Ln (Pi) is the natural logarithm of this proportion.  

 

Simpson index (Simpson, 1949) 

Simpson index measures the probability of any two individuals drawn from noticeably large 

community belonging to different species. It was measured by the following formula: 

          D=	1 −
∑�(���)

	(	��)
                                       (2) 

where n is the total number of SIMF of a particular species and N is the total number of SIMF of 

all species. 

 

Pielou’s measure of evenness- (Pielou, 1966) 

Pielou’s evenness index (J’) was calculated using the ratio of observed diversity to maximum 

diversity using the equation. 

            J’=     
�’

� !
                                                   (3) 

where J’ is Evenness Index, H′ is the Shannon- Wiener diversity index and LnS is the natural log 

of total number of observed species. 

 

Margalef’s diversity index 

Margalef’s diversity index is calculated using the formula according to (Margalef, 1968)  
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      d=     
!��

"�	
                                                         (4) 

where, d = Margalef’s diversity index, S = number of species and N = number of individuals 

 

Bray-Curtis similarity index- (Bray and Curtis, 1957)  

Bray and Curtis (1957) standardized the Manhattan metric so that it has a range from 0 (similar) to 

1 (dissimilar). For two plots i and k, Bi,k was computed as follows: 

		#�,% =
∑ |		!�'
(
'��	 �		!)'|

∑ 		!�'
(

'��	
�∑ !

(

'��	
	*'

                                    (5)                 

Where, Bi,k is Bray-Curtis coefficient, sij and skj are the number of species of j in  land uses i and k 

respectively; p = total number of species.  

 

Number of Occurrence Index (NOI) 

This is the total number of individual of each species in a sample, expressed as a percentage of the 

total number of individual of all species in the sample. 

           NOI =
.

/
	× 100                                         (6) 

where, A = number of individual of each species in the sample, B = total number of individual of 

all species in the sample. 

 

Relative Abundance 

The relative abundance of SIMF per land use class was determined using the following formula 

Relative abundance = 
�

	
                                           (7) 
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where n is the total number of SIMF of a particular species and N is the total number of SIMF of 

all species. 

 

Density of SIMF      

The density of SIMF was determined using the following formula  

 Density = 
1

2�
                                                         (8) 

where c is the total number of SIMF of a particular species in one square meter of soil and  m2 is 

the area of soil calculated by multiplying one meter by one meter.  

  

Analysis of Variance was performed to compare the variations in SIMF abundance among 

different land uses. A Generalized Linear Models was conducted to determine the influence of 

land use classes (fixed factors), with 4 types: (i) cultivated out fields, (ii) grazing lands (iii) 

homestead garden fields and (iv) forest lands) on the SIMF abundance (response variables). 

Statistical package for SPSS version 16.0 was used to carry out ANOVA and GLMs. 
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CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

4.1 LU/LC change between 1973- 2017 and its drivers  

4.1.1 Classification accuracy assessment  

The reliability of the classification was measured using a confusion matrix. The confusion matrix 

worked out overall accuracy, producer and user accuracy, and kappa statistics with mathematical 

precision. An overall accuracy for the classified images of the 1973, 1995, and 2017 was 85, 83 

and 87%, respectively (Table 4). The kappa statistics for 1973, 1995 and 2017 LU/LC maps was 

0.70, 0.66 and 0.74, respectively showing a good level of agreement between the classified images 

and the referenced data. This image‐processing approach was found to be effective in producing 

compatible data of LU/LC change. The report of overall accuracy and accuracy of the individual 

groups of the three classified images is presented below (Table 4).  

 

Table 4 Accuracy assessment (in percent) of the 1973, 1995 and 2017 LU/LC maps 

Land use/land cover               

   
1973  1995 

 

 2017 
  

             Accuracy %  

 

  
User’s Producer’s  User’s Producer’s User’s Producer’s 

 

Agricultural land    88     83    86     81    90     85 
 
Forest land    82     87    80     85    84     89 

Overall accuracy (%)        85%  
                 
83%  

            
87%  

 
Kappa coefficient                0.70   0.66   0.74  
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4.1.2 Land use/ land cover change statistics of four decades 

The land use/land cover change analysis showed that the study area has exposed to a marked land 

use change over the past four decades. The loss of forest cover has been the most visible evidence 

of land use/land cover change in the Shenkolla watershed for the last 40 years. The change 

detection statistics for four decades of the study area are presented in (Table 5) below. 

 

According to the produced LU/LC map (Figure 6), it was found that agricultural land was the 

dominant type of LU/LC class for the years 1973 and 1995 and 2017. The highest expansion of 

agricultural land with the expense of forest land was recorded in 1995. The map of the years 1973, 

1995 and 2017 showing change in land use/land cover through over time due to various causes are 

presented in (Figure 6). 

 

Table 5 Areas and percentages of LU/LC classes for the period 1973, 1995 and 2017 

 
LU/LC category 1973 1995         2017 

  Area(ha)         %             Area(ha)            % 
                
       Area(ha)    %  

Agricultural land  1027             70.49 1111                76.25 
                  
       1158 

                 
79.48 

Forest land 430        29.51 346                  23.75        299 
                

20.52 

Total 1457        100 1457                100       1457 
        
  100 
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  Figure 6 Map of Land use/land cover changes of Shenkolla in the years 1973, 1995 and 2017 

 

                4.1.3 Land use/land cover conversions between 1973 and 1995 

                The rate and trend of land use/cover transformations varied to a significant degree between time 

intervals under investigation. Land use/land cover change of the study area was the conversion of 

forest land use class to agricultural land. Change detection result of the first period (1973-1995), 

showed that an increasing trend of agricultural land, on the contrary, forest land showed decreasing 

trend. In 1973, there were 430 ha (29.51%), and 1027 ha (70.49%) of forest, and agricultural land 

respectively. However, forest land decreased from 430 ha (29. 51%) to 346 ha (23.75%) in 1995. 

This indicated that 5.76% of forest land has been converted to agricultural land use class, as a 

result, the area coverage of the agricultural land was increased in the year 1995 (Table 5). These 
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changes in land use/ land cover systems have important environmental implications through their 

strong effects on soil, water, biodiversity, and microclimate (Woldeyohannes et al., 2018). The 

annual rate of change in forest land from 1973 to 1995 was -19.5% but agricultural land increased 

annually by 8.2% (Table 6). The negative change value in forest area implies a decline in areal 

coverage of forest, whereas agricultural land was positive suggesting increasing area extent. 

Agricultural land gained from forest land, as the result there was a significant loss of forest land in 

the watershed (Table 7). This result is in agreement with reports of other places in the Ethiopian 

highlands that showed agricultural land expansion at the expense of forest and grazing lands 

(Minta et al., 2018).  

 

                4.1.4 Land use/land cover conversions between 1995 and 2017 

In the second period (1995 to 2017) the extents of forest land decreased from 346 ha (23.75%) to 

299 ha (20.52%) and agricultural land increased from 1111 ha (76.25%) to 1158 ha (79.48%). This 

showed that agricultural land increased with the expense of forest land in the study area. In this 

period 47 ha of forest land was changed in to agricultural land with in the 22 years. This showed 

that agricultural land gained from forest land (Table 8). As a result, the area coverage of 

agricultural land in the study area was increased by 47 hectares. During the second period, from 

(1995 to 2017) annual rate of change in the area of forest land and agricultural land showed 

decreasing and increasing trend by -2.14% and +2.14%, respectively. The decreasing trend of 

forest land is associated with expansion of agricultural land to meet the food demands of the 

growing population. The negative and the positive changes in change detection correspond to the 

increase or decrease of that particular land cover. 
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4.1.5 Land use/land cover conversions between 1973 and 2017 

                 Over the whole period of investigation (1973- 2017), agricultural land increased from 70.49% - 

79.48%. On the other hand, forest land decreased from 29.51% - 20.52% (Table 5). Generally, 

within these 44 years, 131 ha of forest lands were changed in to agricultural land. During this 

period the annual rate of change of forest and agricultural land was -2.98% and +2.98% 

respectively (Table 6). Agricultural land gained from forest land, as a result there was a significant 

loss of forest land in the watershed (Table 9). This shows that agricultural land was increasing 

significantly whereas forest land was becoming smaller in Shenkolla watershed. 

 

Table 6 percent and rate of land use changes in the Shenkolla watershed from 1973 to 2017 period 

Land use/ land cover Percent change/year Rate of change in ha/year 

 1973–1995 1995–2017 1973–2017 1973–1995 1995–2017 1973–2017 

Agricultural land  8.2 4.2 12.8 +3.82 +2.14 +2.98 

Forest                -19.5 -13.6 -30.5 -3.82 -2.14 -2.98 
 

4.1.6 The transition matrix 

This study showed that substantial portion of the Shenkolla watershed undergone great changes in 

land use/land cover. Agricultural land expansion, the most noticeable phenomenon, is most 

associated with decline in forest lands. This is possibly a similar trend in that most studies pointed 

out the expansion of agricultural land to be at the expense of forestland in almost areas in the 

Ethiopian highlands (Lemenih, 2005). This study also visualized the most improperly used forest 

land needs immediate protection and conservation measures. Information from this study on a 

significant reduction of forest land over time is important for land use planners and policy makers 

to take any intervention actions toward forest conservation. Moreover, the transition matrix aid to 
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know altered land use due to conversion and helps to design good implementation strategies and to 

make good decision for better management. Correctly classified values are shown on diagonals of 

the matrix while those incorrectly classified values are away from the diagonals. The diagonals 

showed the correct classifications where map and reference data agree in their classification. 

 

Table 7 Land use/land cover change matrix (ha) between 1973 and 1995 

  1995    

 1
97

3 

LU/LC Agricultural land Forest Total 

Agricultural land     861   166  1027 

Forest     250   180  430 

Total    1111   346  1457 

 

  Table 8 Land use/land cover change matrix (ha) between 1995 and 2017 

 

  2017 

       

19
95

  

LU/LC Agricultural land Forest Total 

Agricultural land     112   99  1111 

Forest     146   200  346 

Total    1158   299  1457 
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Table 9 Land use/land cover change matrix (ha) between 1973 and 2017  

 

      2017 

       

19
73

  

   LU/LC Agricultural land Forest Total 

Agricultural land     852   175  1027 

Forest     306   124  430 

Total    1158   299  1457 

 

Generally, the results of the image classification are coherent with findings of previous research 

done in different parts of the country (Garedew et al., 2009; Molla, 2014). 

 

4.1.7 Respondent’s perception of LU/LC changes for 1973 – 2017 periods 

All of the interviewees correctly mentioned that currently forest cover of the study area has been 

declined as compared to the beginning of the study period. This suggests that the respondents 

generally had a good perception of past and present land cover pattern of the study area. 

Throughout the study period, the high increase in agricultural land with the expense of forest land 

was perceived correctly by all the respondents in (1973- 2017) periods. The overall perception of 

the respondents on decline of forest land as the result of agricultural expansion was coherent with 

the LU/LC change observed in the remote sensing data interpretation. 
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4.1.8 Driving forces of land use/land cover change  

Understanding the causes (drivers) and consequences of deforestation is a critical to policy makers 

and land managers because it helps to take appropriate measures. Combinations of driving factors 

were responsible for the observed changes in LU/LC in Shenkolla watershed between 1973 and 

2017. From a range of different drivers, five were perceived by the respondents as being important 

to LU/LC changes in the study area. Interviewees have indicated that agricultural expansion was 

identified as proximate causes of deforestation. Population increase, biophysical factors, regime 

changes and social unrest were identified as underlying forces that led to occurrence of proximity 

causes of deforestation (LU/LC change) in the study area. The population of the study area has 

been increased at alarming rate in the past four decades, leading to a high demand for food and 

fiber from agricultural expansion (CSA, 2014).  

 

Increase in population has implications for land resources as the need to produce food and the 

demands for settlement and fuel wood increase in response to growing population needs. The 

shortage of land brought by population growth forced local community to clear forest on steep 

slopes, which made erosion problem worsen. This was proved by the large size of nuclear families 

in most cases comprised of 6-10 members in Shenkolla watershed. This great number of people in 

the study area accounted for the sub divisions of land into smaller units. Consequently, the amount 

of land available for grazing and cultivation had been diminishing. To understand the trend of 

population increase and its connection with the observed LU/LC in the study area, population data 

of the 1994 and 2004 census reports were used (CSA, 1994 and 2007). Fast population growth and 

the consequent high pressure on resources are expected to have an adverse effect on the existing 

natural resources of the area. Household survey, focus group discussion and key informant 
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interview confirmed that population growth is an important indirect driver of land use/land cover 

change. Accordingly, 72.8% of the respondents pointed out high population pressure as the driver 

of land use/land cover change. Moreover, the shortage of farmland triggered by population growth 

is perceived as a driver of land use change by 68% of the respondents. The perception of the 

respondents is in agreement with CSA reports that shows rise in total population of the study area. 

In 2004 the total population in the watershed was 6083 (CSA, 1994). In 2017 the total population 

in the study area increased to 9159 (CSA, 2007). This implies that between these two years (2004 

and 2017) the number of population in study area increased by about 3076 with annual rate of 

about 237 persons/year (Figure 7). 

Figure 7 Total Population of the study area (CSA, 1994 & 2007) 

 

As clearly indicated in the LU/LC change analysis, agricultural land showed significant increase in 

the Shenkolla watershed over the last 44 years period (1973–2017). Similarly, a significant number 

of respondents (85.4%) indicated that human interference mainly agricultural expansion was the 
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main causes of land use/land cover change (Figure 8). Substantial increase in demand for food has 

resulted in an expansion of agricultural lands by encroaching on areas of forest lands.  

 

The ownership of all lands by the state in the whole country during the 1974-1991 led to a lack of 

sense of belongingness to natural resources by the individual farmers, which in turn triggered 

significant deforestation and agricultural expansion after the regime change (Yeshaneh et al., 

2013). Moreover, the information obtained from household survey, key informants and focus 

group discussions revealed that there was a high conversion of forest cover to agricultural land, 

especially during periods of social unrest and regime change, to meet the demands of the growing 

family size at each household level. Failure of institutions to exercise its responsibility and law 

enforcement led to high deforestation and agricultural land expansion. Based on the analysis of the 

response of the questionnaire survey, 27.6% of the total respondents revealed that the regime 

change accompanied with social unrest as the indirect driver of land use change (Figure 8).  

 

Biophysical (natural) factors as drivers of LU/LC change were mentioned most often in relation to 

anthropogenic drivers. Soil degradation was most often linked to anthropogenic activities 

(intensive cultivation and inadequate soil management) and poor natural conditions, such as 

sloping nature of landscapes aggravates soil erosion that result in soil fertility decline. Climate 

variability was explained in relation to weather extremes. Generally, 34% of the respondents 

perceived biophysical or natural factors (topography, climate change, soil type) as the drivers of 

land use/land cover change (Figure 8). Biophysical factors such as soils, rainfall variability, and 

prolonged drought also have an impact on land use changes. Soils vary in their resistance to 

erosion partly based on texture and amount of organic matter. On steep slopes, soils are generally 
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shallower and their nutrient and water holding capacities are limited. Droughts and floods are two 

important climatic events responsible for soil chemical and physical degradation. The biophysical 

factors may act as constraints to agriculture as they offer certain kinds of limitations to production. 

Through focus group discussion and key informant interviews, it was revealed that deterioration of 

soil fertility with continuous cultivation and climate extremes, consequently declining agricultural 

productivity. As the result, the local people seek extra land by clearing forest as opposed to 

increasing production and productivity on existing areas of agricultural land.   

 

In general many driving forces were responsible for the observed changes in land use, however, 

agricultural expansion, farmland shortage that has direct relation with population pressure; regime 

change and social unrest during transition period and natural (biophysical) causes were identified 

by respondents as the driving forces of land use change in Shenkolla watershed. The respondents' 

perception of drivers of LU/LC change was in agreement with the findings of previously 

conducted research in different parts of the country (Meshesha et al., 2012a; Ariti et al., 2015; 

Molla, 2014).  
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Figure 8 Driving forces of land use change based on community perception 

 

4.1.9 Consequences of land use/ land cover change  

The conversion of forest cover into agricultural land of the study area has great ecological 

consequences. Respondents have mentioned that climate change, biodiversity loss, scarcity of 

basic forest products; habitat alteration, decline in quality and availability of water, crop yield 

reduction as the result of accelerated runoff and soil fertility decline to be the major consequences 

of land use/land cover change in the study watershed.  

 

Majority of the respondents (75%) mentioned that the local climate change (erratic rain and 

drought) is caused with the ongoing land use/land cover change (Figure 9). Moreover, the 

interviewees indicated that LU/LC change and associated climate change over time directly affects 

the livelihood of the subsistent farmers by affecting crop production, since most of them are 

completely dependent on rain fed agriculture.  
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Another consequence of the LU/LC change was loss of biodiversity. Changes in environmental 

conditions and natural setting of the land and its cover greatly affected the life cycle and the 

survival of various plants and animals. More than 62% of the respondents said that some species of 

plants and animals previously, found in the study area was disappeared mainly as the result of 

unregulated deforestation and agricultural expansion (Figure 9). The respondents believed that the 

diversity of plants previously used as traditional medicine at the study area have been ceased to 

exist.  

 

Forest products are very essential in daily life of the inhabitants of Shenkolla watershed, since 

most of them depend on forest products for construction, cooking, heating and light. However, 

continuous deforestation led to the scarcity of forest products. More than 78% of the respondents 

mentioned the occurrence of scarcity of forest products in the study area (Figure 9). 

 

Land cover (vegetation cover) highly controls the runoff. Land use/land cover change can  

influence  soil  chemical  and  physical  properties  because  of  different  anthropogenic  activities,  

namely deforestation and agricultural expansion associated with intensive cultivation. More than 

96% of the respondent farmers have also perceived that crop yield has been reduced due to 

accelerated runoff, soil fertility decline and erratic rain, which is mainly caused by change in 

LU/LC (deforestation) in the study area (Figure 9). 

 

LU/LC change was also mentioned as a cause of decline in quality and availability of water. 

Majority of the respondents indicated that LU/LC change from forest to intensively cultivated land 

increased overall immediate surface runoff and sediment concentration in rivers. More than 94% 
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of the interviewed farmers indicated that drying up of springs and decline in river water quality 

and quantity are major problem caused by land use change (Figure 9). They repeatedly told the 

amount of water in the rivers, limited availability of the springs to the specific time of the year, 

changes in rainfall patterns, distance to fetch water, and depth of water wells as indicators of 

changes in water quantity. The water scarcity was most common during the dry months of the 

year. 

 

LU/LC change (deforestation) by altering habitat greatly affected the wildlife in Shenkolla 

watershed. The results of descriptive statistics indicate that the respondents were aware about the 

effects of habitat alteration on wildlife. More than 80% of the respondents said as the result of 

habitat destruction, some species of wild animals and birds previously, found in the study area 

were disappeared (Figure 9).  

Figure 9 Respondents’ perception of the consequences of LU/LC change 

 
4.1.10 Visual indicators of soil degradation caused by LU/LC change   

One of the adverse effects of land use/ land cover changes in the study watershed was soil 

degradation. Some of the observed visual indicators of soil degradation (loss) in the study area 
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were intensive erosion, land slide, deep gully formation, river water pollution, tree root exposure 

and the piling up of sediment (Figure 10). Other notable indicators of soil degradation in the study 

area include stunted crop growth which result in yield decline and stones on the surface of 

cultivated lands making plough difficult. As the result, subsistence farming and smallholder 

agriculture that is most common in the study watershed is less productive in terms of yield per unit 

area of land. Similarly, (Meshesha and Tripathi, 2015; Worku et al., 2016) explained that rapid 

expansion of agricultural land into steeper slope and destruction of vegetation cover has 

aggravated soil erosion and degradation in the highlands of Ethiopia which 

resulted in depletion of fertile soil.  

               

                                (a)                                                                            (b)         

 

                                  (c)                                                                                   (d) 

Figure 10 (a) Deep gully, (b) Piling up of sediment at bottom slope (c) Tree root exposure and  

(d) River water polluted with eroded soil (Source: Photo taken during field work, 2017). 

 

Soil degradation resulted from LU/LC change limits people from accessing enough food and clean 

water, which influences people's livelihoods and increases the risk of poverty. This study suggests 
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that keeping sustainable use of natural resource in existence and promoting sustainable agriculture 

will only be achieved when the perceptions of local people are understood well enough in order to 

act accordingly. 

 

4.2 Effects of LU/LC changes on soil physical and chemical properties  

4.2.1 Soil texture, bulk density and porosity  

The mean values of particle size of soils in non-cultivated lands (forest and grazing land) were 

compared with the mean values of non-forested lands (cultivated outfields, homestead garden 

fields and grazing land). The mean value of sand in the non-forested land (39.3%) was higher than 

the mean value of sand in the non-cultivated land (35%), while the mean value of clay in the non-

cultivated land (22.5%) was higher than the mean value of clay in the non-forested land (17.6%). 

This indicated the positive influence of the non-cultivated land on soil quality. But, there was no 

difference between the mean values of silt in the non-cultivated land and the non-forested land 

(Table 10).  

Table 10 Mean values of particle size of soils as affected by the non-cultivated and non-forested parts of 
the experimental area. 

Particle size 

distribution (%) 

  Non-cultivated land                Non-forested land 

 

Forest   Grazing land  Mean 

Cultivated 

outfield  

Homestead 

garden field  Grazing land  Mean 

Sand 34.0 36.0 35.0 46.0 36.0 36.0 39.3 

Silt 41.0 45.0 43.0 43.0 41.0 45.0 43.0 

Clay 26.0 19.0 22.5 11.0 23.0 19.0 17.6 
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Analysis of particle size of soils indicated that there was significant difference among land use 

types (Table 11). Relatively higher sand content (46%) was recorded in soils of cultivated outfields 

followed by that of grazing land. While the highest value of clay (26%) was recorded in forest 

soils. This implies intensive cultivation of the soils increases sand (course particles) as fine 

particles are washed away by water and wind erosion while the forest lands are protected from 

such losses. This indicates that soil inherent properties such as particle distribution can be affected 

by long term intensive tillage of the soils. However, the current finding disagrees with the report 

by (Shepherd et al., 2000) who found that land use systems were no effect on soil particles. The 

finding is in agreement with the works of (Agoume and Birang, 2009; Elias, 2017) who found that 

intensive land uses and soil depths significantly affected particle size distribution creating more 

sand dominated texture.   

  

The bulk density and total porosity (TP) were significantly (P ≤ 0.01) affected by land use/land 

cover change. The most favorable soil properties (low BD and high TP) were recorded for the 

forest land and  homestead garden fields while cultivated outfields had the highest BD (1.62g/cm3) 

and the lowest TP (0.32%) indicating soil compaction and wettability problems under intensively  

cultivated outfields which is associated with poor management of soil. Crop residue removal and 

allowing livestock grazing on intensively cultivated outfields after crop harvest are the causes of 

soil wettability problem in cultivated outfields. As the result, regular tillage is declined to bring 

remedy for the wettability problem of soil of cultivated outfields. Wettability problem of soils of 

cultivated outfields could be minimized by integrating regular tillage and zero grazing with proper 

soil fertility management. High bulk density is an indicator of low soil porosity which may cause 

poor movement of air and water through the soil. As bulk density increases, both total porosity and 
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soil wettability decreases. Increased compaction may result in disrupting both infiltration and 

redistribution of water in the soils including reduced soil wettability and porosity (Elias, 2016). 

The cause of reduced soil wettability (Soil water repellency) is compaction that results in high bulk 

density and the soil particles with a hydrophobic surface coating. This is influenced by the surface 

area of the soil, which varies considerably with soil texture.  

 

Table 11 Mean values of selected physical properties of soils as affected by different land uses 

 

                              Pariticle size distribution (%) 

Land use Sand Silt   Clay      Si/Cl        Textural BD       PD       TP (%) 

       Class  g/cm3 

Forest  34d 41bc 25a    1.57c       Clay loam      1.21d   2.6       0.53a 

Grazing land  36bc  45a  19c    2.42b       Clay loam          1.5b      2.67        0.44b 

Cultivated outfields  46a  4 3ab  11d     3.9a      Sandy loam  1.62a       2.4        0.32d 

Homestead  36b  41bc  23a     1.8c       Clay loam          1.41c      2.49        0.43c 

Mean 38.01  42.37 19.71     2.42  1.45     2.53    0.43 

SE   0.39 0.54 0.47     0.28   0.05     0.03    0.01 

 F 69.24 4.69 61.13   46.14  24.86     3.34    16.09 

Sig   ***    *    ***    ***   ***       ns         *** 

 

Means within a column followed by the same letter are not significantly different from each other 
at p ≤ 0.05; BD = Bulk density, PD = Particle density, SE = Standard error of the mean, ns= non-
significant, *** = p<0.001, ** = p<0.01, * = p<0.05.  
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4.2.2 Soil water holding capacity and water stable aggregates 

Water holding capacity at PWP and AWC of the soil was significantly affected (p < 0.05) by land 

use types but no significant difference was observed in soil water content at FC (Table 12). Forest 

soil had the highest AWC (15.32 mm/m) while homestead garden fields had the highest water 

holding capacity at PWP (25.49). The highest value of Water retention capacity at PWP in the 

homestead garden fields can be attributed to the high percentage of organic matter content from 

farm yard manure application. Since soil fertility of the homestead garden fields is maintained 

through the application of farmyard manure besides tree leaf litters. The highest soil water 

retention at FC under forest land use means the natural vegetation show no signs of wilting after 

field crops have long wilted. Available soil water content is greatly influenced by SOM content, 

texture, mineralogy and soil morphology (Landon, 1991). In the same way, water stable aggregates 

were the highest in forest soils (84.65%) and homestead garden fields (82.13%) reflecting high 

organic matter content that served as aggregating agents making the soils less susceptible to 

erosion (Table 12). Intensive cultivation degrades the soil structural aggregation which is reflected 

by a diminished aggregate stability under intensively cultivated outfields. After long term 

continuous cultivation, the amount of water stable aggregate was significantly reduced from 

86.22% in the forest soil to 63.5% in cultivated outfield soil. This result is in agreement with the 

research report of (Safadoust et al., 2015). Loss of organic matter is likely to have soil aggregates 

easily detach each other and finally the finer particles are transported by water erosion. 
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Table 12 Mean values WHC and WSA of soils as affected by land uses 

Means within a column followed by the same letter are not significantly different from each 
other at p ≤ 0.05, FC = Field capacity, PWP = Permanent wilting point, AWC = Available water 
holding capacity, SE = Standard error of the mean, ns= non-significant, *** = p<0.001, ** = 
p<0.01, * = p<0.05 
 

4.2.3 Soil pH, SOC, TN, AP   

The pH (H2O) value of the soils was significantly (P ≤ 0.01) affected by land use types. The 

highest mean value (7.20) and the lowest (5.80) soil pH (H2O) values were recorded under the 

forest land and the cultivated outfields, respectively (Table 13). According to rating propose  by 

(Landon, 1991), the soil pH is moderately acidic in cultivated outfields but neutral under 

forestlands suggesting that intensive land use including the application of mineral fertilizer in 

cultivated outfields led to acidification. This finding is in agreement with the reports of 

(Agoume and Birang, 2009; Elias, 2016). 

            Water holding capacity                  Water stable aggregates 

Land use 

  FC 

(1/3 bar) 

PWP  

(15 bar) 

AWC 

(mm/m) 

Forest 35.16 19.84ab 15.32a     84.65a  

Grazing land 28.44 13.5b 14.94a     75.51a 

Cultivated outfields  28.38 15.9b 12.48a     63.49a 

Homestead 34.31 25.49a   8.82d     82.13a 

Mean 31.37 18.58  12.79     76.84 

SE   1.27   0.84   0.57      1.6 

F   1.68   8.47   5.9      9.3 

Sig   ns    **     *       ** 
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The soil organic carbon content was significantly (P ≤ 0.001) affected by land use with 

significantly higher mean values (2.24%) under forest land and lower mean values (1.31%) 

under intensively cultivated outfields (Table 13). The difference can be explained by intensive 

cultivation of the land that speeds up oxidation of organic matter and coupled with total removal 

of crop residues, as animal feed and source of household energy (Elias, 2016). Based on the 

ratings of (Hazelton and Murphy, 2007), SOC content of the soils were rated as low under 

cultivated outfields and medium under grazing land and homestead garden fields and rated as 

high under forest land (Table 13). This result is in agreement with the findings of (Dawit et al., 

2002) who reported that SOC content is lower in cultivated soils as compared to soils under 

forest. 

 

Total nitrogen content of soils was significantly (P ≤ 0.001) affected by land use with the higher 

mean values (0.24%) under forest and the lowest (0.14%) under intensively cultivated outfields 

while grazing land and homestead garden fields had similar mean values (Table 13). The 

nitrogen content of the soils is generally in the low to medium range as one moves from distant 

outfields to forest, homestead and grazing areas and follows the pattern of the organic matter 

levels (Karltun et al., 2013). The findings are in agreement with the results of (Iwara et al., 

2011; Tuma, 2007) who reported that intensive and continuous cultivation increase in rate of 

oxidation of SOC and thus resulted in reduction of TN. However, the content of total nitrogen 

was higher in forest land (0.24) and lower in intensively cultivated outfields (0.14) (Table 13). 

This result is in conformity with the findings of (Wakene and Heluf, 2003). In forests and 

grazing lands with good cover, organic matter return into soil is high which increases the SOM 

content, which in turn increases the total nitrogen content of these soils. 
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There was no significant difference among evaluated land use types in C/N ratios and its mean 

value of 9.40 is suggesting rapid organic matter decomposition under the humid tropical 

conditions of the area indicating improved availability of nitrogen to plants and there will be 

possibilities to incorporate crop residues to the soil without adverse effect of nitrogen 

immobilization (Yerima, 1993). Optimum range of the C/N ratio is about 10:1 to 12:1 that 

provides nitrogen in sufficient amount of microbial needs (Gebreselassie, 2002). Therefore, the 

C/N ratio of the soils of the study area was below the optimum range of microbial needs.  

 

The available phosphorus was significantly (P ≤ 0.01) affected by land use/land cover change 

with highest mean values (16 mg/kg) under forest land followed by that under grazing land 

(14.27 mg/kg) and the lowest (9.13 mg/kg) under the intensively cultivated outfields (Table 13). 

It is interesting to note that phosphorus level is low in the cultivated outfields in spite of decades 

of DAP (Di-ammonium phosphate: 18-46% N-P2O5) fertilizer application suggesting the less 

availability of phosphate in the soil perhaps due to high fixation in the clay colloids. Available 

phosphorus content of the soils was rated as low under cultivated outfields and rated as medium 

under forest land, grazing land and homestead fields (Hazelton and Murphy, 2007). 
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Table 13 Mean values of selected chemical properties of soils as affected by land uses 

Land use  pH(H20)     SOC%    TN % C/N ratio      AP (mg/kg) 

 

Forest 

   

    7.20a 

 

   2.24a 

 

  0.24a 

 

  9.33 

         

        16.00a 

Grazing land     6.57c    1.93c   0.20b   9.65         14.27ab 

Cultivated outfields     5.80d    1.31d   0.14c   9.36         9.13d       

        12.27c Homestead     6.83b    1.85c   0.20b   9.25 

Mean     6.6    1.83   0.19   9.40         12.92 

SE     0.08    0.1   0.01   0.36         0.51 

F    17.12   13.59   57.71   0.079        10.99 

Sig     ***     ***    ***    ns            ** 

For each column, means having common letters are not significantly different at P ≤ 0.05, OC= 
organic carbon, TN= Total nitrogen, C/N= Carbon to Nitrogen ratio, AP= Available 
Phosphorus, SE = Standard error of the mean, ns= non-significant, *** = p<0.001; ** = p<0.01; 
* = p<0.05 
 

4.2.4 Cation exchange capacity and exchangeable bases   

The CEC and exchangeable bases of the soils (expect for Mg) are highly significantly (p < 0.01) 

varied across land use types with all parameters being higher under the forest land use and 

lower under the cultivated outfields (Table 14). The mean values of CEC (31 cmol(+)/kg), total 

exchangeable bases (24.51 Cmol/Kg) and percent base saturation (81%) are in the high range of 

the good fertility status of the soil. These results are in agreement with earlier findings of (Boke 

2004). (Alemayehu and Sheleme, 2013) also reported high cation exchange capacity values 

under grassland as compared to cultivated land.  
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  Table 14 Mean values of CEC and exchangeable basic cations as affected by land uses 

Land use   C E C        Ca    Mg   Na      K  TEB        PBS 

  Meq/100gm Cmol/Kg         Cmol/Kg  Cmol/Kg Cmol/Kg (TEB/CEC*100) 

Forest  36.63a       15.40a 8.69  0.19a 4.07a  28.35a     77.40 

Grazing land  33.07ab 14.60a 7.49  0.16b 3.74a  25.99a      79.00 

Cultivated outfields  25.40c 11.13b 6.41  0.12c 2.45b  20.11b      79.20 

Homestead  29.13bc 13.53a 6.85  0.16b 2.93a  23.47a       81.00 

Mean  31.06 13.67 7.36  0.16  3.3  24.51       80.78 

SE   1.05  0.36 0.3  0.14  0.22  0.941        2.05 

 F   7.08  8.48 3.47 18.46  9.08  54.35        1.45 

Sig    **    **  ns   ***   **   ***         Ns 

Means within a column followed by the same letter are not significantly  different from each other at p ≤ 0.05,  
 CEC = Cation Exchange Capacity, Ca = Exchangeable Calcium, Mg = Exchangeable Magnesium,  
Na= Exchangeable Sodium, K= Exchangeable Potassium, TEB=Total Exchangeable Bases, BS = Base 
saturation, SE = Standard error of the mean, ns= non-significant; *** = p<0.001; ** = p<0.01; * = p<0.05  
 

4.2.5 Micronutrients 

The soils are generally high in Fe and Mn but low to medium in Cu and Zn (Table 15) which is 

consistent with the acidic soil reaction. In acidic soils the amount of micronutrients is expected 

to be high except for Cu (Elias, 2016). There was highly significant (p < 0.001) variation in Mn 

and Zn levels among the land use types; however, Fe and Cu was significantly (p ≤ 0.05) 

affected by land use/ land cover change. Available Fe and Mn concentrations were higher in 

soils of grazing land followed by that of homestead garden fields. This is because of the soil 

reaction which was in the range of moderately acidic to neutral. This result is in agreement with 

the finding of (Alemayehu and Sheleme, 2013). Relatively higher extractable Cu content was 
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observed in homestead garden field soils (0.68 mg/kg) followed by forest land soils (0.58 

mg/kg) (Table 15). This could be due to the connection of copper with organic carbon. Based on 

ratings developed by (Karltun et al., 2013) Cu content of soils of the study area was rated as low 

(deficient) in all the land use types.   

 

Table 15 Mean values of selected micronutrients as affected by different land use classes 

                                                                      Mg/kg 

Land use          Fe         Mn        Zn        Cu 

Forest       81.02a       55.47a       1.52d      0.58b 

Grazing land      102.14a      101.38a       2.55c      0.39c 

Cultivated outfields       98.60a       92.65a       4.82b      0.54b 

Homestead      100.37a       97.02a       7.38a      0.68a 

Mean        95.53       86.63       4.07      0.55 

SE         3.89        5.25       0.37      0.04 

F                     6.05       16.15      50.31      6.75 

Sig          *         ***             ***            * 

 For each column, means having common letters are not significantly different at P ≤ 0.05, Fe= 
Iron, Mn= Manganese, Zn = Zink, Cu = Copper, SE = Standard error of the mean, *** = 
p<0.001; ** = p<0.01; * = p<0.05 
 
 
In most cases, increase in the extent of cultivated land at the expense of forest cover associated 

with poor management has promoted significant loss of soil quality in intensively cultivated 

outfields. 
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4.3 Effects of landscape positions on soil physicochemical properties  

4.3.1 Particle-size distribution  

Sand showed highly significant variation along landscape positions and among the land use 

types (p< 0.001). The mean values of sand content also showed significant difference with 

interaction effect of landscape position and land use types (LSP* LU) (P< 0.001) (Table 16). 

The soils at upper landscape position had the highest mean of sand content (40.00%) while the 

soils at middle landscape was intermediate (32.67%) and the lower landscape position had the 

lowest mean (27.33%) with sand content (Table 17). The results showed that sand content 

increased towards upper landscape position, and this is most probably resulting from the 

accelerated water erosion which selectively removes fine particles (silt and clay) and leftover 

accumulation of sand in upper landscape position. These results are in agreement with the 

findings of (Ayele et al., 2013) who reported that high mean value of sand under soils of upper 

landscape positions. High mean value of sand (40.78%) was found on soils under the cultivated 

land. The soils under the grazing land had the intermediate value of sand (31.44%) while the 

forest land had the lowest mean of sand (27.78%) (Table 17). This result disagrees with the 

studies by (Habtamu et al., 2014) who reported the highest, mean value of bulk density under 

grazing land as compared to cultivated land. Least Significant Difference (LSD) test revealed 

that lower landscape position had significantly lower sand content than upper landscape position 

and forest land had significantly lower sand content than cultivated lands. The high sand content 

in the soil of cultivated and grazing lands might be due to removal of fine particles of clay by 

water erosion, leaving behind the coarse fractions of sand in cultivated and grazing lands. These 

results are in agreement with (Tsehaye and Mohammed, 2013), who explained that cultivated 
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land and grazing lands are extremely susceptible to erosion, because they have less vegetative 

cover.  

 

Silt showed significant variation along landscape positions (p< 0.05). Silt fraction also showed 

significant variation among the land use types (p< 0.001). Landscape position and land use 

types (LSP* LU) had a significant interactive effect (P< 0.001) on silt content (Table 16). The 

soils at upper landscape position had low mean value of silt content (31.22%) while the lower 

landscape position had the highest (34.67%) and the soils at middle landscape had intermediate 

(33.56%) with silt content. The soils of forest land had the high mean value of silt (35.78%), but 

the soils of grazing land had intermediate (33.00%) and cultivated land had low percentages of 

silt (30.67%) (Table 17). Least Significant Difference (LSD) test also revealed that lower 

landscape position had significantly higher silt content than upper landscape position and 

cultivated land had significantly lower silt content than grazing and forest lands.  

 

Clay fraction varied significantly along landscape positions (p< 0.01). Clay had showed 

substantial variation among the land use types (p< 0.001). The results of this study also showed 

significant variation of clay content with interaction effects of landscape position and land  use 

types (LSP* LU) (P< 0.01) (Table 16). The mean value of clay was comparatively higher than 

those of sand and silt in lower landscape positions across all land use types. The entire area 

where clay is found along landscape positions was in the following order: lower landscape 

(39.33) > middle landscape (33.89) > upper landscape positions (29.22) (Table 17), indicating 

that clay content increases towards lower landscape. This might be due to the washing away of 

fine soil particles from steeper landscapes and their deposition at lower landscape gradient. The 
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result also shows that the forest soils had the high mean value of clay (39.67%) but the crop 

land soils had the lowest mean value of clay (29.00%) and the grazing land soils had 

intermediate mean value of clay content (33.78%) (Table 17). Least Significant Difference 

(LSD) test also revealed that lower landscape position had significantly higher clay content than 

upper landscape position and cultivated land had significantly lower clay content than forest 

lands. 

 

4.3.2 Bulk density  

Soil bulk density had shown substantial variation with landscape positions and land use types 

(P< 0.01). The results also indicated that the bulk density significantly varied with interaction 

effects of landscape position and land use types (LSP* LU) (P < 0.001) (Table 16). With regard 

to distribution of bulk density along landscape position, lower landscape (1.30 g/cm3) < middle 

landscape (1.34 g/cm3) < upper landscape positions (1.44 g/cm3) (Table 17), indicating that 

bulk density decreases towards down landscape position. Least Significant Difference (LSD) 

test also revealed that upper landscape position had significantly higher bulk density than lower 

landscape position. Low bulk density at the lower landscape position might be attributable to the 

high quantity in organic matter and clay content. Similarly, this result is in agreement with the 

findings of (Safadoust et al., 2015) who reported that low and high bulk density values were 

observed in the lower landscape and upper landscape, respectively, caused by the variation in 

contents of clay and organic matter. Low bulk density (1.15 g/cm3) was found in forest soil 

followed by the soil under grazing land (1.33), while soil under crop land had a high bulk 

density (1.60 g/cm3) (Table 17). Higher bulk density of cultivated land is due to continuous 

tillage operations, which in turn lower SOC (through rapid mineralization of SOM) and thereby 
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an increase in soil bulk density. Tillage practices in cultivated land contribute for the reduction 

of soil organic carbon by disaggregating soil structure, thereby exposing organic matter for 

decomposing agent. It implies that tillage in cultivated land led to compaction of soil which 

enhanced soil bulk density. High bulk density values in grazing land might be attributed to 

compaction by livestock and low organic matter content. Least Significant Difference (LSD) 

test also revealed that upper slopes had significantly higher bulk density than lower landscape 

position and cultivated land had significantly higher bulk density than grazing and forest lands. 

This result is similar with the findings of (Kakaire et al., 2015) that reported significantly higher 

bulk density under the soils of upper landscape position and cultivated land.  

 

Table 16 Summery of ANOVA for particle size distribution and BD as affected by landscape 
positions and land use types.  
Source 
of 
variation DF      Sand      Silt      Clay          BD 

MS    p MS    p MS    P MS    P 

LSP 2 364 0.001 27.815 0.044 230.481 0.003 1.000 0.008 
 LU 2 404.333 0.000 58.926 0.000 256.926 0.001 1.000 0.008 
LSP* LU 5 201.167 0.000 27.426 0.000 140.093 0.002 12.653 0.000 
Error 24 4. 630 0.778 5.778 0.047 
Total 26 

MS:- the mean square, p:- the p-value, DF:- degree of freedom 
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Table 17 Interaction effects of landscape positions and land use types on particle sizes 
distribution and bulk density (Mean ± SE).   
Soil property Landscape                          Land use types 

Position Cultivated land Grazing land Forest Total 
Sand  Lower 32.67 ±0.333  30.03 ±1.856 21.00 ±0.577 27.9± 1.795a  

Medium 41.67 ±3.383 30.31±0.577 26 ±0.882 32.66± 2.528abc  

Upper 46.00 ±0.577 36.00±0. 577 35.25 ± 0.577 39.08±2.021bc  

Total 
 

40.78±2.437a 

  
32.11±1.303bc 

   
27.78±2.222c 

 
Silt Lower 32. 00a ±0.577 33.63 ± 0.577 36.00 ±1.155 33.87±1.167a 

Medium 30.70 ±0.000 34.38 ±0.577 35.00 ±1.202 33.36±0.747abc 

Upper 30.00 ±0.000 32.33 ±0.333 33.04 ±0.333 31.79±2.638c 
Total 
 

30.9± 0.745a  
 

33.00 ±0.878b 

  
35.078 ±0.645c 

  

Clay Lower 35.33 ±0.882 36.34 ±0.882 44.00±1.528 38.55±2.242a  

Medium 27.67 ±3.180 35.31b ±0.000 39.00 ±0. 577 33.99±1.904abc  

Upper 24.00 ±0.577 31.67 ±0.882 31.71 ±0.000 29.12±1.341c  

Total 
 

29.00± 1.929ab 

 
33.78 ±0.641bc 

  
39.67± 2.363c 

 

Bulk density Lower 1.52 ±0.333 1.28 ±0.000 1.11 ±0.005 1.30±0.000a 

Medium 1.57 ±0.025 1.32 ±0.092 1.13 ±0.005 1.34± 0.167abc 

Upper 1.72 ±0.015  1.38 ±0.010 1.21 ±0.020 1.44±0.167c 

Total 1.60±0.167ab  1.33±0.167bc  1.15±0.000c  

Means in the same row for land use and in the same column for landscape position followed by 
the similar letters are not significantly different at (p =0.05) 

 
 
4.3.3 Water holding capacity and water stable aggregates  

Water holding capacity at FC had shown significant variation with landscape positions and with 

land use types and with interaction effects of landscape position and land use types (LSP* LU) 

(P< 0.001) (Table 18).  Lower landscape position had the highest mean value of water holding 

capacity at FC (34.56%) followed by middle landscape positions (29.11%). Those soils under 

upper landscape position had the lowest mean values of water holding capacity at FC (23.22%) 

(Table 19). Water retention at FC of the soil increased towards lower landscape positions. The 
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higher water retention at FC (34.89%) was recorded under soils of forest land, while the lower 

content (23.78%) was under crop land. Least Significant Difference (LSD) test revealed that 

upper landscape position had significantly lower water retention capacity at FC than lower and 

middle landscape positions and cultivated and grazing lands had significantly lower water 

retention at FC than forest land (Table 19).    

 

Water retention at PWP also influenced significantly with landscape positions (p< 0.01). Water 

retention at PWP had shown significant difference with land use types (P< 0.001). The result 

showed that the water retention at PWP substantially varied with interaction effects of landscape 

position and land use types (LSP* LU) (P< 0.001) (Table 18). Lower landscape position had the 

highest mean value of water retention at PWP (19.22%) followed by middle landscape positions 

(15.44%). Those soils under upper landscape position had the lowest mean values of water 

retention at PWP (12.33%). Higher mean value of water retention at PWP (19.89%) was 

recorded under soils of forest land, while the lower content (12.67%) was under the soils of crop 

land. Least Significant Difference (LSD) test revealed that lower landscape position had 

significantly higher water holding at PWP than upper landscape position and cultivated and 

grazing lands had significantly lower water retention at PWP than forest land (Table 19). 

 

Available water content (AWC) had shown significant variation with landscape position and 

with land use types (P< 0.01). The results also shown that soil available water content 

significantly varied with interaction effects of landscape position and land use types (LSP* LU) 

(P< 0.001) (Table 18). Lower landscape position had the highest mean value of available water 

content (15.11%) followed by middle landscape positions (13.67 %). Those soils under upper 
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landscape position had the lowest mean value of available water content (10.78%). This result 

showed that available water content of the soil increased down landscape positions (Table 19). 

The higher mean value of soil water content (14.78%) was recorded under soils of forest land, 

while the lower content (11.00%) under the soils of crop land (Table 19). The mean values of 

soil available water content on forest land use was found to be higher as compared to cultivated 

and grazing land use types. This result agrees with the findings of (Getachew et al., 2012) who 

reported that soil moisture content showed significant variations between the soils of the 

different land use types and landscape positions. LSD test revealed that upper landscape 

position had significantly lower available water content than middle and lower landscape 

positions and forest land had significantly higher available water content than cultivated and 

grazing lands (Table 19).   

 

Water stable aggregates (STA) hadn’t shown significant variation with landscape position but 

showed significant variation with land use types (P< 0.01). The  results also shown that water 

stable aggregates significantly varied with interaction effects of landscape position and land use 

types (LSP* LU) (P< 0.001) (Table 18). Lower landscape position had the highest mean value 

of available water content (74.86%) followed by middle landscape positions (73.67 %). Those 

soils under upper landscape position had the lowest mean value of water stable aggregates 

(72.90%). This result showed that water stable aggregates of the soil increased down landscape 

positions (Table 19). Water stable aggregate was the highest (80.70%) and intermediate 

(72.27%)  in forest and grazing land respectively, reflecting high amount of organic matter 

content that served as aggregating agents making the soils stick together (Table 19). However, 

the lower content of water stable aggregates (68.46.00%) was recorded under the soils of crop 
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land. Agricultural technologies make the soil structural aggregation worse under cultivated 

lands which are indicated by a reduced stable aggregate. This result is in agreement with the 

findings of (Safadoust et al., 2015). LSD test revealed that significantly high available water 

content was found in forest land as compared to grazing and cultivated lands (Table 19).    

 

Table 18 Summery of ANOVA for FC, PWP AWC and STA as affected by landscape positions 
and land use types 
Source of  
Variation DF          FC 

          
      PWP 

         
   AWC 

 
      STA 

    MS    P     MS    P MS     P MS    P 
LSP 2 289.148 0.000 107.111 0.002 43.815 0.002 8.829 0.746 
 LU 2 281.481 0.000 127.444 0.000 34.481 0.010 352.669 0.000 
LSP * LU 5 138.17 0.000 61.667 0.000 24. 897 0.000 78.767 0.000 
Error 24 0.967 0.97 0.056 1.08 
Total 26 

MS:- the mean square, p:- the p-value, DF:- degree of freedom 
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Table 19 Interaction effects of landscape positions and land use types on water holding capacity 
and water stable aggregates (Mean ± SE)  
 
Soil property Landscape                          Land use types 

Position Cultivated land Grazing land Forest Total 
 
Water holding 
capacity at FC Lower 29.00±0.000 33.67±0.333 41.00±0.000 34.56±1.749a  

Medium 23.67±0.333 28.33±0.235 35.33±0.667 29.11±1.584ab 

Upper 18.67±0.333 22.67±0.333 28.33±2.400 23.22±1.711c 

Total 23.78±1.498a  28.22±1.597ab 34.89±1.889c  
Water holding 
capacity at PWP Lower 17.00±0.203 18.67±0.882 22.00±1.000 19.22±0.830a 

Medium 12.67±0.230 14.33±0.333 19.33±0.882 15.44±1.042abc 

Upper 8.33±0.333 10.33±0.318 18.33±0.667 12.33±1.546c 
Total 
 

12.67±1.258a  
 

14.44±1.237ab  
 

19.89 ±0.696c 

  

AWC Lower 12.00 ±0.000 15.00 ±1.000 18.33 ±0.882 15.11±0.992a  

Medium 11.00 ±0.000 14.00 ±0.000 16.00 ±0.577 13.67±0.745ab 

Upper 10.00 ±0.095 12.33 ±0.333 10.00 ±1.000 10.78±0.494c  

 
Total 
 

11.00±0.289a  
 

13.78±0.494abc  
 

14.78 ±1.310c  
  

STA Lower 69.50 ±0.500 73.67 ±0.333  81.33 ±0.333 74.86±1.724 
Medium 68.33 ±0.882 72.00 ±0.000 80.67 ±0.333 73.67±1.869 

Upper 67.67 ±0.333 71.33 ±0.667 80.00 ±0.577 72.90±1.855  
 Total 68.46 ±0.366 a 72.27±0.402b  80..70±0.254bc    

Means in the same row for land use and in the same column for landscape position followed by 
the similar letters are not significantly different at (p =0.05) 
 

4.3.4 pH (H2O), SOC, total nitrogen, C/N ratio and available phosphorus 

The results of the study showed significant variation of soil pH (H2O) with landscape categories 

(P < 0.05) and across land use types (P < 0.01). Soil pH (H2O) significantly varied with 

interaction effects of landscape positions and land use types (LSP* LU) (P< 0.001) (Table 20). 

The mean value of soil pH is higher (5.84) in the lower landscape position than in the upper 

landscape (5.39) (Table 21). This suggests that soil pH increases as the slope of landscape 
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decreases. The lowest pH in soils of upper landscape position might be attributed to the loss of 

basic cations caused by wearing away of the surface soil via runoff and erosion. These 

conditions increase the activity of H+ ion in the soil and reduce the soil pH. The result of this 

study in lines with the finding of (Nega and Heluf, 2013) who reported that loss of basic cations 

by means of runoff generated from severe erosion reduces soil pH which in turn increases soil 

acidity. Moreover, this result is in agreement with studies by (Alemayehu and Sheleme, 2013) 

who reported that lower pH values under cultivated land than agroforestry land use types. But, 

this result disagrees with findings of (Kotingo, 2015) who gave detail information that a higher 

pH values at upper slope position as compared to middle and lower slope positions. Cultivated 

land had the lowest mean value of pH (5.35) as compared to forest land (6.03) which had the   

highest pH value (Table 21). Low mean value of soil pH under the cultivated land might be due 

to depletion and removal of basic cations. This result is not in agreement with the findings of 

(Yimer et al., 2007) who reported high pH values for cultivated land as compared to other land 

use types. Similarly, this result disagrees with the findings of (Kizilkaya and Dengiz, 2010) who 

reported a significant increase of pH in soils under cultivated land. Least Significant Difference 

(LSD) test revealed that the pH value in upper landscape position was significantly lower than 

lower landscape position and the pH value of soil in cultivated land was significantly lower than 

the pH value of soil in forest land. According to (Landon, 1991) rating, the pH of the studied 

soil under upper landscape position was strongly acidic and lower landscape position was 

moderately acidic while, forest, grazing and cultivated land was found to be slightly acidic, 

moderately acidic and strongly acidic respectively.  
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The Soil organic carbon (SOC %) was significantly affected by landscape positions and land 

use types (p< 0.01). Landscape positions and land use classes (LSP*LU) also had a significant 

interactive effect on soil organic carbon (p< 0.001) (Table 20). Lower landscape position had 

the highest mean value (2.06%) of SOC followed by middle landscape positions (1.63%).  

Lowest mean value (0.87%) of soil organic carbon was found under upper landscape position 

(Table 21). Soil organic carbon content increases down landscape because lower landscape 

positions receive high surface soil materials taken from the upper landscape positions. The 

mean value of SOC was higher in forest soils (2.14%), on the contrary, SOC was lower (0.81%) 

under cultivated land of the study area (Table 21). Least Significant Difference (LSD) test 

indicated that lower landscape position had significantly higher SOC value than upper 

landscape position and the SOC value of cultivated soil significantly varied from the soil of 

forest and grazing land. SOC was rated as very low in upper landscape position and cultivated 

land, medium in middle landscape position and grazing land and high in lower landscape 

position and forest land (Hazelton and Murphy, 2007). Relatively higher mean value of SOC in 

forest land use might likely be due to the lower rate of organic carbon turnover as a 

consequence of minimum lowest possible amount of soil disturbance and the continuous 

addition of OM in the forest land.  On the other hand, lower mean value of SOC in cultivated 

land is due to high oxidation of organic matter and total removal of crop residues. Similar result 

was reported by (Worku e t al., 20014) who conducted research in Ameleke micro-watershed in 

South Ethiopia.    

 

Total nitrogen had shown significant variation among the landscape positions (p< 0.01) and 

land uses types (p< 0.001). Landscape positions and land use types (LSP*LU) had a significant 
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interaction influence on total nitrogen (p< 0.01) (Table 20). Lower landscape position had the 

highest mean (0.17) value of total nitrogen content followed by middle landscape positions 

(0.15). Those soils under upper landscape position had the lowest mean (0.12%) value of total 

nitrogen (Table 21). High total nitrogen deposition at lower slope position was connected to the 

removal of total nitrogen from higher slope positions. Higher mean value of total nitrogen 

(0.18%) was recorded on forest land use followed by grazing land (0.14%). Lower mean value 

of total nitrogen (0.11%) was recorded on cultivated land use (Table 21). The low total nitrogen 

content on cultivated land might be due to a regular harvesting in which case the crops 

continuously remove the nutrients from the soil. This result agrees with (Alemayehu and 

Sheleme, 2013) who reported that total nitrogen under forest land was higher than cultivated 

and grazing lands. Similar study conducted by (Yimer et al., 2008) found that higher total 

nitrogen in pasturelands than cultivated lands. Least Significant Difference (LSD) revealed that 

the total nitrogen value of soils under all landscape positions and all land use types hadn’t 

showed significant difference. Total nitrogen content of the soils were rated as low (deficient) 

under upper landscape, middle landscape, cultivated and grazing land while, medium 

(sufficient) within lower landscape positions and forest land (Hazelton and Murphy, 2007). 

Moreover, noticeable losses of total nitrogen in the intensively cultivated lands might be 

attributed to fast mineralization of SOM following cultivation and inadequate supply of organic 

and inorganic fertilizers (Nega & Heluf, 2013). Land preparation in cultivated land increases 

soil air that improves decomposition of SOM, facilitating the fast degradation and 

mineralization of the available organic matter by means of that reducing the soil carbon and 

nitrogen.  
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The results of ANOVA indicted that the C/N ratio had shown a significant differences with 

landscape position (P< 0.001). Carbon to nitrogen (C/N) ratio also varied significantly with land 

use types (P< 0.05). Landscape position and land use types (LSP*LU) had a significant 

interactive effect on soil organic carbon (p< 0.001) (Table 20). The mean values of C/N ratio 

under soils of upper landscape position (10.65) < middle landscape position (11.09) < lower 

landscape position (13.97) (Table 21). The results indicated that as slope of landscape increases, 

C/N ratios of the soils under all land use types decreases. Lower mean value of C/N ratio 

(10.96) was recorded on cultivated land use. Higher mean value of C/N ratio (13.14) was 

recorded on forest land use type followed by grazing land (11.61) (Table 21). LSD test also 

revealed that upper and middle landscape positions had significantly lower C/N ratio than lower 

landscape position and forest land had significantly higher C/N ratio than cultivated and grazing 

land. 

 

The result indicates that available phosphorus varied substantially with landscape positions (p< 

0.05), land use types (P< 0.001) and landscape position and land use types (LSP*LU) had an 

influential interaction effect on available phosphorus (p< 0.001) (Table 20). High mean value 

(12.46 ppm) of available phosphorus was found in lower landscape position followed by middle 

landscape positions (10.01 ppm). Those soils under upper landscape position had the lowest 

mean value (9.52 ppm) of available phosphorus (Table 21). This is because of the removal of 

available phosphorus from upper slope gradient. In similar way, (Asmamaw and Mohammed, 

2013; Wolde et al., 2007) reported that high amount of available phosphorus was recorded in 

lower slope positions. This result disagrees with the findings of (Tellen and Yerima, 2018) who 

reported that at high altitude, the soils under farmland use systems had the highest mean value 
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of soil available phosphorus concentrations. Higher mean value of available phosphorus (13.00 

ppm) was found in forest land followed by grazing land (10.01ppm). Lower mean value of 

available phosphorus (9.52 ppm) was recorded on cultivated land use types (Table 21). This 

result is in agreement with findings of (Yimer et al., 2008) who reported that higher available 

phosphorus in natural forest soils than crop and grazing land. On the other hand, this result 

contradicts with the findings of (Awdenegest et al., 2013) who reported that available 

phosphorus showed no significant difference between the soils under all the land use/land cover 

systems. LSD test also indicated that lower landscape position had significantly higher available 

phosphorus than middle and upper landscape positions and cultivated land had significantly 

lower available phosphorus than grazing and forest lands. Available phosphorus content of the 

soils was rated as medium under forest, grazing land, lower and middle landscape positions 

while rated as low under cultivated land and upper landscape position (Hazelton and Murphy, 

2007). The low available phosphorus content on cultivated land might be due to phosphorus 

fixation occurred as the result of drain away of base forming cations and subsequent 

development of acidity. High organic matter content in forest soils contributed to the release of 

organic phosphorus. This is the reason why forest had relatively higher available phosphorus 

mean values as compared to grazing and cultivated land soils. 
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Table 20 Summery of ANOVA for pH (H2O), SOC, TN, C/N ratio and AP as affected by 
landscape positions and land use types  
 Source of 
variation DF 

         
pH(H2O) 

       
SOC    TN        

        
   C/N      AP   

MS    p MS    p MS    p MS    p MS    P 

LSP 2 0.149 0.033 0.06 0.009 0.498 0.010 2.838 0.000 2.003 0.016 
 LU 2 1.132 0.000 0.303 0.002 0.587 0.000 11.251 0.029 53.126 0.000 
LSP * LU 5 0.336 0.000 0.104 0.000 0.51 0.004 4.063 0.000 0.240 0.000 
Error 24 0.026 0.001 0.112 0.140 0.001 
Otal 26 

MS:- the mean square, p:- the p-value, DF:- degree of freedom 
 
 
Table 21 Interaction effects of landscape positions and land use types on soil properties (Mean ± 
SE). 
    Soil property Landscape                              Land use types 

Position Cultivated land Grazing land Forest Total 
pH (H2O)  Lower 5.51±0.008 5.64±0.020 6.37±0.023 5.84±0.134a 

Medium 5.42±0.012 5.59±0.038 6.00±0.271 5.67±0.117abc 
Upper 5.32±0.017 5.32±0.020 5.92±0.014 5.39±0.088c 
Total 
 

5.35±0.058a 

 
5.52±0.051abc 

 
6.03±0.123c 

 
SOC  Lower 0.52±0.005 2.63±0.005 3.05±0.044 2.06±0.392a 

Medium 0.49±0.008 1.62±0.021 1.77±0.008 1.63±0.041abc 
Upper 1.42±0.012 0.59±0.008 1.60±0.005 0.87±0.183c 
Total 
 

0.81±0.170a 

 
1.61±0.888bc 

 
2.14±0.230c 

 
Total nitrogen  Lower 0.13±0.003 0.17±0.003 0.21±0.003 0.17±0.012a 

Medium 0.11±0.003 0.15±0.003 0.19±0.006 0.15±0.011a 
Upper 0.09±0.006 0.11±0.005 0.15±0.008 0.12 ±.009a 
Total 
 

0.11±0.005a 

 
0.14±0.009a 

 
0.18±0.009a 

 
C/N ratio Lower 12.51±0.005 13.45 ±0.008 15.94±0 .172 13.97±0.514a 

Medium 10.25±0.008 11.12±0.008 11.89 ±0.371 11.09±0.260bc 
Upper 10.13±0.005 10.25±0.011 11.58±0.502 10.65±0.274c 
Total 
 

10.96±0.386a 

 
11.61±0.478ab 

 
13.14±0.726c 

 
AP Lower 9.61±0.005 12.60±0.005 15.19±0.005 12.46±0.806a 

Medium 7.54±0.007 10.14±0.005 12.36±0.005 10.01±0.696bc 
Upper 7.32±.005 9.78±0.005 11.47±0.005 9.52±0.602c 
Total 8.15±0.364a 10.84±0.443bc 13.00±0.26c 

Means in the same row for land use and in the same column for landscape position followed by 
the similar letters are not significantly different at (p =0.05) 
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4.3.5 Cation exchange capacity and exchangeable bases 

The results indicated that concentrations of soil cation exchange capacity varied significantly    

with landscape positions and land use types (p< 0.001).  Landscape positions and land use types 

(LSP * LU) showed a significant interactive influence on cation exchange capacity (p< 0.001) 

(Table 22). Lower landscape position had the highest CEC (37.56cmol (+)/ kg), followed by 

middle (31.56cmol (+)/kg) and upper landscapes (24.78 cmol (+)/kg) (Table 23). High clay and 

organic matter contents in lower landscapes contributed to the high amount of CEC. Similarly, 

(Selassie et al., 2015) reported that the occurrence of variation in soil properties along landscape 

position. Higher mean value of cation exchange capacity (36.67 cmol (+)/ kg soil) was found on 

forest land followed by grazing land (32.33 cmol (+)/ kg soil). Lower mean value of cation 

exchange capacity (24.89 cmol (+)/ kg soil) was found in cultivated land (Table 23). This result 

disagrees with the findings of (Tellen and Yerima, 2018) who reported that CEC did not show a 

clear picture of the variation under soils of different land use/land cover systems. The LSD test 

also revealed that upper landscape position had significantly lower CEC than middle and lower 

landscape positions and cultivated land had substantially lower CEC than grazing and forest 

lands. CEC content of the soils were rated as medium under upper landscape position and 

cultivated land, while, high under lower landscape positions, middle landscape position, forest 

and grazing lands (Hazelton and Murphy, 2007).   

 

ANOVA indicated that concentrations of exchangeable bases (Ca, Mg, Na, and K) were 

significantly (p< 0.001), (p< 0.01), (p< 0.001) and (p< 0.05) affected by landscape positions 

respectively. Exchangeable bases (Ca, Mg, Na, and K) were significantly (p< 0.01), (p< 0.001), 

(p< 0.001) and (p< 0.05) affected by land use types respectively. Moreover, exchangeable bases 
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(Ca, Mg, Na, and K) were significantly (p< 0.001) affected by interaction effects of landscape 

positions and land use types (LSP * LU) (Table 22). Highest mean values of exchangeable 

bases (Ca, Mg, Na, and K) were recorded in lower landscape positions and the lowest values 

were in upper landscapes (Table 23). LSD test also revealed that upper landscape position had 

significantly lower exchangeable cations (Ca, Mg and K) than lower landscape position. 

However, the LSD test revealed that exchangeable Na hadn’t showed significant variation 

among the landscape positions. High content of exchangeable bases in lower landscape position 

might be due to the washing down of cations by erosion from the upper slope and deposited in 

lower landscapes. This result is supported by previous findings of (Tadele et al., 2013; Wolde et 

al., 2007) who reported that an increasing tendency of the content of exchangeable bases, as the 

slope of landscape decreases, which could be the result of lower erosion and higher 

accumulation at lower landscape positions. Calcium was a distinguished dominant exchangeable 

base among landscape positions and land use types in the following sequence of Ca > Mg > K > 

Na, however, the concentration of sodium had the smallest component on the exchange complex 

(Table 23). Furthermore, in association with landscape position, the content of exchangeable 

bases (Ca, Mg, K, and Na) followed the way in which lower landscape > middle landscape > 

upper landscape. High mean values of exchangeable bases (Ca, Mg, Na, and K) were recorded 

in forest land and the low values were in cultivated lands (Table 23). This result confirms the 

findings of (Yimer et al., 2008) who reported that the concentration of soil exchangeable Na+ 

was lower in cropland than in the grazing land and native forest. LSD test also indicated that 

significantly lower exchangeable cations (Ca, Mg, K, and Na) were found in cultivated land 

than forest lands. This is because deforestation, limited recycling of crop residue and wearing 
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away of soil by erosion caused reduction of exchangeable bases on cultivated land (Lechisa et 

al., 2014).    

 

Table 22 Summery of ANOVA for cation exchange capacity and exchangeable bases as 
affected by landscape positions and land use types 

Source of 
variation DF 

   
     CEC 

 
 Ex Na 

 
  Ex K 

  
 Ex Ca Ex Mg 

MS    p MS   p MS    p MS    p MS   P 
LSP 2 367.815 0.000 0.002 0.034 11.444 0.000 66.704 0.000 30.259 0.01 
LU 2 3319.37 0.001 0.019 0.000 5.444 0.013 44.481 0.003 46.704 0.000 

LSP * LU 5 86.127 0.000 0.005 0.000 1.57 0.004 12.751 0.000 4.186 0.005 

Error 24 0.245 0.002 0.022 0.043 0.001 

Total 26   
MS:- the mean square, p:-  the p-value, DF:- degree of freedom 
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Table 23 Interaction effects of landscape positions and land use types on CEC and exchangeable 
bases (mean ± SE).  
Soil property Landscape Position                          Land use types 

Cultivated land Grazing land Forest Total 
CEC  Lower 31.33 ±0.333 38.67±0.202 42.67±0.333 37.56±1.668b 

Medium 24.67±0.333 33.33±0.352 36.67±0.333 31.56±1.796bc 
Upper 18.67±0.333 25.00±0.577 30.67±0.333 24.78±1.746c 
Total 
 

24.89 ±1.837a 

 
32.33±2.000bc 

 
36.67±1.740c 

   
Ex Ca Lower 13.67±0.115 16.00±0.000 17.33±0.115 15.67±0.553a 

Medium 10.33±0.145 13.00±0.000 15.33±0.333 12.89±0.735b 
Upper 8.00±0.115 12.40±0.115 12,67±0.882 10.22±0.722c 
Total 
 

10.67±0.833ab 

 
13.80±0.000bc 

 
15.11±0.735c 

 
Ex Mg Lower 6.00±0.006 10.00±0.014 10.33±0.015 8.78±0.703ab 

Medium 5.00±0.008 6.00±0.001 10.00±0.020 7.00±0.764ab 
Upper 3.00±0.011 5.00±0.008 7.33±0.012 5.11±0.633c 
Total 
 

4.67±0.441a 

 
7.00±0.764b 

 
9.22±0.494c 

 
Ex K Lower 4.00±0.020 4.00±0.020 5.67±0.230 4.56±0.294a 

Medium 2.33±0.333 3.00±0.011 4.00±0.041 3.11±0.261bc 
Upper 2.00±0.014 2.00±0.034 3.00±0.087 2.33±0.167c 
Total 
 

2.78±0.324ab 

 
3.00±0.289ab 

 
4.22±0.401c 

 
Ex Na Lower 0.13±0.012 0.14±0.006 0.22±0.005 0.16±.014a 

Medium 0.12±0.008 0.13±0.005 0.21±0.005 0.15±.014a 
Upper 0.10±0.006 0.12±0.005 0.18±0.003 0.13±.012a 
Total 0.12±0.006ab 0.13±0.004ab 0.20±0.005c 

Means in the same row for land use and in the same column for landscape position followed by 
the similar letters are not significantly different at (p =0.05) 
 
 
4.3.6 Micronutrients  

Landscape positions significantly affected micronutrients (Mn, Zn and Cu) (p< 0.001) and Fe 

(p< 0.05). The results also showed that soil micronutrients (Fe, Mn, and Zn) varied significantly 

(P< 0.001), while copper differed significantly (P< 0.01) with land use types. The combination 

of landscape position and land use types (LSP*LU) showed a significant interaction effect on 

micronutrients (p< 0.001) (Table 24). Lower landscapes had the highest concentration of 
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micronutrients, followed by middle and upper landscapes (Table 25). High micronutrient values 

at lower landscapes might be attributed to higher organic matter contents. Higher mean values 

of micronutrients (Fe, Mn, Zn and Cu) were recorded on forest land followed by grazing land. 

Lower mean values of micronutrients were found on cultivated land (Table 25). The LSD test 

also revealed that upper landscape position had significantly lower micronutrients (Fe, Mn, Zn 

and Cu) than lower landscape position and cultivated land had significantly lower 

micronutrients (Fe, Mn, Zn, and Cu) than the forest and grazing land. SOM may promote the 

availability of such nutrients by supplying soluble organic acids that interfere with their fixation 

(Blair, 1991). This result was also supported by the findings of (Aluko and Fagbenro, 2000) 

who stated that micronutrients increased with the increase in SOM and total nitrogen.  

 
Table 24 Summery of ANOVA for micronutrients as affected by landscape positions and land 
use types 

Source of 
variation DF 

             Fe          Mn 
            
           Zn          Cu 

MS    p MS    p MS    p MS    P 
LSP 2 8575.148 0.031 20967.37 0.003 56.259 0.005 1.037 0.008 
 LU 2 23814.04 0.000 29130.48 0.000 97.926 0.000 1.037 0.008  
LSP* LU 5 8255.898 0.000 13135.51 0.000 39.12 0.000 0.704 0.000 
 Error 24 26.551 7.57 26.551 7.57 
Total 26 

MS:- the mean square, p:-  the p-value, DF:- degree of freedom 
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Table 25 Interaction effects of landscape positions and land use types on micronutrients (mean 
± SE). 
Soil property Landscape                            Land use types 

Position Cultivated land Grazing land Forest Total 
Fe Lower 194.33±8.686 225.00±0.000 292.67±13.860 237.33± 15.273ab 

Medium 175.33±0.882 221.67±0.333 266.67±0.333 221.22±13.186abc 
Upper 116.33±9.871 181.67±1.155 235.00±0.577 177.67±17.393bc 
Total 
 

162.00±12.342a 

 
209.44±6.962b 

 
264.78±9.249c 

 
Mn Lower 157.67±0.333 260.33±0.333 270.33±22.303 229.44±19.120ab 

Medium 113.33±0.333 188.12±1.076 226.33±0.882 175.89±16.594abc 
Upper 84.67±0.333 117.67±2.603 197.00±3.055 133.11±16.708bc 
Total 
 

118.56±10.619a 

 
188.67±20.609b 

 
231.22±12.483c 

 
Zn Lower 5.00±0.000 6.67±0.333 12.00±0.000 7.89±1.060ab 

Medium 2.00±0.000 5.00±0.000 9.00±0.000 5.33±1.014abc 
Upper 0.67±0.458 2.00±0.000 6.00±0.000 2.89±0.807bc 
Total 
 

2.56±0.648a 

 
4.56±0.689b 

 
9.00±0.866c 

 
Cu Lower 0.46±0.011 0.57±0.028 0.75±0.017 0.67±0.167ab 

Medium 0.34±0.021 0.44±0.049 0.60±0.005 0.44±0.176abc 
Upper 0.22±0.012 0.29±0.014 0.45±0.024 0.32±0.000bc 
Total 0.34±0.010a 0.44±0.176b 0.67±0.167c 

Means in the same row for land use and in the same column for landscape position followed by 
the similar letters are not significantly different at (p =0.05) 
 
 
Generally, the results of this study indicated that at upper slopes, soils under forest, grazing land 

and cultivated land showed low potential plant nutrients. Our results seem to indicate that severe 

erosion at upper slope position negatively affected soil quality as compared to middle and lower 

slope positions. The physical features of the land in the study area contributed to soil erosion. 

Land with a steep slope facilitated the process of rainwater flow rate and washing away of 

nutrients in the area, particularly due to the faster movement of the water toward lower slope.  
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4.4 Abundance and diversity of SIMF in four different land use classes 

4.4.1 Composition and occurrence of SIMF community  

A total of 332 individuals and 15 species, belonging to 12 families and 10 orders were 

identified, from the four land use types (Table 26). Ants, beetle adults, earthworms, spiders and 

millipedes were found in all land use types. Wireworms (Coleoptera: Elateridae) and earwigs 

were only sampled in the forest land. Beetle larvae, centipede and snails were not sampled in 

the crop cultivated outfield and grazing land use types, while majority were found in the forest 

lands (15 species) and homestead garden fields (12 species) (Table 26). This may be attributed 

to the variation of disturbance level in the habitats within these land use types on the community 

composition of SIMF (Barros, 2002; Rossi et al., 2010; Ayuke et al., 2011). 

 

The NOI of SIMF in the homestead garden field was 44.58% value 3.4 times larger than that in 

the cultivated outfields (Table 27). This pertains to the fact that high organic matter content 

under homestead garden fields which provided substrates for the soil organisms, likely reduces 

the negative effects of soil acidity on soil organisms (Beare et al., 1997; Ayuke et al., 2011).     

A higher amount of soil acidity and low organic matter content in the crop cultivated outfields 

considered to be ‘not convenient’ for many SIMF (Elias, 2016).  
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Table 26 Composition and distribution of soil invertebrate macro- fauna in different land use types at Shenkolla watershed, south central Ethiopia 

Common  
Name 

        
                   
           
           Taxa 

                
             Distribution   

Class Order Family Scientific name  
Crop 
cultivated Grazing Homestead 

Forest  
Land 

Outfield Land garden field 

Earth worm Clitellata Haplotaxida Lumbricidae Aporrectodea calignosa (Savigny, 1826) + + + + 
  Lumbricus terrestris Linnaeus, 1758 - - + + 

Beetle adult Insecta Coleoptera Scarabaeidae Aphodius sp. - - + + 

Copris incertus Say, 1835 + + + + 

  Crowsoniellidae Crowsoniella relicta Pace, 1975 - + + + 

Elateridae Pheletes quercus (A. G. Olivier, 1790) - - + + 

Beetle larvae Scarabaeidae Copris incertus Say, 1835 - - + + 

Wireworm Elateridae Ctenicera glauca (Germar, 1843) - - - + 

Ant Hymenoptera Formicidae Pheidole megacephala (Fabricius, 1793) + + + + 

Termite Isoptera Rhinotermitidae Reticulitermes flavipes (Kollar, 1837) - + + + 

Earwig Dermaptera Forficulidae Forficula auricularia Linnaeus, 1758 - - - + 

Grasshopper Orthoptera Acrididae  Aulocara elliotti (Thomas, 1870) - + + + 

Millipede Diplopoda Spirostreptida Spirostreptidae  Archispirostreptus gigas (Peters, 1855) + +  + + 

Centipede Chilopoda Lithbiomorpha      Lithobiidae Lithobius forficatus (Linnaeus, 1758) - - + + 

Spider Arachnida Araneae Linyphiidae  Frontinella pyramitela (Walckenaer, 1841) + + + + 

Snail Gastropoda Stylommatophora Achatinidae Achatina fulica (Férussac, 1821) - - + + 
+ indicates present, - indicates absent 
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Table 27  The diversity parameters of  soil invertebrate macro- fauna at Shenkolla watershed, south central Ethiopia 
 

  
Density 

(individuals/m2) 

Relative 

Rank 

Occurrence index 
Abundance Crop Grazing Homestead Forest 
  cultivated  Land garden field Land 
  Outfields       

S
IM

F
 g

ro
up

 

Earthworms 141.6 0.533 1 88.63(39) 79.1(53) 48.65(72) 17.81(13) 
Beetle larvae 13.6 0.051 4 0(0) 0(0) 8.78(13) 5.45(4) 
Beetle adults 19.20 0.072 3 2.27(1) 2.98(2) 10.14(15) 8.23(6) 
Wireworms 1.60 0.006 10 0 (0) 0(0) 0(0) 2.74(2) 
Spiders 6.40 0.024 7 4.55(2) 4.48(3)  1.35(2) 1.37(1) 
Ants 19.20 0.072 3 2.27(1) 5.97(4) 10.14(15) 5.45(4) 
Termites 37.60 0.145 2 0(0)  2.98(2) 12.84(19) 35.62(26) 
Millipedes 8.80 0.03 5 2.27(1) 4.48(3)  2.03(3) 5.45(4) 
Centipedes 7.20 0.027 6 0(0) 0(0) 4.05(6)  4.11(3) 
Earwigs 3.20 0.012 9 0(0) 0(0) 0(0)  5.45(4) 
Snails 3.20 0.012 9 0(0) 0(0)  2.03(3)  1.37(1) 
Grasshoppers 4.00 0.015 8 0(0) 1.49(1) 0(0)  6.85(5) 

Total 13.25(44) 20.18(67) 44.58(148) 22.00(73) 

D
iv

er
si

ty
 

pa
ra

m
et

er
 

Overall abundance 44 67 148 73 
Species richness 5 7 12 15 
Shannon diversity index 0.121 0.174 0.279 0.262 
Simpson diversity index 0.22 0.37 0.6 0.83 
Pielous measure of Evenness 0.075 0.097 0.127 0.428 
Margalef diversity index 1.06 1.19 1.6 2.56 

            
                                    Number in the parenthesis indicates frequency. 

 

4.4.2 Density and relative abundance of SIMF  

The mean density of earthworms, termites, adult beetles and ants were relatively high (141.60, 

37.6, 19.2, 19.2 individuals/m2, respectively) showing their dominance over other species 

(Table 28). The homestead garden fields had high densities of earthworms (230.4 

individuals/m2), ants (48.00 individuals/m2), beetle adult (44.80 individuals/m2) and beetle larva 

(41.60 individuals/m2) (Figure 11). The forest lands had high densities of termites (83.20 
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individuals/m2). However, the lowest densities were observed in the cultivated outfields (Figure 

11). Significant variations among land use types were detected for density of most SIMF groups 

(P < 0.05), except for wireworm, spiders and millipedes (P = 0.83, 0.70, 0.74, respectively) 

(Table 28). The homestead garden fields had significantly higher mean density of SIMF than the 

cultivated outfields and grazing lands (Table 28). The mean density of earthworms and ants 

were significantly highest in the homestead garden fields (230.4 ±64.59, 48.00 ±25.29, 

respectively). The mean density of termites reached its maximum (83.23 ±79.51) in the forest 

land use (Table 28). The earthworms were ranked 1st as this group has the highest relative 

abundance (0.533), while wireworms were ranked 10th since they had the lowest relative 

abundance (0.006) (Table 28). 

Figure 11 Density of SIMF in different land use classes at Shenkolla watershed, south central 

Ethiopia
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Table 28  mean density (individuals/m2) with standard deviation of SIMF sampled at Shenkolla watershed 

SIMF group 
                                    Land use 
class               ANOVA result 

                              Crop 
cultivated  Grazing Homestead Forest land Mean Df F-value p-value 

                                 Outfields Land garden field 

Earthworms 124.80 ±80.32a 169.60±24.26a 230.40 ±64.59b 41.60 ±48.79ab 141.60 ±88.59 3 7.77 0.002** 
Beetle larvae 0.00  ±0.00a 0.00  ±0.00a 41.60 ±33.17b 12.80±28.62ab 13.60  ±26.60 3 4.01 0.026* 
Beetle adults 6.40 ±14.31a 6.4 ±8.76a 44.8 ±13.38b 19.20±7.15c 19.20.00 ±18.42 3 19.95 0.000*** 
Wireworms 0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 6.4±8.76 1.6 ±4.92 3 2.67 0.83ns 
Spiders 6.40 ±8.76 9.60 ±8.76  6.40±8.76 3.20 ±7.15 6.40 ±8.04 3 0.48 0.698ns 
Ants 3.20 ±7.15a 12.80 ± 13.38a 48.10±25.29b 12.80 ±20.86a 19.20 ±24.13 3 5.96 0.006** 
Termites 0.00 ±0.00a  6.40±14.31a 60.80 ±13.38b 83.23 ±79.51b 37.60±52.24 3 4.97 0.013* 
Millipedes 3.20 ±7.15 9.60  ±21.46  9.60 ±14.31 12.80 ±7.15 8.80±13.20 3 0.42 0.74ns 
Centipedes 0.00±0.00a 0.00 ± 0.00a 19.20 ±13.38b  9.60 ±8.76b 7.20 ±10.98 3 6.6 0.004** 
Earwigs 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a  12.80±7.15b 3.20±6.56 3 16 0.000*** 
Snails 0.00 ±0.00a 0.00±0.00a 9.60±8.76b  3.20 ±7.15b 3.20±6.56 3 3.2 0.05* 
Grasshoppers 0.00 ±0.00a   3.20 ±7.15a 3.20±7.15a 9.60 ±14.31b  4.00±9.39 3 4.37 0.02* 

   
Values followed by the same letters within rows are not significantly different at P<0.05, ns= non-significant; *** = p<0.001; ** = p<0.01; 
*= p<0.05 
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4.4.3 Diversity and similarity of SIMF across land use types 

The SIMF communities within stress conditions, in the crop cultivated outfields and grazing 

lands, exhibiting lower diversity while stable communities, in the homestead garden fields and 

forest lands exhibiting higher diversity. Values of species richness, Simpson diversity and 

Margalef diversity were highest for forest land use (15, 0.83, 0.428, 2.56, respectively) while 

they turned to be lowest for cultivated outfields (5, 0.22, 0.075, 1.06, respectively) (Table 27). 

Species richness is high in forest land whereas low in cultivated outfields. Shannon diversity of 

SIMF showed its maximum value in the homestead garden fields (0.279) followed by forest 

lands (0.262) and the minimum value in the cultivated outfields (0.121) (Table 27). In general, 

biological activity is concentrated in the forest and homestead garden fields. This might be 

attributed by availability of organic matter and quality of the surface litter (Ayuke et al., 2009; 

Manhães et al., 2013).             

 

From the data processed according to Bray–Curtis similarity index (Table 29), it is evident that 

the largest dissimilarity of SIMF communities (0.98) is between the sampled sites s1 (crop 

cultivated outfields) and s14 (homestead garden fields), and the smallest dissimilarity (0.02) is 

between s16 and s19 within the forest lands. These mean that the species common to s1 and s14 

is small (only 2% similarity) if compared with s16 and s19 (98% similarity). 
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                                             Table 29 Bray-Curtis’ similarities between the 20 samples of SIMF 
S1 
(Cu) 

S2 
(Cu) 

S3 
(Cu) 

S4 
(Cu) 

S5 
(Cu) 

S6 
(Gr) 

S7 
(Gr) 

S8 
(Gr) 

S9 
(Gr) 

S10 
(Gr) 

S11 
(Ho) 

S12 
(Ho) 

S13 
(Ho) 

S14 
(Hom) 

S15 
(Hom) 

S16 
(For) 

S17 
(For) 

S18 
(For) 

S19 
(Fo) 

S20 
(Fo) 

S1 
(Cul) 
S2 
(Cu) 0.72 
S3 
(Cu) 0.67 0.55 
S4 
(Cu) 0.5 0.46 0.67 
S5 
(Cu) 0.45 0.24 0.55 0.37 
S6 
(Gr) 0.42 0.43 0.62 0.67 0.45 
S7 
(Gr) 0.85 0.85 0.63 0.56 0.34 0.47 
S8 
(Gr) 0.86 0.74 0.55 0.53 0.34 0.45 0.79 
S9 
(Gr) 0.82 0.76 0.57 0.5 0.29 0.42 0.86 0.84 
S10 
(Gr) 0.88 0.82 0.63 0.56 0.27 0.24 0.86 0.93 0.75 
S11 
(Ho) 0.68 0.73 0.37 0.35 0.16 0.27 0.64 0.52 0.2 0.54 
S12 
(Ho) 0.49 0.47 0.65 0.3 0.23 0.37 0.51 0.67 0.63 0.6 0.63 
S13 
(Ho) 0.62 0.64 0.63 0.37 0.14 0.36 0.63 0.72 0.53 0.61 0.71 0.62 
S14 
(Ho) 0.98 0.68 0.38 0.36 0.15 0.3 0.65 0.74 0.08 0.52 0.72 0.69 0.79 
S15 
(Ho) 0.46 0.52 0.24 0.25 0.1 0.25 0.47 0.48 0.75 0.48 0.69 0.6 0.68 0.66 
S16 
(Fo) 0.06 0.08 0.07 0.11 0.08 0.49 0.09 0.28 0.27 0.12 0.43 0.27 0.14 0.14 0.05 
S17 
(Fo) 0.1 0.13 0.14 0.22 0.18 0.23 0.14 0.4 0.1 0.05 0.04 0.09 0.1 0.05 0.1 0.04 
S18 
(Fo) 0.15 0.55 0.19 0.25 0.35 0.27 0.18 0.42 0.27 0.15 0.28 0.33 0.32 0.3 0.23 0.06 0.42 
S19 
(Fo) 0.14 0.13 0.14 0.22 0.27 0.47 0.19 0.44 0.2 0.06 0.12 0.08 0.07 0.1 0.08 0.02 0.6 0.08 
S20 
(Fo) 0.55 0.55 0.53 0.5 0.21 0.08 0.57 0.73 0.36 0.57 0.38 0.34 0.4 0.59 0.16 0.04 0.45 0.24 0.28 

Cu is cultivated outfields, Gr is grazing lands, Ho is homestead garden fields, Fo is forest lands, and S is sample site 
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4.4.4 Effect of land use on abundance of SIMF  

The most numerous macro-fauna group present across all land use types were earthworms with 

total abundance of 177 across all land use types. This constitutes 53.3% of all macro-fauna. 

Termites had total abundance of 47 or 14.2% of all macro-fauna, and remaining macro-fauna 

accounted for 32.5% (Table 30). Earthworms were the dominant group of SIMF, followed by 

termites. High abundance of earthworms (72) was recorded in the homestead garden fields. The 

abundance of termites reached its maximum (26) in the forest land use (Table 30). In this study, 

increasing in abundance of earthworm (39) in crop cultivated out fields showed its more 

adaptability while earthworms have been found to be sensitive to disturbance (Lavelle et al., 

1994). Several studies have noted abundant termite and earthworm populations in agricultural 

land uses, especially those with limited or no tillage management (Ayuke et al., 2009; Mutema et 

al., 2013). Values of abundance of SIMF were in the order of homestead garden field > forest 

land > grazing land > cultivated outfield (Table 30). Overall abundance of SIMF was lowest in 

crop cultivated outfield, and highest in homestead garden field followed by forest land (Table 

30). The relatively low abundance of SIMF noted within the crop cultivated field could be the 

use of certain agricultural pesticides and chemical inputs suggesting that technological 

intensification (New, 2005; Elias, 2016). Modifications of macro-fauna communities are known 

to have potential negative effects on soil functioning and on the sustainability of ecosystems 

(Decaëns et al., 2004). Our results demonstrate that human disturbances are an important factor 

influencing macro-fauna community. The finding of this study is in agreement with (Barrios, 

2007) who reported that land use can exert a strong influence on the abundance, diversity and 

community composition of SIMF. On the other hand, the result of this study disagrees with the 
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findings of (Manetti, et al., 2010) who explained that cultivation of land does not affect soil 

macro-fauna in the southeastern Buenos Aires Province, Argentina. 

 

Table 30 Abundance of SIMF in four land use types at Shenkolla watershed 

SIMF Forest land 
Homestead 
garden field Grazing land Crop cultivated  

 Total 
abundance 

outfields 

Earthworm 13 72 53 39 177 
Beetle larvae 4 13 0 0 17 
Beetle adult 6 14 2 2 24 
Spider 1 2 3 2 8 
Ants 4 15 4 1 24 
Termites 26 19 2 0 47 
Millipede 4 3 3 1 11 
Centipede 3 6 0 0 9 
Earwig 5 0 0 0 5 
Snails 1 3 0 0 4 
Grasshopper 3 1 0 0 4 
Wireworm 2 0 0 0 2 
Over all abundance 73 148 67 44 332 

 

The GLM model indicated that there was no significant effect of land use on the SIMF groups, 

except earthworm (Table 31). Since we had multiple fixed effects, then the significance of the 

overall model and the significances of the coefficients were different. However, land use 

significantly affected the overall model, which considers all effects together (GLM: F-statistic 

=7.595, df = 36, p-value: 1.468e-06 ***) (Table 31). The model revealed the significant effects 

of land use on over all macro-fauna abundance. This indicated that there was difference in 

distribution and composition of SIMF among the four land uses. Land use was indeed more 

important in explaining the abundance of macro-fauna in Shenkolla watershed. Generally, our 

study shows that soil macro-faunas were sensitive to land use change and anthropogenic 

activities that result in disturbance of habitat.  
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Table 31 Coefficients of Linear model analysis 

Coefficients: Estimate Std.Error t- value Pr ( >|t| ) 

(Intercept)  96 69 1.391 0.173 

Centiped                 -60 97.58 -0.615 0.543 

Adult coleopteran -4 97.58 -0.041 0.968 

Coleoptera larvae -28 97.58 -0.287 0.776 

Eartworm 596 97.58 6.108 4.99e-07 *** 

Earwig -80 97.58 -0.82 0.418 

Grasshopper -68 97.58 -0.0697 0.49 

Milliped -52 97.58 -0.533 0.597 

Snail -80 97.58 -0.82 0.418 

Spider -64 97.58 -0.656 0.516 

Termite 92 97.58 0.943 0.352 

Wireworm -88 97.58 -0.902 0.373 

 
 Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 138 on 36 degrees of freedom Multiple R-squared:  0.6989,    Adjusted 

R-squared:  0.6069 F-statistic: 7.595 on 11 and 36 DF, p-value: 1.468e-06*** 

 

Intensive cultivation and chemical contamination through use of herbicides and pesticides in 

crop cultivated outfields resulted in gradual decrease in SIMF diversity (Brown et al., 1996). 

Moreover, continuous grazing and poor pasture management in the grazing land had led to soil 

degradation through nutrient depletion and compaction impaired soil biological functioning 

(Elias, 2016). Similarly, (Muchane et al., 2012) reported that agricultural activities significantly 
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affected the composition of macro-fauna community. Some important factors influencing the 

abundance, distribution and diversity of SIMF communities include soil quality, immediate 

substrates and food resources availability (Brown et al., 1996). Ecological imbalance arising 

from any severe alterations of these factors may affect the natural environment in which SIMF 

communities live (Leonid and Rybalov, 1990; Dash, 2003).  
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

Significant expansions of agricultural land at the expense of forest cover have occurred during 

the past 4 decades between 1973 and 2017 periods. Agricultural land experienced increasing 

trend in rates and magnitude whereas forest cover is decreasing, the overall observation indicated 

that the magnitude and the rate of land use/ land cover change in Shenkolla watershed at an 

interval of studied time exceeded zero both in percentage and extent in hectare. Decline of forest 

land caused by LU/LC change perceived by the respondents was consistent with result obtained 

from remote sensing image interpretation. Different driving forces of LU/LC changes were 

perceived. Agricultural expansion, regime change and social unrest, population pressure, 

shortage of farm land and biophysical factors were major driving forces of the LU/LC changes. 

Environmental implications such as climate change, biodiversity loss, scarcity of basic forest 

products; habitat alteration, decline in quality and availability of water and crop yield reduction 

were consequences of the LU/LC change.  

 

Conversion of forest cover to cultivated outfields has negatively affected the nutrient content of 

the soil. Forestland contained high clay, organic carbon, total nitrogen, cation exchange capacity, 

exchangeable bases, however, cultivated outfield contained less. Organic carbon, total nitrogen, 

cation exchange capacity and exchangeable bases were observed, in the sequence of forestland > 

homestead garden fields > grazing land > cultivated outfields. For most parameters evaluated, 

the most favourable soil properties were found in forest land followed by homestead garden 

fields, while the least favorable soil properties were found in intensively cultivated outfields.  
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The soil quality indicators such as organic carbon, total nitrogen, C/N ratio, available 

phosphorus, CEC and exchangeable bases, significantly varied with landscape positions, land use 

types and interaction effects of landscape position and land use types (LSP * LU). The OC, TN, 

available P, C/N ratio, CEC and exchangeable bases have increased from the upper to the lower 

landscape positions. The soil with best quality was found in lower landscape position, while less 

quality of soil was found in upper landscape position. Severe soil erosion played a significant 

role in removing soil nutrients from upper landscape position to lower landscape position is a 

major environmental problem. If there are no efforts to check the potential danger of erosion 

caused by LU/LC change, the same trends are expected to continue in the future and it will have 

implications on increasing soil loss in particular and environmental degradation in general.  

 

LU/LC changes have showed negative impacts on diversity of soil invertebrate macro-fauna. 

Due to the expansion of intensive agriculture there was a significant loss of diversity of soil 

invertebrate macro-fauna in crop cultivated outfields which in turn affected soil fertility. Forest 

land is relatively rich in terms of species of soil invertebrate macro-faunas. Of all the land use 

types, crop cultivated outfields differed most from the others, recording relatively low taxonomic 

richness. Therefore, the alternate hypothesis is accepted and the null hypothesis rejected. 

 

The key findings:  

� Agricultural land increased with the expense of forest cover. 

� Land use change from forest cover to cultivated outfields has negatively affected soil 

physicochemical properties.  
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� Lower landscape position has best quality of soil, while upper landscape position has less 

quality of soil.   

� Communities of soil invertebrate macro fauna was stable in the homestead garden fields 

and forest lands, while within stress conditions in the crop cultivated outfields and 

grazing lands. 

  

5.2 Recommendations 

Based on the results of this study, the following recommendations are drawn for policy and 

research 

• Successive attempts should be made to improve the quality of soil under upper landscape 

position and cultivated land using biological and physical soil conservation measures. 

• Efforts should be done towards conservation of existing forest cover and additional 

plantation of both indigenous and exotic trees. 

•  Promotion of off‐farm income generation activities is very crucial to reduce overreliance 

on land.   

• Population increase is the fundamental cause for LU/LC change in the study area. 

Therefore, managing the population growth and its undesirable effects on the natural 

resource needs awareness creation, provision of family planning services and increasing 

the ability of land to be productive.  

• Application of a wide range of organic fertilizers on cultivated outfields is very much 

critical to improve the diversity of SIMF. 
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Limitations of the research 

The research conducted reasonably well but not without limitations. It is confined to small 

watershed level and with limited soil sample size because of insufficiency of budget and vehicle. 

However, this study contributes significantly to the body of knowledge regarding the effects of 

land use/land cover change and landscape positions on soil physicochemical properties. The 

study has also given an insight into the influence of land use on diversity of soil invertebrate 

macro-fauna, in which little has been worked in Ethiopia. Hence, the output of the study will 

provide additional local level information to be included in global scale for decision-making 

processes. It also helps to be used in data scarce areas as a substitute for similar environmental 

settings.  

 

Further research  

Through application of this research, further work should be carried out in detail. Several aspects 

of the current work will get done in the future as follows: 

� Assessing the relationship between the land use/land cover dynamics and climate change 

and how the communities are adapting to such changes. 

� Detecting and predicting the impacts of land use/land cover changes on carbon 

sequestration. 

� Exploring the effects of LU/LC changes on soil erosion and sediment yield.   

� Identifying the best possible combination of land use types, different management 

practices and soil depths to allow most desirable sustainability of soil invertebrate macro-

fauna. 
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APPENDICES 

Appendix I 

Household Survey, Focus Group Discussion and Key Informant Interview  

Theme of discussion: Land use change as perceived by people in the study watershed. 

The main objective of this discussion is to determine how people in this watershed felt about the 

environmental changes going on around them. The discussion will take around 20 minutes. 

There are no foreseeable risks to you, all names will be kept security and spate from the data and 

will not be included in the final report. We will not be asking disturbing questions. (This 

objective will be explained to the people before starting the question) 

 

Questions:  

1. Have you noted any change in the land use/land cover in your area over the past 40 years? A) 

yes B) No 

2. If your answer to question number 1 is yes, evaluate the current status of the following land 

resources in your village? 

                                                   Improved (Increased)     No change        Decreased (Declined) 

Crop lands                                                                                                              

Grazing lands                                                                                                         

Forest lands                                                                                                            

Water availability and quality                                                                                

3. What are the significant causes of land use changes (e.g. deforestation; expansion in farmland; 

urban expansion; Population pressure, others) in this watershed over the last 40 years? 
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4. Were there any other changes in your environment over this time? If your answer to this 

question is yes, what are possible causes? 

5. What do you think are the indicators of the land use changes?  Further questions on the 

indicators included the severe erosion, land slide, pile up of sediment, gully formation and any 

other related issues they felt were important. 

6. What do you think are the consequences of the land use changes? Further questions on the 

consequences included the biodiversity loss, habitat alteration, decline in water quality 

availability and any other related issues they felt were important. 

7. What do you think are the consequences of deforestation and other land use changes on the 

wildlife in this area? 

8. Do you think regime change and social unrest of the country has contribution for land use/land 

cover change? If yes how? 

9. What can be done to reduce the effects of these changes in this watershed? 

 

Appendix II     

Land use classes at Shenkolla watershed 

 

 
Homestead garden fields at Shenkolla watershed (Source: Photo taken during field work). 
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Forest land at Shenkolla watershed (Source: Photo taken during field work by Belayneh Bufebo 
2017).  

 
Agricultural land expansion with the expense of forest land (Source: Photo taken during field 
work). 
 

 
Scarce grazing land with poor pasture at Shenkolla watershed (Source: Photo taken during field 
work). 
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Cultivated land with difference in management Practices (Source: Photo taken during field 
work). 
 
 


