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ABSTRACT 

Land degradation is a global, ongoing and relentless problem diminishing the functions and services 

provided by land resources. The problem is most serious in tropical regions, high in population density and 

mainly dependent on subsistence agriculture. Ethiopia can be viewed as a vivid example of countries in these 

regions most affected by land degradation. Although its extent varies, the problem is widespread in all 

regions of the country. The highlands, originally endowed with abundant natural resources have been turned 

into cultivated fields leading to widespread environmental damages. Although deep formation and productive 

soils in most areas of the central highlands has overshadowed the adverse effects of land degradation until 

recently; the crises commenced with imperceptible losses of natural resources has reached the level of visible 

impacts on land productivity and the environment. This study dealt with a range of factors (social, economic 

and biophysical) related to land degradation in Dendi-Jeldu districts of Oromia, central Ethiopian 

highlands. To this end, a series of experiments were carried out at different scales (plot, farm, watershed, 

and districts). Variables examined included the dynamics of land use and land cover (LULC)changes in the 

period 1957-2014; drivers and impacts of LULC; socio-economic conditions, infrastructure and institutional 

development; land evaluation; farming practices and their interplays with land degradation, and the 

perceptions of farmers’ on various aspects of land degradation. Over the last half century (1957-2014), 

LULC pattern have changed considerably with the expansion of cultivated land (CL) into pastureland (PSL) 

and forestland (FL). Pastureland, FL and woodland (WL) that were 49,21 and 5 percent, respectively in 

1957have shown substantial decline by 67, 73 and 100 percent, respectively in 2014. Progressive and 

indiscriminate expansion of CL reached the maximum limit in the mid 1990s. Expansion of plantations 

(Eucalyptus globulus) was also remarkable. Plantation areas of 0.1% in 1957 had grown to 8% of the total 

land area in 2014 with an increase by 13,785 percent. Pastureland has been the principal source of land for 

CL expansion and conversion was serious in the period between 1980 and 1995. Deforestation and use of 

land for cropping, pasture and plantation has also been remarkable in the periods 1957-1980 and 1995-

2014. Pastureland in the earlier period (1957-1995) and CL in the later period (1995-2014) were the major 

sources of land for plantations. The observed land use changes, particularly CL expansion, have been linked 

to ever rapid growth of the population (Inhabitants of41km
-2

 in 1957 has grown to 180 km
-2

in 2014). 

Moreover, changing land tenure system biophysical and economic factors have also partly contributed to the 

LULC dynamics.Net increase in livestock numbers set against a reduction in PSL was a paradox. These 

together shift the balance of ecosystem leading to land degradation. Changes in soil physical property (bulk 

density), declining soil fertility and poor land cover were linked to soil hydraulic properties (runoff) that led 

to severe soil erosion in the area. It was particularly serious on CL (27-49 t ha
-1

 yr
-1

) and fallow land (11-37 

t ha
-1

yr
-1

). Erosion rates greatly varied with the LULC type, land management and the topographic 

conditions. Rates of soil erosion from PSL (7-17 t ha
-1

 yr
-1

) were also above tolerance limits. Plantations, 

however, proved to significantly reduce soil erosion (3 t ha
-1

yr
-1

).In most cases, soil erosion studies were 

linked to CL. However, with diminishing grazing areas, many attributes of livestock management systems is 

also actively contributing to land degradation. In the highlands, land (a scarce resource) is often used for 

purposes it is not most suited due to constraints from climatic and land characteristics contributing to low 

productivity. In the study area, soil acidity, low temperature and topography were the most apparent 

limitations for the existing agricultural land uses. If agriculture is practiced, systematic and categorized use 

of land based on its potentials is essential. Hence, the current land use system generally requires urgent 

structural adjustment for sustainable use of land resources. Moreover, land shortages, low educational 

levels, low infrastructure development, limitations in institutional services and low economic endowment in 

rural Ethiopia also contributed to the exploitive agriculture leading to land degradation. Hence, sound 

interventions need proper sequencing across these domains to solve critical societal problems. Moreover, 

community perceptions on processes and impacts of land degradation could not step beyond positive outlook 

and needs further participatory efforts. The problem of land degradation is widespread and driven by several 

factors across various sectors. Therefore, sustainable land management and development require rational 

and multi-sector decisions that lead to a common goal fostering conservation and optimal use of resources. 

 

Keywords: land degradation, land use land cover change, land evaluation, farming practices, community 

perceptions, central highlands



1 

 

 

 

 

 

 

 

 

 

 

CHAPTER ONE 

 

GENERAL INTRODUCTION AND SITE DESCRIPTION 

  

 

 

 

 

 

 



2 

 

1. GENERAL INTRODUCTION AND SITE DESCRIPTION 

 

1.1. GENERAL INTRODUCTION 

The global land area is 13.2 billion ha. Of this, 12 percent (1.6 billion ha) is in use for 

production of agricultural crops; 28 percent (3.7 billion ha) is under forest; and 35 percent 

(4.6 billion ha) comprises grassland and woodland ecosystems (FAO, 2011). The 

distribution of these lands is uneven among the countries. Although only a small 

proportion of the world‘s land is used for crop production, most easily accessible areas are 

under cultivation and less scope for further expansion. Only some limited areas (about 1.8 

billion) are available for expansion in parts of Latin America and sub-Saharan Africa 

(SSA) (Alexandratos and Bruinsma, 2012; Chamberlin et al., 2014). In Africa, most of this 

land is concentrated in few countries at central, southwestern and western parts of the 

continent (Young, 2000). Ethiopia is among the nations experiencing land scarcity or soon 

exhausting their land frontiers (Sonneveld and Keyzer, 2003; Jayne et al., 2010; Jayne et 

al., 2014).  

 

The most striking global challenge of the 21
st
 century is feeding a growing population 

projected to be over 9 billion in 2050 (UN, 2009). Rapid population growth in Africa, in 

particular is inevitable for many decades to come against the already constrained land 

resources in most countries (UN, 2013; Headey and Jayne, 2014). This demographic 

pressure is probably, the most important factor posing a challenge on African agriculture 

which continues to play a crucial role for development, especially in low income countries 

(World Bank, 2011). Moreover, land degradation, climate change and increasing 

competition for land from non-agricultural sectors (housing and urban services, industry, 

mining, waste disposals, communication recreation) are threats anticipated to further 

worsen food insecurity and vulnerability to poverty in Africa (FAO, 2011a). Most of the 

populations in Africa are either directly dependent on agriculture for their income or 

indirectly dependent on agricultural performance as much of their income is spent on food. 

Hence, substantial increase in agricultural productivity is required to meet the rising 

demand of food and livelihood. 

 

In many developing countries, increasing agricultural productivity is constrained by land 

shortages, production system, ecological fragility, low soil fertility, high incidence of 
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diseases and low infrastructure (Tittonell and Giller, 2013). Obviously, much cannot be 

done with area expansion in many countries and regions of the world. Hence, 

transformations in technological and ecological management practices are viable options to 

improve agricultural production on sustainable basis (Mellor, 2014; Josephson et al., 

2014).  

 

Land degradation is a global scale, ongoing, and relentless problem that includes all 

processes that diminish the capacity of land resources to provide essential functions and 

services and poses a major long-term challenge to humans in terms of its adverse impact 

on biomass productivity, food security, biodiversity and environmental sustainability 

(Eswaran et al., 2001; Hurni et al., 2010; Mueller et al., 2014). Recent estimate shows that 

land degradation stretches to about 30 percent of the total global land area and about three 

billion people reside in degraded lands (Le et al., 2016). Global estimates of land 

degradation and its impacts on land productivity were not consistent and some are regarded 

to lack scientific credibility. Technical difficulties, lack of reliable information on physical 

processes, economic and social causes, impacts and poorly explored links between land 

degradation and other aspects of development are noted as reasons for inconsistencies of 

the estimates (Scherr and Yadav, 1996). There is also a mixed view on the effects of land 

degradation on global food supply. Some argue that land degradation is over estimated and 

is not a serious threat to global agricultural production capacity or food security (Crosson 

and Anderson, 2000), while others believe land degradation to pose a potential threat to 

global food supply over the long term (Pimentel et al., 1995; Mueller et al., 2014; Nkonya 

et al., 2016).  

 

There is a growing consensus that land degradation is occurring in almost all terrestrial 

biomes and agro-ecologies. However, the severity and impacts on the livelihood of the 

poor in the developing countries is significant (Nachtergaele et al., 2010; Nkonya et al., 

2016). Although estimates of the scale of land degradation in Africa are inconsistent, all 

affirm that Africa is one of the regions that land degradation hit most (Lal, 1995; 

Nellemann et al., 2009; Obalum et al., 2012). According to Jones and his colleagues 

(2013) and UNCCD (2013), land degradation affected up to two thirds of productive land 

area in Africa. On the other hand, land degradation is estimated to affect 65 percent of the 

cropland (CL), 31 percent of PSL and 19 percent of forestland areas in Africa (Oldeman et 

al., 1990; Oldeman, 1992). 
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Although estimates are inconsistent, Ethiopia is recognized as one of the hotspots of land 

degradation in the world. According to Anderson and Johnson (2016) and Samuel et al. 

(2016), more than 85 percent of the land is degraded to various degrees. Hotspots of land 

degradation are estimated to cover 23 percent of the total land area (Samuel et al., 2016). 

Estimate by Le et al. (2014) shows a degraded land amount of 22.8 million ha. However, 

Tadesse (2013) estimated land degradation to stretch over 40 million ha only in the 

highlands of Ethiopia. 

 

In Ethiopia, persistent and greatest damage of natural resources has occurred in northern 

and north-eastern part of the country, often affected by recurrent drought and famine 

(Eweg and Van Lammeren, 1996; Gete, 2000; Ramakrishna and Assefa, 2002). This is 

probably one of the reasons for unique commitment of the people and regional government 

in these areas, in conservation programs launched in the country. Although the extent 

varies across different locations, it‘s noted that land degradation is widespread in all the 

regions of Ethiopia (Samuel et al., 2016). Except time-scale differences in human induced 

exposures (deforestation, cultivation, overgrazing etc.), drivers and processes of land 

degradation and the consequences cannot be different from the case seen in north and 

north-eastern parts if degradation continues with the current pace. 

 

Land degradation is a multifaceted problem caused by numerous interacting factors 

including biophysical, socio-economic and policy arenas (Berry, 2003). In Ethiopia, it is 

associated with agricultural practices which have a history of over 2500 years (Tesfaye, 

2003). Population growth is not necessarily associated with land degradation. However, in 

view of the socio-economic context of Ethiopia during the last several decades, population 

growth is a key driver of inappropriate agricultural practices (expansion of CL into steeply 

sloping lands, deforestation, extensive use of crop residues and manure for other purposes, 

overgrazing) leading to severe land degradation. The role of agriculture remains central in 

Ethiopia. But, the sector is still subsistent and low in productivity. These together put 

pressure on land resources such as soil, water and biodiversity that are the basis for 

agricultural outputs and services (Hurni et al., 2008). 

 

Soil erosion through water, soil fertility depletion and loss of biodiversity are major 

problems of land degradation in most areas of the Ethiopian highlands (Amare et al., 

2005). Particularly, soil erosion has been the single largest threat to land productivity 
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(Hurni et al., 2005; Morgan, 2005; Benin et al., 2006; McHugh et al., 2007; Nyssen et al., 

2009).Every year over 1.5 billion tons of topsoil detaches from a soil mass and 

considerable portion leaves the country (Lulseged and Vlek, 2008). This removal of topsoil 

has many deleterious effects on the productive capacity of the soil (Obalum et al., 2012). 

Studies carried out in the different areas of Ethiopian highlands demonstrate varying rates 

of soil erosion (1-300 t ha
-1

 yr
-1

) in the country (Hurni, 1990; Hurni, 1993; SCRP, 2000c, 

Gete, 2000). However, most studies confirm the potential hazard of soil degradation due to 

soil erosion in the Ethiopian highlands. 

 

The causes for low productivity are many and complex. However, land degradation is a 

key challenge of agricultural development in Ethiopia (Elias, 2009; Hurni et al., 2010). 

Deep formation and productive soils in most areas of the highlands have overshadowed the 

adverse effects of land degradation. However, scientific studies and currently visible field 

conditions in most areas of the highlands elucidate the prevalence of land degradation. 

Gullies and exposed bare lands are becoming common in areas previously regarded as less 

degraded. As a consequence, productivity of land in Ethiopian highlands is estimated to 

decline at a rate of 2-3 percent annually (Hurni, 1993). This rate is very high compared to 

the global average of 0.1 percent (Crosson, 1995b) to 0.3 percent per annum (Dregne and 

Chou, 1992). These evidences on the scale and impacts of land degradation in Ethiopia, 

particularly in the highlands clearly justify the importance of the problem. 

 

Although the concern of land degradation in Ethiopia started in 1960s (Bekele and Holden, 

1998), well organized soil and water conservation program has started in 1980s (FAO, 

1986; EFAP, 1993; Berry, 2003; Samuel et al., 2016). During this period one of the 

massive conservation programs in the continent was launched in Ethiopia using a food-for-

work incentive. Remarkable works including a construction of 600 km of earth and stone 

bund on cultivated land, 300,000 km hillside bunds, 100,000 ha hilly areas enclosure for 

regeneration and afforestation were done (Hurni, 1988). Apart from the physical works, 

soil conservation research programs (SCRP) were initiated in different agro-climatic zones 

of the country to undertake research on soil erosion and conservation, and support 

implementation of remedial measures (Herweg and Ludi, 1999; Gete, 2000). Since then, 

considerable efforts have been made by the government through community mobilization 

in all regions (Tekle, 1999). 
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Previous attempts still going to mitigate soil degradation were not enough to produce 

significant improvement (Hoben, 1996; Kebede et al., 1996; Yeraswork, 2000; Watson and 

Currey, 2009; Nyssen et al., 2009), except in Konso area (southern Ethiopia) where 

traditional terracing (UNESCO registered) on hill slopping landscape has been functioning 

well for over 400 years (Tesfaye, 2003; Watson and Currey, 2009). As a consequence, the 

problem remains a threat to agricultural development (Nyssen et al., 2004; Woldeamlak, 

2007). 

 

Recent large-scale conservation practices still employing conventional approach is 

doubtful to bring an aspired change. Yet, there are few success stories in some parts 

(mainly in northern Ethiopia) where soil conservation activities are seriously implemented, 

monitored and supported with regional policy regulations (Nyssen et al., 2009). Better 

methods and systems of the successful areas should be synthesized and used at national 

level to enable collective action against land degradation. Otherwise, with the current 

dissimilar policy focus among the regional governments and conventional approaches, no 

appreciable change is expected (Haregeweyn et al., 2015). For effective mitigation of land 

degradation in Ethiopia, detailed investigation on shortfalls (basic processes and 

responsible factors) of past efforts and designing effective and sustainable remedial 

methods are crucial. Moreover, policy and institutional reforms are also keys to bring 

about appreciable results. 

 

Rural communities‘ awareness on the importance of soil and water conservation has surly 

improved, but lack the skills on natural resource managements. Institutional performance 

(development agencies and research) is also below the requirements of ecologically 

desirable resource managements. Sustained effort to address land degradation since 1980s 

is most commendable aspect of the policy arena. However, lack of land use policy is partly 

contributing to very limited success in soil and water conservation programs so far made in 

Ethiopia (Eyasu, 2003). 

 

Adequate labor, increasing positive attitude towards soil and water conservation, multitude 

technological options, unexploited potential of available land and water resources and 

recognition of the problem and reaffirmation of the government commitment to address 

land degradation are some of the opportunities which can be harmonized to mitigate land 

degradation. In general, effective land management, as a complex process, cannot be 
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achieved through a single approach or an act from a land user. However, it needs collective 

action from land users, different sectors and policy makers. 

 

Data sources of this study were two districts of West Shewa Zone in Oromia Regional 

State namely Dendi and Jeldu, situated in the central Ethiopia. Land degradation in its 

various forms is widespread in high altitude areas of northern section of Dendi, and most 

areas of Jeldu districts (German et al., 2008; Adimassu et al., 2012). In these high altitude 

areas, soil erosion through water, soil fertility depletion, overgrazing, and deforestation 

have been major ways of land degradation adversely affecting agronomic productivity, 

biodiversity and the environment. Population pressure is a key contributor to land 

degradation in many ways. High population induced land shortages and associated human 

activities including short fallow period, extensive LULC changes in favor of CL expansion 

into pasture and forestland, limited nutrient cycling (intensive use of crop residue for feed 

and animal dung for fuel) and low use of chemical fertilizers are major biophysical factors 

accelerating land degradation.  

 

Productivity impacts of land degradation due to a decline in land quality and loss of 

productive lands are the main challenges facing the livelihood of the rural peoples. 

Expansion of hardy plants like Eucalyptus globulus in agricultural lands is signatory for 

land quality in most areas reaching a level it is no longer economically productive to grow 

crops. Despite the fact that local farmers are partly using both introduced (soil bund) and 

indigenous methods (channels, furrows), losses of soil, water and nutrients from CL are 

still high (Adimassu et al., 2012). Owing to the severity of the problem, Galessa Watershed 

has been the focus of many studies, trainings and development assistance (EIAR, AHI and 

GIZ). However, efforts made to introduce soil and water conservation practices did not 

bring significant improvement due to various reasons, and land degradation remained a key 

problem in the watershed. Hence, a clear understanding of the shortcomings (technical, 

socio-economic and policy issues) and responding with more effective methods is 

necessary to address the problem. 

 

Soil fertility depletion is another serious problem facing agricultural productivity in the 

Galessa and the surrounding high elevation areas in the central Ethiopia. In addition to 

considerable soil and nutrient losses through erosion mainly from arable land that is most 

distributed in steeply sloping landscape, exploitive production with low use of fertilizers 
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and extensive use of agricultural byproducts (crop residue and dung) and reduction of 

fallow period are key drivers of soil nutrient mining (Berhanu and Berhane, 2006; Berhane 

et al., 2006). This form of land degradation commence with imperceptible changes and the 

impact is realized only when crop yield reach its marginal utility value. In addition, 

because of strong weathering and leaching processes and nutrient takeoff with agricultural 

products, high soil acidity is exacerbating the declining productivity of land in the uplands. 

 

Livestock farming is an integral part of the mixed crop-livestock farming system. Despite 

its immense economic, functional and cultural significance, due to the mismatch between 

increasing livestock numbers and scarce grazing area (most taken away by CL), 

overgrazing is contributing significantly to land degradation (Mwendera et al., 1997). 

Moreover, many of the livestock management systems, such as heavy reliance on crop 

residue, free movement during most periods of a year (December to July) and extensive 

hoof action, are direct threats aggravating soil degradation. The looming threats and 

impacts of grazing on land in central Ethiopia are mainly expressed in the forms of soil 

erosion, nutrient depletion and losses of biodiversity. All these forms of degradation have 

detrimental effects on ecosystem structure and function (Snel and Bot, 2003).  

 

Rehabilitation of severely degraded lands obviously takes long time and too much cost 

than the values of the output. However, potential areas currently undergoing degradation 

are important in view of the future impacts on the agricultural productivity. From policy 

and research perspective, it is important to focus on the mitigation of land degradation in 

potential areas which have economic significance. In the study area, despite high 

recognition of land degradation problem, detailed research on forms, extent and 

contributing processes of the farming practices under different land uses have not been 

studied in detail. Thus, for a better understanding of a problem, there is a need to uncover 

the underlying dynamics, processes associated with land degradation (biophysical, socio-

economic and policy aspects) and extent of the problem in response to environmental 

drivers and human-livestock disturbances. 

 

This study dealt with ranges of factors related to land degradation in central Ethiopian 

highlands. The study employed different levels of analysis including plot, farm, watershed 

and districts. Land use and land cover change, mainly characterized by conversion of forest 

and grazing lands to CL is conceived to aggravate the problem of land degradation in the 
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Ethiopian highlands since prehistoric time. As a result, most areas of the highlands are 

degraded to various levels. Knowledge on the nature and extent of LULC changes was the 

focus of this study to understand cause-effect relationships in the dynamics of the natural 

resource basis. Moreover, evaluations on the impacts of LULC changes on soil physico-

chemical properties and vulnerability to soil erosion were also considered. Inappropriate 

agricultural practices are well recognized factors contributing most to severe land 

degradation in Ethiopia. Hence, assessment of the existing production practices was 

carried-out as part of the study to augment quantitative and qualitative data interpretations.  

 

Judicious use of land is at the heart of sustainable natural resource management. Hence, 

suitability evaluation of land for the existing land uses was also another dimension of this 

research to generate information that support decisions on sustainable management of 

natural resources. Socioeconomic, institutional and infrastructure setup of a specific area 

are determinants of land management practices. Moreover, perceptions of the communities 

towards drivers, causes, extent and impacts of land degradation is essential factors either to 

own and practice or reject land resource management. To this end, a household 

characterization, socio-economic aspects, institutional supports, infrastructure development 

and perceptions of the community on land degradation were assessed for better 

understanding of interacting factors contributing to land degradation. 

 

The overall objective of this study was to evaluate the magnitude and dimension of time-

series LULC change, its drivers and the interactions of complex set of biophysical and 

socioeconomic factors contributing to land degradation; extent of the problem, spatial 

dynamics, contribution of existing farming system and assess the suitability of land 

resource for existing land uses that contribute towards an effort to ensure sustainable crop-

livestock production while maintaining natural resource bases and environmental quality in 

Galessa watershed and the surrounding areas in the central Ethiopian highlands. 

 

The specific objectives were: 

 

─ Investigation of the extent and patterns of LULC changes in Dendi-Jeldu mountainous 

areas of the central Ethiopia in the periods between 1957 and 2014 (57 years).  

─ Identification of major drivers of LULC changes and evaluation of the associated 

impacts on the fertility of the soil.  
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─ Comparison of the extent of land degradation between different land use/cover types 

under the existing state of management practices in Galessa Watershed.  

─ Evaluation of land suitability for the existing major land use/cover types in Galessa 

Watershed.  

─ Characterization of household structure and the state of local infrastructures/services 

in communities under land degradation threat in the central Ethiopian highlands. 

─ Assessment of agricultural practices under the existing mixed crop-livestock 

production systems, their association to land degradation and implications for 

sustainable land resource management.  

─ Assessment of farmers‘ perceptions of land degradation, awareness on causes and 

impacts of land degradation, and attitudes on current conservation approaches ―mass 

mobilizations‖.  

 

1.2. RESEARCH QUESTIONS AND HYPOTHESIS 
 

In the study area, smallholder farmers are confronted with land degradation affected by 

population pressure (land scarcity) other factors including biophysical, socio-economic, 

policy and institutional domains. Hence, a holistic approach that covers aforementioned 

factors and also farmers‘ perceptions is required to understand the causes and effects of 

land degradation in general and to develop strategies that bring about a significant 

improvement. 

 

1.2.1. Research Questions 

 

Different explanations have been given for the dwindling natural resources base and low 

agricultural productivity in Ethiopia. Among these, population pressure, soil degradation, 

overgrazing, deforestation, land tenure insecurity, socio-economic, poor infrastructure 

development and weak institutional support have been often described to trigger declines 

of land productive capacity which in turn induced an erroneous exploitation of natural 

resources in the highlands including ecologically sensitive areas. With this notion, this 

research was conducted to answer the following major research questions in the study area. 

 

─ How were the magnitude and patterns of long term LULC changes?  

─ How were the trend of changes in soil characteristics and soil fertility status? 

─ What were the drivers of land degradation and the impacts in the study area? 
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─ How were land use/land cover type and land management practices contributing to 

land degradation? 

─ What does land suitability for the major agricultural land uses in the watershed mean 

and implications for sustainable resource use? 

─ How were the socio-economic and institutional factors interacting to affect the land 

degradation? 

─ What are the farmers‘ perceptions of land degradation, its causes and impacts and 

their attitude towards current conservation programs to mitigate the problem? 

 

1.2.2. Research Hypothesis 

 

The current research was proposed with the following hypotheses: 

 

─ Ever-increasing population number, declining land productivity and policy changes 

may not contribute to the remarkable LULC changes and subsequent land 

degradation in the study area. 

─ Land degradation and hence productivity of the soil, vegetation and species 

composition may not be influenced by LULC change in Galessa and the surrounding 

uplands of central Ethiopia. 

─ Most existing land management practices may not contribute most to the widespread 

problem of land degradation. 

─ Use of land resources based on their suitability may not mitigate production 

challenges and enable conservation and sustainable use of resources. 

─ Understanding the magnitude and pattern of LULC changes using remote sensing 

data; exploring local specific driving forces; measuring major impacts of LULC 

changes; evaluating land potentials, and assessment of farmers‘ perceptions to land 

degradation and associated factors may not be essentials to guide where critical 

corrective measures are required to bring significant improvement in natural resource 

conservation and sustainable use. 

 

1.3. DESCRIPTION OF THE STUDY AREA 

 

1.3.1. Location 

 

The study area fall in two districts of West Shewa Zone, namely Dendi and Jeldu in 

Oromia National Regional State, in central Ethiopia. The location lies between 9
o
 00' 54" -



12 

 

9
o
 15' 18" N and 38

o
 02' 10" - 38

o
 13' 35" E covering about 438 square kilometers (Figure 

1.1). The altitude ranges between 2200 and 3100 meters above sea level. The two 

neighboring districts, Jeldu and Dendi of the West-Shewa Zone are densely populated 

areas estimated to host 134-188 inhabitants per square kilometer (CSA, 2013a). Due to 

long lasting strong intimacy with humans in the highlands, the livestock density in these 

areas is also high. West-Shewa Zone hosts the 2
nd

 largest livestock density (1,810,834.8 

TLU) next to Arsi Zone (2,440,579.8 TLU) from 18 Zones of Oromia National Regional 

State (Figure 1.3). 

 

 
Figure 1.1. Map of the study area. 

 

1.3.2. Geology and Soils 

 

Geologically, the dominance of thick basalt lava rocks overlying on the limestone in the 

study areas fits to the trap series of Tertiary volcanic eruption in the Cenozoic era like most 

part of the central Ethiopian highlands. The present structural landform and different relief 

features are the outcome of two physical forces, i.e., tectonic and erosive/weathering 

geological processes that took place at the beginning of the Cenozoic eras (60 million years 

ago) (BoFED, 2008). The dominant soil type is Haplic Luvisols (Kindu et al., 2008) 

characterized as deep, well drained and found in association with Leptosols (Depth < 30 

cm), especially in mountain areas severely affected by soil erosion. 
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1.3.3. Climate and Relief 

 

The majority of the study area represents tepid-cool highlands agro-ecology of Ethiopia, 

which is suitable for human settlement and livestock production. There are also few areas 

that are cold (EIAR, 2011). The rainfall is bimodal with average annual amount of 1399 

mm in high elevation areas of Galessa and 1042 mm in lower elevation areas near Ginchi 

town (Kindu, 2007). More than 67 percent of the annual rainfall occurs in the period 

between June and September, while the short rainy season (February-April) receives about 

23 percent. These days, however, the short rain is highly variable in amount and 

distribution. The remaining 10 percent of the rainfall occurs in months between main and 

short rainy seasons. The average minimum and maximum temperature of Dendi area 

(southern parts of the study site) is 8.6 and 24.2
o
C, respectively (Source: HARC). The 

mean minimum (4.9
o
C) and maximum (19.9

o
C) temperature of Galessa area is lower than 

Ginchi areas (Source: HARC, Figure 1.2). This incurs the risk of frost damage and also 

limits range of crop species grown in high elevation cool areas.  

 

The areas are characterized by extensive plateau of undulating landscape dissected by 

mountain ranges and incised river valleys vulnerable to land degradation (Mowo et al., 

2006). Land degradation is a serious problem threatening agricultural productivity and the 

livelihood of agrarian community (Kindu and Zenebe, 2008). Particularly, areas in the 

southern part of Jeldu and north-western part of Dendi districts have several mountain 

peaks with altitudes above 3000 meters above sea level. Varied relief features in the study 

domain have resulted in varied climatic conditions and natural resources distribution across 

the landscapes. 
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Figure 1.2. Mean monthly rainfall, temperature (minimum and maximum) of Gallesa (a) 

and Ginchi (b) areas. 
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Figure 1.3. Livestock populations and total land area of different Zones of Oromia Region, 

2013. 

 

1.3.4. Farming System and Livelihood 

 

The livelihood of the rural people is heavily dependent on agriculture, virtually traditional 

type characterized by low input-output production system, and smallholder oriented. 

Mixed farming is typical, with crop and livestock farming practiced in the same 

management units. The production system is mainly rainfed and the length of growing 

period (< 240 days) allows only one production in a year during the main season (June - 

September). With the short rains (if it occurs), farmers in the high elevation areas (Galessa, 

Jeldu) often plant potato on small plots at backyard for use in summer period (June and 

July) during which food shortage is critical. Barley (Hordeum vulgare L.) and potato 

(Solanum tuberosum L.) are crops widely cultivated in high elevation areas, while tef, 

wheat and chickpea are dominant crops grown in the lower elevation areas around Ginchi. 

In addition, Oat (Avena sativa L.) and enset
1
 (Enset ventricosum (Welw.) Cheesman) are 

also commonly cultivated. Cattle, sheep, goat, horse, donkey and poultry are livestock 

species produced in integration with crop agriculture. Feed shortage is a critical problem 

(Berhane et al., 2006). Grazing lands and crop residues are the main sources of feed for 

livestock. Free grazing system for more than eight months in a year is a common practice. 

Animals are free to walk and graze in all areas after crop harvest. Crop and livestock yields 

are generally very low. 

                                                 
1 Enset is an herbaceous monocot, large, banana like plant that grows 4-8 m in height (Admasu and Struik, 2001). 

It is drought tolerant (Adimassu et al., 2012), and its leaves are often used as feed during the dry seasons. 
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Land shortage is a serious problem due to population pressure, especially for youth and 

women (Kindu and Zenebe, 2008). Decreased size of holdings, including arable and PSL 

has forced conversion of forest and marginal areas into agricultural lands. In addition, 

extensive uses for fuelwood and construction materials have depleted indigenous trees 

common in the area. Currently, except Chilimo State forest, only few remnants of Senecio 

gigas, Hagenia abyssinica, Dombeya torrida and Buddleja polystachya, Juniperus procera 

etc are sparely distributed in homestead areas. As a consequence, smallholder farmers are 

forced to depend on Eucalyptus globulus for fuelwood and construction needs. This partly 

contributes for remarkable expansion of eucalyptus plantation in the uplands of central 

Ethiopia. 

 

Land degradation in the central highlands is visible and is the direct result of past 

agricultural practices. Mosaic landscapes with dissected terrains, extensive areas with 

slopes above 15 percent, high intensity of rainfall and the existing farming system 

characterized by extensive land-cover removal and physical disturbances of the soils favor 

loss of soil through erosion. Furthermore, loss of nutrients, water, biodiversity, low crop 

productivity, poor quantity and quality of water resource, low productivity of livestock and 

shortage of feed resources, and poor natural resource managements are the major features 

of the area (Zenebe et al., 2008). Land degradation is thus the most important 

environmental problem and needs immediate remedial action. In view of the current 

population pressure on land and projected population growth (2.3% per year, based on 

CSA 2013a data on populations growths in Southwest and West Shewa Zones of Oromia 

in the period from 2014-2017), increasing production per unit area is the only way to 

address food demand.  
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2. LAND USE AND LAND COVER DYNAMICS IN DENDI-JELDU 

HILLY AREAS IN THE CENTRAL ETHIOPIAN HIGHLANDS 
 

ABSTRACT 

The central Ethiopian highlands where most human and livestock populations concentrated have experienced 

a drastic change in land use and land cover (LULC) of the landscapes. This study was aimed to define the 

rate and pattern of LULC changes in Dendi-Jeldu mountainous areas, central highland, in the period from 

1957 to 2014. Time series remote sensing data (1957-2014) was used to analyze the historical LULC changes 

in the uplands of Dendi-Jeldu districts in Central Ethiopia. Aerial photographs of years 1957 and 1995, and 

Landsat images taken in 1995 and 2014 were used for this study. The study covered an area of about 438 

square kilometer. The analysis extracted from these remote sensing data revealed that, in 1957 (initial 

reference year), the dominant LULCs were pastureland (PSL), cultivated land (CL) and forestland (FL) 

covering 48.5, 25 and 20.5 percent of the total area, respectively. A remarkable LULC change dominated by 

CL expansion (now covering 68 percent of the total area), claimed vast areas under PSL (main contributor), 

FL and woodland (WL). The contribution of FL would have been greater if Chilimo forest (one of the few 

remnants) was not under state control. Though it did not completely halted deforestation, the survival of 

Chilimo forest clearly showed the role of policy in natural resource management. Plantation forestry (PLN) 

exclusively dominated by eucalyptus species also showed substantial expansion into CL and PSL in the 

period between 1957 and 1995, and CL between 1995 and 2014. About 60 percent of the total area under 

PLN was taken from CL while 19 percent was converted from PSL. In the period 1957 to 2014 CL, PLN and 

settlement land (STL) showed net increase by 170, 13,785and 172 percent, respectively; while areas of PSL, 

FL and WL declined by 67, 73and 100 percent, respectively. Rapid expansion of CL and PLN occurred over 

the period from 1980 to 1995.Such spontaneous changes on the landscape can deeply affect soil quality, 

vegetation and natural resources resilience at large.  

 

Keywords: land use and land cover change, remote sensing, GIS, central Ethiopian highlands 

 

2.1. INTRODUCTION 
 

Since time immemorial, humankind has modified the natural environment to obtain food, 

fiber, freshwater, medical products and other essential materials. The extent and pace of 

human alterations of land surface increased rapidly over the last three centuries, and 

strikingly accelerated over the last three decades (Agarwal et al., 2000; Lambin et al., 

2001; Ramankutty et al., 2006). Changes in land use (human purpose or intent applied to 

biophysical attributes of the earth‘s surface) and land cover (biophysical attributes of the 

earth‘s surface) are key forms of human impacts on the natural environment driven by a 

wide range of factors including demographic, social, economic, political, technological and 

institutional variables (Mather, 2006b; Braimoh and Vlek, 2008). Changes in any of these 

drivers (underlying factors) usually result in changes of one or more of the proximate 

factors (recurrent set of activities such as land clearing, CL expansion, urbanization etc.) 

(Geist et al., 2006). The driving factors thereby LULC vary in time and space depending 

on the specific human-environment interactions. Land use and land cover change, an 
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important component of global environmental change, is a concern due to its association 

with loss of biodiversity, soil degradation and a reduced ability of landscapes to sustain 

natural resources and ecosystem services (Chhabra et al., 2006; Ellis and Pontius, 2007; 

Muriuki et al., 2011). 

 

Since past few decades, significant LULC change has been taking place in the Ethiopian 

highlands (>1500 m.a.s.l). Several studies pointed deforestation and expansion of CL into 

marginal areas as the principal forms of LULC change in most upland areas of the country 

(Gete and Hurni, 2001; Feoli et al., 2002; Mulugeta et al., 2005). Though some authors 

(Bekel, 1992; Nyssen et al., 2004) are skeptical and estimates are inconsistent (Von 

Breitenbach, 1961; Pankhurst, 1995), the forest cover of the Ethiopian landscapes was 

estimated to account for 40 percent of the total in 1900 (EFAP, 1994). Yet, several 

research reports dealing with LULC changes and evidences from the local communities 

affirm widespread deforestation from the highlands in search of new cultivated and grazing 

lands. 

 

Land use and land cover mapping has become an important research area in helping to 

understand environmental issues. It is one of the most valuable applications of remote 

sensing data (Chrysoulakis et al., 2004). Remotely sensed data along with demographic 

and biophysical information are useful for understanding LULC dynamics (Aklilu et al., 

2007; Vlek et al., 2008) and the driving forces behind these. They offer a new means of 

monitoring natural resource dynamics, effects on ecosystem structure and function and can 

help in effective policy making for micro and macro levels. 

 

Although concerns about LULC change emerged in the research agenda on global 

environmental change several decades ago (Lambin et al., 2003), in Ethiopia studies on 

LULC change have received research interest very recently. The evidence base is very 

limited and spatially concentrated in specific areas, mainly in the Northern highlands (Blue 

Nile river basin) and some in rift valley lake basins (Bezuayehu et al., 2002; Alemayehu, 

2010). However, resource availability, their dynamics and management vary considerably 

over time and from area to area (Veldkamp and Lambin, 2001). Over the last decades, 

severe land use and land cover occurred in the densely inhabited central highlands due to 

increasing population and their food demand. In the study area extensive areas under 

natural forest and pastureland have suffered from profound land use transformation for 
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agricultural use, primarily for crop production. The expansion of cultivated land has often 

been taking place on marginal soils and steep lands that are highly vulnerable to soil 

erosion. Land use and land cover changes are often associated with the increasing 

problems of environmental damages (Mulugeta et al., 2005; Gebresamuel, et al., 2010; 

Ellis 2011). In the study area, there are no previous data that would help to understand 

historical LULC change and related issues with the exception of a study made on 

deforestation of Chilimo forest (Bekele, 2003). Several case studies in the different parts of 

the country are required for a profound understanding of the dynamics in the human-

environment interactions at different spatial and temporal scales (Veldkamp and Verburg, 

2004). This would be useful to make better ―generalities‖ on patterns of LULC change, 

likely impacts and to formulate LULC policies for future use of land on sustainable way. 

Therefore, this research addressed the rates and patterns of LULC change (1957-2014) in 

Dendi-Jeldu mountainous areas in the Central Ethiopian highlands and provides 

information on the implications to environmental sustainability and livelihood of the 

farming communities. 

 

2.2. MATERIALS AND METHODS 

 

2.2.1. Location 

The study area falls in two districts (Weredas) of West Shewa Zone, namely Dendi and 

Jeldu in Oromia National Regional State, Central Ethiopian highlands. The location lies 

between 9
o
 00' 54" – 9

o
 15' 18" N and 38

o
 02' 10" – 38

o
 13' 35" E covering about 438 

square kilometers (See Figure1.1 in chapter one). The details of geographic, environmental 

and farming characteristics of the study areas are presented in chapter one under section 

1.3. 

 

2.2.2. Land Use and Land Cover Classification and Measure of Change 

The spatial and temporal dynamic of the different LULC classes were investigated using 

remote sensing data (aerial photos and satellite images) covering the period from 1957 to 

2014. The study period was divided into three time intervals, 1957-1980, 1980-1995 and 

1995-2004) based on the availability of reliable remote sensing data. These periods did not 

superimpose exactly on the three ruling regimes (monarchic (1930-1974), socialist Derg 

(1974-1991) and Ethiopian People‘s Revolutionary Democratic Front/EPRDF since 1991). 
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However, there was a significant overlap between the study intervals and the 

corresponding regimes. The three regimes are distinct in their economic policies and land 

tenure system (Rashid et al., 2007). 

 

For time series LULC change analysis, aerial photographs (1957 and 1980) and satellite 

images (1995 and 2014) were used in combination. The two sets of panchromatic aerial 

photographs taken during the dry seasons (December) of 1957 and (January) 1980 at a 

scale of 1:50,000 were obtained from Ethiopian Mapping Authority (EMA); and 

multispectral satellite images (Landsat TM (1995) and ETM+ (2014) with a pixel size of 

30m x 30m were obtained from USGS.gov. Orthographic correction on the aerial 

photographs (scanned at 1016 dpi) was carried out using 90m Aster DEM data. Aerial 

photos of 1980 were geo-referenced according to the Universal Transverse Mercator 

(UTM) system using a 1:50,000 topographic map (series: ETH 4; sheet: 0938 C3; edition: 

1 EMA 1982) of the study area. The 1957 aerial photographs were geo-referenced using 

referenced 1980 aerial photos. Satellite images of 1995 and 2014 were also geometrically 

rectified and registered to a 1980 aerial photos. 

 

Before classification, different LULC classes were extracted from the aerial photos. For 

satellite images, pre-processing was carried out using color composites in RGB 

transformation. To classify LULC types, a false color grid composite image was developed 

using ERDAS virtual GIS analyzer. First, unsupervised classification was made to get the 

major land parcels which then were used for supervised classification. Training sites and 

ground verification using Geographical Positioning System (GPS) were employed to verify 

the accuracy of the LULC map of 2014 with field points. A standard accuracy assessment 

was done using the error matrix (Congalton et al. 1999 cited in Bedru, 2006). About 750 

random ground control points were used for verification of LULC classification outputs. 

Some inaccessible control points were taken from high resolution images of Google Earth. 

The classification was done using the maximum likelihood classifier as described by 

Lillesand and Kiefer (1999). Finally, the LULC maps of the respective reference years 

(1957, 1980, 1995 and 2014) at a scale of 1:120,000 and temporal changes in LULC were 

determined and analyzed for interpretation. Due to quality problems in some aerial 

photographs and satellite images, six LULC classes were distinguished (Table 2.1). These 

include: CL, PSL, WL, PLN, FL and STL. Others such as degraded/bare lands, long-term 
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fallow land and seasonal wetland were clustered under PSL to avoid ambiguity between 

confusing classes. 

 

Post classification, all LULC maps were clipped to a common area using the ArcMap GIS. 

The vector data was rasterized using 15m cell size and Zonal statistics in ArcGIS Spatial 

Analyst‘s tool was used to compute change in the area by cross tabulating pairs of time 

intervals i.e. 1957 and 1980, 1980 and 1995, 1995 and 2014. Transitions between different 

land use/land covers were evaluated to measure areas converted among the different land 

uses. Quantified values of the changes between the different LULC classes were used for 

statistical analysis (descriptive) to reveal the extent of the dynamics in the study areas. The 

percentage of change within the same LULC class between two time points was calculated 

as: 

 

            
           

     
               (1) 

 

Where:  

Atn - Area of specific land use land cover class at time tn 

Atn-1 - Area of the same land use land cover class at time tn-1 

Change (%) - Percent change in the area of specific land use land cover class 

between times tn and tn-1 

 

A ―land use and land cover shift index (LUSI)‖ was calculated to assess LULC type 

contributing most to specific LULC class expanded remarkably. The index was calculated 

following (Reid et al., 2000) as: 

 

      
      

        
         (2) 

 

where: 

LUSI - Land use shift index 

LCi-j - Area of land use land cover class i converted to land use land cover j in the 

period between time 1 and time 2, i.e., period between target reference years 

Mean LC - Mean of areas of all land use land cover types converted to land use 

land cover type j in the period between time 1 and time 2 

 

Note: Land use land cover types contributing most to the expansion of land use land cover 

j have LUSI > 1 while less preferred ones have LUSI < 1. 
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Table 2.1. Description of land use land cover classes used to measure the changes during 

1957 to 2014 

Land use land 

cover class 
Description 

Cultivated land Includes land areas under cropland with visible patterns on aerial 

photographs and satellite imageries.  

Pastureland This represents areas under natural pasture and very scattered trees used for 

grazing. Degraded and abandoned farmlands and seasonally waterlogged 

areas used for grazing when recedes are included in this category. 

Woodland 

 

Includes areas under scattered remnant tree species such as Juniperus 

procera, Podocarpus falcatus etc., bushes and shrubs with less canopy and 

ground cover. These land areas are also used for livestock grazing. 

Plantation land This represents areas mainly under eucalyptus trees planted on visible plots 

of varying size but appear dense trees and rough on aerial photographs and 

imageries. Homestead plantations following fences are not considered in 

this study.  

Forestland Land areas covered by dense trees and thick vegetation forming a closed 

canopies, appears rough, clumped and thick in imageries and photographs. 

Settlement Includes residential areas (emerging rural towns, villages) occupied by 

living houses including backyard.  

 

2.3. RESULTS AND DISCUSSION 

 
2.3.1. Land Use and Land Cover Dynamics (1957-2014) 

Landscapes of the study area have experienced a marked change in LULC over the last six 

decades (Tables 2.2 and 2.3; Figure 2.2 and 2.4a-d). In 1957, the landscapes were 

dominated principally by pasture that covered 49 percent of the total area (43810 ha). 

However, analysis of four-time periods (1957-1980-1995-2014) revealed progressive 

expansion of CL from 1957 to 1995, and became a dominant land use type since early 

1980s (Figure, 2.1). Currently, more than two third (68%) of the total area is under 

cultivation, while PSL occupies only 16 percent. Over the entire study period, the coverage 

of CL, PLN and STL increased by 170, 13785and 172 percent, respectively, while PSL, 

FL and WL declined by 67, 73and 100 percent, respectively (Table 2.3). 
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Figure 2.1. Land use and land cover dynamics in the uplands of Dendi-

Jeldu districts in the central Ethiopian highlands. 

 

The rate and trend of LULC changes varied markedly between land uses, and intervals of 

the study period. Cultivated land expansion was slow (2% per year) from 1957 to 1980. 

But, the expansion hit the highest rate (5.87% per year) from 1980 to 1995. Cropland 

encroachment into other LULC reached a maximum level in mid 1990s, which then 

declined at a minimal rate of 0.02 percent per year. Plantation cover which accounted for 

only 0.1 percent (26 ha) in 1957, has shown a dramatic increase that reached eight percent 

(3610 ha) of the total area in 2014. Plantation area increased sustainably with rates 

exceedingly higher than any other LULC type in the same time periods (Table 2.3). Its 

expansion was at a rate of 21, 35, and 15 percent per year in the periods 1957-80, 1980-95 

and 1995-2014, respectively. In about six decades, plantation area (almost occupied by 

eucalyptus species) has increased by 13,785 percent, at a rate of 242 percent (63 ha) per 

year. Based on farmers‘ perceptions, rapid expansion of plantation was in response to 

dwindling forest resources (fuelwood shortage), conversion of degraded lands to 

plantation, economic drives, and changes in land tenure system and policy stimuli during 

the Derg regime. 

 

Settlement area, sparsely distributed (1% of the total area) in 1957, has also increased by 

172 percent from 1957 and 2014, at a rate of three percent per year (Table 2.3). The 

dynamics in the STL area were found to be irregular, and might be attributed to reduced 

size of backyards and use for other purposes (plantation, grazing, and crop). Accelerated 
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expansion at a rate of seven percent per year occurred during the period between 1995 and 

2014. The limitations from the quality of remote sensing data, especially coarse resolutions 

(30m x 30m pixel size) of satellite images, can affect the precision to describe small size 

features like houses and we expect high probability of generalization. 

 

Pastureland which fell under a variety of tenure system and access also experienced a 

remarkable decline over the last 57 years. In the period from 1957 to 1980, conversion of 

PSL was slow (at a rate of 0.4% per year). However, 60 percent of the total area under PSL 

in 1957 was converted to other land uses in the period from 1980 to 1995 at an alarming 

rate of 4.03 percent per year. The rate of conversion, however, decreased to 0.43% from 

1995 to 2014 (Table 2.3). Recent minimal rate of conversion and the position of most areas 

(70%) on landscapes (bottomlands) most vulnerable to seasonal waterlogging suggest the 

exhaustion of arable land. A drastic decline in PSL shows that continuing increase of 

livestock populations in the highlands was not based on the availability of grazing 

resources. 

 

Table 2.2. Sizes of land under different land use and land cover classes in the years 1957, 

1980, 1995 and 2014 in Galessa and the surrounding mountain areas 

Land use/cover  

1957 1980 1995 2014 

Area 

(ha) 
% 

Area 

(ha) 
% 

Area 

(ha) 
% 

Area 

(ha) 
% 

Cultivated land 10955 25.0 15814 36.1 29728 68 29608 68 

Pastureland 21261 48.5 19106 43.6 7556 17 6935 16 

Plantation land 26 0.1 150 0.3 923 2 3610 8 

Forestland 8985 20.5 5068 11.6 5094 12 2471 6 

Woodland  2147 4.9 2745 6.3 0 0 0 0 

Settlement 436 1.0 928 2.0 508 1 1187 3 

Total 43810 100 43810 100 43810 100 43810 100 

Kappa accuracy= 88%; Overall accuracy=91% 

 

In addition to the partly existing Chilimo forest (one of the few remnant dry Afro-montane 

forests in the central Ethiopian plateau), patches of dense forest were common on the 

landscapes in 1957 (Figure 2.4a). The forest cover of the landscape was reduced by almost 

three fourth (from 20.5% to 6%) in the period from 1957 to 2014 (Table 2.2). Similarly, 

woodlots that account for about 4.9 percent (2147 ha) were vanished from the landscape in 

the periods from 1957 to 1995 leaving behind few remnant trees (Hagenia abyssinica, 

Juniperus procera, Podocarpus falctus, Olea europaea) in valleys, homestead and sacred 
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areas (Figures 2.2 and 2.3). The highest rate of deforestation took place in two separate 

periods, 1957-1980 and 1995-2014, at the rate of two percent and three percent per year, 

respectively. In the period from 1957 to 1980, most areas under forest cover were 

converted to grazing land following extensive timber production without proper vegetation 

replacement. But, in the period from 1995 to 2014 crop encroachment into forestland 

predominated due to rapid population growth in and surrounding the forest area. Forestland 

conversion was rather negligible (0.03%) in the period from 1980 to 1995. This is 

attributed to a better state control of the forest resources during the Derg regime (1974-

1991). Over about six decades, patches of forest cover in the study area denuded and 

currently only part of Chilimo forest that cover about 2471 ha has remained. 

 

Table 2.3. Land use and land cover changes for the periods 1957-80, 1980-95 and 1995-

2014 

Land 

use/ 

cover  

Net change in area (%)  Annual rates of change (%) 

1957-80 1980-95 1995-2014 1957-2014  1957-80 1980-95 1995-2014 

CL 44 88.0 -0.4 170  1.9 5.87 0.02 

PSL -10 -60.5 -8.2 -67  0.4 4.03 0.43 

PLN 470 518.3 291.1 13785  20.4 34.55 15.32 

FL -44 0.5 -51.5 -73  1.9 0.03 2.71 

OWL 28 -100 -100 -100  1.2 6.67 - 

STL 113 -45.3 133.7 172  4.9 3.02 7.04 

CL= Cultivated land; PSL= Pastureland; PLN= Plantation land; FL= Forestland; WL= Open wood land;  

STL= Settlement area 

 

Cropland expansion into grazing land and FL in the central Ethiopian highlands is not new 

(Lemma et al., 2008; Teklu et al., 2009; Dercon and Hill, 2009; Muluneh et al., 2014). 

Indeed, most areas in the highlands of Ethiopia have experienced this. In the study area, 

accelerated CL expansion in the period between 1980 and 1995 corresponds with fast 

population growth. However, the case in the late 1970 to 1980s when the country entered 

into land reform in 1974 (from feudal arrangement to land to the tillers) possibly 

stimulated crop agriculture by large disadvantaged classes. In particular, CL expansion into 

natural ecosystems that occupied steep slope areas without appropriate soil and water 

conservation measures in the period between 1980 and 1995 has resulted in widespread 

problems of land degradation and feed shortage. Among the most recognized of these, soil 

erosion, fertility depletion and loss of biodiversity have had immediate influences on the 

livelihood of the rural community (German et al., 2012). Re-conversion of CL back to 
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either grazing or eucalyptus plantation are apparent indicators of severe land degradation. 

Exhaustion of space for CL expansion, continuing population growth and land degradation 

are challenges to improving small-scale agriculture.  

 

 
Figure 2.2. Partial scene of Chilimo dry Afro-montane forest and continuing 

human influence on forest resources. 

 

 
Figure 2.3. Remnant woodlots in homestead, sacred places and recently cultivated 

lands. 

 

In local context, disparities in forest conservation policy (Habtemariam et al., 2009; 

BirdLife International, 2016) and population pressure (Tamrat, 1993; Amha et al., 2013) 

are drivers of deforestation in the uplands of Dendi-Jeldu districts. Extensive timber 

production from state controlled areas in the periods before 1973 (Tamrat, 1993; 
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Alemayehu and Wiersum, 2006; Mohammed and Inoue, 2013; Teshome and Ensermu, 

2013); and post 1973 (after ban of timber production) deforestation by local peoples, 

particularly during the transition periods of regime changes are critical for forest resources 

dwindling. Better state control during the socialist Derg regime (Habtemariam et al., 

2009), however, contributed to the maintenance of forest areas in the period between 1980 

and 1995. After the downfall of the socialist Derg in 1991, the state control over the forest 

was again weakened and new legislation (in 1994 and 2007) on forest management has 

allowed local population to involve in forest governance (Habtemariam et al., 2009; 

Mohammed and Inoue, 2013). During these periods, again vast areas of the Chilimo forest 

were denuded and currently only about 2470 ha remain under forest cover. 

 

A recent forest management approach of ―devolved forest governance‖ is thought to best 

suit Ethiopia‘s decentralization agenda and rural development strategies that involve the 

participation of local communities in a ―win-win approach for conservation and 

livelihood‖ (Thomas and Million, 2003) but can also be regarded as a threat. This approach 

leads to polarized deforestation under the title ―income generation‖, but without proper 

replacement and management of trees (Mohammed and Inoue, 2013). The continuing 

decline of forested areas highlights the poor functionality of the strategy and concerns 

several researchers in Ethiopia and elsewhere (Habtemariam et al., 2009; Mohammed and 

Inoue, 2013). 

 

The progressive expansion of eucalyptus plantation into arable land deserves special 

attention. Despite eucalyptus remaining the most controversial tree in Ethiopia, its 

expansion at higher rates continues in the highlands since its introduction back in 1895 

(Demil, 2000; Amare, 2002; Jagger and Pender, 2003). The allegations that eucalyptus 

consumes large amounts of water and also out-competes other vegetation in mining soil 

nutrients are points of controversy (Oballa et al., 2005; FAO, 2011; Tilashwork et al., 

2013). One group describes eucalyptus as ‗ecological fascism‘ that destroys the 

hydrological balance, impoverishes soil nutrient and reduce biodiversity. Such a thought is 

the base for most countries and even the regional government of Tigray in Ethiopia to 

officially ban eucalyptus plantation on farmland, around lakes, ponds and wetlands. On the 

other hand, some research outputs have indicated that eucalyptus can improve soil 

chemical properties and because of its socio-economic contribution suggest the allegations 

may be ―exaggerated‖ (Zenebe, 2010; Jenbere et al., 2012; Birru et al., 2013). 
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Comprehensive analysis of available information and wise decision on use of eucalyptus is 

needed at a national scale.  

 

2.3.2. Trends in Transitions between Land Uses and Land Cover 

As discussed in the previous section, between 1957 and 2014 PSL and FL experienced a 

remarkable decline by 67 and 73 percent, while CL, PLN and STL area grew by 170 

percent, 13,785 and 172 percent, respectively in the period between 1957 and 2014. 

Transitions between LULCs constitute the replacement of one type by the other. Human 

and livestock open access to WL derived an indiscriminate loss of indigenous woodlots in 

the period between 1980 and 1995 (Table 2.3). Over the entire period, conversion of PSL 

to CL was significant (conversion index  3.8) compared to other LULC types (Tables 2.4 

and 2.5). Even if it is still high, a remarkable decline in the conversion index (2.6) since 

1995 was a signal for limited prospect of CL expansion into PSL (Table 2.5). Forestland 

(1957-1980 and 1995-2014) and WL (1980-1995) were also important sources of land for 

CL expansion. 

 

Large-scale conversion of CL back to grazing land in earlier period (1957-1980) suggests 

the prevalence of medium to long-term fallow practice to restore the fertility of the soil. 

Currently, the conversion of CL back to grazing and other land cover was increasingly 

forced by low agronomic land productivity. Another important aspect of LULC conversion 

is rapid expansion of plantation forestry, a new competitive farm activity withdrawing 

massive land area from CL throughout the study period, and PSL between 1957 and 1995 

(Table 2.6). The drivers for the growing interest of smallholder farmers in allocating more 

land for plantation can be viewed in two distinct periods. In the period from 1957 to 1995, 

expansion of eucalyptus plantations into PSL was in response to dwindling forest resources 

and increasing shortage of fuelwood. Farmers simply identified fuelwood shortage as the 

driver of expanding plantations in the area. 

 

Since 1995, eucalyptus plantation expansion into CL is mainly an economic drive due to 

land degradation. Successful growth of eucalyptus on degraded lands and increasing prices 

of fuelwood and construction materials have led farmers to consider plantation as part of 

their farm diversification and income generation strategies. Field assessment showed that 

more than 35 percent of the respondents planted eucalyptus as part of their farming system 
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and livelihood source. Recently, economic gains, even more than the main crops growing 

in the area, led to fast expansion and even a surge in eucalyptus plantations into potential 

arable lands in the cool central Ethiopian highlands. In addition, severe land degradation 

stimulated plantation as a last viable land use option. 

 

Table 2.4. Transition between major land use and land cover during 1957 and 2014, central 

Ethiopian highlands 

Land use 

/land cover 

 

Land use land cover 

(2
nd

 ref. year) 
Total 

      (ha)       CL 

(ha) 

         FL 

(ha) 

         PSL 

(ha) 

         PLN 

(ha) 

STL 

(ha) 

 OWL 

    (ha) 
 1957 - 1980  
CL 5567 205 4484 41 309 350 10955 
FL 1434 4092 2110 15 86 1247 8985 
PSL 7867 697 11267 77 460 890 21261 
PLN 10 0 11 3 2 0.4 26 
STL 192 10 182 3 36 13 436 
OWL 744 65 1049 9 35 245 2147 
Total (ha) 15814 5068 19106 149 928 2745 43810 
 1980 - 1995  
CL 12832 499 2004 283 195 0 15814 
FL 1313 3174 422 116 43 0 5068 
PSL 12891 1051 4577 384 205 0 19106 
PLN 115 15 16 2 3 0 150 
STL 733 38 113 14 30 0 928 
OWL 1846 317 424 124 33 0 2745 
Total (ha) 29728 5094 7556 923 509            0 43810 
 1995 - 2014  
CL 23713 56 2624 2420 914 0 29728 
FL 1178 2376 850 617 73 0 5094 
PSL 3823 13 3221 393 107 0 7556 
PLN 527 20 184 161 31 0 923 
STL 367 5 57 19 62 0 509 
OWL 0 0             0 0 0 0           - 
Total (ha) 29608 2471 6935 3610 1186 0 43810 
Note: CL= Cultivated land; FL= Forestland; PSL= Pastureland; PLN= Plantation land; STL= Settlement; 

OWL= Open woodland 

Values in shaded cells represent land area remained under that same land use or land cover type. 

 

Increased modification of natural forest and WL with eucalyptus and few other species was 

also seen. This is attributed to replacement effort made after commercial use in earlier 

periods, afforestation program during the Derg regime and plantation by local communities 

for sale following a new forest management approach ―devolved forest governance‖ in 

recent decades. 
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Table 2.5. Index of different land use/land cover conversion to 

cultivated land in the periods 1957-80, 1980-95, and 1995-

2014  

Source  
Area converted to cultivated land (ha) 

1957 - 1980  1980 - 1995 1995 – 2014 

Forestland  1434 1313 1178 

Pastureland 7867 12891 3823 

Plantation   10 115 527 

Settlement  192 733 367 

Woodland   744 184                  - 

Mean*  2049 3379 1474 

 Indexes of different land use land cover 

conversion to cultivated land 

Forestland  0.7 0.4 0.8 

Pastureland 3.8 3.8 2.6 

Plantation  0.01 0.03 0.4 

Settlement 0.1 0.2 0.3 

Woodland  0.4 0.6                   - 

*Mean of all LULC changed to cultivated land during each time intervals 

 

Table 2.6. Index of different land use/land cover classes conversion to 

plantation land in the periods 1957-80, 1980-95, and 1995-

2014 

Source  

 

Area converted to plantation land (ha) 

1957 - 1980 1980 - 1995 1995 - 2014 

Cultivated land          41            283      2420 

Pastureland               77            384        393 

Forestland                 15            116        617 

Settlement                   3              14          19 

Woodland                   9            124               - 

Mean*          29            184        862 

 Indexes of different land use land cover 

conversion to plantation land 

Cultivated land  1.4     1.5            2.8 

Pastureland   2.6     2.1      0.5 

Forestland  0.5     0.6      0.7 

Settlement  0.1     0.1    0.02 

Woodland   0.3     0.7        - 
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Figure 2.4a-d. Land use land cover dynamics (1957-1980-1995-2014) in some parts of 

Dendi-Jeldu districts, Central Ethiopian highlands.  
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Evidences from this investigation showed that a significant portion of the landscapes in the 

study area experienced a remarkable LULC changes. Much of the expansion of CL (the 

most prominent phenomenon) came at the expense of grazing land. This is possibly a 

different trend in that, most studies pointed out CL expansion to be at the expense of FL in 

most areas in the Ethiopian highlands (Tekle and Hedlund, 2000; Gete and Hurni, 2001; 

Mulugeta et al., 2005). In fact, deforestation was also high, particularly in areas that were 

not under state control. The trajectory of FL conversion was different before and after 

1990s. Before 1990s, grazing land expansion into FL was apparent and was an 

intermediate step for later conversion into CL. Post 1990s, however, most forest areas were 

converted to CL. In the later period, the overwhelming expansion of CL into FL and also 

PSL is to support the population growing at a rapid rate (Woldeamlak, 2007; Josephson et 

al., 2014). Eucalyptus plantation into PSL and CL is also among the most important land 

use transitions. Progressive increase of eucalyptus plantation was linked to fuelwood 

shortage and economic significance on degraded lands. Rate, size and form of transitions 

between LULC depend on several factors including policy, socio-economic and ecological 

factors (Moran, 2005).  

 

2.4. CONCLUSION 

Time series analysis extracted from remote sensing data revealed substantial change in 

LULCs in the central Ethiopian highlands since the second half of the 20
th

 century. Broad-

scale expansion of CL at the expense of natural habitats (PSL, FL and WL) is the most 

important change that reflects a long-standing human influence on natural resources. 

Varying rate of conversion/modification of LULC in different periods is likely to occur in 

response to resource availability, population pressure, socio-economic and policy 

environments. Rapid encroachment of eucalyptus plantation into other LULC including in 

areas with better agricultural potential is the second most apparent change in the uplands of 

central Ethiopia. Land use and land cover change in the study area was remarkable and 

probably the most important phenomenon behind the prevalent problems of land 

degradation. Inappropriate use of land, mainly for cultivation is a widespread problem of 

traditional farming system threatening agricultural sustainability. A further understanding 

of the drivers, and impacts of LULC changes on soil quality and land degradation is 

essential to take appropriate measures at various levels.  
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3. LAND USE AND LAND COVER DYNAMICS: DRIVERS AND ITS 

IMPACT ON SOIL FERTILITY IN THE CENTRAL ETHIOPIAN 

HIGHLANDS 
 

ABSTRACT 
 

Over the past few decades, the uplands in the central Ethiopian highlands which represent an ecosystem 

under intensified human activities has undergone a profound land use and land cover (LULC) changes in a 

mode of cultivated land expansion into pasture and forest lands. Conversion of these natural habitats that 

often occupied marginal soils and steep areas may cause changes in soil properties and affect ecosystem 

functioning. This study was aimed to assess drivers of LULC changes and its effect on some soil properties 

in Dendi-Jeldu districts, central Ethiopia. Variables determined included the dynamics of human and 

livestock populations, and changes in soil properties due to LULC changes in reference to soils in less 

disturbed areas. Rapid population growth, particularly since 1990s was remarkable and affected LULC of the 

landscape due to increasing agricultural activities to meet their food demand. Striking and inadvertent 

expansion of cultivated land shows its strong link with population growth, and how the farming system has 

been responding to the growing demands. Over the last 57 years, the population density of 41 inhabitants/km
2 

in 1957 has grown to 180 inhabitants//km
2
 in 2014.Land use and land cover changes had affected the quality 

of soils at varying levels depending on the pattern of changes associated management factors. In the study 

area, conversion of natural habitats (pastureland and forestland) into cultivated land and plantation land 

(eucalyptus), and use of degraded cultivated land for other alternative uses (plantation and grazing) have 

caused alarming decline of soil quality compared (p < 0.001) to the stock in soils adjacent to the natural 

forest. Moreover, the trade-off from rapid eucalyptus expansion into potential arable and pasture lands should 

be considered. 

 

Keywords: Land use and land cover changes, drivers, population, livestock, central Ethiopian highlands 

 

3.1. INTRODUCTION 
 

As described in previous section, LULC changes in Dendi-Jeldu upland areas in the central 

Ethiopian highlands has been remarkable. Land use and land cover changes alter the 

availability of different biophysical resources including soil, vegetation, water, animal feed 

etc. and consequent reduction in ecosystem function and services (Cassman et al., 2005; 

Codjoe, 2007). Despite the fact that LULC change is global, the driving factors and 

patterns of change vary across the different locations or regions (Reid et al., 2000). 

Moreover, pattern of land use change may vary, even with the same driving factors (Kim et 

al., 2014). This suggests that, the studies on LULC change should focus on characteristics 

at local context to better understand the existing human-environment interactions and 

thereby support decisions on appropriate use of land resources. 

 

The drivers of LULC change are numerous, including biophysical, socio-economic, 

technological, infrastructural and natural factors (Wardell et al., 2003; Campbell et al., 

2005; Steinfeld et al., 2006; Kim et al., 2014). In Ethiopia, specifically a range of factors 

have been identified as drivers of LULC change. Long-lasting deprived livelihood, rapid 
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population growth, access and policies related to land tenure are amongst the most cited 

(Omiti et al., 1999; Gete, 2000; Agarwal et al., 2002). Responses of agriculture to 

increasing population number and increasing burden of poverty have mainly occurred 

through area expansion (Amare, 2013; CSA, 2014) as opposed to intensification. In 

particular, deforestation in search of the few remaining pockets of fertile land in densely 

populated areas often results in almost total removal of trees from the landscape, as seen in 

most areas of Ethiopian highlands (EFAP, 1994; Feoli et al., 2002).  

 

Human impacts on ecosystems are often expressed through LULC changes, land 

degradation and climate change (Lambin et al., 2003). These impacts are most serious in 

mountain regions that are the centers of biodiversity and most vulnerable to land 

degradation. It is well recognized that LULC change is behind the unprecedented land 

degradation, thereby huge loss of biodiversity, soil and water resources (Demil, 2001; 

Kahsay, 2004; Braimoh and Vlek, 2008). This is most visible in hilly-mountainous areas of 

the Ethiopian highlands, where deforestation and subsequent land degradation has left bare 

rocks and stones behind. 

 

It appears that, agriculture is the greatest driver of land transformation in the highlands. 

Due to favorable climatic and ecological conditions, the Ethiopian highlands (43% of the 

total area) have a long history of settlement and sedentary agriculture, thereby hosting and 

supporting the greatest proportion of the country‘s population (Aklilu et al., 2007; 

Pankhurt and Piguet, 2009). Currently, agriculture occupies the majority of the land area in 

the highlands (Sonneveld and Keyzer, 2003; FAO, 2006). However, the growth of the 

sector is not keeping up with rapid population growth (Amare, 2013; CSA, 2014). Such a 

dynamic tension between the increasing population and agricultural productivity has forced 

the continued expansion of CL into increasingly steeply sloping landscapes under natural 

habitats (Hurni, 1993; EFAP, 1994; Sánchez et al., 1997; Nyssen et al., 2009). 

 

In view of the increasing tension amongst population growth, decreasing farm size and 

land productivity, LULC still faces large-scale changes and modifications to respond to the 

growing food demand (Aklilu et al., 2007; Nyssen et al., 2009). This is one of the most 

significant challenges, widely recognized to alter the biophysical environment (Mulugeta 

et al., 2005; Wassie et al., 2009). Hence, mitigation of adverse effects of LULC changes 

requires appropriate policies developed through understanding the historical background, 
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driving factors, local variations in the LULC and their impacts on the natural resources 

base (Lambin et al., 2003). The role of LULC change studies in understanding major shifts 

and changing environmental conditions is substantial (Codjoe, 2007). 

 

Although the widespread LULC change and the resulting impacts on the environment has 

been visible for decades, information on the drivers and impacts on soil fertility is also 

very limited. In the past two decades in particular, the hilly-mountainous areas in Dendi-

Jeldu districts of West Shewa Zone in the central Ethiopia have experienced remarkable 

LULC changes. Given the significant LULC change, its adverse impacts on the 

environment, and a comprehensive understanding of the associated drivers is highly 

relevant to produce useful information on their interactions that yield the existing layout of 

land uses and state of the natural resource base. This provides an incisive entry points to 

improve ways of resource utilizations and managements. 

 

This study aimed to integrate population trend, biophysical factors and policy environment 

with the spatio-temporal and patterns of LULC change described in previous chapter. 

Particularly, the dynamics of population size in specific rural area answers the question on 

the extent of land availability, likely impact on livelihood of smallholder farmers and how 

farming system has been responding to the varying land capital. In addition, the resulting 

impacts of LULC change on the fertility of soils under different land uses were examined. 

 

3.2. MATERIALS AND METHODS 
 

3.2.1. Location 

 

This study area also falls in two districts (Weredas) of West Shewa Zone, namely Dendi 

and Jeldu in Oromia National Regional State, Central Ethiopian highlands. The location 

lies between 9
o
 00' 54" – 9

o
 15' 18" N and 38

o
 02' 10" – 38

o
 13' 35" E covering an area of 

about 438 square kilometers (see Figure 1.1 in chapter one). The details of site description 

is presented in chapter one under section 1.3. 

 

3.2.2. Drivers of Land Use and Land Cover Change 

 

3.2.2.1. Biophysical, socio-economic and land policy 

Primary and secondary data on biophysical factors, socio-economic conditions and land 

policy were used to track the drivers of LULC changes. Information on biophysical factors 
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with emphasis on soil, topography and biomass were obtained through field assessment 

and from remote sensing data. Socio-economic condition of the community was assessed 

through formal household level survey; while land policy related changes during the study 

period was reviewed from different sources. These data were used to see their integration 

with the historical LULC changes in the context to the local conditions. Moreover, 

information extracted from focus group discussions by local elderly farmers was also used 

to identify underlying causes of LULC change. Land use and land cover change link with 

the biophysical factors (topographic conditions, distance from road and distance from 

urban areas) was interpreted from LULC maps of the study area and the digital elevation 

model. Land policy/regulation related factors were reviewed from literatures, policy 

documents and from discussions with elderly farmers. 

 

3.2.2.2. Human and livestock populations dynamics 

To determine the population dynamics and other associated factors (e.g. livestock density) 

in the study areas, socio-economic surveys, population censuses and remote sensing data 

(aerial photographs and images) from different sources (district bureau of agriculture and 

rural development, Ethiopian Mapping Agency, Central Statistics Authority, Oromia 

Bureau of Finance and Economic Development etc.) were used. For the reference years 

that have no population data, estimates were made from the available sources through 

linear interpolation for a particular investigation year. Population estimates for reference 

years were supported with household counts from aerial photographs taken in 1957, 1980 

and 1995; and high resolution image of the year 2014 from Google Earth. In addition to the 

population dynamics, history of land policy environments of the country during the study 

periods were considered and used in the interpretation of obtained information, i.e. policy 

interplay with the LULC changes. 

 

Livestock populations in the study area were estimated from available CSA sample surveys 

(1995-2014) and agricultural censuses reports (1994, 2007 and 2012). Land utilization 

(grazing area) dynamics obtained from LULC classification in reference years was 

compared with estimates of livestock density in respective years for adequacy and pressure 

on land resources. Since data was not available on the productivity of grazing resources, 

the mean of recent productivity (herbage yield) of the grazing resources (PSL and FL) at 

different positions in the landscape was taken to provide a rough estimate of fodder 
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production. Herbage yield (DM) of samples collected from different grazing resources 

around Galessa areas was estimated as described by AOAC (1990). 

 

3.2.3. Impacts of Land Use and Land Cover Change: Nexus with Soil Fertility 

 

An evaluation of soil fertility dynamics in response to LULC changes was carried out 

based on the LULC class maps produced for the reference years. Land use land cover maps 

were used for selection of sampling sites. Based on detail field observations made in the 

study area, five major LULC types were selected based on their history and occurrence at 

different landscape positions (i.e. at different distances from reference land use and cover) 

in three replicates. Chilimo forest, the only available natural forest in the study areas, was 

used as a control and neighboring PAs (Galessa Kotagesher, Galessa Koftu and Entodale) 

were selected as sampling areas. Land use and land cover classes originally under forest, 

PSL and cultivation but now converted to current land uses/land covers were selected. 

Accordingly, maintained LULC classes (forest, pasture and cultivation); and converted 

LULC classes from forest, PSL and CL were identified. Three transects (running east to 

west) extending to the north facing areas of Chilimo forest at an estimated interval of one 

km was followed for sample collection. Soil samples at a plough depth (0-30 cm) were 

randomly collected from each LULC class using an auger. The number of soil samples 

collected from each LULC class was determined based on relative area coverage in the 

study areas. Accordingly a total of 351 samples (three classes of cropland=135; 

settlement/homestead=45; three classes of pastureland=81; plantation=75; forestland=15) 

were collected in three replicates. For each replicate, composite samples of each LULC 

class were prepared from collected soil samples. During composite preparation, soil 

samples collected from all sites under the same LULC class were thoroughly mixed and 

subsamples (1 kg) were taken for further preparation. The samples were then air-dried to a 

constant weight, ground and sieved to pass through a 2 mm mesh for the analysis. 

However, for organic carbon and total nitrogen analysis, the samples were sieved through a 

0.5 mm mesh size. 

 

The soil samples were analyzed to determine selected physical and chemical properties. 

Important parameters which best characterize soils: soil texture (Bouyoucos hydrometer 

method, Bouyoucos, 1962), pH (potentiometric method, 1:2.5 soil:water) (Chopra and 

Kanwar (1976), organic carbon (OC) (Walkely and Black, 1934), total nitrogen (TN) 
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(Kjeldahl method, Van Ranist et al., 1999), available phosphorus (Pavl) (NaHCO3 

extraction method, Bray-II (Bray and Kurtz, 1945) and cation exchange capacity (CEC) 

(Chapman, 1965) were determined. Exchangeable basic cations (Ca, Mg, K and Na) were 

determined by saturating the soil samples with 1N NH4OAC solution (Rowell, 1994). 

Magnesium was measured using atomic absorption spectrometry (AAS), while 

exchangeable Na, Ca and K were measured by flame photometer from the same extract. 

 

Deterioration index (DI) of soils under different LULC classes was computed based on the 

assumption that the level of individual soil nutrients under CL, grazing land, plantation and 

settlement areas was once the same as that of soils under less suffered natural ecosystem. 

The differences between mean values for individual soil properties under each land use 

were compared to the base line value of the same soil property under reference soil 

(Chilimo natural forest), computed and expressed as a percentage of the mean value of 

individual soil property. These changes were then averaged across all soil properties to 

compute a soil deterioration index (Adejuwon and Ekanade, 1988). Values for pH, OC, 

Pavl, CEC, TN, K, Ca, Mg and Na were included in this calculation to reflect the fertility 

status of soils under each LULC classes. The index was calculated by the following 

equation: 

 

        [
       

   
]      

 

where: 

 

 DI-Deterioration index 

 PSL- Mean value of individual soil property (P) under specific land use (SL) 

 PRL- Mean value of individual soil property (P) under reference land use (RL) 

 

Statistical Analysis 

 

Data analysis was done using SAS (SAS 9.1, Institute, Inc., Cary, NC, USA). The 

statistical analysis: general linear model, descriptive statistics and regression techniques 

were employed to analyze data (primary and secondary). For soil fertility dynamics 

analyzed with GLM model, Tukey‘s Studentized Range test (HSD) was used to separate 

means between treatments. The following statistical model was used for analysis.  
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where: 

 

Yij - Observed value of the dependent variable for the plot j in the level i of the factor 

μ - General mean effect 

αi- The main effect of the level i of the factor  

εij- Random error in the dependent variable for the plot j in the level i of the factor 

 

3.3. RESULTS AND DISCUSSION 

 

3.3.1. Drivers of Land Use and Land Cover Change: Analysis from the Perspective of 

Biophysical Factors, Policy and Population Dynamics 

 

3.3.1.1. Biophysical and land policy effects on LULC dynamics 

 

Chapter two documented the pattern and magnitude of LULC change that occurred on the 

landscape in the period from 1957 to 2014. The obtained results clearly indicate the 

occurrence of dramatic LULC change in the study area. As seen in LULC maps of the 

study periods (see Figure 2.4a-d in chapter two), expansion of CL irrespective of the 

biophysical factors (slope, altitude, soil type) has led to unprecedented loss of habitats 

under pasture and forest resources. Expansion of CL into these areas in all directions 

including marginal lands and steeper sloping areas on the landscape justifies the 

overwhelming effect of resource scarcity, increased pressure on land resource and lack of 

land use frameworks at local, regional and national levels. The importance of policy 

legislation is seen via its contribution to the sustainability of Chilimo forest. Remarkable 

decline of forest area in the periods 1957-1980 and 1995-2014 is attributed to ways of 

resource use and management practices. Before 1973, timber production without proper 

replacement had resulted in extensive devastation of forest resources. But, after the ban of 

timber production in 1973, and strong forest control and afforestation program during the 

Derg regime has abolished deforestation, even with slight increase of forest area in the 

periods between 1980 and 1995 (see chapter two).  

 

Although, recent new legislation that integrates local people in forest governance sounds 

appropriate, but it basically missed effective implementation of the approach. Being a new 

system lack of strong support from accountable institution (districts bureau of agriculture 

and rural development) on sustainable forest management, weak decision making by the 
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communities and/or actions on forest exploiters, unequal access to benefits (economic) 

originated from the forest by the local communities, and ill-functioning of rules and 

regulations are some of the gaps which need proper consideration before irreversible 

damage. These have weakened the control and opened up opportunities for deforestation. 

As a result, vast areas under forest cover were converted to other land uses in the period 

from 1995 to 2014. Additionally, historical civil war-based patterns of regime changes in 

Ethiopia in general and unrest during the transitions in particular (critical periods during 

which major deforestation took place) have contributed to drastic LULC changes in the 

highlands. 

 

Recently land degradation (poor and denuded soils at marginal utility value) and economic 

drives (profit) are also contributing to LULC changes in the study area. Dramatic growth 

of area under eucalyptus plantation since 1990s was partly due to the increasing problem of 

land degradation after long periods of agricultural uses. Removal of topsoil through soil 

erosion, exploitive use of land resources and subsequent removal and/or depletion of soil 

fertility drives use of exhausted land for eucalyptus plantation or for grazing. 

 

3.3.1.2. Human population dynamics and implications 

 

In Ethiopia, collection of population information was started in 1964 (CSA, 1984). Prior to 

1984 (the first population and housing census), sources of demographic data of the country 

were only sample surveys. Lack of continuous, consistent and comprehensive flow of 

information compromises estimates of population dynamics in specific areas. Based on 

these information sources, estimates of population number at each investigation years are 

indicated in Table 3.1. Population consistently increased throughout the study period at 

varying rates. The fastest growth rate (4% per year) occurred from 1980 to 1995. Overall, 

the population density of about 41 inhabitants per square kilometer in 1957 has grown to 

180 inhabitants per square kilometer in 2014 at an average growth rate of 5.9 per year. 

Population density varies from place to place based on biophysical characteristics and 

climatic conditions. In view of this assumption and the higher average household size (7.8) 

seen in the survey study, the average HH size reported by Central Statistical Authority 

(CSA) for West Shewa Zone (5.4) might under estimate the actual population density of 

the study area. Recent high population to area of CL ratio (2.7:1) reveals increasing 
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pressures on land (Table 3.1). Population and area of CL growth were highly interrelated 

(R
2
= 89%). 

 

Beside the overall increase, vicinities in close proximity to Ginchi town and some newly 

emerging rural urbanization (Kidame/Galessa, Seriti, Chelenko, Boni etc.) contributed to 

the increased population number in the study area. These emerging rural towns on the 

other hand are becoming an opportunity to siphon-off excess landless population from the 

rural areas. Hence, infrastructure development in rural towns is an incentive to attract rural 

youth who can engage in non-farm activities. Population growth is one of the leading 

factors for the dramatic LULC changes, unprecedented land fragmentation and degradation 

seen in the highlands of Ethiopia. What was seen in the central Ethiopian highlands is not 

different. Low technological support and limited smallholder farmers‘ ability to respond to 

the rising demand for food as a result of persistently increasing population are accelerators 

of land use changes. As a result, CL area expansion has been a major mode of approach to 

increase agricultural productivity (Menberu, 2014). 

 

Table 3.1. Estimate of population number and corresponding cultivation area in the periods 

1957 to 2014 in the study area, central Ethiopian highland 

Year NHHs
1
 

HH 

size
2
 

Population 

number 

(P) 

Annual 

growth  

rate 

(%) 

Population 

density 

(persons/km
2
) 

Cropland 

area 

(C) 

(ha) 

P/C 

ratio 

1957   3992 4.5
†
 17964    -              41 10955 1.6 

1980   6970 4.5 31365 3.2              72 15814 2.0 

1995   9025 5.6 50089 4.0            114 29728 1.7 

2007 11200 5.5 61713 1.9            141        -    - 

2014 14540 5.4 78807 2.9            180 29608 2.7 

Increase (%)     264 -         339       -            339           170      - 
†
Data is not available for the year 1957 and average household size of 4.5 reported for Shewa is used for 

population estimate 
1
Number of households in the study area is estimated from counts of houses on aerial photographs (1957 and 

1980) and satellite images (2007 and 2014). Year 2007 is included to compare population estimates with 

satellite image (61713) and census data reported (58976) for this particular year, comparable. 
2
Average household size of years 1980, 1995, 2007 and 2014 are adopted from nearest CSA reports, 1984 

(Shewa), 1995 (North and West Shewa), 2007 (West Shewa) and 2011 (West Shewa) respectively. 

 

The Ethiopian highlands, which have the advantages of best soils and high rainfall, were 

developed early with a corresponding expansion of the population. This makes the 

highlands one of the most densely populated agricultural areas in Africa (Pankhurst and 

Piguet, 2009; McGinley, 2014; Josephson et al., 2014). A major impact of population 
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growth comes from increasing competition for land and other natural resources, as most of 

the rural population are desperately poor and dependence on natural resources is high. In 

view of the underlying unfavorable economic and environmental conditions and low 

technological support in Ethiopia, the adverse effects of continuing population growth at 

its current pace cannot be ignored (Jayne et al., 2010; Josephson et al., 2014; Mellor, 

2014). There is a shared consensus that land scarcity has reached a critical level in the 

highlands (Samuel, 2006). This certainly affects agriculture at large. A concern with 

agricultural growth lies at the very core of population growth (Figure 3.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Relationship between population, natural resources and poverty in the central 

Ethiopian highlands. 

 

The following management options can be forwarded to ease the pressure on the dwindling 

natural resources base: 

1. Shortfall load management (agricultural intensification, natural resource 

conservation, off-farm income source (industrialization), agricultural subsidies) 

Poverty 

Population Pressure 

Land degradation 

Low net 

income 

Reduced 

fallow 

Low 

investment 

Increased 

biomass use 
investment 

Loss of 

biodiversity, 

soil fertility 

Reduced yield 

Land use land 

cover change 

(intensive use) 

Reduced 

farm size 

Increased 

food demand 

Climate 

change 

Severity of poverty (poverty box area) is the function of the magnitudes of the demand pull 

by the population and the shortfall load of the resource supply.  
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2. Demand pulls management (preventive check of population growth such as family 

planning) 

The share of agriculture is expected to continue dominating the livelihood support and 

promising progresses have been seen in agricultural growth. Slowly growing agricultural 

production, however, cannot counterbalance an ever increasing population number 

(Tesfaye, 2003; Byerlee and Deininger, 2013). This probably leads to the thought that 

population growth relation with agricultural growth and economic development in Ethiopia 

still exhibit Malthusian model. Economic shift out of Malthusian trap necessitates sound 

policies and programs not only in agricultural transformation and population dynamics, but 

also many other institutions that are linked to non-farm activities. Policy interventions in 

Ethiopia are often ad hoc; i.e. interventions are made only after severe loss or at times of 

acute levels of problems. Although many earlier studies have generated a number of 

important hypotheses on possible harmful effects of rapid population growth since the 

1970s, less consideration has been given to regulation of population growth in Ethiopia 

(Meadows et al. 1972 as cited in Grepperud, 1996). However, timely intervention and 

proper design of effective policies and programs based on past, recent and future trends are 

central to ―keep the wolf from the door‖. 

 

3.3.1.3. Livestock populations dynamics and implications 

Historically, livestock has been an important component of agricultural activities in the 

highlands of Ethiopia since antiquity. However, as with the demographic case, information 

on livestock dynamics is also limited. Based on the result of a survey conducted in 2014, a 

livestock population density of 60,560 TLU was estimated for the study area. This 

accounts for 3.34 percent of the total livestock populations density in West Shewa reported 

in 2014 (CSA, 2014). Sample survey reports on trends in livestock populations growth in 

West Shewa Zone (hosts the study area) in the periods 2004 to 2014 were used with the 

assumption that they show the dynamics in the central Ethiopian highlands. Despite, the 

varying livestock density between years, the data obtained revealed an overall growth from 

2004 to 2014. Decline in livestock density was observed in years 2007, 2008 and 2013 

(Figure 3.2). Annual growth rate of livestock density generally varied over time. This is 

often associated with one or a combination of socio-economic, climatic and health factors. 

Detailed aspects of these factors are beyond the scope of this particular study. Probably, 

high variability in rainfall distribution from January to May (based on rainfall data from 

Ginchi station) could be the major factor leading to irregularities in livestock population 
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numbers over years. However, this interpretation may be erroneous in the absence of other 

related factors measured data representing West Shewa. 

 

Most farmers‘ (85% respondent HHs) perceived a declining trend of livestock populations 

as opposed to the actual increasing trend. However, 14 percent of the respondent 

households perceived an increasing trend in livestock populations in the study area. The 

latter group explained human population growth (most own livestock) to outweigh the 

effect from lowering numbers of livestock at household level. The perception of the latter 

group was in accord with the data obtained from the statistical authority, which shows 40 

percent population growth in the period 2004 to 2014. Livestock average of 5.03 TLU was 

owned by a household and also explains the presence of high livestock populations in the 

study area. 

 

 
Source: CSA 

Figure 3.2. Population dynamics, gross change (GCH) and annual growth rate (AGR) of 

livestock in West Shewa Zone, 2004-2014. 

 

In the highlands, livestock distribution is predominantly associated with the human 

population (Jabbar et al., 2007). The observed, continuing growth of livestock populations 

in the central Ethiopian highlands also shows close historic links between human and 

livestock populations and a sustained value of the large livestock populations, deeply-

TLU = 0.056x + 1.2854 
R² = 0.7712 

-20

-10

0

10

20

30

40

50

60

0.00

0.50

1.00

1.50

2.00

2.50

2
0

04

2
0

05

2
0

06

2
0

07

2
0

08

2
0

09

2
0

10

2
0

11

2
0

12

2
0

13

2
0

14

G
C

H
, 

A
G

R
 (

%
) 

P
o

p
u

la
ti

o
n

 '0
0

0
,0

0
0

 (T
LU

) 

Year 

Population GCH AGR



60 

 

rooted in the tradition of rural communities. Samson and Firehiwot (2014) reported 

continuing growth of livestock numbers along with human population growth in the 

highlands of Ethiopia. 

 

As mentioned before, satellite image classification of the year 2014 LULC map indicates a 

total of 6935 ha of pasture land in the study area. Though declining at a faster rate, fallow 

land is also intensively used for grazing. Estimated areas of permanent PSL, fallow land 

and their potential productivity (data based on samples collected from protected areas) are 

indicated in Table 3.2. Though the estimates of grazing land productivity presented here 

are rough, spatial distribution (bottom, middle and higher slope areas) was taken into 

account. From the assessments made at household level, an average estimated 30 percent 

of their holding dedicated to CL (depending on locations) is fallowed each year. With these 

assumptions, an estimated potential of about 61,783 ton dry matter of fodder is produced 

from available grazing resources during the main rainy season (June – October) (Table 

3.2). 

 

Based on maintenance level DM intake for a tropical livestock unit (6.25 kg/TLU/day) 

(ILCA, 1990), the livestock populations (60,560 TLU)
2
 in the study area requires around 

138,077 ton DM per year. The potential fodder yield (61,783 ton) obtained from grazing 

resources (natural pasture and fallow land) in the study area meets only 44 percent of this 

total requirement. In reality, the actual fodder yield produced from these grazing resources 

is much lower than the estimated amount, for most areas are overgrazed. Quality is also 

another factor (Jahnke, 1982), which affects the adequacy of assumed maintenance level 

(6.25 kg/TLU/day). The quality of feed from short period fallow land (highly weedy) is 

expected to be low. With all the shortcomings, the maintenance requirement has outrun the 

estimated potential feed production, leading to shortage.  

 

The gap of about 56 percent is ought to be filled from other sources. In particular, dry 

season (about 8 months) during which natural pasture is in short supply and poor quality, 

the role of crop residues is immense. Under the prevailing conditions, crop residue and 

stubble grazing are immediate sources of feed during the dry season. Some literatures show 

                                                 
2The estimate of livestock population (TLU) based on total HHs in the study area excludes about 2,500 

HHs living in Ginchi and other rural towns with the assumption that they own no and/or very few 
TLU to avoid possible over estimation 
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these feed sources to produce as much feed as unimproved natural pasture (Jahnke, 1982). 

This might be the reason for continuing growth of livestock, despite the fact that vast areas 

of PSL are taken away by crop. 

 

Understanding the dynamics of livestock populations and resources availability is 

necessary to devise environmentally friendly and functional production systems (Solomon 

and Coppock, 2002). In the study area which was dominated by grazing area (> 42% of the 

total area) until early 1980s, unprecedented shrinkage of PSL (only 16% of the total area in 

2014) and continuing growth of livestock density is a paradox. This indeed reflects a lack 

of direct links between livestock population growth and grazing resources in Ethiopia. 

Rather, human population growth has derived increased livestock populations. Transitions 

observed between the different land uses show a pull-push pattern in which CL into PSL 

derived diffusion of livestock into forest and woodlands. Continued processes of 

opportunistic crop encroachment into grazing areas have reached a maximum limit where 

further surges appear impossible.  

 

Adverse effects from huge livestock populations depending on a scarce grazing resource 

are not yet understood but have received considerable attention in the highlands. The 

mismatch between high livestock density and limited grazing resources confounded in 

marginal lands has driven to increasing reliance on crop residues which further trigger the 

risk of land degradation (Oldeman et al., 1990). As a result, obstinate land degradation, 

mainly losses of soils and fertility, has become a concern for the livelihood of the 

community (Smaling, 1993; Tilahun et al., 2006). The severity of the problem is associated 

with the combined effects of rugged topographic configuration, high rainfall and 

mismanagements in land uses. Extensive land degradation studies made in Ethiopian 

highlands concentrated on losses of soils from CL. However, studies on the contributions 

of livestock to land degradation are remarkably little under mixed crop-livestock farming 

system. Under the traditional production system characterized by free grazing, damage 

from livestock ―hoof action and land cover removal‖ on grazing areas and crop fields can 

be substantial. Such livestock disruptions are instrumental for high discharge of eroded 

materials, especially at the beginning of rainy season (Steinfeld et al., 2006). Overgrazing, 

most apparent practice in the Ethiopian highlands is damaging to soils. It is estimated to 

account for about half soil degradation in Africa (UNEP, 2013). 
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To shift the current trends of livestock‘s adverse effects on natural resources, the 

production system should move from ―submissive land user‖ to ―strategic land user‖ based 

on appropriate development policies that ensure coherence with other sectors in economic 

benefits and environmental standards. Hence, livestock production‘s approach needs 

urgent changes that enhance productivity and lessen impacts on the environment. 

 

Table 3.2. Estimate of potential fodder production from grazing resources during the main 

rainy season (June-October) of the 2014 in Galessa watershed 

Source 
 Slope class 

       (%) 

Total area 

share 

(%) 

Mean 

DM 

(t/ha) 

Estimated     

area 

(ha) 

Total 

DM 

(t) 

Natural pasture Top (> 15)          23 3.8       1595     6061 

Middle (10-15)            2 4.0         139       556 

Bottom (< 10)          75 4.8       5201   24966 

        Sub-total  
 

           - -       6935   31583 

Fallow land  All class        100 3.4       8882   30200 

Overall Total               - -     12856   61783 

 

 

Generally, to understand the drivers of LULC change, it is necessary to identify the critical 

periods of major changes and understanding of the socio-economic, demographic and land 

policy frameworks during those particular periods. The current layout of LULC on the 

landscape is the result of complex, multiple and interacting factors. However, factors of 

LULC changes are varying from place to place (Meyer and Turner, 1994). In the context of 

the local evidences, large-scale conversion of natural habitats (PSL and forests) to CL is 

driven mainly by fast growing populations, most depending on small farms. In addition, 

low economic level, policy factors (tenure system, lack of land use policy, weak 

environmental consideration), crop centered development approach and more recently land 

degradation are partially contributing to LULC change. Hurni (1993) also pointed out fast 

population growth as the most important human factor accelerating LULC change in the 

Ethiopian highlands. 

 

3.3.2. Impacts of Land Use and Land Cover Change: Interplay with Soil Fertility 

 

Land use and land cover changes were found to affect principal soil properties that often 

determine land productivity (Table 3.4). For example, conversion of FL to CL had 

significantly (p < 0.001) reduced the pH of the soil and might be due to increased risk of 
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soil erosion. Though insignificant (p > 0.05), pH of the soils showed a decreasing trend 

following conversions to other land uses from cultivated and pasture lands, except soil 

under PLN use converted from PSL. However, a significant (p < 0.001) improvement in 

the pH, and TN, Pavl, Mg and Ca contents of the soil under CL on plots proximate to 

settlement areas were associated with better access to field management and nutrient 

cycling opportunities (addition of ash, manure and other wastes). Conversations of PSL 

and FL to any anthropogenic land use (CL, PSL, PLN) significantly (p < 0.05) reduced the 

OC content of the soils. However, the differences were not significant in OC, Pavl, TN and 

K contents of the soils under PSL and PLN converted from CL. Pastureland conversion 

into CL (most phenomenal practice) was found to cause a significant (p < 0.001) decline in 

TN, K, and Mg contents of the soil. Conversion of PSL into PLN significantly reduced (p 

< 0.001) Ca content of the soil. Generally, soil acidification, depletion of principal soil 

nutrients (TN, Pavl, K, Ca, Mg) and OC content of soils under land uses (CL, PSL, PLN) 

that experienced severe anthropogenic perturbation were momentous as compared to 

relatively less interfered ecosystem in forest areas. 

 

In view of the plant requirement (Table 3.3) as described by Landon (2014), soils under 

CL, PSL and PLN were extremely acidic (pH < 4.5) compared to soils in 

settlement/homestead areas and soils adjacent to natural forest (strongly acidic, 5.1 - 5.5). 

The organic carbon (OC) content of soils under all land uses was low with the exception of 

FL, and PSL converted from forest which had medium content. Phosphorus (P) content of 

soils under CL (permanent and converted from forestland), PLN (converted from 

cultivation) and PSL (permanent and converted from cultivation) was low unlike soils in 

the settlement/homestead areas and adjacent to forest. Phosphorus content of soils in lands 

under cultivation (permanent), plantation (converted from PSL) and PSL (converted from 

forestland) was intermediate. Cation exchange capacity (CEC) of the soils under PSL 

converted from cultivation land was low. Soil under cultivation was medium in CEC whilst 

soils under pasture (maintained or converted from forestland) and adjacent to forest had 

high to very high CEC. Total nitrogen (TN) content of soils under cultivation varied based 

on history of the land uses. Cultivated land converted from other land uses (forest and 

pasture), and PLN shifted from CL had lower TN content. Total nitrogen content of soils 

adjacent to natural forest was high. Basic cations: K, Ca and Mg content of soils under all 

LULC types was generally high to very high. In contrast, Na content of the soils under all 

land uses was low. The texture of the soils under all LULC types was silty-clay, but with 
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an increasing trend of sand fraction in soils under plantation and cultivation converted 

from PSL (Table 3.4). This is associated with increased risk of soil erosion. 

 

Soils adjacent to natural forest were in a better condition than the surrounding soils under 

different LULC types. Differences in the nutrient richness of the soils under different 

LULC types explain the dynamics in response to the changing type and intensity of land 

use, management practices and bio-geomorphological conditions of the landscape.  

 

Table 3.3. Criteria for analytical soil data classification and interpretation 

Soil parameters 
Category 

Very low Low Medium High Very high 

Chemical properties      

pH † † † † † 

OC (%) <0.5 0.5 – 1.5 1.5 – 3.0 > 3.0 – 

TN (%) < 0.05 0.05–0.12 0.12 – 0.25 > 0.25 – 

Pav. (ppm)
3
 < 4.0 4.0 – 5.0 5.0 – 7.0 > 8.0  

Pav. (ppm)
4
  < 11.0 12.0 – 20.0 > 21.0  

Exc. K (meq/100g soil)
5
  < 0.15 0.15 – 0.3 0.3 - 0.5 > 0.5 

Ca (meq/100g soil)  < 0.2 0.2 – 10.0 > 10.0  

Mg (meq/100g soil)  < 0.2 0.2 – 0.5 > 0.5  

Na (meq/100g soil)    > 1.0  

CEC  (meq/100g soil) < 5.0 5.0 – 15.0 15.0 – 25.0 25.0 – 40.0 > 40.0 
†
pH < 3.5 (Ultra acidic); 3.5 – 4.4 (Extremely acidic); 4.5 – 5.0 (Very strongly acidic); 5.1 – 5.5 (Strongly 

acidic); 5.6 – 6.0 (Moderately acidic); 6.1 – 6.5 (Slightly acidic); 6.6 – 7.3 (Neutral). pH classification is 

done according to Soil Survey Division Staff (1993). 

 

Note: Classification of nutrient levels in the soil is made according to Tekalign, 1991; Landon (2014) and 

(Metson, 1961, Chapman, 1966, Cooke, 1967, Reinsenauer et al., 1973 as cited by Landon, 1991) 

 

Varying levels (p < 0.001) of deterioration index (DI) of soils under different land uses 

reflected the degree of exposure to degradation under conventional practices (Figure 3.3). 

Deterioration index of soils under plantation and grazing lands converted from CL was 

significantly higher (p < 0.001) than for soils under other land uses. Likewise, DI of soils 

under PLN land converted from PSL was also considerable. Although CL converted from 

natural forest and grazing land is assumed to appear later in the time series than the 

maintained CL, their DI was lower. This implies rapid deterioration of soil under 

                                                 
3 Characteristically low P demanding crops (cereals) (Cooke. 1967 as cited by Landon (2014) 
4 Characteristically high P demanding crops such as potato (Cooke. 1967 as cited by Landon (2014) 
5 Classification for typical red-brown soils (Landon, 2014) 



65 

 

cultivation converted from the remaining natural covers, mainly forest and PSL often 

found on steep slope areas and near bottomlands (toe slope) respectively.  
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Note: Texts in the brackets indicated in figure 3.3 indicates land use and land cover type from which current 

land use is changed 

 

Figure 3.3. Percent deterioration index (DI) of different land use and land cover types in 

the central Ethiopian highlands. 

 

The result of this study is in agreement with local farmers‘ perceptions of faster rates of 

soil fertility decline (< 10 years, see in chapter eight) in CL converted into forest and PSL. 

Soils under PLN converted from PSL also deteriorated faster compared to the natural PSL. 

Unlike all land uses under high human influences considered in this study, the rate of 

quality deterioration of soils under PSL converted from natural forest was low. Though 

relatively better than other land uses, quality deviations of soils in settlement/homestead 

areas and PSL compared to natural forest were also remarkable. In general, percent quality 

deterioration of soils under human influence ranged from 22 percent (PSL converted from 

natural forest) to 52 percent (PLN converted from CL). 

 

Agriculture, being the mainstay of large proportion of the population in Ethiopia, soil 

quality/fertility related issue is generally sensitive due to its direct impact on crop yield. 

Hence, the importance of soil fertility in food production cannot be exaggerated. Soils 
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under agricultural landscapes in the study area are mosaics of different fertility levels 

resulting from their distinct dynamic histories. The share of land use changes (perhaps land 

abuse) in triggering soil fertility decline is obviously high as reported in several studies 

(Lal, 1995; Sánchez et al., 1997; Syers, 1997; Scoones, 2001; Berry, 2003). This study 

revealed that, conversion of CL (often exhausted) to plantation or PSL seems to further 

reduce the fertility of the soil. High nutrient uptake by eucalyptus trees (Demil, 2000; 

Grove et al., 2001) and overgrazing from high livestock density are likely to affect the 

recovery of these soils. 

 

Exploitative agriculture continuing over several decades, cultivation of marginal lands and 

overgrazing coupled with high rainfall and rugged topographic conditions are immediate 

causes of land degradation. Such decline in soil fertility is an increasingly recognized 

problem impeding agricultural growth in the highland areas where most agricultural 

activities are concentrated (Stoorvogel and Smaling, 1990; Amare et al., 2006; Assemu 

and Shigdaf, 2014). Most agree in population pressure to drive changes in land use and soil 

fertility management practices (reduced/absence of fallow period) and led to today‘s 

serious land degradation in the highlands of Ethiopia (Amare et al., 2006; Jayne et al., 

2014). As a case in the central highlands, the dominating land use changes from the natural 

habitat to arable land under conventional cultivation practices, is widely reported to result 

in huge loss of soil quality compared to the pre-cultivation stock (Lal and Bruce, 1999; 

Karlen, 2004; Braimoh and Vlek, 2008). 

 

Despite concerns for continuing depletion of soil fertility (Balesh, 2005; Amare et al., 

2006; Assefa et al., 2007) and its intimate link with livelihood of the people, the problem is 

not addressed in Ethiopia. If Ethiopia is to achieve successful and sustainable agriculture; 

investment, incentives, innovations, effective land use policy and soil and water 

management should be the core of development strategy. Soaring prices of fertilizer is one 

of the critical problems that most farmers raised for low input use and continuing soil 

fertility decline in the highlands dominated by crop agriculture. Price incentives to 

stimulate fertilizer use during the Derg regime which continued only up to 1997 were the 

only visible policy supported management approach seen in Ethiopia (Spielman et al., 

2012). Though arguable, subsidies being applied to some commodities such as petroleum 

and food items (edible oils) can raise the question, which is very important in terms of the 

impact on national economy in the context of existing economic circumstances and 
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planned development policies? Moreover, investment and innovations are also low and 

slow suggesting insufficient growth stimulus made to agriculture from the government for 

various reasons (Bachewe et al., 2008). Overall, soil management needs effective and 

sustainable collective remedial action from all stakeholders (farmers, development 

workers, researchers, policy makers and the government). 

 

3.4. CONCLUSION 
 

The LULC change has both causes and consequences. An ever increasing human 

population is the most significant driver of land use change in the central highlands of 

Ethiopia. During the last six decades, population has increased by 339 percent (41 and 180 

inhabitant km
-2

 in years 1957 and 2014 respectively). Such a booming population growth 

in the study area has reduced the availability and compromised allocation of resources, 

especially land. Although LULC change is not inherently damaging, but use without 

proper planning and projection of future impacts is a source of many problems in Ethiopia. 

Lack of land use policy, economic constraints and land degradation are also partly 

contributing to striking LULC change. A proper land use policy framework is worthy not 

only to protect unplanned and exploitive uses of resources, but also to look for alternative 

options that restore and improve the productivity of the land for the purpose it suits most. 

 

Land use and land cover change induced mainly by population pressure has found to 

adversely affect the natural resource bases. Soil fertility depletion is probably, one of the 

greatest challenges facing agricultural activities in the Ethiopian highlands with far 

reaching implications on national economy and food security. In the study area, 

conversions of natural habitats (FL and PSL) into CL and PLN, and use of degraded CL 

for other alternative uses like eucalyptus plantation and PSL have been the causes for the 

alarming decline of principal soil properties due to misuse and mismanagement of land. 

This is a major concern and deserves top priority attention from planners to abate the 

catastrophe. Regarding eucalyptus, tradeoffs should be carefully studied before severe 

losses can take hold. 
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Table 3.4. Effect of land use and land cover changes on some soil properties in Galessa and the surrounding mountainous areas in the central 

Ethiopian highlands 

Land use N 

pH 

(1:2.5) 

H2O 

OC 

(%) 

Pavl 

(ppm) 

 CEC 

(cmolc/kg) 

TN 

(%) 

K 

(cmolc/kg) 

Na 

(cmolc/kg) 

  Ca 

(cmolc/kg) 

  Mg 

(cmolc/kg) 

Clay 

(%) 

Silt 

(%) 

Sand 

(%) 

CL(FL) 45 4.18
d
 2.11

e
 2.82

c
 19.27

cd
 0.17

d
 0.54

cd
 0.12

ab
 17.15

e
 3.25

b
 45.00 42.50 12.50

ab
 

CL(PSL)           45 4.30
cd

 2.07
e
 5.36

c
 20.05

bcd
 0.18

d
 0.24

d
 0.14

ab
 20.82

bcd
 4.11

ba
 40.83 45.42 13.75

a
 

PSL(CL) 27 4.31
cd

 2.22
e
 3.94

c
 13.43

d
 0.20

d
 0.40

cd
 0.18

ab
 9.33

f
 1.01

e
 40.83 48.50 10.83

ab
 

PSL(FL) 27 5.05
abc

 4.29
b
 5.57

c
 26.59

bc
 0.36

bc
 0.95

b
 0.15

ab
 20.06

cd
 4.76

a
 42.43 47.47 10.10

ab
 

PLN(CL) 45 4.19
d
 2.17

e
 4.43

c
 18.67

bc
 0.16

d
 0.68

bc
 0.11

ab
 11.88

f
 1.32

e
 41.67 47.67 10.67

ab
 

PLN (PSL) 30 4.37
cd

 3.13
cd

 5.03
c
 20.85

b
 0.35

bc
 0.41

cd
 0.13

ab
 18.40

de
 2.67

bc
 40.67 45.83 13.50

a
 

STL 45 5.16
a
 3.81

bc
 13.03

b
 23.49

bc
 0.32

c
 0.55

cd
 0.09

b
 20.16

cd
 2.44

cd
 47.08 40.83 12.08

ab
 

CL
†
 45 4.43

abcd
 2.43

de
 6.04

c
 20.82

bc
 0.21

d
 0.53

cd
 0.10

ab
 22.80

bc
 2.89

bc
 48.85 40.63 10.52

ab
 

PSL
†
 27 4.37

bcd
 3.36

c
 3.60

c
 25.32

bc
 0.41

b
 0.58

c
 0.19

a
 23.31

b
 1.76

de
 45.08 42.30 12.62

ab
 

FL
†
 15 5.12

ab
 5.80

a
 18.99

a
 41.10

a
 0.53

a
 1.53

a
 0.11

ab
 31.25

a
 4.52

a
 43.83 48.84   6.90

b
 

Mean  4.55 3.14 6.88 22.96 0.29 0.64 0.13 19.52 2.87 43.63 45.00 11.35 

CV(%)  5.72 9.25 23.87 10.47 7.99 11.70 24.25 5.07 9.19 7.91 9.52 18.57 

P-value  < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.02 < 0.001 < 0.001 NS NS 0.047 

†
Maintained land uses in the period 1957 to 2014 

Note: N= Number of samples; CL (FL)= Cultivation land which is previously under forest cover; CL (PSL)= Cultivation land which is previously under pasture; PSL 

(CL)= Pastureland which is converted from cultivation land; PLN (CL)= Plantation land (Eucalyptus globulus) which is converted from cultivation land; PLN 

(PSL)= Plantation land (Eucalyptus globulus) which is converted from pastureland; PSL (For)= Pastureland which is converted from Forestland; STL= 

Settlement/homestead area used for cultivation; CL= cultivation land; PSL= pastureland; FL= forestland; PLN= plantation land 
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Population growth, both human and livestock, land shortages, escalating rural 

unemployment, continuing land degradation, low-input-output farming system and land 

use policy are critical issues which cannot be ignored. Though ad hoc policy interventions 

have been practiced on some aspects, explicit recognition and effective policy measures is 

a cornerstone for any realistic efforts to solve these problems. 

 

The alarming decline of the principal soil properties (OC, TN, Pavl, K, Ca) under the 

disturbed ecosystem are worthy of immediate action to preserve and enhance the 

productivity of the existing land. Otherwise, a diminution of the soil‘s current capability to 

produce goods or services further results in more degradative processes. 

 

ACKNOWLEDGMENT 
 

This research was supported by German Academic Exchange Services (DAAD) and 

Ethiopian Institute of Agricultural Research (EIAR) which are greatly appreciated.  

 

3.5. REFERENCES 
 

Adejuwon, J.O. and Ekanade, O. 1988. A comparison of soil properties under different 

land use types in a part of the Nigerian cocoa belt. Catena, 15: 319-331. 

Agarwal, C., Green, G.M., Grove, J.M., Evans, T.P. and Schweik, C.M. 2002. A review 

and assessment of land use change models: Dynamics of space, time and human 

choice. General Technical Report NE-297. Newtown Square, Pennsylvania: U.S. 

Department of Agriculture, Forest Service, North-eastern Research Station. 

Aklilu Amsalu, Stroosnijder, L. and De Graaff, J. 2007. Long-term dynamics in land 

resource use and the driving forces in the Beressa watershed, highlands of Ethiopia. 

Journal of Environmental Management, 83: 448-459. 

Alemayehu Wassie, Sterck, F.J., Demil Teketay and Bongers, F. 2009. Effects of livestock 

exclusion on tree regeneration in church forests of Ethiopia. Forest Ecology and 

Management, 257(3): 765-772. 

Amare Haileslassie, Priess, J.A., Veldkamp, E. and Lesschen, J.P. 2006. Smallholders‘ soil 

fertility management in the central highlands of Ethiopia: Implications for nutrient 

stocks, balances and sustainability of agro-ecosystems. Nutrient Cycling and Agro-

Ecosystem, 75: 35-146. 

Amare Sewnet. 2013. Retrospective analyses of land cover and use dynamics in Gilgel 

Abbay watershed by Using GIS and remote sensing techniques, Northwestern 

Ethiopia. International Journal of Geosciences, 4: 1003-1008. 

AOAC (Association of Analytical Chemist). 1990. Official methods of analysis. 15
th

 

Edition. Inc., Arlington, Virginia, USA. 



70 

 

Assefa Abegaz, van Keulen, H., Mitiku Haile and Oosting, S.J. 2007. Nutrient Dynamics 

on Smallholder Farmers in Teghane, Northern Highlands of Ethiopia. pp. 365-378. 

In: Bationo, A. (ed.), Advances in Integrated Soil Fertility Management in Sub-

Saharan Africa: Challenges and Opportunities. Springer. 

Assemu Tesfa and Shigdaf Mekuriaw. 2014. The effect of land degradation on farm size 

dynamics and crop-livestock farming system in Ethiopia: A Review. Open Journal of 

Soil Science, 4: 1-5. 

Bachewe, F., Hoddinott, J. and Pardey, P. 2008. Sources of inefficiency and growth in 

agricultural output in subsistence agriculture: A stochastic frontier analysis of fifteen 

Ethiopian villages. Mimeo University, Minnesota. 

Balesh Tulema. 2005. Integrated nutrient management in crop production in the central 

Ethiopian highlands. Ph.D. Thesis. University of life science, Norway. 

Berry, L. 2003. Land Degradation in Ethiopia: Its Impact and Extent. pp. 1-25. In: Berry, 

L., Olson, J. and Campbell, D. (eds.), Assessing the Extent, Cost and Impact of Land 

Degradation at the National Level: Findings and Lessons Learned from Seven Pilot 

Case Studies. Commissioned by Global Mechanism with support from the World 

Bank.  

Bouyoucos, G.J. 1962. Hydrometer method improved for making particle size analysis of 

soils. Agronomy Journal, 53: 464-465. 

Braimoh, A.K. and Vlek, P.L.G. 2008. Impact of Land Use on Soil Resources. pp. 1-8. In: 

Braimoh A.K. and Vlek, P.L.G. (eds.), Land Use and Soil Resources. Springer 

Science and Business Media. 

Bray, R.H. and Kurtz, L.T. 1945. Determination of total, organic and available forms of 

phosphorus in soils. Soil Science, 59: 39-45. 

Byerlee, D. and Deininger, K. 2013. Growing resource scarcity and global farmland 

investment. Annual Review of Resource Economics, 5(1): 13-34. 

Campbell, D.J., Lusch, D.P. and Smucker, T.A. 2005. Multiple methods in the study of 

driving forces of land use and land cover change: A case study of SE Kajiado District 

Kenya. Human Ecology, 33 (6): 763-794. 

Chopra S.H. and Kanwar J.S. 1976. Analytical agricultural chemistry. New Delhi: Kalyani 

Publisher, Ludhiana. 

Codjoe, S.N.A. 2007. Integrating remote sensing, GIS, sensus, and socioeconomic data in 

studying the population–land use/land cover nexus in Ghana: A literature update. 

Africa development, Vol. XXXII, No. 2. pp. 197-212. 

CSA (Central Statistical Agency). 2008a. Agricultural Sample Survey, 2007/08, Volume 

II: Report on Livestock and Livestock Characteristics (Private Peasant Holdings). 

Statistical Bulletin 417. Addis Ababa, Ethiopia. 

CSA (Central Statistical Agency). 2014. Reports on Land Utilization, Volume IV. 

Agricultural Sample Survey. Statistical Bulletin 446. CSA, Addis Ababa, Ethiopia. 

CSA (Central Statistical Agency). The 1984 Population and Housing Census of Ethiopia: 

Analytical Report at National Level. Transitional Government of Ethiopia, Office of 

the Population and Housing Census Commission. Addis Ababa, Ethiopia. 

Demil Teketay. 2000. Facts and experience on eucalyptus in Ethiopia and elsewhere: 

ground for making wise and informed decision. Walia, 21:25-46. 



71 

 

Demil Teketay. 2001. Deforestation, wood famine and environmental degradation in 

Ethiopia‘s highland ecosystems. Northeast African Studies, 8:53-76.  

EFAP (Ethiopian Forestry Action Plan). 1994. The challenge for development. Vol. 2. 

Ministry of Natural Resources Development and Environmental Protection. Addis 

Ababa, Ethiopia. 

FAO (Food and Agriculture Organization of the United Nations). 2006. Guidelines for Soil 

Description. 4th Edition. FAO, Rome. 

Feoli, E., Gallizia, L.V. and Woldu, Z. 2002. Evaluation of environmental degradation in 

northern Ethiopia using GIS to integrate vegetation, geomorphological, erosion and 

socio-economic factors. Agriculture, Ecosystem and Environment, 91:313-325. 

Gete Zeleke. 2000. Landscape dynamics and soil erosion process modeling in the North-

western Ethiopian highlands. Ph.D. Thesis. University of Berne, Switzerland. 

Grepperud, 1996. Population pressure and land degradation: The Case of Ethiopia. Journal of 

Environmental Economics and Management, 30(1) 18-33.  

Grove, T.S., O‘Connell, A.M., Mendham, D.S., Barrow, N.J. and Rance, S.J. 2001. Sustaining 

the productivity of tree crops on agricultural land in south-western Australia, Publication 

No. 10/09. Rural Industries Research and Development Corporation (RIRDC), Canberra. 

Hurni, H. 1993. Land Degradation, Famines and Resource Scenarios in Ethiopia. pp. 27-62. In: 

Pimentel, D. (ed.), World Soil Erosion and Conservation. Cambridge University Press, 

UK. 

Jabbar, M., Asfaw Negassa and Taye Gidyelew. 2007. Geographic distribution of cattle and 

shoats populations and their market supply sheds in Ethiopia. Discussion Paper No. 2. 

Improving Market Opportunities. ILRI. Nairobi, Kenya. 

Jahnke, H.E. 1982. Livestock production systems and livestock development in tropical Africa. 

Kieler Wissenschaftsverlag Vauk.  

Jayne, T.S., Chamberlin, J. and Headey, D.D. 2014. Land pressures, the evolution of farming 

systems and development strategies in Africa: A synthesis. Food Policy, 48: 1-17. 

Jayne, T.S., David, M. and Edward, M. 2010. Smallholder farming under increasingly difficult 

circumstances: Policy and public investment priorities for Africa. World Development. 

Josephson, A.L., Ricker-Gilbert, J. and Floraz, R.J.G.M. 2014. How does population density 

influence agricultural intensification and productivity? Evidence from Ethiopia. Food 

Policy, 48: 142-152. 

Kahsay Berhe. 2004. Land use and land cover changes in the central highlands of Ethiopia: the 

case of Yerer Mountain and its surroundings. MSc Thesis, Addis Ababa University. 

Ethiopia. 

Karlen, D. 2004. Soil quality as an indicator of sustainable tillage practices. Soil Tillage and 

Research, 78(2): 129-130. 

Kim, I., Le, Q.B, Park, S.J., Tenhunen, J. and Koellner, T. 2014. Driving forces in 

Archetypical land use changes in a mountainous watershed of East Asia. Land, 3: 957-

980.  

Lal, R. 1995. Erosion-crop productivity relationships for soils of Africa. Soils Science Society 

of American Journal, 59: 661-667. 

Lal, R. and Bruce, J.P. 1999. The potential of world cropland soils to sequester C and mitigate 

the greenhouse effect. Environmental Science and Policy, 2: 177-185. 

Lambin, E.F., Geist, H.J. and Lepers, E. 2003. Dynamics of land-use and land-cover change in 

tropical regions. Annual Review of Environment and Resources, 28: 205-241. 



72 

 

Landon, J.R. 2014. Booker Tropical Soil Manual: A handbook for soil survey and agricultural 

land evaluation in the tropics and subtropics. Taylor and Francis.  

McGinley, M. 2014. Ethiopian Montane Moorlands. In: Cleveland, C.J. (ed.), Encyclopedia of 

Earth Topics. Washington, D.C., Environmental Information Coalition, National council 

for Science and the Environment.  

Mellor, J.W. 2014. High rural population density Africa- What are the growth requirements 

and who participates? Food Policy, 48: 66-75. 

Menberu Teshome. 2014. Population growth and cultivated land in rural Ethiopia: Land use 

dynamics, access, farm size and fragmentation. Resource and Environment, 4(3): 148-

161. 

Meyer W.B., Turner BL I.I. (eds.). 1994. Changes in Land Use and Land Cover: A Global 

Perspective. Cambridge: Cambridge University Press. 

Mulugeta Lemenih, Karltun, E. and Olsson, M. 2005. Soil organic matter dynamics after 

deforestation along a farm field chronosequence in southern highlands of Ethiopia. 

Agriculture, Ecosystems and Environment, 109: 9-19. 

Nyssen, J., Poesen, J. and Deckers, J. 2009. Land degradation and soil and water conservation 

in tropical highlands. Soil and Tillage Research, 103(2): 197-202. DOI: 

10.1016/j.still.2008.08.002 

Oldeman, L.R., Hakkeling, R.T.A. and Sombroek, W.G. 1990. World map of the status of 

human-induced soil degradation: An explanatory note. Wageningen, The Netherlands 

and Nairobi, Kenya: International Soil Reference and Information Centre and United 

Nations Environment Programme. 

Omiti, J.M., Parton, K.A., Sinden, J.A. and Ehui, S.K. 1999. Monitoring changes in land use 

practices following agrarian de-collectivization in Ethiopia. Agriculture, Ecosystems and 

Environment, 72: 111-118. 

Pankhurst, R. 1995. The history of deforestation and afforestation in Ethiopia prior to World 

War-I. North African Studies, 2(1): 119-133. 

Pankhurt, A. and Piguet, F. (eds.). 2009. Moving people in Ethiopia: Development, 

displacement and the state. Bodell and Brewer, Rochester, New York. 

Reid, R.S., Kruska, R.L., Muthui, N., Taye, A., Wotton, S., Wilson, C.J. and Woudyalew, M. 

2000. Land use and land-cover dynamics in response to changes in climatic, biological 

and socio-political forces: the case of southwestern Ethiopia. Landscape Ecology, 15: 

339-355. 

Samson Leta and Firehiwot. 2014. Spatial analysis of cattle and shoat population in Ethiopia: 

Growth trend, distribution and market access. SpringerPlus. 

Samuel Gebreselassie. 2006. Land, land policy and smallholder agriculture in Ethiopia: 

Options and scenarios. Future Agriculture, Discussion Paper 008. 

Sánchez, P.A., Shepherd, K.D., Soule, M.J., Place, F.M., Buresh, R.J., Izac, A.N., Mokwunye, 

A.U., Kwesiga, F.R., Ndiritu, C.G. and Woomer, P.L. 1997. Soil Fertility Replenishment 

in Africa: An Investment. In: Buresh, R.J., P.A. Sanchez, and F. Calhoun (eds.), 

Replenishing Soil Fertility in Africa. SSSA special publication No. 51, Soil Science 

Society of America and American Society of Agronomy, Madison, WI. USA. 

Scoones, I. 2001. Transforming Soils: The Dynamics of Soil-fertility Management in Africa. 

pp. 1-44. In: Scoones, I. (ed.), Dynamics and Diversity: Soil Fertility and Farming 

Livelihoods in Africa. Case Studies from Ethiopia, Mali and Zimbabwe. Earthscan 

publications Ltd. London and Sterling, VA.; 1-44. 



73 

 

Smaling, E.M.A. 1993. Soil Nutrient Depletion in Sub-Saharan Africa. pp. 53-67. In: Van 

Reuler, H. and Prins, W.H. (eds.), The Role of Plant Nutrients for Sustainable Food 

Production in sub-Saharan Africa. Leidschendam: Dutch Association of Fertilizer 

Producers.  

Solomon Desta and Coppock, D.L. 2002. Cattle population dynamics in the southern Ethiopian 

rangelands. Journal of Range Management, 55: 439-451.  

Sonneveld, B.G.J.S and Keyzer, M.A. 2003. Land under pressure: Soil conservation concerns 

and opportunities for Ethiopia. Land Degradation and Development, 14: 5-23. 

Spielman, D.J., Dawit Kelemework and Dawit Alemu. 2012. Seed, fertilizer and agricultural 

extension in Ethiopia. Ethiopia Strategy Support Program (ESSP II). International Food 

Policy Research Institute (IFPRI) and Ethiopian Development Research Institute (EDRI). 

Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., Rosales, M. and de Hann, C. 2006. 

Livestock‘s long shadow: Environmental issues and options. FAO, Rome. 

Stoorvogel, J. and Smaling, E. 1990. Assessment of Soil Nutrient Depletion in sub-Saharan 

Africa.Winand Staring Centre, Wageningen. 

Syers, J.K. 1997. Managing soils for long-term productivity. Philosophical Transactions of the 

Royal Society. Land, 352:1011-1021. 

Tekalign, T. 1991. Soil, plant, water, fertilizer, animal manure and compost analysis. Working 

document No. 13. International Livestock Research Center for Africa, Addis Ababa. 

Tesfaye Beshah. 2003. Understanding farmers: Explaining soil and water conservation in 

Konso, Wolaita and Wello, Ethiopia. Tropical Resource Management Papers, No. 41. 

Tilahun Amede, Kirkby, R. and Stroud, A. 2006. Intensification pathways from farmer 

strategies to sustainable livelihoods: AHIs‘ experience. Currents 40/41: 30-37. Uppsala, 

Sweden: SLU. 

Tilahun Amede. 2003. Opportunities and Challenges in Reversing Land Degradation: Regional 

Experience. pp. 173-183. In: Tilahun Amede (ed.), Natural Resource Degradation and 

Environmental Concerns in the Amhara National Regional State: Impacts on Food 

Security. Ethiopian Soil Science Society. 

UNEP (United Nations Environment Programme). 2013. Africa Environment Outlook 3: Our 

environment, our health. Summary for policy makers. Progress Press Co. Ltd. Malta.  

Van Ranist E., Verloo M., Demeyer A., Pauwels J.M. 1999. Manual for Soil Chemistry and 

Fertility Laboratory. University of Gent, Gent. 

Walkely, A. and Black, I.A. 1934. An examination of the Degtijareff method for determining 

soil organic matter and proposed modification of the titration method. Soil Science, 37: 

29-34. 

Wardell, D.A., Reenberg, A. and Tøttrup, C. 2003. Historical footprints in contemporary land 

use systems: forest cover changes in savannah woodlands in the Sudano-Sahelian zone, 

Global Environmental Change, 13(4): 235-254.  



74 

 

 

 

 

 

 

 

CHAPTER FOUR 

 

IMPACT OF LAND USEAND LAND COVER TYPE AND 

MANAGEMENTON LAND DEGRADATION IN GALESSA WATERSHED, 

CENTRAL ETHIOPIAN HIGHLANDS 

 

  

 



75 

 

4. IMPACT OF LAND USE AND LAND COVER TYPE AND 

MANAGEMENT ON LAND DEGRADATION IN GALESSA 

WATERSHED, CENTRAL ETHIOPIAN HIGHLANDS 
 

ABSTRACT 
 

The impacts of land use and land cover (LULC) changes on land degradation in the Ethiopian highlands have 

been overlooked for several decades including those periods since the 1960s when human influences on 

natural resources have been increasingly recognized. This study examined the impacts of LULC types and 

their management on land degradation in the central Ethiopian highlands. To this end, runoff (RO), soil and 

nutrient losses from cultivated land (CL), pastureland (PSL) and plantations at different positions of the 

landscape were measured using observation plots. Grazing resources inventory and existing management 

practices that influence rate of land degradation were also assessed. Results indicate that soil loss (SL) from 

all land uses except plantation (PLN) is a threat for agriculture and environment at large. Soil losses from CL 

(27-49 tha
-1

), and freely grazed fallows at sloping > 8 percent (30-37 t ha
-1

) were significant in light of the 

average soil formation rate (8 t ha
-1

) reported for moist highland areas of the country. In addition to 

deficiencies of soil nutrients in soils under all land uses, sediment associated loss of nutrient except 

phosphorus was substantial. Particularly losses of TN (10-149 kg/ha) and K (1.1-14.2 kg/ha) were 

considerable. Despite a controversial tree, both soil and nutrient losses (except TN) from land under 

Eucalyptus globulus were low. Livestock is an integral part of mixed crop-livestock production system. 

However, mismatch between the available grazing resources and livestock populations, and the resultant 

pressure on agricultural land is contributing immense to land degradation in various ways. Generally, land 

degradation in hilly-mountainous areas of the central Ethiopian highlands is a threat for sustainable 

agricultural production and the environment, highlighting the need to consider the issue at a broader 

framework of sustainable development. 

 

Keywords: land use and land cover, agriculture, management practices, land degradation 

4.1. INTRODUCTION 
 

Land degradation, is an increasing problem in many parts of the Ethiopian highlands 

(Hurni, 2000; Lulseged et al., 2006; Nyssen et al., 2009). Severe LULC change that 

occurred due to the sheer increase in population size and growing demand for more land to 

produce crops (Hurni et al., 2005; Abate, 2011) has fueled the crisis of land degradation. In 

Ethiopia, despite evidences are showing increasing human dependence and impacts on 

natural resources since mid-1960s (Bekele and Holden, 1998), the extent and depth of 

LULC change has been increasing since 1990‘s (Hurni, 1993; EFAP, 1994). Along with 

CL expansion, drastic change in land use (forest clearance) and associated problems of 

misuse and mismanagement have been widely reported in the Ethiopian highlands (Wales 

and Le Breton, 1998; Hurni et al., 2005; Lulseged and Vlek, 2008). Land use and land 

cover changes generally alter ecosystem function, and are important drivers of soil and 

biodiversity losses (Nyssen et al., 2004; Steinfeld et al., 2006; Solomon et al., 2007). 

 

Soil erosion is the most destructive form of land degradation hampering food production in 

Ethiopian highlands (Badege, 2001; Nyssen et al., 2009). Sheet and rill erosion from 
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different land uses, is a widespread and most important physical process affecting 

productivity of agricultural lands (Nyssen et al., 2004; Morgan, 2005). Ethiopia is amongst 

those countries suffering from high soil erosion rates (Taddese, 2001). As early as the mid-

1980s, 50 percent of the highlands were under significant erosion; 25 percent were 

seriously eroded and four percent were beyond the reclamation (FAO, 1986). Indeed, this 

report has attracted the attention of researchers, policy makers, international organizations 

and donors that fueled research on various aspects of soil erosion and conservation 

practices in Ethiopia.  

 

Soil erosion from CL was the focus of most studies made in Ethiopia (Stoorvogel and 

Smaling, 1990; Hurni, 1993; Gete, 2000). Despite the fact that studies are concentrated in 

few areas, the rate of soil erosion is recognized to vary extremely from place to place. A 

study made by Gete (2000) in the central highland shows a soil erosion rate of 130-170 tha
-

1 
yr

-1
 from CL, while soil conservation and research program (SCRP) in the different parts 

of Ethiopian highlands revealed a wide range of soil erosion rate (1-212 t ha
-1 

yr
-1

) (SCRP, 

2000a-g). Soil erosion rate up to 300 t/ha/yr was also recorded in the western part of the 

highlands (Hurni, 1993). Soil loss from CL (42 t ha
-1 

yr
-1

) reported by Hurni (1990) is often 

cited and widely used in different strategic documents. Based on this, an estimate of 1.5-

1.9 billion tons of top soil is lost every year (FAO, 1986; Taddese, 2001). However, in 

view of high variability of soil erosion rates from the different parts of the highlands, 

dynamics in land uses and land covers, and intensive use of agricultural byproducts, this 

average value (42 t ha
-1

) is doubtful to represent the Ethiopian highlands. 

 

Livestock farming is the major component of mixed crop-livestock production systems in 

the Ethiopian highlands, and a vital contributor to household livelihood. Despite their 

immense contribution to both the household and national economy, high livestock density 

(Sonneveld and Keyzer, 2003) in the highlands is contributing most to land degradation 

(Mwendera et al., 1997; Tilahun, 2003). Rapid CL expansion into grazing lands (Lulseged 

and Vlek, 2008) alongside the continuing growth of livestock number (Alemayehu, 2006) 

has had serious consequences on environment. Many attributes of livestock management 

systems such as pressure on grazing resources (PSL and fallow land), heavy reliance on 

crop residue and extensive hoof traffic are direct threats to soil hydraulic and chemical 

characteristics of the soil. In the highlands, only few studies revealed grazing management, 

livestock density and grazing lands position in the landscape (slope) to affect incidence of 
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soil erosion from PSL (Mwendera et al., 1997; Mengistu et al., 2013). Hurni (1993) also 

pointed out severe crisis of land degradation from livestock if measure is not taken on 

alternative sources of fodder and free grazing system. Yet, the adverse impacts from the 

livestock production systems are not given institutional attention. 

 

Soil nutrient depletion is also known as a significant constraint to agricultural production 

in the highlands of Ethiopia (Wales and Le Breton, 1998; Badege, 2001; Amare et al., 

2005; Nyssen et al., 2009). Rapid rates of population growth have considerably weakened 

the capacity of traditional self-sustaining systems, such as fallow system to cope with 

declining soil fertility. Most of the negative impacts on soil nutrients arise from land use 

changes which trigger soil erosion and nutrient mining from exploitive uses of natural 

resources (Stoorvogel et al., 1993; Bojö and Cassells, 1995; Smaling et al., 1996; Smith, 

2008). Recent study made in Ethiopia revealed that most areas in the highlands have 

negative balances of nutrients: nitrogen, phosphorus, potassium and sulfur (Ethiosis, 2012). 

 

Globally, various methods (small plots and empirical models) have been employed to 

estimate rate of SL through water erosion. Erosion plot/RO plot is the most widely used 

universal method for estimation of RO and rates of SL to understand the severity of 

erosion problems (Hurni, 1984; Nyssen, et al., 2004; Morgan, 2005; Mitiku et al., 2006). 

As described earlier, rates of soil erosion greatly vary across different areas in the highland 

of Ethiopia. However, studies are few areas of the Ethiopian highlands. Moreover, CL has 

been the focus of most studies while information on other land uses is rare. Clear 

discrepancy in the rates of SL from CL (1-300 t ha
-1 

annum
-1

) demonstrates complexity of 

varied interacting factors specific to localities. Despite some shared practices and 

conditions among the Ethiopian highlands, there are still vast varieties of local specific 

natural and anthropogenic factors (Verstraeten and Poesen, 2001; Hurni et al., 2008) that 

are linked to soil erosion. Hence, measurement of processes and rates of soil erosion under 

specific land use and management conditions provides an ideal condition to take remedial 

action at local, regional and national scales. In this context, information in the typical 

central Ethiopian highlands is very scanty. Understanding human impacts associated with 

adverse land uses and management practices is particularly central to tackle the problems 

of land degradation. This study was therefore, intended to evaluate the effects of LULC 

type on land degradation at small catchment (watershed) level in Galessa, central Ethiopian 

highlands. To this end, the fertility status of soils under different anthropogenic land uses; 
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amount of RO, soil and nutrient losses from the different land uses using RO plot and the 

contribution of livestock production to land degradation were assessed. 

 

4.2. MATERIALS AND METHODS 
 

4.2.1. Study Site 

 

The study was carried-out in Galessa Watershed in Dendi District, West-shewa Zone, 

Oromia National Regional State, Ethiopia (Figure 4.1). Geographically, it covers the areas 

between 9
o
 06' 54" - 9

o
 07' 59" N and 38

o
 07' 52" - 38

o
 09' 23" E, and has an altitude range 

of 2800 - 3100 meters above sea level. The hydrological boundary of the watershed gives a 

total area of about 282 ha. Agro-ecological conditions, farming system and livelihood of 

the study site (high elevation areas) are described in chapter one under section 1.3.   

 

 

Figure 4.1. Map of the study site. 

 

4.2.2. Runoff and Soil Loss Assessment 

 

4.2.2.1. Runoff plot design 
 

Runoff and SL assessments were made on land uses viz. cultivated land, fallow land, 

permanent grazing land and woodland (eucalyptus plantation) at varying slope classes of 

the landscape. The slope gradient classes (FAO, 2006) used for investigation were gently 
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sloping to sloping (2-8%), strongly sloping (9-15%), moderately steeply sloping (16-30%) 

and steeply sloping (>30%) position for CL and fallow land. However, PSL at moderately 

steep and steep slopes; and plantation on gentle to sloping (2-8%) positions of the 

landscape were not included in this study due to lack of sufficient area under these land 

uses that can accommodate the experimental setup. To measure RO and SL, a net area of 

88 m
2
 (22 m x 4 m) plot was installed in two replicates on each land use and slope class. 

The boundary of each experimental plot was separated from the rest of the field using 

galvanized iron sheet with 50 cm width of which 20 cm was inserted into the ground to 

protect lateral inflow of the RO. 

 

To keep (maintain) farmers‘ practice, this structure was removed during tillage (oxen 

plough) and then installed back to its position. On CL barley was used as a test crop. Two 

grazing management (free grazing and controlled grazing) on permanent pasture and 

fallow land were also included. The micro-plots had installations consisting of a metal 

gutter at the lower end of the RO plot, sedimentation box and RO collecting tanks (2 

barrels, each with 200 liter capacity). The metal gutter with nine slots intercept RO and one 

of the slots (middle) directs the RO into the sedimentation box. The sedimentation box 

with five slots was connected to the RO collecting tanks (barrels) with one of the slots 

(middle) using plastic hose. The sediment boxes and collecting tanks (barrels) were 

shielded from direct RF and animal trampling by iron sheet cover (Figure 4.2). Each plot 

was kept clear of up-slope RO by a run-on barrier (iron sheet) and the interceptor ditch at 

the upper end of each plot. A standard non-automated rain gauge installed in the watershed 

was used for daily RF measures and data collection was at 8:00 AM each morning when 

erosive RF occurred. 

 

4.2.2.2. Runoff and soil loss measurement 

 

Forty seven storms ( 11 mm, erosive RF) were taken as experimental units for assessing 

surface RO and SL (Mwendera et al., 1997). Runoff and sediment measurements were 

taken following each erosive RF event during the wet season in the period 3 June to 30 

September 2012. In central Ethiopia, the amount of daily RF often drops below erosive 

level in the periods after mid-September and SL during the short rains is insignificant. 

Runoff measurements were taken from each plot every morning at 8:00 AM and the 

sediment boxes and RO collecting tanks were cleared of their content and got ready for the 
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next day. The sediment samples (1.5 liter) from each sediment box and barrels were taken 

after thorough mixing (uniform dispersion of the sediments in the suspension). The RO 

volume from each barrel was determined from the height of the RO deposited in the barrel 

of known diameter. The height was measured using a dipstick to which a tape measure was 

attached. The runoff coefficient (ROC) was calculated as the ratio of RO quantity and the 

corresponding RF amount, both expressed as depth (Critchley and Siegert, 1991). The 

sediment load of each sample collected from each container at each RF event was 

determined using the filtration method (Heron 1990; Hudson, 1993). A total of 3572 

samples were filtered through Whatman-1® filter paper which retains particle >1.2 m. 

Filtered sediments from each sample were dried at 72
o
C for 48 h and weighed on a digital 

sensitive balance of 0.001g accuracy. The amount of sediment on filter paper was 

calculated by deducting the measured weight (soil and filter paper) from weight of the 

filter paper of the same size filtered equal volume of pure water and dried at 72
o
C for 48 h 

(Adimassu et al., 2012) . The total amount of sediment lost through RO was calculated 

from total RO under each treatment. 

 

 

Figure 4.2. Design of runoff plot for soil loss measurement (Sketch: Muluneh M.). 
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4.2.3. Measurement of Nutrient Loss through Runoff 

 

Soil materials collected from filtered sediment loads, as described above, were used for 

estimation of nutrient loss through RO from the treatment plots. Composite samples from 

collected soils under each treatment during the study period were prepared for analysis of 

organic carbon (OC), total nitrogen (TN), available phosphorus (Pavl), and exchangeable 

calcium (Ca), magnesium (Mg) and potassium (K) contents. Total amount of nutrient lost 

during the wet season was calculated by multiplying nutrient content of the samples by the 

lost total soil. 

 

4.2.4. Soil Properties under Major Land Uses 

 

Soil samples were collected from each RO plot at a depth of 0-30 cm. The soil samples 

were air dried, and ground to pass through a 2 mm diameter sieve for analysis of soil 

properties with the exceptions that, soil OC and N, were further allowed to pass through 

0.5 mm sieve for analysis. The soil samples were analyzed at Holetta and Debrezeit 

Agricultural Research Centers soil and plant analysis laboratories. For bulk density 

determination, samples were taken at a depth of 0-30 cm using core sampler (Kopecky‘s 

ring= 100 cm
3
) and oven dried at 105

o
C to constant weight. 

 

4.2.4.1. Physical properties 

 

Texture and bulk density of soils in the study site under different land uses and over 

varying positions in the landscape were determined. Particle size distribution was 

measured following the Boycouos hydrometric method (Bouyoucos, 1962). Based on sand, 

silt and clay fraction, soil textural class was determined using the USDA soil textural 

triangle (Rowell, 1994). Bulk density (b) of the undisturbed soils was measured by the 

core method as described by Gupta (2000). Soil moisture content at field capacity (FC at 

0.3 bars), permanent wilting point (PWP at 15 bars) and plant available water (PAW) were 

estimated using Soil-Plant-Air-Water (SPAW) software, version 6.02.75, developed by 

USDA agricultural research services in cooperation with the Department of Biological 

Systems Engineering of Washington State University. The software estimates FC and PWP 

based on texture and organic carbon contents of the soil and commended to provide 

reasonably accurate estimate of soil-water relation (Saxton et al., 1985). In using SPAW, 

low salinity (< 0.1 ds m
-1

), low gravel constituent and a normal soil compaction level were 

assumed based on the observed soil characteristics in the study site. 
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4.2.4.2. Chemical properties 
 

Soil pH (potentiometric method, 1:2.5 soil:water) as described by Chopra and Kanwar 

(1976), organic carbon (OC) (Walkely and Black, 1934), total nitrogen (TN) (Kjeldahl 

method, Van Ranist et al., 1999), available phosphorus (Pavl) (NaHCO3 extraction method, 

Bray-II (Bray and Kurtz, 1945), Cation Exchange Capacity (CEC) (1N CH3COONH4, pH 

7, Chapman, 1965) were determined. Exchangeable basic cations (Ca, Mg, K and Na) were 

determined by saturating the soil samples with 1N NH4OAC solution (Rowell, 1994). 

Magnesium was measured using atomic absorption spectrometry (AAS), while 

exchangeable Na, Ca and K were measured by flame photometer from the same extract. 

Available Fe, Mn, Zn and Cu in the soils were extracted with DTPA as described by 

Lindsay and Norvell (1978). 

 

4.2.5. Grazing Pressure, Grazing Lands Productivity and Species Compositions 
 

The grazing pressure on communal PSL in and adjacent to the watershed site; and private 

holdings (PSL and fallow land) in the watershed were evaluated to see the possible impacts 

of livestock on grazing resources. Field surveys were conducted on two communal grazing 

areas and private holding PSL of 32 farmers randomly taken from (mainly based on slope 

positions) the watershed. Data on type and size of grazing farm, type and number of 

animals grazing and grazing hours were collected from both communal and private farms 

for the duration of Mid-July to Mid-October, 2012. 

 

Stocking density (SD) and stocking rate (SR) were used to measure the pressure imposed 

from on-going livestock production systems on the grazing lands. Tropical livestock unit 

(TLU), equivalent of an animal with 250 kg live-weight (Le Houerou, 1989), was used as a 

measure for the pressure exerted by grazing animals, effectively the SD for a specific unit 

of land at one time, expressed as TLUha
-1

. Stocking rate is the number of animals on 

specific area of land and utilized over a specified time. Mean SR in specific durations of 

the wet season was calculated as mean SD multiplied by the number of hours of grazing in 

a specific period (Scarnecchia and Kothmann, 1982; Scarncchia, 1985). 

 

The carrying capacity (CC) of the land is the maximum SR to achieve target level of 

animal performance in a specified grazing system without deterioration of grazing lands 
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(Allen et al., 2011). In estimating the CC, the use factor of pasture and fallow was 

considered to be 50 percent (Werner and Urness, 1998). 

 

Grazing lands productivity (both natural pasture and fallow land) under different tenure 

(communal and private) was determined from aboveground biomass of standing grasses 

and forbs randomly sampled from selected test plots in the watershed. Samples were taken 

by clipping herbage to the ground level within a 50 cm x 50 cm quadrat. However, freely 

open communal grazing areas were continuously subjected to heavy grazing (Figure 4.3) 

and their productivity was therefore estimated from protected areas (School field) in the 

study sites. The collected samples were dried in an oven at 72
o
C for 48 h to a constant 

weight to determine mean dry biomass yield (t ha
-1

). A TLU dry matter requirement of 

6.25 kg (2.5% of live-weight, Jahnke, 1982) was assumed in estimating the CC of the 

grazing resources for three months (Mid-July to Mid-October). 

 

The species composition of the grazing lands under communal and private was assessed to 

determine species richness. Random test plots (varying size, but with minimum 5 plots 

from small area) in X-pattern transact were used and counts of each species within a 50 cm 

x 50 cm quadrat were taken. 

 

Figure 4.3. Overgrazing, the critical problem in Galessa watershed. 

 

Statistical Analysis 

 

The amount of RO, SL, soil properties, grazing lands productivity and species richness 

were analysed using general linear model (GLM) procedure of SAS (2002) for unbalanced 

factorial design. Tukey‘s test was used for multiple comparisons of means. A correlation 

analysis was done to see the relationship between the RO, sediment associated soil and 
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nutrient losses, and some soil physical and chemical properties. Data on SD, SR and CC 

was not analysed due to lack of replication. 

 

4.3. RESULTS AND DISCUSSION 
 

4.3.1. Soil Properties Status-quo under Different Land Uses at Varying Slope Classes 

 

4.3.1.1. Physical properties 
 

Dry soil bulk density (b), texture and associated soil water relations i.e. moisture at filed 

capacity (FC), permanent wilting point (PWP) and plant available water (PAW) of soils 

under different land uses at varying slope of the landscape in Galessa Watershed are 

indicated in Table 4.1. The highest b (1.48 g cm
-3

) was observed in soils under CL at 

steeply sloping position (S4) of the landscape. This value was significantly different (p < 

0.05) from b of the soils under most other land uses at different sloping positions, with 

exceptions to the soils under cultivated land (CL) and plantation (PLN) at moderately 

steeply sloping position (S3) (Table 4.1). On the other hand, soils under fallow system
6
 

utilized for grazing with restricted use (practice of resting grazing lands for specific 

time/period with aim of restoration of plant vigor) on gentle sloping (S1) and PLN at steep 

slope (S4) had lower b value (1.13 g cm
-3

). Within the land uses, significant differences in 

b were found in soils under CL at S4 against slope ranges of 2-15 percent, and PLN at 

moderately steep (S3) against strongly sloping (S2) and S4 landscape positions. This 

shows that b of the soils in the study site were similar in most cases regardless of the land 

use type and slope level. Irrespective of the slope levels, mean b (1.34 g cm
-3

) of soils 

under CL was higher (increased with slope) while b of soils under fallow land under 

restricted grazing (FLRG) was low (1.18 g cm
-3

). Grazing management did not affect b of 

soil under both pasture and fallow lands at the same slope levels. 

 

Soils in the study site were dominated by silty clay texture were similar (p > 0.05) in 

textural fractions irrespective of the type of land use and sloping level (Table 4.1). 

Similarly, soil water contents at FC, PWP and PAW did not vary significantly (p > 0.05). 

This shows an overwhelming influence of texture on soil-water relations (Hillel, 1998). 

                                                 
6Currently fallow system is predominated by short period (mostly one year) cycle followed by barely 

cropping (barley-fallow-barley system). Yet, this practice is tending to shift towards continuous 
cropping as barley-potato-barley system supported with increased use of chemical fertilizers. The 
implication to livestock sub-sector is immense. 
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Though not significant, plant available water (PAW) in CL and fallow land under open 

free grazing (FLOG) appeared to be lower compared to the other land uses. 

 

Table 4.1. Bulk density (BD), soil water content at field capacity (FC) and wilting point 

(WP), plant available water (PAW) and textural fractions of soils under 

different land uses at varying slope levels in Galessa Watershed 
 

Land 

use 

(LU) 

Slope 

(SL) 

(%) 

BD 

(g/cm
3
) 

Water content  Texture 
Textural  

class 

(USDA) 

FC 

(% Vol) 

NS 

PWP 

(% Vol) 

NS 

PAW 

(mm/m) 

NS 

 Clay 

(%) 

NS 

Silt 

(%) 

NS 

Sand 

(%) 

NS 

CL S1 1.25
bcde

 41.0 28.4 130  47.6 40.0 12.6 C 

 S2 1.28
bcde

 41.0 28.2 130  47.6 42.5 10.1 SiC 

 S3 1.34
abc

 41.6 29.1 130  48.8 38.2 13.2 C 

 S4 1.48
a
 41.4 28.3 130  47.6 36.9 15.7 C 

FLRG S1 1.13
e
 40.3 24.9 160  40.1 51.3 8.8 SiC 

 S2 1.17
de

 40.0 24.8 150  38.8 45.0 16.3 SiCL 

 S3 1.30
bcd

 40.9 27.4 140  46.3 46.3 7.6 SiC 

 S4 1.23
cde

 40.4 26.3 140  42.5 46.3 11.3 SiC 

FLOG S1 1.20
cde

 40.7 28.5 130  47.6 41.3 13.8 C 

 S2 1.20
cde

 40.7 29.4 120  50.1 40.0 10.1 SiC 

 S3 1.27
bcde

 40.4 27.2 130  45.1 40.0 15.1 SiC 

 S4 1.26
bcde

 40.2 26.4 140  42.5 42.5 15.0 SiC 

PSLRG S1 1.25
bcde

 40.6 28.2 130  47.5 47.5 5.0 SiC 

 S2 1.24
bcde

 40.3 25.5 150  41.3 49.0 10.0 SiC 

PSLOG S1 1.17
de

 40.1 24.7 160  38.8 48.8 12.5 SiCL 

 S2 1.25
bcde

 40.2 25.7 150  41.3 46.3 12.5 SiC 

PLN S2 1.16
de

 40.3 25.6 150  41.3 47.5 11.3 SiC 

 S3 1.38
ab

 40.1 25.5 150  41.3 47.5 11.3 SiC 

 S4 1.13
e
 39.5 23.2 170  35.0 47.5 17.5 SiCL 

SE   0.03   0.3   1.3 0.01    2.9   4.0    2.5 - 

SE= Standard error; C= Clay; SiC= Silty clay; SiCL= Silty clay loam 

Land uses: CL= Cropland; FLRG= Fallow land under restricted grazing; FLOG= Fallow land under open 

free grazing; PSLRG= Pastureland under restricted grazing; PSLOG= Pastureland under open free 

grazing; PLN= Plantation land (Eucalyptus globulus) 

Slope gradient classes (%): S1= 2 – 8 (Gently sloping to sloping); S2= 9 – 15 (Strongly sloping); S3= 16 – 30 

(Moderately steep); S4 > 30 (Steep) 
 

Soil texture and other associated soil physical properties are important factors linked to 

numerous soil properties including water absorption and retention, plasticity, adhesion and 

total porosity (Lal and Shukla, 2004; Blanco and Lal, 2008). The impacts from soil texture 

on soil erosion are associated with soil aggregation and porosity, b, and absorption and 

retention of water (drainage). In particular, clay content of the soils has substantial effects 

on soil b and water infiltration rate. Higher b of soils under CL is attributed to the 
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adverse effects from cultivation on soil organic matter (Table 4.2) and aggregate stability. 

The values of b under all land uses in different positions of the landscape are generally 

higher than the ideal level (b < 1.1) for plant growth on clayey soils. Soil under CL, 

particularly at S4 was in the range which restricts root growth (b > 1.47). Though not 

significant, the lower b of soils in fallow land grazed with restriction show the 

significance of management practices on soil properties. 

 

Adverse effects from livestock production practices on soil properties are considerable 

(Lulseged and Vlek, 2008; Mengistu, 2013). High b of soils under eucalyptus plantation is 

in agreement with the result reported by Mehari (2015). Despite varying optimum range 

with crop types, clay soils b at 1.4 g cm
-3

is suggested to affect plant growth due to severe 

effect on root penetration (Jones, 1983 as cited in Hazelton and Murphy, 2007). In general, 

higher bulk densities in soils under CL and grazing land under intense livestock pressure 

have contributed to increased surface runoff and soil erosion. 

 

4.3.1.2. Chemical properties 
 

Chemical properties of the soils under CL, fallow, pasture and PLN at different positions 

of the landscape are presented in Table 4.2. The pH of soils under CL at S4 was higher (p 

< 0.05) than soils under FLRG at S2; fallow land under restricted grazing (FLOG) at S1 

and S3, and PSL both under restricted and freely open grazing systems at S2 sloping 

positions on the landscape. Overall, the pH of the soils under CL and PLN were slightly 

higher than under fallows and PSL. Soil pH at S4 appeared to have had values in a range of 

very strongly acidic conditions (4.5-5), while soils under CL and fallows at slopes below 

30 percent were extremely acidic (3.5 - 4.4). But, statistically, the effect of slope on soil 

pH was generally insignificant (p > 0.05). 

 

Organic carbon (OC) content of the soils under CL was generally low and decrease with 

increasing sloping level (Table 4.2). Soils on land at S4 had significantly (p < 0.05) lower 

OC (1.45%) than soils at S1 (3.5%) landscape position. Though statistically insignificant 

(p > 0.05), grazing pressure appeared to affect OC content of the soils under pasture and 

fallow lands. Organic carbon content of soils under FLRG, PSL irrespective of grazing 

regime, and PLN were mostly in moderate fertility level, while contents under CL and 

FLOG were low. The highest (5.6%) OC accumulation was found under PLN at S4 
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landscape position and significantly different (p < 0.05) compared to OC in soils under CL 

regardless of slope level, FLOG and FLRG at S3 sloping positions of the landscape. 

Organic carbon richness of the soils under PLN at S4 might be attributed to the history of 

the preceding land use, probably pastureland compared to PLN at S2 and S3 converted 

from cultivated land. At all slope gradient classes litters from PLN were maintained on the 

soil.  

 

Like OC, soils TN under PLN at S4 was the highest (0.5%) and was significantly different 

with the contents of soils under CL, FLOG, FLRG, PSLRG (pastureland under restricted 

grazing) and PSLOG (pastureland under open grazing) PSLOG at all slope levels. In 

contrast, soils under CL, particularly at S4 contains the lowest (0.15%) TN compared to 

the soils under other land uses. Relatively soils under pasture and fallow lands at slopes 

below 16 percent were better (p < 0.05) in TN compared to soils under CL at all slope 

levels. Grazing management did not significantly affect TN in the soils under fallow and 

pasture lands. Within the land use, slope effect was significant in TN contents of soils 

under CL and fallows between slope positions 2-15 percent and >15 percent, and PLN 

between slopes 2-30 and >30 percent. According to Tekalign (1991), TN contents of soils 

under CL was medium to high, while soils under all other land uses irrespective of the 

slope level contained high TN. 

 

Unlike TN, available P in soils under CL was relatively high compared to other land uses, 

particularly with PSL (Table 4.2). Available P under CL at S1 (6.7 ppm) was significantly 

higher (p < 0.05) compared to soils under FLRG at S1 and S4 and FLOG at S4. The lowest 

P content (3.1 ppm) was from soils under FLRG at S4 landscape position. Generally, P 

contents of soils under CL and PLN had no marked differences. Within the land use i.e. 

slope effect was significant (p < 0.05) in soils under fallows. Soils under FLRG at S2 

landscape position had higher P content than at S1 and S4. Similarly, soils under FLOG at 

S3 had higher P contents than at S4. Like TN, grazing management had no significant 

effect (p > 0.05) on P content of the soils under pasture and fallow lands. Though 

insignificant (p > 0.05), P content of soils under PLN (4.2-5.4 ppm) was higher than under 

PSL (2.9-4.1). From soil fertility perspective, available P in soils under crop and fallow 

lands range between very low (< 4 ppm) to moderate (5-7 ppm) for cereal crops like 

barley, but low for high P demanding crops like potato. In view of plant requirement, mean 
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available P in FLRG (4.7 ppm) was lower than soil under FLOG (5.2 ppm), despite 

comparable at slope ranges between 9-30 percent (Table 4.2).  

 

Exchangeable Ca content was tending to be higher at steeply sloping landscape positions. 

The highest exchangeable Ca (21.1 cmolckg
-1

) was in soils under PLN, while the content of 

soils under FLRG at S2 landscape position was very low (3.75 cmolckg
-1

). Exchangeable 

Ca in soils under PLN at S4 (21.1 cmolckg
-1

) was significantly higher compared to Ca in 

soils under other land uses irrespective of slope and grazing management. Slope effect on 

Ca content of the soils was seen under FLOG (S4 vs S3) and PLN land uses (S4 vs S2 and 

S3). Calcium contents of soils under CL, FLRG, PSLRG and PSLOG over varying sloping 

levels were moderate in fertility level (Landon, 2014). 

 

Exchangeable K content of the soil was decreasing with increasing slope in most land uses, 

though significant differences (p < 0.05) were seen only in soils under FLOG (Table 4.2). 

Exchangeable K (0.9 cmolckg
-1

) content of soils under FLOG at S2 was significantly 

higher than soils under most land uses at varying slope levels including the same land use 

at S3 and S4. The lowest exchangeable K (0.35 cmolckg
-1

) was from CL at S4. Overall, 

exchangeable K content of the soils under all land uses at varying slope positions was high 

with respect to crop requirement. Exchangeable Mg contents of the soils under different 

land uses at varying sloping positions were not significantly varying (p > 0.05) and were 

high in view of the crop requirement (Merhaut, 2007). 

 

Cation exchange capacity of the soils within (except PSL) and between land uses was 

highly variable (Table 4.2). The highest CEC (36.9 cmolckg
-1

) from soils under PLN at S4 

was significantly higher than under other land uses at all slope positions and PLN at slopes 

< 30 percent. Nevertheless, the lowest (18.2 cmolckg
-1

) was from soils under CL at S4 

position. The slope effect on CEC was significant in soils under CL (S1 vs S4); fallow 

lands (S3 vs S2 and S4), and PLN (S4 vs S2 and S3). Except under PLN at S4, the CEC of 

the soils in all land uses was moderate in fertility level (15-25 cmolc (+) kg
-1

 soil). 

 

Micronutrients (Zn, Mn and Fe) in soils were found to vary with the land use and slope 

positions of the landscape. Copper contents, on other hand, did not vary significantly 

(Table 4.2). Zinc content of soils tends to decrease with increasing slope. The highest Zn 

content (2.5 ppm) from soils under PSLOG at S1 position was significantly different from 
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those under PLN, FLOG, FLRG and CL at S2 and S3, and PSLRG at S2 positions. Zinc 

content of soils under CL (0.9 ppm) at S4 was significantly lower than contents of soils 

under the same land use, FLRG and PSLRG at S1, and PSLOG at S1 and S2 slope 

positions of the landscape. Manganese in soils under FLOG, PSLRG, PSLOG, PLN and 

FLRG at slope > 15 percent and CL at S2 were in a range of 123-193 ppm, and were not 

varied significantly (p > 0.05). In contrast, Mn content of soils under fallows at S1 and CL 

at S1, S3 and S4 landscape positions was low (53-78 ppm). Iron in soils under CL (15-31 

ppm) was relatively lower, whereas, soils from PSLOG and PLN lands had higher Fe 

concentrations. The highest Fe content (75.3 ppm) was observed in soils from PLN at S4 

while the least was from CL at S4 (15.7 ppm) positions of the landscape. The slope effect 

on Fe distribution was seen under PLN. Grazing management did not affect Fe contents of 

soils in both pasture and fallow lands at the same slope levels. Though not significant, Fe 

contents of soils under PSL were higher than those under fallows. In general, 

micronutrients in the soils under all land uses at different sloping positions in the 

watershed were high and some may even pose adverse effects on some crops. 

 

Soil acidity, very strongly acidic to extremely acidic, in the study site was found to be one 

of the critical limitations of land for agricultural uses. Soil acidity development is not a 

new phenomenon in the Ethiopian highlands. The problem is rather increasing and 

aggravated by anthropogenic activities (exploitive use of agricultural byproducts (crop 

residue, manure) and use of nitrogenous fertilizers). This worsening condition of soil 

acidity is recognized to associate with availability or phyto-toxicity of plant nutrients 

(Brady, 1990; Landon, 2014; Haynes and Mokolobate, 2001; Sánchez, et al., 2003). Soils 

under pasture and fallow lands in most positions of the landscape are in extreme acidic 

conditions. This is in agreement with acidification of tropical soils under PSL reported by 

Rasiah et al. (2004). Extreme acidity of soils under CL on slopes < 16 percent might be 

due to long history of cultivation compared to moderately steep and steeply sloping 

landscape positions and mining through byproducts such as grains and residues (Slattery 

and Hollier, 2002; Wang et al., 2006; Mesfin, 2007). Barley, the dominant crop grown in 

the area, is sensitive to soil acidity (Bekele and Höfner, 1993; Hailu and Getachew, 2011) 

and the likely economic impact is clear. Coupled to genetic improvement, tolerance to 

acidity (Somani, 1996) may be one of the factors for growing production of potato in 

Galessa-Jeldu corridor since mid-1990s. In contrast to the result reported by Fekadu 

(2008), no remarkable pH decline was observed in soils under Eucalyptus globulus.  
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Table 4.2. Chemical properties of the soils under different land uses over varying slope positions in the landscape of Galessa Watershed 

Land 

use 

Slope 

(%) 

pH 

(H2O 

1:2.5) 

OC 

(%) 

TN 

(%) 
CEC 
cmolc (+)/kg soil 

Pavl 

(ppm) 

 

K   Ca  Mg
NS

 Cu
NS

 Zn Mn Fe 

cmolc (+)/kg soil  ppm 

CL S1 4.20
abc

 3.50
b
 0.30

c
 24.4

bc
 6.7

a
 0.60

abc
   7.20

bcd
  2.50 0.40 1.80

abc
   70.0

de
 30.6

cdef
 

 S2 4.25
abc

 3.15
bc

 0.30
c
 20.8

bcdef
 5.4

abcd
 0.50

bc
   6.95

bcd
  2.00 0.05 1.65

bcde
 129.5

abcd
 29.4

def
 

 S3 4.50
abc

 2.55
bc

 0.20
d
 20.5

bcdef
 5.7

abc
 0.50

bc
   7.35

bcd
  2.70 0.25 1.55

bcde
   77.8

cde
 24.4

ef
 

 S4 4.75
a
 1.45

c
 0.15

d
 18.2

f
 4.6

abcd
 0.35

c
   7.40

bcd
  2.85 0.10 0.90

e
   49.8

e
 15.7

f
 

FLRG S1 4.30
abc

 4.55
ab

 0.40
b
 23.3

bcde
 3.9

cd
 0.70

abc
   7.20

bcd
  1.75 0.65 1.70

bcd
   53.2

e
 40.4

bcde
 

 S2 4.10
bc

 4.65
ab

 0.40
b
 23.4

bcd
 5.2

abcd
 0.70

abc
   3.75

d
  1.95 0.10 1.60

bcde
 123.3

bcd
 33.6

bcdef
 

 S3 4.30
abc

 3.00
bc

 0.30
c
 18.8

ef
 6.6

a
 0.50

bc
   5.70

cd
  1.00 0.30 0.95

de
 138.6

abc
 36.2

bcde
 

 S4 4.45
abc

 4.00
ab

 0.30
c
 24.0

bcd
 3.1

cd
 0.50

bc
   8.85

bcd
  1.45 0.25 1.05

cde
 138.6

abc
 45.4

bcd
 

FLOG S1 4.15
bc

 4.70
ab

 0.40
b
 22.7

bcdef
 5.3

abcd
 0.75

ab
   7.85

bcd
  2.90 0.15 1.65

bcde
 134.9

abcd
 33.2

bcdef
 

 S2 4.45
abc

 4.40
ab

 0.40
b
 25.1

b
 5.6

abc
 0.90

a
   8.60

bcd
  1.40 0.40 1.70

bcd
 165.1

ab
 33.8

bcdef
 

 S3 4.15
bc

 3.50
b
 0.30

c
 19.4

def
 6.5

ab
 0.50

bc
   4.90

cd
  0.85 0.35 1.00

de
 145.0

abc
 37.5

bcde
 

 S4 4.40
abc

 3.70
ab

 0.30
c
 23.9

bcd
 3.4

cd
 0.55

abc
 11.90

b
  1.60 0.30 1.25

bcde
 153.5

ab
 38.0

bcde
 

PSLRG S1 4.50
abc

 4.20
ab

 0.40
b
 24.0

bcd
 2.9

d
 0.60

abc
   9.75

bc
  2.05 0.20 1.85

ab
 193.2

a
 47.3

bcd
 

 S2 4.15
bc

 4.70
ab

 0.40
b
 21.1

bcdef
 3.4

cd
 0.40

bc
   4.80

cd
  0.90 0.25 1.50

bcde
 136.4

abcd
 41.9

bcde
 

PSLOG S1 4.20
abc

 4.25
ab

 0.40
b
 24.7

bc
 3.3

cd
 0.55

abc
   8.80

bcd
  1.65 0.35 2.50

a
 185.0

ab
 49.1

bc
 

 S2 4.10
bc

 3.95
ab

 0.40
b
 21.1

bcdef
 4.1

bcd
 0.50

bc
   5.50

cd
  1.10 0.25 1.95

ab
 149.0

ab
 50.5

b
 

PLN S2 4.50
abc

 4.15
ab

 0.35
bc

 22.8
bcdef

 5.4
abcd

 0.80
ab

   6.75
bcd

  1.20 1.05 1.65
bcde

 160.8
ab

 50.6
b
 

 S3 4.25
abc

 4.55
ab

 0.30
c
 20.1

cdef
 4.2

abcd
 0.65

abc
   8.45

bcd
  1.35 0.60 1.50

bcde
 168.5

ab
 40.2

bcde
 

 S4 4.70
ab

 5.60
a
 0.50

a
 36.9

a
 4.6

abcd
 0.55

abc
 21.10

a
  3.20 0.10 1.45

bcde
 133.7

abcd
 75.3

a
 

SE   0.10 0.35 0.02   0.8 0.5 0.06   0.96  0.60 0.19 0.13   12.0   3.3 

Means followed by different letters across the column are significantly different at p 0.05; NS= Non-significant at p= 0.05 
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Low organic carbon (a measure of soil organic matter) content of soils under CL is 

attributed to high vulnerability to soil erosion and declining soil fertility, intensive use of 

crop residues for feed and manure for fuel (Fageria, 2009; Benjamin et al., 2010; Agajie et 

al., 2011; Assemu and Shigdaf, 2014). Increased soil disturbance due to cultivation is also 

recognized to increase organic matter mineralization and destabilize OC in the soil 

(McGrath et al., 2001; Powers, 2004). Total nitrogen in the soil is corresponding with the 

OC content in all land uses, except soils under eucalyptus plantation. Lower TN in CL is a 

fertility constraint for agricultural productivity. Despite understory leaf litters are 

maintained, high nutrient uptake and slow decomposition of leaves might contribute for 

advanced nitrogen mining under eucalyptus plantation (Judd et al., 1996; Demil, 2000). 

Phosphorus is also one of the limiting nutrients in the study site. A relatively higher P 

content of soils under CL was due to residues from fertilizer (DAP) often used for 

cropping. This is in agreement with result obtained in western Ethiopia (Nega, 2006). 

Phosphorus deficiency pronounced in soils under PSL is likely related to overgrazing and 

extreme soil acidity. Moreover, extreme acidity in soils under PSL may also limit P 

availability (Haynes and Mokolobate, 2001; Tolera et al., 2006). The tendency of higher 

quantity of available P and most nutrients in the soils under fallows grazed freely as 

compared to the controlled grazing can be related to poor plant cover (growth) and less 

nutrient uptake from the soils. Though available K in the soils under all land uses is high, 

the lower values in CL and PSL can be considered as possible long-term depletion due to 

agricultural exploitations through products (Lal, 1995; Jayne et al., 2014). 

 

Calcium is the main exchangeable base of clay minerals (Pilbeam and Morley, 2007). 

However, agricultural soils, particularly Ca content of soils under CL were moderate and 

can limit productivity of crops. High Ca content of soils at steeply sloping position under 

fallows grazed freely might be attributed to low rates of exploitation from poor pasture 

growth due to overgrazing. 

 

Except Cu, all micronutrients including Zn, Fe, and Mn in the soils are affected by land use 

and sloping levels of the landscape. This may be due to variation in nutrient demand of 

different agricultural plants (crops, pasture and plantation), extent of utilization as a 

product (as seen in grazing and CL) and other soil chemical properties like soil acidity (as 

described in Kopsell and Kopsell, 2007). Manganese and Fe, highly associated soil 

nutrients (Humphries et al., 2007), have shown a marked difference in CL compared to 
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other land uses. This might be attributed to various factors related to uptakes by crops and 

soil acidity. Moreover, soil erosion and removals with grain and residue harvests might 

account for the majority of these losses. Micronutrients are generally rich in soils under 

most land uses and might be associated with soil parent materials. The current 

concentrations of Fe and Mn in the soils under fallow, pasture and PLN might have 

toxicity effect on plant growth. Overall, such an assessment of soil fertility is crucial to 

make decision on appropriate nutrient management strategies (Weil and Brady, 2017). 

 

4.3.2.Runoff, Runoff Coefficient and Soil Loss 

 

4.3.2.1. Amount and distribution of rainfall 
 

Rainfall characteristic of the study site was well documented in few earlier works (Kindu, 

2007; Adimassu et al., 2012). Like most areas in the Ethiopian highlands, Galessa and the 

surrounding uplands receive high RF (1400 mm yr
-1

) during two clearly distinct seasons, 

i.e. short-rain (February to April) and main-rainy seasons (June to September), locally 

named as belg and kremt seasons respectively. In the study year, total annual RF of 1463 

mm was received. About 79 percent of the annual RF occurred during the study period/wet 

season (Figure 4.5). During this, 47 erosive storms (0.58 coefficient of variation) were 

occurred (Figure 4.4). Based on a range of events of erosive RF (20-50) estimated by 

Hurni et al. (2005) for the Ethiopian highlands, Galessa and the surrounding uplands are 

among those experiencing frequent erosive RF. Only two or three rain storms were 

exceptionally high compared to the rest of RO generating storms (Figure 4.4). 

 

4.3.2.2. Runoff and runoff coefficient 

 

Measured values of soil erosion processes (RO and ROC) are described in Table 4.3. The 

amount of RO or ROC was found to depend on land use, and slope factors of the 

landscape. From forty seven erosive RF events have occurred (Figure 4.4) in the period 

June from 3 to September 30, 2012 (wet season), the highest (p < 0.0001) cumulative RO 

(484 mm) was collected from FLOG at S3, while the lowest (88 mm) was from land under 

PLN at S2 slope positions on the landscape. Runoff from CL at S1 was significantly lower 

(p < 0.05) compared to those under FLRG, FLOG and PSLOG. Similarly RO from CL at 

S2, S3 and S4 were significantly lower (p < 0.05) than losses from FLOG at corresponding 

slope levels. Generally, plantation was found to significantly reduce RO compared to all 

other land uses. Runoff from CL at S1 and S2 positions were comparable to losses from 
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land under PLN at slopes above 15 percent. The amount of RO increased with increasing 

slope, except from land under FLOG system. But, the slope effect was significant (p < 

0.05) only on RO from lands under CL and FLOG. Gentle slope position (2-8% slope) 

produced significantly lower RO amount than steeply sloping position (> 30% slope) of 

land under CL and >15 percent slope under FLOG. Considerable RO from soils under 

PLN was lower (p < 0.001) than under other land uses (Table 4.3). 

 

Trends seen in ROC from all land uses at different slope positions of the landscape were 

similar to the case seen in RO. However, RO was highly variable (p < 0.0001) between the 

different land uses. Despite significant differences (p < 0.05) were observed only in CL 

and FLOG, ROC increased with increasing slope in almost all land uses except PSLRG. 

The maximum ROC (56%) from PSLRG at S3 was significant compared to RO from CL at 

all slope level, FLRG on slopes <16 percent, PSLRG on slopes 2-8 percent and PSLRG on 

slopes 2-15 percent, PSLOG at S1, and PLN irrespective of slope level. Generally, ROC 

from fallow land was high and had implications to soil erosion. Even if, the effect from 

grazing management was statistically insignificant, restricted grazing was found to reduce 

ROC in the range of 10-27 percent and 21-24 percent from fallow and PSL respectively. 

Again, in contrast to other anthropogenic land uses considered in this study, plantation 

proved to remarkably reduce (p < 0.0001) ROC (Table 4.3). 

 

Surface RO, an active agent of soil erosion, variable among and within the land uses over 

varying landscape positions in watershed is attributed to the complex interacting factors 

related to land use, soil physical properties, slope gradient, organic matter content, 

vegetation cover and management practices (Mwendera et al., 1997; Ward and Robinson, 

2000; Hurni et al., 2005). Rates of RO observed in fallow lands, PSL and CL in 

comparison to losses from land under PLN clearly demonstrate pressure imposed by 

agricultural activities. The highest rate of RO from fallow land under free grazing 

management depicts the influence of livestock pressure in modifying soil physical 

(compaction as expressed in high bulk density) and hydraulic properties. This is in 

agreement with the result obtained by Adimassu and his colleges (2012). Overgrazing is 

recognized to influence soil properties and vegetation cover resulting in increased RO 

amount (Mwendera et al., 1997; Nyssen et al., 2004; Steinfeld et al., 2006; Mengistu, 

2013). Compared to fallow and PSL, reduced RO from CL (higher bulk density and lower 

OM content) is attributed to the increased surface roughness due to cultivation and better 
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land cover by the crops with the advance of growing period (Tesfaye 1988; Morgan, 2005). 

Runoff from FLOG on slopes above 15 percent exceeds the values reported for Ethiopian 

highlands (0-50%, Nyssen et al., 2004; Mitiku et al., 2006). Hurni (1993) reported even 

higher RO rates of up to 80 percent of the total RF while well covered soils to retain more 

than 90 percent.  

 

4.3.2.3. Soil loss through rill and sheet water erosion 
 

Land use type and slope levels were found to significantly affect (p < 0.001) loss of soil 

from agricultural land uses through water erosion. Like RO and ROC, soil (SL) was also 

consistently increasing with increasing slope levels. Despite lower RO and ROC, SL from 

CL was generally high reaching, up to 49 t ha
-1 

yr
-1

. Soil loss from CL on steeply sloping 

landscape was significantly higher than most other land uses at all slope levels (37 t ha
-1 

yr
-

1
). The lowest SL (3 t ha

-1 
yr

-1
) was from PLN at S2 landscape position. Again plantation 

proved to control soil erosion in situations where under story litters were maintained. One 

of the striking results seen in this study was remarkable rates of SL from fallow land, 

particularly FLOG at slopes above eight percent and FLRG at slopes above 15 percent. 

From these land units loss of soil was comparable with that from CL on land at slopes 

below 15 percent. This strongly contradicts with farmers‘ perceptions of fallowing to 

protect soil and restore nutrient even under the prevailing pressure from livestock and 

short-period exercise. 

 

Soil loss from all land uses was generally increasing with increasing slope of the 

landscape. Slope effect on soil loss was significant from lands under CL and FLOG. From 

CL, soil loss at slope above 15 percent was significantly higher than losses from 

undulating to sloping land. Similarly, SL from FLOG at S3 was high compared to land at 

slope below nine percent. Though statistically insignificant, the rate of SL from PSLOG 

was higher than under restricted grazing practice. In general soil loss though erosion was 

highly correlated to surface RO and soil physical properties (Table 4.5).  
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Table 4.3. Runoff (RO), runoff coefficient (ROC) and soil loss (SL) from different land uses over varying slope classes of the landscape in 

Galessa Watershed, central Ethiopian highlands 

Land 

use 

Runoff 

(mm yr
-1

)  
Runoff coefficient (%) 

 
Soil loss (t ha

-1
 yr

-1
) 

Slope (%)  Slope (%)  Slope (%) 

S1 S2 S3 S4 

 

S1 S2 S3 S4 

 

S1 S2 S3 S4 

CL 209
ghi

 254
fgh

 288
defg

 334
cdef

 

 

22
ghi

 29
fgh

 33
defgh

 39
cdef

 

 

27
cdef

 34
bcd

 46
ab

 49
a
 

FLRG 322
def

 375
bcde

 379
abcde

 405
abcd

  38
cdef

 44
bcd

 45
abcd

 44
abcd

  11
ghi

 20
efgh

 22
defgh

 24
cdefg

 

FLOG 366
cde

 429
abc

 484
a
 478

ab
  43

bcde
 48

abc
 56

a
 53

ab
  16

fghi
 34

bcd
 37

abc
 30

cdef
 

PSLRG 277
efg

 336
cdef

  -  -  31
efgh

 37
cdef

 - -    7
hi

 10
ghi

 -      - 

PSLOG 334
cdef

 436
abc

   - -  38
cdef

 50
abc

 - -  11
ghi

 17
fghi

 -      - 

PLN     -   88
j
 123

ij
 156

hij
       -   9

j
 13

ij
 16

ij
  - 3

i
   3

i
   3

i
 

SE   19     2  2.7 

 Means across rows and columns followed with different letters are significantly different at p  0.05. 

- (dash)= Slope positions for which sufficient area could not be obtained in the watershed; Slopes 2-8% =S1; 9-15=S2; 16-30= S3 and  > 30= S4 
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Figure 4.5. Rainfall amount and distribution in the study 

year, 2012. 
Figure 4.4. Distribution, amount and counts of erosive 

rainfall during the study period (June-Sept.). 
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As documented in several scientific reports (Hurni, 1993; Taddese, 2001; Gete, 2000; 

Sonneveld, 2002; Daba et al., 2003; Nyssen et al., 2004; Woldeamlak, 2007; Morgan, 

2005), soil erosion is a serious problem in the central Ethiopian highlands. Overall, SL 

from all land uses except PLN is considerable. Very high rates of SL measured from CL, 

with rates 11 – 49t ha
-1 

yr
-1

is above SL tolerance limit of 10 t ha
-1 

yr
-
1estimated for 

Ethiopian highlands (Hurni, 1985). Obviously, human induced land misuse and 

mismanagements have contributed to tremendous loss of soil from agricultural land. 

Widespread use of steeply sloping land for cultivation practically without appropriate 

conservation measure, frequent tillage (3-4, see in chapter seven), heavy dependence on 

crop residue (estimated to be over 70% for feed and 23% for construction) are among the 

most important causes of accelerated soil erosion in the study site. Similar situations and 

adverse effects on soils are widely reported in Ethiopia (Gete, 2000; Hurni et al., 2005; 

Adugna, 2007; Woldeamlak and Ermiyas, 2009; Agajie et al., 2011). Extensive use of crop 

residue is often related to organic matter content of the soil and well known to aggravate 

soil erosion (Steinfeld et al., 2006; Tittonell et al., 2008; Benjamin et al., 2010). Lower 

organic carbon (strong negative correlation (74%) with SL) and higher bulk density values 

of CL reflect mismanagement and are highly (p  0.001) correlated with the SL. 

 

Despite livestock production is an integral part of the highlands mixed farming systems, 

increasing population pressure and diminishing area of PSL (49% vs 16% of the total area 

in 1957 and 2014 respectively) has inevitably increased use of fallow land for grazing 

purpose. Fallow system, the oldest indigenous practice, has been widely used to reclaim 

land and restore nutrients after a period of utilization in most cool highlands in Ethiopia. 

However, land scarcity like the case seen in most areas of the highlands (Samuel, 2006; 

Abate, 2011), has forced land users to shorten fallow period and to seek for alternatives 

like cereal-potato rotation system. Moreover, the role of fallow system is constrained by 

overgrazing. Enormous loss of soil from fallows lands (11-37 t ha
-1

), in particularly from 

those under free grazing (widely practiced) management reflect the state of livestock 

pressure (including on CL) and the contribution of the sub-sector to the crisis of soil 

degradation. Relatively lower rates of SL from fallows and PSL under restricted grazing 

showed varying impacts of management regimes on soil resources. Losses of soils from 

PSL under freely open grazing and even restricted grazing on land at slopes above eight 

percent are higher than the tolerable limit (10 t ha
-1 

yr
-1

). Soil loss from PSL is far higher 

than the estimate (5 t ha
-1 

yr
-1

) made by Hurni (1990). Despite quantitative information on 
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livestock-environment link is scanty, the results of few studies demonstrate enormous 

contribution of livestock to losses of prime soil resources and biodiversity in the Ethiopian 

highlands (Hurni, 1993; Daba et al., 2003; Mitiku et al., 2006; Lulseged and Vlek, 2008). 

 

In view of the dynamism in LULC, PLN use on agricultural land is a recent phenomenon. 

Despite a controversial tree, declined fertility of soil due to severe land degradation and its 

successful growth on degraded lands are certainly driving the expansion of eucalyptus 

plantation. This is largely uncontrolled practice which needs conscious decision on the 

bases of tradeoffs between benefits and alleged environmental consequences. In light of 

the soil erosion hazard, SL from land under eucalyptus plantation is very low (3 t ha
-1

). In 

fact, reduced SL is attributed to good soil cover (maintained litters) and reduced surface 

RO unlike other land uses. This result is in agreement with the result obtained by Grewal et 

al. (1992). 

 

4.3.3. Sediment Associated Nutrient Loss 

Obviously, SL is accompanied by nutrient losses. Measured values of sediment associated 

loss of OC (measure of OM) and other major nutrients are presented in Table 4.4. Within 

the land use significant differences were observed in loss of OC and TN from FLOG, and 

exchangeable K from CL and FLOG. In FLOG loss of OC from soils on slopes 9-30 

percent were significantly higher than soils in the same land use on slopes less < 9 percent, 

PSL and PLN land. Least OC loss was occurred in PLN (Table 4.4). Losses of TN and OC 

were very highly correlated (98%, Table 4.6) and had similar trend within and across the 

land uses at varying slope positions. Generally quite high amount of TN was lost from 

cultivated and fallow lands grazed freely. Though statistically insignificant (p < 0.05), free 

grazing increased loss of TN in the range of 18-59 percent from fallows, and 64-71 percent 

from PSL. Loss of available P was generally low compared to other important soil 

nutrients. Relatively CL (> 8% slope) and fallows grazed freely (9-30% slope) lost higher 

available P associated with sediments. Loss of exchangeable K was generally high from 

CL (> 16% slope) and FLOG (> 8% slope). In contrast, PLN loosed remarkably lower 

exchangeable K than cultivated and fallow lands. 
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Table 4.4. Sediment associated loss of organic carbon and major nutrients from 

different land uses at varying slopes levels 

Land use Slope 

(%) 

OC 

(t ha
-1

 yr
-1

) 

 TN  

(kg ha
-1

 yr
-1

) 

 Pav     

(kg ha
-1

 yr
-1

) 

  Kav  

(kg ha
-1

 yr
-1

) 

CL S1 0.86
abcdef

   96.0
abc

 0.30
abcdef

   7.8
bcd

 

 S2 1.23
abcd

 117.9
ab

 0.35
abc

   5.8
cde

 

 S3 1.58
ab

 135.5
a
 0.40

ab
 14.2

a
 

 S4 1.09
abcd

   98.6
abc

 0.48
a
 10.1

abc
 

FLRG S1 0.52
cdef

   44.0
cd

 0.09
efg

   4.4
de

 

 S2 1.00
abcdef

   86.5
abcd

 0.16
bcdefg

   7.2
cd

 

 S3 1.06
abcde

   94.3
abc

 0.20
bcdefg

   7.9
bcd

 

 S4 1.24
abc

   98.9
abc

 0.15
cdefg

   8.1
bcd

 

FLOG S1 0.66
cdef

   55.1
bcd

 0.11
defg

   4.5
de

 

 S2 1.70
a
 137.6

a
 0.34

abcd
 10.9

abc
 

 S3 1.73
a
 149.0

a
 0.33

abcde
 12.8

ab
 

 S4 1.34
abc

 116.4
ab

 0.28
abcdefg

 11.9
abc

 

PSLRG S1 0.34
def

   29.5
d
 0.08

fg
   2.8

de
 

 S2 0.47
cdef

   41.8
cd

 0.09
efg

   4.4
de

 

PSLOG S1 0.55
cdef

   48.3
cd

 0.10
efg

   4.7
cde

 

 S2 0.79
cdef

   70.8
bcd

 0.18
bcdefg

   6.6
cd

 

PLN S2 0.12
f
   10.0

d
 0.03

g
   1.1

e
 

 S3 0.11
f
   10.5

d
 0.03

g
   1.1

e
 

 S4 0.17
ef

   14.9
d
 0.05

g
   1.4

e
 

SE  0.16   11.2 0.04   0.9 
Means across rows and columns with different letters are significantly different at p  0.05 

NS
1
= Means across the columns are not significantly different at p  0.05 

 

Despite the differences were not significant (p > 0.05), loss of soil nutrients under free 

grazing management was high compared to the restricted grazing management. In light of 

likely impacts on soil fertility, losses of most important soil nutrients such as OC, TN and 

K are high. This includes fallow lands left uncultivated for a year with the intention to 

improve soil fertility. Similarly nutrients loss from soils under CL was substantial and all 

together poses a challenge on agricultural production and food security. Amount of OC and 

major nutrients lost associated with sediment were very highly correlated with rates of SL 

through water erosion (Table 4.6). Smallholder agricultural practices in most cases have 

inadvertent and detrimental impacts on land resources, highlighting the need of scientific 

methods and policy interventions to reverse the down spiral. 

 

Soil erosion is a natural process (Morgan, 2005) and associated loss of nutrients is one of 

the major causes of nutrient depletion (Tegene, 1992; Wortmann, 2006). Loss of soil and 

associated nutrients can be controlled to a tolerable limit using available technologies 
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(Example, Liniger and Crithley, 2007; Smith, 2008). However, it remains a serious 

problem in the Ethiopian highlands, mainly due to anthropogenic activities. Indeed, the 

rate and severity of soil erosion and accompanying loss of nutrients is the result of a 

complex web of multiple agents, both biotic and abiotic (Jayasuriya, 2003; Steinfeld et al., 

2006). Among the land uses widely practiced in the study site, CL is more prone to erosion 

and loss of soil nutrients in varies ways. This is mainly due to soil perturbation through 

tillage that can even induce complete removal of fertile surface layer through erosion 

(Murty et al., 2002; Bezuayehu et al., 2002). Similar observations were reported from 

works done in different parts of the Ethiopian highlands (Hurni, 1993; Lakew et al., 2000; 

Berry et al., 2003; Getnet et al., 2009; Hagos et al., 2009). Yet, the effects seen from 

extensive grazing on fallows is quite substantial. 

 

Sediment associated loss of OC and available P measured from cultivated and fallow lands 

in this study is in agreement with results reported by Adimassu et al. (2012). However, loss 

of TN measured from these land uses in this experiment did not correspond with values 

(25-48 kgha
-1

yr
-1

) quantified based on samples taken from three erosive RF events by 

Adimassu et al. (2012). In this experiment, nutrient loss was measured from composite 

sample made from filters of soils collected from samples of all erosive RF events 

throughout the study period. Secondly, sediment associated nutrient loss vary in space, 

time, and coincidence of variable such as erosive RF (time, rate and form), soil and 

vegetation factors (Nyssen et al., 2004; Hurni, et al., 2008). Like the case seen in Galessa 

Watershed, a TN loss of 144.2 kgha
-1

 from upland CL was also reported in Philippines 

(Sukristiyonubowo et al., 2003). Except available P, sediment associated loss of organic 

carbon, TN and available K is high and the problem is more serious on CL and heavily 

grazed fallow lands. 

 

Under the current situation in which agriculture is still constrained either by too little 

application of fertilizers (DAP and Urea) or without use of synthetic sources for other 

nutrients than N and P, depletion rates from the different land uses is a serious problem 

which needs consideration. Particularly, depletion of nutrients like exchangeable K may 

lead to deficiency in few years to come, if measures are not taken. Impacts from different 

agricultural practices related to cropping are well known. But, the contribution of livestock 

to land degradation is generally overlooked. The results of this study demonstrate their 

potential role in aggravation soil erosion from grazing and fallow lands. Hence, to address 
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the problems, better production methods in integration with crop sub-sector is the most 

critical issue to bring about sustainable production systems while reducing the 

environmental impacts to the minimum level. 

 

Table 4.5. Correlation coefficients of soil loss and some soil physical and chemical 

properties 

Variables  SL  RO  ROC OC  BD  CLY  SLT 

SL 

       RO  0.48
**

 

      ROC  0.50
**

  0.99
***

 

     OC -0.74
***

 -0.17
NS

 -0.18
NS

 

    BD  0.53
***

  0.04
NS

  0.05
NS

 -0.72
***

 

   CLY  0.53
***

  0.18
NS

  0.19
NS

 -0.44
**

  0.4
*
 

  SLT -0.61
***

 -0.21
NS

 -0.20
NS

  0.38
*
 -0.34

*
 -0.73

***
 

 SND 0.19
NS

  0.09
NS

  0.07
NS

  0.03
NS

 -0.03
NS

 -0.21
NS

 -0.49
**

 

SL= Soil loss (t/ha); RO= Runoff (mm); ROC= Runoff coefficient (%); OC= Organic carbon (%); BD= Dry bulk 

density (g cm
-3

); CLY= Clay content (%); SLT= Silt content (%); SND= Sand content (%); NS= Non-significant; 

***= p 0.001; ** = p 0.01; *= p 0.05 

 

Table 4.6. Correlation coefficients of soil and nutrient losses 

Variables  SL  RO  OC TN  Pav 

SL 

     RO 0.48
**

     

OC 0.88
***

 0.69
***

    

TN 0.91
***

 0.65
***

 0.98
***

   

Pav 0.95
***

 0.39
*
 0.81

***
 0.86

***
  

Kav 0.88
***

 0.67
***

 0.90
***

 0.91
***

 0.81
***

 
SL= Soil loss (t/ha); RO= Runoff (mm); ROC= Runoff coefficient (%); OC= Organic carbon (%); BD= Dry 

bulk density (g cm
-3

); CLY= Clay content (%); SLT= Silt content (%); SND= Sand content (%); NS= Non-

significant; ***= p 0.001; ** = p 0.01; *= p 0.05 

 

4.3.4. Grazing Pressure, Species Composition and Productivity of Grazing Lands 

As described in previous sections, livestock production is the integral component of the 

mixed crop-livestock farming systems in the Ethiopian highlands. Livestock populations in 

the watershed were estimated to be about 1200 TLU with an average livestock density of 

3.5 TLUha
-1

. However, an average size of land allocated for pasture was 0.13 ha HH
-1

. 

Two open communal pastures in and adjacent to the watershed with areas of 32 and 80 

hectares each were extensively used by the community. In addition, fallow land with an 

average area of 0.36 ha HH
-1

 was used for grazing. In the watershed per se, permanent 

pasture (both communal and private) covers only about 60 hectares (17% of the total land 

area) with a livestock density of about 21TLU ha
-1

. More than 70 percent of the total 
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permanent pasture areas are situated in bottomlands. Poor drainage during the wet season 

enforces farmers to extensively use fragmented pasture areas, and mainly fallows at mid 

and upper landscape positions.  

 

Stocking densities on private pasture (14-33 TLU ha
-1

) and fallow (29-30 TLU ha
-1

) lands 

were higher than open communal PSL (6-11 TLUha
-1

) (Figure 4.6a-c). Stocking density on 

fallow land was unwavering throughout the wet season, while SD on private and 

communal pastures varied over time. On private holing pasture the SD appeared to 

increase with the advance in the period and attained the maximum (33 TLUha
-1

) in late 

stage of the wet season (Figure 4.6b), while, on communal lands, SD varied in the opposite 

way. Daily average grazing hours on communal grazing (5.2) was higher than on private 

holdings (3.1 h, Table 4.7). Cattle and horses were the dominant species grazing on 

communal and private grazing lands. However, sheep were exceptionally managed to 

graze on private pasture and fallow lands mainly for subsequent sale (Table 4.7). The SR 

varied across period and an open communal pasture was in the range of 25-63 TLU ha
-1

. 

The highest SR rate was attained during early period of the wet season which then 

decreased (Figure 4.6a). The SR on private grazing areas was much higher than on the 

communal lands. Stocking rate was particularly high on fallow lands (93-105 TLU ha
-1

). 

The lower SD in the earlier stages of the wet season was due to a custom of protecting PSL 

from livestock starting from mid-July for later use in the period between September and 

November (Figure 4.6b). Temporal and spatial variations of pressure on grazing resources 

arise from farmers‘ management practices to allow pasture growth and maximize the 

benefit. Private pastures were more productive than fallows and communal land (Table 

4.8), and had a CC of 3.8 TLUha
-1

 for June - October. Higher CC of fallows compared to 

communal PSL also revealed its potential contribution to improve feed availability in the 

study site (Figure 4.7). 

 

Biomass yield and species richness of open communal pasture, private pastures and fallow 

lands were significantly different (p < 0.05). Average biomass yield (4.3 DM tha
-1

) from 

private PSL was significantly higher than open communal PSL and privately held fallows. 

Though statistically insignificant, biomass yield varied spatially, and decreased with 

increasing slopes (Table 4.8). Species richness greatly varied amongst grazing resources 

(Table 4.8). Though not significant (p > 0.05), species richness appeared to decrease with 

increasing slope on private pastures, while mid-slope areas of fallow lands exhibited a 
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greater mix of species than was observed in the lower and higher landscape positions. On 

relatively well-drained PSL, Andropogon Abyssinicus dominates the grass species, while 

Pennisetum glabrum was dominant in bottomlands areas experiencing seasonal 

waterlogging. Unlike PSL, species composition of short fallows was rich in annual weed 

species, mainly Anthemis tigreensis and others including Bidens pachyloma, Erucastrum 

araicum, Rumex abyssinicus, Spergula arvensis, Ocimum spp., all of which are of low 

feeding value. The prevalence of trifolium and lotus species in the fallows in contrast to 

natural pastures possibly indicates loss of these species from PSL due to extensive pressure 

from livestock grazing. 

 

Table 4.7. Average static pressure from different livestock species on grazing resources in 

Galessa Watershed, central Ethiopian highlands 

Grazing resource 

Average grazing species  

(TLU/ha) 

Total 

Average 

grazing 

hour/day Cattle Horse Mule Donkey 

Sheep 

and   

goat 

Communal grazing  4.23 2.77 0.04 0.31 0.72 8.1 5.2 

Private fallow and pasture
1
 19.30 4.80 0.12 0.31 3.88 28.4 3.1 

1
82% of the total grazing hours on the private holding is from fallow lands 

 

Mixed crop-livestock farming has developed autonomously out of the traditional farming 

systems in the Ethiopian highlands and has been practiced since antiquity. However, 

growing population density has pushed farmers into cultivation of PSL including steeply 

sloping areas and caused a mismatch between the current numbers of livestock and the 

land area devoted to grazing in the watershed. The current SD of 6-11 TLU ha
-1

 on 

communal pasture and 14-33 TLU ha
-1

 on private grazing lands (Figure 4.6a-c) are greatly 

in excess of the estimated optimum ranges 0.31-0.69 TLU ha
-1

, varying with productive 

potential (Bojö and Cassells, 1995). Grazing pressure on PSL variations over period is 

related to tenure system (free grazing period vs controlled), availability of alternate grazing 

sources (agricultural lands), and in some cases the preference of grazing animals. In 

general, due to acute shortages of grazing land, overgrazing and resource degradation 

characterize livestock production practices in most areas in the Ethiopian highlands. The 

mismatch between livestock density and capacity of the grazing resources is an immediate 

factor in land degradation (Hurni, 1993; Lal., 1993; Pimentel et al., 1995; Delgado et al., 

1999; Steinfeld et al., 2006; Abate, 2011).  
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Table 4.8. Productivity and species richness of grazing resources at different positions of the landscape in Galessa Watershed, central Ethiopian 

highlands 

Type LSP BMY 

(t/ha) 

Mean  SR  

(Count) 

Mean  List of species Dominant species 

Communal 

pasture 

Lower 2.9
b
 2.9

b
  8.5

b
 8.5

b
  Andropogon Abyssinicus, Sporobolus africanus, Cyperus rigidifolius, 

Trifolium decorum, Trifolium rueppellianum, Alchemilla spp., Cerastium 

octandrum, Rumex abyssinicus, Anthemis tigreensis 

Andropogon, Cyprus 

and Alchemilla spp. 

 

 

Private 

pasture 

Lower 4.9
a
 4.3

a
  8.5

b
 6.8

b
  Pennisetum glabrum, Cyperus rigidifolius, Cyperus rotundus, Digitaria 

abyssinica, Trifolium decorum, Trifolium rueppellianum, Cerastium 

octandrum, Rumex abyssinicus, Alchemilla spp., Carduus cameecephalus 

Pennisetum glabrum 

Middle 4.0
ab

  6.5
b
  Andropogon Abyssinicus, Digitaria abyssinica, Poa schimperana, Trifolium 

decorum, Anthemis tigreensis, Bidens pachyloma, Alchemilla spp. 

Andropogon 

Upper 3.9
ab

  5.5
b
  Andropogon Abyssinicus, Sporobolus africanus, Eleucine floccifolia, 

Trifolium decorum, Plantago lanceolata L., Carduus cameecephalus 

Andropogon 

 

 

Private 

fallow 

Lower 3.4
a
 3.3

ab
  12.5

a
 12.2

a
  Andropogon Abyssinicus, Eleucine floccifolia, Digitaria abyssinica, Cyprus 

rigidifolius, Trifolium decorum, Trifolium tembense, Lotus corniculatus, 

Anthemis tigreensis, Cyanotis barbata, Commelina benghalensis, Rumex 

abyssinicus, Polygonum nepalense, Plectranthus lanunginosus  

Andropogon, Lotus,  

Anthemis tigreensis 

Middle 3.5
a
  12.0

a
 

 

 

 Andropogon Abyssinicus, Cyperus rotundus, Avena fatua, Poa shimperana, 

Trifolium decorum, Trifolium tembense, Trifolium ruppelianum, Anthemis 

tigreensis, Bidens pachyloma, Erucastrum araicum, Rumex abyssinicus, 

Spergula arvensis 

Andropogon, 

Trifolium decorum, 

Anthemis tigreensis 

Upper 3.0
a
  12.0

a
 

 

 

 Andropogon Abyssinicus, Poa schimperana, Avena fatua, Trifolium decorum, 

Lotus corniculatus, Anthemis tigreensis, Spergula arvensis, Erucastrum 

araicum, Ocimum spp., Cerastium octandrum, Bidens pachyloma, Plantago 

afra  

Andropogon, 

Trifolium decorum, 

Anthemis tigreensis 

LSP= Landscape position; BMY= Biomass yield; SR= Species richness  
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Figure 4.5. Carrying capacity of grazing 

resources in Galessa Watershed.

 

 

Grazing lands productivity and species richness are highly influenced by animal species, 

intensity of grazing, soil and slope factors (Jones and Bunch, 1995). Low biomass yield 

from freely open communal PSL is mainly due to continuous overgrazing (Woldu, 1986). 

High biomass yield in lower slope areas might be attributed to better soil fertility and low 

rates of soil erosion as suggested by Hook and Bruke (2000) and Gillingham et al. (1998). 

Despite high SR, resting in wet season offers a comparative advantage to users with access 

to private grazing resources (pasture and fallow lands) over communal pasture which 

enables regeneration and better biomass yield. Proper resting and moderate grazing have 

demonstrable positive effect on biomass yield and species composition (Fujita et al., 2009; 

Ash et al., 2011). Pasturelands are composed of diverse assemblage of grasses and forbs. 

However, the type and abundance of species varies with grazing intensity, positions in the 

landscape and age of grazing area. Negative effects of overgrazing on the floristic 
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composition are widely recognized phenomenon on permanent pastures (Landsberg et al., 

2003; Metzger et al., 2005; Steinfeld et al., 2006). On the other hand, Campbell and Grime 

(1992), and Rajaniemi (2003) suggested that, positive and negative effects of grazing on 

plant species depend on soil moisture and fertility gradients. According to Proulx and 

Mazmunder (1998), increased grazing pressure increase species richness in nutrient rich 

environment while it decreases in nutrient poor environments. But, abundant and less 

palatable forbs in short fallows and open communal grazing lands may be attributed to soil 

disturbance which favor the establishment of annual weeds and some desirable Trifolium 

species. 

 

4.4. CONCLUSION 
 

Mixed crop-livestock farming system is the most important source of livelihood for 

smallholder farmers in Ethiopian highlands. However, land under most agricultural land 

uses suffered from land degradation. Frequent soil pulverization (tillage before planting) 

on cultivated land, and overgrazing (poor land cover, hoof action) on fallows under 

intensive grazing were important factors that potentially contributed to severe soil erosion 

from these land uses. Soil acidity; low OC particularly in soils under CL and freely grazed 

fallows; lower TN in soils under CL (S3 and S4); low available P in soils under CL and 

fallow land were the sign of increasing problem of land degradation due to increasing 

agricultural practices. From fertility (chemical) point of view, the soils under all land 

uses/cover were deficient in principal soil nutrients (Pavl, Ca) and OC content. The severity 

of nutrient deficiency was varied with the type of land use, slope levels and grazing 

management. Soil acidity was rather the most important fertility constraint limiting 

agricultural performance of land in the study area. The impacts from use of land for 

different agricultural practices without appropriate management are serious threats and 

deserve urgent measures from planners.  

 

Soil erosion and associated loss of nutrients from all land uses, except PLN land was 

generally high. Runoff from fallow and PSL varying with slope and grazing management 

was high and accountable for huge loss of soils from respective land uses. Rate of SL from 

fallows at slopes >8 percent was generally high and comparable with losses from CL at 

lower slope position. Intensive grazing has derived severe loss of soil from fallow land. 

Soil erosion from CL (27-49 t ha
-1

) was generally high and increased with increasing slope 
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levels. Sediment associated loss of nutrients (OC, TN, P, K) except P was also high and 

pronounced in CL and fallow lands. Moreover, intensive pressure from livestock on all 

land uses, except PLN, and its contribution to land degradation in various forms (SL, 

nutrient and biodiversity losses) was also remarkable. However, PLN was found to control 

runoff, SL and nutrient losses better than all other land uses. The pressing problems of land 

degradation appear disastrous and need effective policies at a broader frame of sustainable 

development. 
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5. LAND SUITABILITY EVALUATION FOR EXISTING LAND USE 

TYPES IN GALESSA WATERSHED, CENTRAL ETHIOPIAN 

HIGHLANDS 

 

ABSTRACT 

Nowadays land degradation alongside rapid population growth necessitates optimum use of scarce land 

resources based on their potentials. This study evaluated the suitability of land in Galessa Watershed for 

rainfed barley, potato, eucalyptus and pasture production. The aim was to provide guidance and advocacy for 

proper and sustainable use of land resources. Climatic variables (rainfall, temperature); and landscape/soil 

characteristics (topography, wetness, drainage, physical and chemical characteristics) were parameters used 

for land evaluation. Suitability evaluation was done based on FAO frameworks using maximum limitation 

method. The result depicts that soil fertility (soil acidity), high rainfall (RF) and topography are major 

limitations to use land for barley, potato, eucalyptus and pasture production. Generally, under the existing 

condition, Galessa Watershed is not suitable for barley, potato, eucalyptus and pasture production, except 

middle slope areas that are marginally suitable for pasture production. While one or combinations of soil 

acidity, poor drainage and topography limit the production of barley, eucalyptus and pasture; high RF makes 

potato production unviable. For optimum use of the land resources, the areas in the lower section (foot and 

toe slopes) of the watershed can be used for grazing with fertility management. Also, areas in the summit and 

middle slope positions in the landscape can moderately support barley production with careful soil 

conservation and acidity managements. The issue of eucalyptus is still controversial. But, from land 

suitability per se the area is potentially moderate to its production with soil conservation and fertility 

managements. Soil fertility, an important factor of production, can be improved and needs consideration for 

better agricultural performance. Due to economic reason, improving the topography may not be feasible. 

However, application of lime and developing varieties adapted to the environmental conditions (soil acidity 

and temperature) can be feasible options for better use of land resources.  

 
Keywords: land evaluation, barley, potato, eucalyptus, pasture 

 

5.1 . INTRODUCTION 
 

Land, a limited non-renewable natural resource vital for life, commonly stands for a 

section of earth‘s surface with all the physical, chemical and biological features 

influencing its use for a specific purpose (FAO/UNEP, 1997; De Wrachien, 2003; FAO, 

2007). It includes soil, landform, climate, hydrology, vegetation, animals, human 

settlements and infrastructure. Land use connects humans to these biophysical resources 

and their interaction determines the ecological balance. With this respect, human-land 

interaction continuum is moving towards increasing human dominance and impact 

(FAO/UNEP, 1999; Braimoh and Vlek, 2008). Unprecedented expansion of agricultural 

land over the edge of sustainability in many areas of Ethiopian highlands is the reflection 

of pressure on land resources due to unwavering population growth (Hurni, 1993; Sánchez 

et al., 1997; Amare, 2013; Josephson et al., 2014). Currently, land shortages in the 

highlands poses a challenge to develop a balance between agricultural development and 

conservation of natural resources (Jayne et al., 2014). Unless appropriate measures are 

taken, achieving food security and preserving the environment is likely to remain a 
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problem in the years to come. Agriculture being the main land user in Ethiopia (Sonneveld 

and Keyzer, 2003; Aklilu et al., 2007), efficient and thoughtful use of land is required for 

sustainable development and natural resources management. 

 

Highlands crop-livestock mixed production systems that form the majority of national 

economic base is constrained by wide ranges of limiting factors (climatic, soil, economic, 

social, technological etc.) contributing to low and declining land productivity (Sánchez et 

al., 1997; Jayne, et al., 2010; World Bank, 2011; Assemu and Shigdaf, 2014). In light of 

the increasing population pressure, land degradation and more recently the climatic 

variability; significant progress in productivity can be achieved only when production 

system is based on principles for optimal use and management of land. Hence, an 

appropriate land use criterion that deals with construction of suitability analysis is required.  

 

Land suitability classification is an appraisal and grouping of specific areas of land in 

terms of their suitability for a defined use (FAO, 2006; Sonneveld et al., 2010). 

Classification involves use of multidisciplinary data set from different domains including 

soil, crop, meteorology and social sciences. Although land suitability analysis is a well-

known tool to guide use of a particular area of land based on its potentials and limitations, 

utilization as part of land use planning is lacking in Ethiopia. In earlier periods, 

commendable efforts were made on systematic mapping of the natural resources at 

reconnaissance scale that at least gave generalized overview of the resource at national 

level (Barber, 1984; Constable, 1984; FAO/UNDP, 1980; 1984a, b; Murphy, 1968). 

Recently, except few suitability assessments made in Oromia (at scales 1:250,000 to 

1:5000), most at reconnaissance level (OFEDB, 2008), and some academic studies, 

standardized and comprehensive works that leads to strategic use of land resources are 

lacking. As a result inappropriate land uses since prehistoric time generally impedes 

development on one hand and trigger land degradation on the other. 

 

Improved and sustainable management of land for the benefit of people primarily needs 

systematic and categorized use of land. To this end, land evaluation and suitability 

classification based on detailed information with regard to soils, climate, vegetation, 

socioeconomic factors, and requirements of a particular form of land use is a prerequisite 

(Dent and Young, 1980; FAO, 2007). Evaluation based use of land resources has far-

reaching significance in developing sustainable strategies that accommodate social, 
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economic and environmental benefits. Inappropriate land use consequences on the 

environment are escalating in the Ethiopian highlands. Due to the overwhelming 

importance of natural resources in the central Ethiopia, tackling environmental problems 

particularly land degradation should be sought through conservation based improvements 

in land use. Before irreversible losses and/or high economic quest for reclamation as the 

cases seen in many areas of northern Ethiopia (Gete, 2000) conservation and proper use of 

land in the remaining potential areas is most reliable option to boost productivity and 

realize the nation‘s food supply on sustainable way. 

 

Abuse of land beyond its capability in various forms is a well-known cause of land 

degradation in Ethiopia. In Galessa Watershed and the surrounding areas in the central 

Ethiopia, irrational use of land resource is a widespread problem (German et al., 2005). 

These not only severely disrupted the balance of crop-livestock mixed farming system, but 

also increased the rate of land degradation. If the present trend continues, land degradation 

will soon lead to irreversible damage affecting food security and future livelihood. The 

threat of land degradation can only be averted by improving the use of land with 

jurisdiction functioning at national, regional and local levels. Although community based 

watershed management approach supported by African highlands initiative (AHI) in 

collaboration with Ethiopian Institute of Agricultural Research (EIAR) was introduced in 

mid 1990s to mitigate land degradation in Galessa (Kindu and Zenebe, 2008), less success 

has been achieved due to various reasons. For effective, sustained and replicated 

conservation practices, appropriate land use supported by regulations is a prerequisite. 

Moreover, lack of information on the potentials and limitations of land resources in the 

watershed is a technical gap that limits support system for rational decision on appropriate 

use of land. Therefore, land evaluation studies are central to broaden the scientific base for 

better understanding of the complex land system, and support resource management 

decision that evolve the land use towards sustainable pathways. This study was intended to 

evaluate the suitability of land resources for existing major land utilization types in Galessa 

Watershed, central Ethiopian highlands. 
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5.2. MATERIALS AND METHODS 

 

5.2.1. Study Site 
 

The study was carried-out in Galessa Watershed in Dendi District, West-shewa Zone, 

Oromia National Regional State, Ethiopia (see Figure 4.1 in chapter four). Geographically, 

it covers the areas between 9
o
 06' 54" - 9

o
 07' 59" N and 38

o
 07' 52" - 38

o
 09' 23" E, and 

has an altitude range of 2800 - 3100 meters above sea level. Agroecological conditions, 

farming system and livelihood of the study site (high elevation areas) are described in 

chapter one under section 1.3. 

 

5.2.2. Land Evaluation Procedures 
 

5.2.2.1. Delineation of land mapping unit, and landscape and soil characterization 

 

The watershed was stratified into land mapping units (LMU) based on topographic 

positions (plateau, middle slope, foot slope and toe slope) with the assumption that it is 

strongly associated with soil types and characteristics (FAO, 1983). The existing major 

agricultural land uses in the watershed viz. CL (rainfed crop production), grazing and 

plantation were focused and suitability evaluation was done for respective land uses. 

Satellite image (ETM+, 30m spatial resolution) improved with topo-map (1:50,000) and 

digital elevation model and ground truth were used to delineate the watershed, LMUs and 

existing land uses. 

 

Soil survey was conducted and thirteen point locations (profile pit) were identified on the 

basis of topographic positions for soil and landscape characterization. All pits were opened 

and described (landscape and soil characteristics) following the FAO guidelines (FAO, 

2006). Relevant soil properties including texture, pH, organic carbon, available 

phosphorus, total nitrogen, cation exchange capacity and exchangeable bases (calcium, 

magnesium and potassium) were determined with standard analytical methods and 

procedures (Table 5.1, refer Table 3.3 in chapter three for ratings of soil nutrients). The 

soils in the watershed were classified using guidelines of World Reference Base for Soils 

Resources, a framework for international classification, correlation and communication 

developed by International Union of Soil Sciences (WRB, 2014). 
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Table 5.1. Soil properties and methods of analysis 

Soil property Method of analysis 

Texture Hydrometric method (Bouyoucos, 1962) 

pH 1:2.5 soil:water ratio Potentiometric method (Chopra and Kanwar, 1976) 

Organic Carbon (OC) Wet digestion method (Walkely and Black, 1934) 

Total nitrogen (TN) Kjeldhal method (Van Ranist et al., 1999) 

Available phosphorus (Pav) Bray-II (Bray and Kurtz, 1945) 

K
+
 (cmol(+)/kg) NH4OAc extraction, flame photometer (Rowell, 1994) 

Ca
2+

 (cmol(+)/kg) NH4OAc extraction, flame photometer (Rowell, 1994)  

Mg
2+

 (cmol(+)/kg) NH4OAc extraction, atomic absorption spectrophotometer 

(Rowell, 1994)  
 

Na
+
 (cmol(+)/kg) NH4OAc extraction, flame photometer (Rowell, 1994) 

CEC (cmol(+)/kg) NH4OAc extraction (Chapman, 1965) 

EC (ds/m) Saturated extraction method (Richards, 1954) 

BS (%) 
       

                                     

   
     

(USDA-NRCS, 2004) 

K, Na= Flame photometer 

Ca, Mg= Atomic absorption spectrophotometer 

 

Field and analytical data of topography (t), wetness (w), soil physical characteristics (s) 

and fertility characteristics (f) were used for suitability evaluation. For the evaluation of 

soil depth, a reference depth of 100 cm was considered for barley, potato and pasture (Van 

Ranst and Verdoodt, 2005), while 200 cm was assumed for Eucalyptus globulus (Harper et 

al., 2008). Physical soil characteristics changing with depth in the soil profile were 

recalculated over the effective soil depth divided into several sections of equal thickness 

and with different proportional weighting factor. Weighting factors start with a minimum 

value in depth and becoming gradually greater when approaching the surface section as 

described in Van Ranst and Verdoodt (2005). Textural classes of all profiles were 

recalculated over the effective rooting depth using depth correction indices described in 

Van Ranst and Verdoodt (2005). For chemical properties, except apparent cation exchange 

capacity (ACEC), all considered properties were recalculated as simple weighted averages 

over the upper 25 cm of the mineral topsoil. The apparent cation exchange capacity 

(ACEC) was calculates as [Total mineral CEC * 100/ percent clay] without correction for 

organic material. Since the soil is developed in a uniform soil material, CEC and percent 
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clay in B horizon at a depth of 50 cm were used for ACEC calculation. Where hard rocks 

the rooting zone at a depth less than 50 cm, the ACEC in the horizon above the lithic 

contact was used for evaluation (Sys et al., 1991b; Sys et al., 1993). 

 

5.2.2.2. Analysis of climate characteristics and length of growing period 
 

Data on climate variables including (RF), minimum and maximum temperature, wind 

speed (WS), relative humidity (RH) and sunshine hours (SSH) were used for the 

evaluation. While RF and temperature data was collected from meteorological station 

installed in Galessa Watershed by African Highland Initiative (AHI) Project under HARC, 

data on wind speed, relative humidity and sunshine hours was obtained from Ginchi sub-

center meteorological station (10 km, bird distance from Galessa Watershed). Data 

obtained from Ginchi was interpolated for the study site on the basis of altitude. These 

climatic characteristics were used for preliminary determination of length of growing 

period (LGP), planting or sowing date and climatic suitability for specific land utilization 

types only during the crop cycle. However, for plantation trees (perennial), monthly 

averages on a yearly base were used for the evaluation. Length of growing period was 

determined from average values of the pre-historic series of climatic variables as described 

in FAO (1996), while, reference evapotranspiration was computed via FAO-Penman 

Monteith method using CropWAT(8) model. 

 

Using graphic method, the length of growing period (the start and the likely end of the 

growing period) was determined on the basis of the values of monthly RF, reference 

evapotranspiration (ETO) and 0.5ETO. Values of these factors were plotted on a time axis 

for the middle of each month. The start of growing period and the end of the rains 

coincides with the time at which the lines of RF and 0.5ETO intersect, whereas the start and 

end of the humid period coincide with the time at which the lines representing the 

evolution of RF and ETO intersect. The end of the growing period was determined by the 

number of days that were required to consume 100 mm of water since the likely end of the 

rains based on an estimated rate of evapotranspiration in the following dry period or month 

(Sys et al., 1991a). 
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Table 5.2. Agronomic characteristics of test crops/tree used for land evaluation in Galessa 

Watershed, central Ethiopian highlands 

Crop/tree 

species 

Variety 

 

Growth/rotation 

cycle 

 

Adaptation areas
†
 

Altitude  

(m.a.s.l) 

Rainfall  

(mm) 

Food 

barley 

 

Baleme* 130 days 2200-2800 700-1000 

HB-1307 (EH-1700/F71. B1.63)
**

 137 days 2000-3000 700-1000 

Irish potato Menagesha 140 days >2400 Sufficient  

Jalenie 120 days 1600-2800 Sufficient 

Gudanie (CIP- 386423.13)
**

 120 days 1600-2800 Sufficient 

Eucalyptus 

globulus 

- 5-7 years
***

 1400-3500 600-1500 

Sources: Lakew and Assefa, 2011; Muluneh, 2011; HARC, Potato production guidelines 

DMA= Days to maturity (only for annual crops) 
*
A landrace, farmer‘s variety commonly grown in west Shewa, central Ethiopian highlands, 

**
Improved 

varieties 

***Short rotation cycle and mainly used for pole and construction 

 

5.2.2.3. Land utilization types and their requirements 

 

In Galessa Watershed representing tepid-cool highlands of Ethiopia, existing land uses 

including rainfed crop production dominated by barley and potato, grazing land and 

plantation were considered for land suitability evaluation. To this end, commonly grown 

barley varieties Baleme (local variety) and HB-1307 (improved), and potato varieties viz. 

Menagesha, Jalenie and Gudanie were selected for land suitability evaluation (Table 5.2). 

Moreover, existing pasture and PLN uses were also considered for land evaluation. In PLN 

use, Eucalyptus globulus, widely grown species was selected. The requirements of each 

land utilization types were reviewed from different scientific publications and reports 

(FAO, 1976, 1984, 1991; FAO /UNDP, 1984b; Sys et al., 1991a, b; Sys et al., 1993; 

Harper et al., 2008; Costantini, 2009). 

 

5.2.3. Land Suitability Evaluation 
 

Land suitability evaluation was carried out on the basis of FAO framework (FAO, 1976, 

1983, 1984, 2007). Simple or maximum limitation method which involves matching the 

land use with the climate and land characteristics or qualities, was used to determine the 

overall suitability class of the land units for the proposed land uses (FAO, 1983). In this 

method, the most limiting land characteristic or quality determines the overall suitability 
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class of the land units. Finally, suitability maps of the study site were developed using 

ArcGIS. 

 

5.3. RESULTS AND DISCUSSION 

 

5.3.1. Climatic Resources: Rainfall, temperature and length of growing period 
 

Analysis of climatic variables (RF, temperature, WS, RH and SSH) is presented in Figures 

5.2 and 5.3. Generally, the study site is characterized by high RF (1445mm), temperate 

climate (mean temperature of 12
o
C), and low to moderate SSH (105-216 hours) and 

moderate RH (66%) during the growing period. Rainfall is the only source of water for 

rainfed based agriculture practiced in the study site. Hence, moisture availability is tied to 

the amount of RF during the growing period. As indicated above, the area is among those 

receiving high RF. However, the RF is variable both over months (CV= 94%) and years 

(CV= 10%). High coefficient of variability (CV %) seen across months was due to high 

variability in RF among days of drier months. The RF distribution at the study site 

accounts for prevailing distinct dry and wet seasons, in fact affecting some agricultural 

sectors such livestock and plantations. 

 

In respect to the growing period, mean annual RF may not reflect the moisture conditions 

in the soil. Hence, monthly distribution and estimated ETo using CROPWAT 8.0 on the 

basis of local temperature, RH, WS and SSH were taken into account and used for 

determination of the start and end of growing period. Using graphic determination method 

(FAO, 2007; Sys et al., 1993) soil moisture was found to be adequate for plant growth 

during periods between 10
th

 April and 25
th

 October (Figure 5.3). However, the LGP is 

expected to extend for some days due to assumed moisture stored in the soil (100 mm). 

Simple water balance calculation based on mean ETO in month/s after the end of rains (ETo 

of 3.4 mm for days in October and 3.6 mm for days in November) shows an additional 

growing periods of 28 days that stretch up to 23
rd

 of November. Overall, the length of the 

growing period adds up to 224 days. In relation to the growing period, sowing date is an 

important aspect of rainfed crop production. Despite early sowing is advised, it is often 

recommended to start sowing in the first decade that receives RF amount of 30 mm (Sys et 

al., 1993). Accordingly, first decades of April which receives RF of more than 30 mm is 

the start of sowing period for Galessa area. In fact, farmers‘ plant potato in backyards 

during this period for consumption during the wet season (July - September), until summer 
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main produce grown outfield matures (early October). This shows the validity of farmers‘ 

indigenous knowledge in crop husbandry. 

 

Figure 5.2 provides mean monthly minimum, mean monthly maximum and mean monthly 

temperature of the study site. Minimum temperature ranges from 3.4 - 5.1
o
C with an 

average of 4.4
o
C (below the threshold for plant growth (6

o
C), Körner, 2006) during the 

growing period. The lower temperature was occurred in July and October while the higher 

values were in April and May. Maximum temperature ranges from 18.6 to 21.3
o
C. Overall, 

mean temperature during the growing period was 12
o
C. Relatively, minimum temperature 

was highly variable with 17 percent of monthly coefficient of variability (CV%) compared 

to maximum temperature (CV= 5%). 

 

Table 5.3. Climatic characteristics of Galessa area, central Ethiopian highlands 

Climatic Characteristics Unit Amount 

Mean temp. during the growing period  
o
C 12 

Rainfall during the growing period   mm 1290 

Length of growing period  Day 224 
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Figure 5.1. Mean monthly minimum and maximum temperatures, sunshine hour 

(SSH), humidity (HUM) and wind speed (WS) in Galessa Watershed. 
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Figure 5.2. Graphic determination showing length of growing period in Galessa 

Watershed, central Ethiopian highlands. 

 

5.3.2. Land Resources 

 

5.3.2.1. Land mapping units, land characteristics and soil classes 
 

The detail of landscape and soil characteristics of LMU classified in Galessa Watershed is 

presented in Table 5.6. Land mapping unit one (LMU-1) that covers five percent of the 

total area represents gentle to flat areas in the southeastern section of the watershed 

adjacent to the outlet (Figure 5.3a). The soils in this land unit are shallow to fairly deep; 

imperfect to poorly drained; brown (7.5 YR 4/4) to strong brown (7.5 YR 2.5/2, dry), and 

yellowish red (5 YR 4/6) to very dark brown (7.5 YR 2.5/2, moist) silty clay loam with the 

characteristics weak, granular, slightly hard (dry); very friable, slightly sticky to sticky and 

slightly plastic when moist. It is developed from colluvial materials washed from adjacent 

plateaus. The soils in this land unit are extremely acidic (pH= 4.4); very low in available P 

(4.1 ppm), EC (0.3 ds/m) and exchangeable Na
+
 (0.2 cmol(+) kg

-1
); low in OC (2.7%); 

moderate in exchangeable Mg
2+

 (1.7 cmol(+) kg
-1

); and moderate in TN (0.2%) and 

exchangeable K
+
 (0.2 cmol(+) kg

-1
), exchangeable Ca

2+
 (22 cmol(+) kg

-1
) contents. In 

general, drainage and severe soil acidity are soil related factors that limit agricultural 

potential of this land unit. According to WRB (2014), the soils in this land unit is 

characterized as Endoleptic Luvisols. 
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Land mapping unit two (LMU-2) covers 24 percent of the total area of the watershed and 

dominated by moderately steep hillsides (slope 15-30%) associated with remarkable steep 

slope (>30%) areas compared to other land units (Table 5.4). This land represents the areas 

in the foot slope positions of the landscape in the watershed, mainly used for crop 

production and some areas in the lower ends for grazing. Although this land unit has very 

deep soils in most cases, these areas are highly vulnerable to soil erosion. The soils are 

very deep; well drained; dark reddish brown (5 YR 3/3) to yellowish brown (10 YR 5/4, 

dry) and dark reddish brown (5 YR 3/3) to dark brown (7.5 YR 3/3, moist) silty clay with 

the characteristics week to moderate granular structure, slightly hard (dry), very friable, 

slightly sticky to sticky and plastic when moist. Chemically, the soils are extremely acidic 

(pH (H2O)= 4); very low in EC (0.2 ds/m) and exchangeable Na
+
 (0.15 cmol(+) kg

-1
); low 

in OC (3.4%), available P (4.6 ppm) and exchangeable K
+
 (0.25 cmol(+) kg

-1
) and Mg

2+
 

(1.2 cmol(+) kg
-1

); high in TN (0.3%) and exchangeable Ca
2+

 (12.9 cmol(+) kg
-1

) contents. 

Rock fragments are common and affect agricultural potential of this land unit, together 

with moderate to steep topography. The soils in most areas of this land unit qualify to 

Haplic Luvisoils in association with Endoleptic Luvisols in lower ends. 

 

Land mapping unit three (LMU-3) describes the middle slope positions of the landscape in 

the watershed and covers 42 percent of the total area and predominantly used for crop 

production. Most settlements are found in this land unit followed by LMU-4. This is the 

largest section of the watershed characterized by moderately steep land form (Figure 5.3a). 

The soils are very deep; moderate to well drained; yellowish red (5YR 4/6) to light reddish 

brown (7.5 YR 6/4, dry) and red (2.5YR 4/6) to brown (7.5YR 5/4, moist) silty clay with 

the characteristics, weak to moderate, slightly hard (dry), friable to very friable, slightly 

sticky to sticky, and slightly plastic to plastic when moist. Based on critical soil fertility 

levels (refer Table 3.3 in chapter three for ratings of soil nutrients), the soils in this land 

unit are very strongly acidic (pH= 4.7); low in OC (2.4%), electrical conductivity (0.22 

ds/m) and exchangeable Na
+
 (0.3 cmol(+) kg

-1
); moderate in available P (9.7 ppm), 

exchangeable K
+
 (0.5 cmol(+) kg

-1
), exchangeable Mg

2+
 (2.3 cmol(+) kg

-1
) and CEC (24.2 

cmol(+) kg
-1

; and high inTN (0.3%), Ca
2+

 (15 cmol(+) kg
-1

) contents. The soil under this 

land unit is also Haplic Luvisols. 
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Figure 5.3. Land mapping units (a), land use and land cover (b) and slope distribution (c) in Galessa Watershed, central Ethiopian highland. 
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Land mapping unit four (LMU-4) is sub-flat to undulating upper plateau of hills extending 

from northwestern to southwestern, and some areas in the northeastern sections of the 

watershed that covers 29 percent of the total areas in the watershed. This land unit is also 

mainly used for cultivation. Soils of the LMU-4 are classified as Haplic Luvisols (WRB, 

2014). The soils in this land unit are very deep; well drained; reddish brown (5 YR 4/4) to 

yellowish brown (10 YR 5/4, dry) and dark reddish brown (5YR 3/2) to brown (7.5YR 4/4, 

moist) silty clay with characteristics granular, slightly hard (dry); very friable (moist), 

slightly sticky to sticky and slightly plastic to very plastic when moist. Surface rock 

fragments (stones and boulders) in some areas of southwestern and northeastern sections of 

the watershed (Figure 5.4) limits its agricultural potential. The soils in LMU-4 are very 

strongly acidic (pH= 4.5), low in electrical conductivity (0.24 ds m
-1

), in OC (2.8%) and 

Na
+
 (0.3); moderate available in P (10 ppm), K

+
 (0.4 cmol(+) kg

-1
), Mg

2+
 (2.2 cmol(+)kg

-1); 

and high in TN (0.3%), Ca
2+

 (14.6 cmol(+) kg
-1

) and CEC (27.1 cmol(+) kg
-1

). According 

to WRB (2014), soils in this land unit also qualify for Haplic Luvisols. 

 

Table 5.4. Slope classes distribution over land mapping units 

Land Mapping Unit 
Slope class 

<5 % 5-10 % 10-15% 15-30% >30% 

1 (Toe slope) 45 19 17 18 1 

2 (Foot slope) 4 12 15 51 17 

3 (Middle slope) 11 20 22 44 3 

4 (Summit) 16 26 17 38 3 

Slope class (WRB, 2014):<5%= Flat to gentle sloping; 5-10%= Sloping; 10-15%= Strongly sloping; 15-

30%= Moderately steep; >30%= Steep 

 

5.3.2.2. Land utilization types and their requirements: climatic and soil requirements 
 

Climatic and soil requirements of the selected land utilization types (selected crops, tree 

and PSL) reviewed from different sources (publications) are presented in Appendix Tables 

2, 3, 4 and 5. Galessa area represents the tepid-cool high altitude areas in the Ethiopian 

highlands, where only few crops are adapted to its climatic and edaphic conditions. As 

indicated in Table 5.5, CL covers 76 percent of the total area in the watershed on which 

barley (Hordeum vulgare L.) and potato (Solanum tuberosum L.) are widely grown. 

Plantation dominated by Eucalyptus globulus is the second most land occupant covering 13 

percent of the total area. Currently, this tree gained acceptance as an economic crop by 

smallholder farmers and its expansion into other land uses is very rapid. Despite, livestock 
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is an integral part of the farming system; only nine percent of the total area in the 

watershed is allocated for grazing. The special distribution of these land utilization types is 

indicated in Figure 5.3b. Climatic and landscape/soil requirements of each proposed land 

utilization types are organized as follow. 

 

Barley is one of the dominant crops growing in the high altitude areas of Ethiopia (Bayeh 

and Berhane, 2011). Ethiopia being the center of diversity for barley (Harlan, 1968), it 

grows in a wide range of agro-climatic regions. Barley grows best in areas with average 

temperature of 15-20
o
C and requires chilling for flowering. However, mean temperature 

below 10
o
C and above 40

o
C during the growing period are reported to severely affect its 

growth and yield. A RF of 300-1100 mm/growing cycle is optimal. The crop prefers deep 

(1.5-2 m), well drained, warm and medium texture soils (Sys et al., 1993). Barley is not 

tolerant to waterlogging (Sys et al., 1993), and also most sensitive to soil acidity (Hailu 

and Getachew, 2011). It tolerates pH ranges of 5.5-8.8, but best grow in ranges between 

6.2 and 8. Barley can tolerate higher level of soil salinity than most other crops (Bayeh and 

Berhane, 2011), and no yield reduction occur at an electrical conductivity (EC) of less than 

8 ds/m (Sys et al., 1993). It is a low input crop, particularly the landrace genotypes, which 

can grow on diverse conditions of soil fertility (Appendix Table 2). 

 

Table 5.5. Land use and land cover types in Galessa Watershed 

Land Use Area 

(ha) 

Area 

(%) 

Cultivated land 216 76 

Forestland 0 0 

Pastureland 26 9 

Plantation 37 13 

Settlement 4 2 

Total 282 100 

 

Potato is the second major crop growing in Galessa and the surrounding cool areas in the 

central Ethiopian highlands. Since mid-1990s, following introductions of improved 

varieties and husbandry (disease control), potato production has been growing and now 

become an important economic crop. Although, potato grows in a wide temperature range 

of 5-30 
o
C, optimal growth requires temperature of 16-20 

o
C. Temperatures below 10 

o
C 
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and above 27 
o
C inhibit tuberization and hence yield (Vreugdenhil and Sergeeva, 1999; 

Struik, 2007). It is susceptible to frost and hail damages (Blanks and Horne, 1993; Sys et 

al., 1993; Costantini, 2009; FAO, 2009). Rainfall of 300-700 mm/growing cycle is 

required for potato production. For best yield, a 120-150 days crop requires RF of 500-700 

mm/growing cycle (FAO, 2009). Although potato can grow on fine sand to clay 

(Kaolinitic) texture soils, naturally loose viz. loamy, sandy loam, clay loam, silty loam, 

sandy loam, sandy clay loam and silicate clay loam rich in organic matter, good drainage, 

aeration and moderately deep (0.5-1m) to deep (>1m) soils are most suitable (Sys et al., 

1993; Costantini, 2009; FAO, 2009). Potato is not tolerant to flooding. It can grow in a pH 

range of 4.8-8.2, while a pH range of 5.6-7 is optimum. Compared to barley potato is more 

tolerant to high soil acidity. However, it is moderately sensitive to salinity, and EC below 

1.7 ds m
-1

 is required for best growth (Appendix Table 2). Overall, potato requires a 

moderate to high soil fertility, and soils rich in organic matter.  

 

Table 5.6. Landscape/soil characteristics of land mapping units (LMU) in Galessa 

Watershed, central Ethiopian highlands 

LANDSCAPE/SOIL CHARACTERISTICS Land Mapping Units 

 LMU-1 LMU-2 LMU-3 LMU-4 
TOPOGRAPHY (t)     

Slope (%)
1
 <5 15-30 10-30 5-30 

Altitude (m.a.s.l) <2930 2930-2980 2980-3030 >3030 

WETNESS (w)     

Drainage P - I MW-W W W 

Flooding F0 F0 F0 F0 
SOIL PHYSICAL CHARACTERISTICS (s)     

Texture (USDA) SiCL SiC, C (< 60%) SiC SiC 

Effective depth (cm) 35-75 90-120 >120 >120 

Coarse fragments (%) 0-15 2- 40 0-15 2-15 
FERTILITY CHARACTERISTICS (f)     

pH (H2O 1:1.25) 4.3 4.2 4.5 4.2 

OC (%) 3.4 2.2 3.0 2.8 

TN (%) 0.2 0.4 0.3 0.3 

Available P (ppm) 3.6 4.8 6.3 10.5 

Sum of basic cations (cmol(+)/kg) 24.0 16.1 17.0 18.5 

ACEC (cmol(+)/kg) 83.4 61.8 46.0 45.6 

Percent base saturation (%) 70.0 61.0 70.0 76.0 

SALINITY (n)     

EC (ds/m) 0.3 0.2 0.2 0.2 
1
The dominant slope is taken as differentiation criteria in each LMU and used for suitability evaluation; P= 

Poorly drained; I= Imperfectly drained; MW= Moderately well drained; W= Well drained; F0= None; 

SiCL= Silty clay loam; SiC= Silty clay; C= Clay 
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Eucalyptus globulus is the most used species for plantation in cool zones of Ethiopian 

highlands (Muluneh, 2011; Birru et al., 2013). Much of the recent expansion at the study 

site is income oriented and grown in short rotations of about 5-7 years. Its coppicing ability 

(3-5 generations) and fast growth makes eucalyptus an attractive, paying and an easy crop 

for production by smallholder farmers. However, information on climatic and soil 

requirements of this tree species is generally scanty, and lacking in Ethiopia. Based on 

evidences from studies conducted elsewhere, Eucalyptus globulus is well adapted to high 

altitude areas (1800-2700 m.a.s.l) receiving RF of 700-2000 mm per year and have a 

temperature range of 12.5-25
o
C (FAO, 1984;Harper et al., 2008; FAO, 2011; Cerasoli et 

al., 2016). The main limiting factors to its growth are low depth, low water and nutrient 

supply, poor drainage, salinity and the presence of a high content of assimilable 

carbonates). Eucalyptus globulus grows a wide range of soils, but best on deep, moist (well 

drained) and fertile soils with a pH range of 6.3-6.8 (Appendix Table 4). This species is 

sensitive to the presence of nitrogen in the soil (FAO, 1993; Laffan, 1994). 

 

Livestock production as a unit of mixed agriculture is a vital contributor to household 

livelihood. Unfortunately, livestock sector is neglected relative to crops in many ways. 

Despite, declining contribution mainly due to abrupt land use changes in central Ethiopian 

highlands, yet native pasture is part of the land uses somehow contributing to livestock 

feed supply. In this specific section land suitability evaluation for native pasture is viewed 

only from the extent to which climate-soil units meet pasture production requirements. 

Like the case with Eucalyptus, information on climatic and edaphic requirements of 

pasture is lacking. Based on obtained information from studies conducted elsewhere, 

growth and performance of pasture species depends on climatic and soil factors. Despite 

pasture species (grasses and legumes) can grow in diverse agro-ecologies, species 

adaptable to cool environments grow well in areas receiving mean annual RF above 1000 

mm and mean annual temperature between 15 and 20 
o
C (FAO, 1991). Fertile, fairly deep 

to deep, moderate to well drained, medium and fine textured soils with pH ranges of 5.6-

6.5 is required for growth and productivity of pasture (van Gool et al., 2005; Baldaccini 

and Vacca, 2009; Amiri et al., 2011), see Appendix Table 5. 
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5.3.3. Suitability Evaluation 

 

5.3.3.1. Climatic suitability 

 

Temperature and RF and associated LGP used in the suitability evaluation for major land 

uses in Galessa Watershed are indicated in Table 5.3. Based on maximum limitation 

method developed by FAO (1976), the climate of the study site was moderately suitable 

for Eucalyptus and pasture; marginally suitable for barley and permanently unsuitable for 

potato production (Tables 5.7, 5.8, 5.9 and 5.10). For Eucalyptus globulus, average 

temperature of the study site (12
o
C, see Table 5.3) was below the requirement (15-20

o
C, 

see Appendix Table 4). Moreover, extended length of dry season (four continuous dry 

moths, Appendix Table 4) was also above the tolerance range (three months) for potential 

growth. Rainfed pasture production was limited by temperature below the requirement 

(12.5-20
o
C). The marginal suitability of climate for barley was due to extended LGP (224 

days) compared to the plant requirement (120-155), that can cause excess RF during the 

growing period. The amount of RF during the growing period (1290 mm) in the watershed 

was much in excess of the amount required by potato (300-700 mm/growing cycle, 

Appendix Table 3) and was unsuitable. Excessive RF is associated with diseases on potato 

(Sys et al., 1993). 

 

5.3.3.2. Landscape and soil suitability 
 

Landscape characteristics and soil properties under each LMU in the watershed are shown 

in Table 5.7. Slope, drainage conditions, soil fertility and salinity were parameters used for 

evaluation of land unit‘s fitness for proposed utilization types. Drainage and/or extreme 

soil acidity (pH= 4.2) of LMU-1 were the causes for its unsuitability for barley, potato, 

Eucalyptus and pasture production (Tables 5.8, 5.9, 5.10; Appendix Tables 2-5). Similarly 

soils under LMU-2 were also extremely acidic (pH= 4.3) and unsuitable for all 

aforementioned land utilization types. Moreover, moderate to steep slope topography was 

also limiting barley production in LMU-2 (Tables 5.7, 5.8; Appendix Table 2). Land 

mapping unit three was also unsuitable for barley, potato and eucalyptus production mainly 

due to apparent high soil acidity. Steep slope (>24%) was also a limiting factor for barley 

production in LMU-3. Unlike other land utilization types, natural pasture is relatively 

tolerant to strongly acidic soil conditions (pH= 4.5) and hence, LMU-3 was marginally 

suitable for its production. Soil texture (SiC) was also a limiting factor for pasture 

productivity. Land mapping unit four, extremely acidic, and partly moderate steep 
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topography (unsuitable for barley) was also unsuitable for all proposed land utilization 

types. 

 

5.3.3.3. Overall suitability 
 

Combined effect of climatic and soil/landscape suitability rating for proposed land 

utilization types shows the presence of severe limitations from climatic and/or soil factor 

depending on land utilization type. Land mapping unit one is currently unsuitable for 

production of barley, potato, eucalyptus and pasture. While both poor drainage and soil 

acidity were limiting barley production, eucalyptus and pasture productions were affected 

by soil acidity. In addition to soil acidity, available P in the soils was also a limiting factor 

for pasture productivity (Tables 5.7, 5.10; Appendix Table 5). Both topography (slope) and 

soil acidity were the causes for the unsuitability of LMU-2, 3 and 4 for barley production. 

Unsuitability of the study site (all land units) for potato production was particularly related 

to high RF during the growing cycle that normally associates with disease problem. 

Growth of eucalyptus in all land units and pasture production in LMU-1, 2 and 4 were 

most limited by soil acidity. Land mapping unit three that have relatively lower soil acidity 

(strongly acidic) was marginally suitable for pasture production in its current condition 

(Tables 5.7, 5.10; Figure 5.4). 

 

More efficient use of land needs assessment of ranges of climatic and soil limitations 

which affect the ability of land to support a given land utilization on a sustainable basis. 

Agriculture is essentially a man-made adjunct to natural ecosystems and, is weather and 

climate dependent (Wreford et al., 2010). Climatic variable such as temperature and RF 

affect a range of plants species in agricultural system in many ways (Viner et al., 2006; 

Körner, 2006; Hatfield and Prueger, 2015). Particularly, life is inevitably tied to certain 

temperature conditions. Low temperature, like the case Galessa areas limits a range of 

economically important crops to barley and potato. Soils and topography related 

limitations are also part of restraining factors of land for agricultural uses (German et al., 

2005). Overall, this study explored both climatic and/or soil/landscape factors to be 

limiting the potential of land to support major land uses (crop, tree, pasture) at varying 

level. Production limitations for land utilizations in Galessa watershed are related to 

excessive RF (potato), low average temperature, poor drainage (LMU-1 and few areas in 

LMU-3), topography and at most soil fertility problems. Of all, soil acidity is an acute 

fertility problem at the study site affecting land productivity.  
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Table 5.7. Summary of overall agro-ecological suitability of Galessa Watershed for rainfed crops (barley, 

potato), Eucalyptus globulus and pasture production 

LUT LMU 
Climatic 

suitability 

Landscape/soil 

suitability 

Overall  

suitability 

Overall 

Potential 

suitability 

Barley LMU-1 S3(l) N1(w,fa) N1(w,fa) S3(l) 

LMU-2 S3(l) N1(t,fa) N1(t,fa) S3(l) 

LMU-3 S3(l) N1(t,fa) N1(t,fa) S3(l) 

LMU-4 S3(l) N1(t,fa) N1 (t,fa) S3(l) 

Potato LMU-1 N2(r) N1(fa) N2(r) N2(r) 

LMU-2 N2(r) N1(s,fa) N2(r) N2(r) 

LMU-3 N2(r) N1(fa) N2(r) N2(r) 

LMU-4 N2(r) N1(fa) N2(r) N2(r) 

Eucalyptus LMU-1 S2(t
'
,d) N1(fa,p) N1(fa,p) S2(t

1
,d) 

LMU-2 S2(t
'
,d) N1(fa,p) N1(fa,p) S2(t

'
,d) 

LMU-3 S2(t
'
,d) N1(fa) N1(fa) S2(t

'
,d) 

LMU-4 S2(t
'
,d) N1(fa) N1(fa) S2(t

'
,d) 

Natural pasture LMU-1 S2(t
'
) N1(fa) N1(fa) S2(t

'
) 

LMU-2 S2(t
'
) N1(fa) N1(fa) S2(t

'
) 

LMU-3 S2(t
'
) S3(s,fa) S3(s,fa) S3(s) 

LMU-4 S2(t
'
) N1(fa) N1(fa) S2(t

'
) 

LUT= Land utilization type; LMU= Land Mapping Unit; S2= Moderately suitable; S3= Marginally suitable; N1= Currently 

unsuitable; N2= Permanently unsuitable 

 

Letters in parenthesis: 

Climate- l= Length of growing period; r= Rainfall; t'= Temperature; d= Duration of dry season; 

Landscape/soil- w= Wetness; fa= fertility problem due to acidity; t= Topography; s= Physical soil character; p= Phosphorus 
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Figure 5.4. Overall suitability map for rainfed pasture production in Galessa 

Watershed. 
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Table 5.8. Climatic, landscape/soil and overall suitability for rainfed crop production (barley, potato) in Galessa Watershed, central Ethiopia 

S1= Highly suitable; S2= Moderately suitable; S3= Marginally suitable; N1= Currently unsuitable; N2= Permanently unsuitable; l= Length of growing period; r= 

Rainfall; w= Wetness; fa= fertility problem due to acidity; t= Topography; s= Physical soil character; p= fertility problem due to phosphorus; P= Poorly drained; I= 

Imperfectly drained; M= Moderately drained; W= Well drained; F0= None; SiC= Silty clay; SiCL= Silty clay loam; C= Clay 

CLIMATE/LAND CHARACTERISTICS 

Suitability Class of Land Mapping Units 

LMU-1 LMU-2 LMU-3 LMU-4 

Factor 

value 

Barley Potato Factor 

value 

Barley Potato Factor 

value 

Barley Potato Factor 

value  

Barley Potato 

CLIMATE CHARACTERISTICS (c)             

Mean temp. during the growing period (
o
C)  12 S2 S2 12 S2 S2 12 S2 S2 12 S2 S2 

Rainfall during the growing period (mm)      1290 S2 N2 1290 S2 N2 1290 S2 N2 1290 S2 N2 

Length of growing period (day)                     224 S3 S1 224 S3 S1 224 S3 S1 224 S3 S1 

LAND CHARACTERISTICS              

TOPOGRAPHY (t)             

Slope (%) <5 S1 S1 15-30 N1 S2 10-30 N1 S2 5-30 N1 S2 

WETNESS (w)             

Flooding F0 S1 S1 F0 S1 S1 F0 S1 S1 F0 S1 S1 

Drainage I-P N1 S3 W S1 S1 M-W S1 S1 W S1 S1 

PHYSICAL SOIL CHARACTERISTICS (s)             
Texture SiCL S1 S1 SiC, 

C<60% 

S1 S2 SiC S1 S2 SiC S1 S2 

Coarse fragment (vol%) 0-15 S1 S2 2-40 S3 N1 0-15 S1 S2 2-15 S1 S2 

Soil depth (cm) 35-75 S2 S3 90-120 S1 S2 >120 S1 S1 >120 S1 S1 

SOIL FERTILITY CHARACTERISTICS (f)             

pH (H20 1:2.5)                                         4.3 N1 N1 4.2 N1 N1 4.5 N1 N1 4.2 N1 N1 

Available phosphorus (ppm) 3.6 S3 S3 4.8 S3 S3 6.3 S2 S3 10.5 S2 S2 

Total nitrogen (%) 0.2 S1 S1 0.4 S1 S1 0.3 S1 S1 0.3 S1 S1 

Organic carbon (%) 3.4 S1 S1 2.2 S1 S1 3.0 S1 S1 2.8 S1 S1 

ACEC (cmol(+)/kg 83.4 S1 S1 61.8 S1 S1 46.0 S1 S1 45.6 S1 S1 

Base saturation 70.0 S1 S1 61.0 S1 S1 70.0 S1 S1 76.0 S1 S1 
Sum of basic cations (cmol(+)/kg 24.0 S1 S1 16.1 S1 S1 17.0 S1 S1 18.5 S1 S1 

Climatic suitability  S3(l) N2(r)  S3(l) N2(r)  S3(l) N2(r)  S3(l) N2(r) 

Soil and landscape suitability  N1(w,fa) N1(fa)  N1(t,fa) N1(s,fa)  N1(t,fa) N1(fa)  N1(t,fa) N1(fa) 

Overall suitability  N1(w,fa) N2(r)  N1(t,fa) N2(r)  N1(t,fa) N2(r)  N1 (t,fa) N2(r) 
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Table 5.9. Climatic, landscape/soil and overall suitability for Eucalyptus globulus ssp. globulus in Galessa Watershed, central Ethiopian 

highland 

S1= Highly suitable; S2= Moderately suitable; S3= Marginally suitable; N1= Currently unsuitable; N2= Permanently unsuitable; l= Length of growing period; r= Rainfall; 

d= Duration of dry season; w= Wetness; fa= fertility problem due to acidity; t'= Temperature; t= Topography; s= Physical soil character; p= Fertility problem due to 

phosphorus; P= Poorly drained; I= Imperfectly drained; M= Moderately drained; W= Well drained; F0= None; SiC= Silty clay; SiCL= Silty clay loam 

CLIMATE/LAND CHARACTERISTICS 

Suitability Class of Land Mapping Units 

LMU-1 LMU-2 LMU-3 LMU-4 

Factor 

value  

Suit. 

Class 

Factor 

value 

Suit.  

Class 

Factor 

value 

Suit. 

Class 

Factor 

value 

Suit. 

Class 
CLIMATE CHARACTERISTICS (c)         

Mean temp. during the growing period (
o
C)  12 S2 12 S2 12 S2 12 S2 

Rainfall during the growing period (mm)      1290 S1 1290 S1 1290 S1 1290 S1 
Dry season length (months)                     4 S2 4 S2 4 S2 4 S2 

LAND CHARACTERISTICS          
TOPOGRAPHY (t)         

Slope (%) <5 S1 15-30 S2 

n 

10-30 S2 5-30 S2 
WETNESS (w)         

Flooding F0 S1 F0 S1 F0 S1 F0 S1 
Drainage I-P S3 W S1 M-W S1 W S1 

PHYSICAL SOIL CHARACTERISTICS (s)         
Texture SiCL S1 SiC, 

C<60% 

S2 SiC S2 SiC S2 
Coarse fragment (vol%) 0-15 S2 2-40 S3 0-15 S2 2-15 S2 
Soil depth (cm) 35-75 S3 90-120 S1 >120 S1 >120 S1 

SOIL FERTILITY CHARACTERISTICS (f)         
pH (H20 1:2.5)                                         4.3 N1 4.2 N1 4.5 N1 4.2 N1 
Available phosphorus (ppm) 3.6 S3 4.8 S3 6.3 S3 10.5 S2 
Total nitrogen (%) 0.2 S2 0.4 S1 0.3 S2 0.3 S2 
Organic carbon (%) 3.4 S1 2.2 S2 3.0 S2 2.8 S2 
ACEC (cmol(+)/kg 83.4 S1 61.8 S1 46.0 S1 45.6 S1 
Base saturation 70.0 S2 61.0 S2 70.0 S2 76.0 S1 

Climatic suitability  S2(t',d)  S2(t',d)  S2(t',d)  S2(t,d) 
Soil and landscape suitability  N1(fa)  N1(fa)  N1(fa)  N1(fa) 

Overall suitability  N1(fa)  N1(fa)  N1(fa)  N1(fa) 
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Table 5.10. Climatic, landscape/soil and overall suitability for natural pasture production in Galessa Watershed, central Ethiopian highland 

S1= Highly suitable; S2= Moderately suitable; S3= Marginally suitable; N1= Currently unsuitable; N2= Permanently unsuitable; fa= Fertility problem due to acidity; t'= 

Temperature; s= Physical soil character; fp= Fertility problem due to phosphorus; P= Poorly drained; I= Imperfectly drained; W= Well drained; F0= None; SiC= Silty 

clay; C= Clay 

CLIMATE/LAND CHARACTERISTICS 

Suitability Class of Land Mapping Units 

LMU-1 LMU-2 LMU-3 LMU-4 

Factor 

value  

Suit. 

Class 

Factor value Suit. 

Class 

Factor 

value 

Suit. 

Class 

Factor 

value 

Suit. 

Class 
CLIMATE CHARACTERISTICS         

Mean temp. during the growing period (
o
C)  12 S2 12 S2 12 S2 12 S2 

Mean annual rainfall (mm)      1290 S1 1290 S1 1290 S1 1290 S1 

Length of growing period (day)                     224 S1 224 S1 224 S1 224 S1 

LAND CHARACTERISTICS          

TOPOGRAPHY (t)         

Slope (%) <5 S1 15-30 S3 10-30 S2 5-30 S2 

WETNESS (w)         

Drainage I-P S3 W S1 W S1 W S1 

PHYSICAL SOIL CHARACTERISTICS (s)          

Texture SiCL S2 SiC, C<60% S3 SiC S3 SiC S3 

Coarse fragment (vol%) 0-15 S1 2-40 S3 0-15 S1 2-15 S1 

Soil depth (cm) 35-75 S2 90-120 S1 >120 S1 >120 S1 

SOIL FERTILITY CHARACTERISTICS (f)         

pH (H20 1:2.5)                                         4.3 N1 4.2 N1 4.5 S3 4.2 N1 

Available phosphorus (ppm) 3.6 N1 4.8 N1 6.3 S3 10.5 S2 

Organic carbon (%) 3.4 S1 2.2 S2 3.0 S2 2.8 S2 

Base saturation 70.0 S1 61.0 S1 70.0 S1 76.0 S1 

Climatic suitability  S2(t')  S2(t')  S2(t')  S2(t') 

Soil and landscape suitability  N1(fa,p)  N1(fa,p)  S3(s,fa)  N1(fa) 

Overall suitability  N1(fa,p)  N1(fa,p)  S3(s,fa)  N1(fa) 
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5.4. CONCLUSION 
 

Inventory of climatic and land resources in Galessa Watershed revealed that, low 

temperature, excessive RF during the growing season and associated longer growing 

period are problems limiting not only ranges of adapted crops, but also their productivity 

under rainfed conditions. Particularly, the evaluation showed non-viability of potato and 

barley production, crops to which smallholder livelihood is currently tied. Particularly, due 

to late blight, potato production is impossible without fungicide application (Mesfin and 

Gebremedhin, 2007; Abebe et al., 2016).Poor drainage in toe slope position, and 

topography (slope) in most areas of the watershed are also important topographic factors 

that lowered agricultural performance of the land. Soil acidity was a critical problem that 

posed an overwhelming impact on land productivity. Overall, the study site is unsuitable 

for the selected land utilization types including barley, potato, eucalyptus and natural 

pasture, with the exception of LMU-3, marginally suitable for natural pasture production.  

 

From management point of view, much cannot be done with climatic factors. However, 

with sound land use and land management options the potential of land productivity can be 

improved. Barley production can be improved to marginal level with managements of 

drainage in LMU-1; topography in LMUs 2, 3 and 4; and fertility problem due to soil 

acidity in all LMUs. From production per se land units in Galessa watershed can be 

moderately suitable for eucalyptus with fertility management (soil acidity in all LMUs and 

additionally phosphorus in LMU 3 and 4). Similarly, LMU 1, 2 and 4 can be moderately 

suitable for natural pasture production through improving the acidity of the soil. Any 

intervention aimed to improve agricultural production at the study site should first consider 

soil acidity. Measures which include lime application and developing/introducing acid 

tolerant crops should be part of development programs. Prevalence of moderate to steep 

land forms in the watershed also necessitates soil conservation and reclamation measures 

(physical and biological).  
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6. A CHARACTERIZATION OF HOUSEHOLDS AND LOCAL 

INFRASTRUCTURES IN COMMUNITIES UNDER LAND 

DEGRADATION THREAT IN THE CENTRAL ETHIOPIAN 

HIGHLANDS 
 

ABSTRACT 
 

This study characterized the demographic and socio-economic structures of communities, and 

infrastructure/service development in a hilly-mountainous area of the central Ethiopian highlands that are 

perceived to be under threat of land degradation. The state of rural infrastructure development, institutional 

services, and farmers‘ perceptions of socio-economic, infrastructure, and policy related issues were also 

assessed. A household survey was carried out by random sampling from households in the top, middle, and 

bottom slopes within the landscape. A total of 150 households (HHs) were interviewed. Seven farmers‘ 

groups (representing seven peasant associations) and two expert groups were also interviewed. The study 

revealed an average family size of 8 persons in the community that is higher than the average family size 

(4.8) reported for rural areas of West Shewa Zone in 2011. Labor profile showed that households are 

dominated (54%) by young persons (aged between 1 and 15), while economically active individuals (aged 

between 16 and 60) constitute 48 percent of the family members. Heads of the HH‘s level of education was 

generally found to be very low. Of the total respondents only four percent achieved a high school level (9-

10
th

 grade) education. The livelihood of people in the study area mainly depends on agriculture. However, 

land shortage (56% of HHs landholding less than 1.5 ha) is seen to be the critical problem for agricultural 

production and livelihood of the local people. Out of the total respondents, six percent of the HHs gained 

land informally through indigenous allocation systems (gift, inheritance and contract). This may be one of the 

causes of the high levels of land fragmentation observed (average number of plots per HH of 3.7 and average 

distance of 1.6 km to access plots). Age of HH head and the area of landholdings were positively correlated. 

Despite being a controversial issue, the public ownership land policy, which allows only customary use-right 

for the people, was considered useful by 86 percent of the respondents. Tenure security also was not a 

concern for most respondents (81%) and did not affect their willingness to invest in land (95%). 

Infrastructure development (road, safe drinking water, and electricity) was generally found to be poor. 

Despite some limitations, introduction of credit service institutions in the area has been making a significant 

contribution to agricultural development. The results of the study indicate a critical need for action with 

regard to family planning, basic infrastructures development, and off-farm employment opportunities besides 

providing land tenure security. 

 

Keywords: community characterization, landholding, infrastructure/institution, highlands, land security 

 

6.1. INTRODUCTION 
 

In Ethiopia, the highlands (classified as areas above 1500 meters above sea level make up 

almost half of the total land area (43%) and host 88 percent of the population and 86 

percent of the country‘s livestock (Aklilu et al., 2007). More than 90 percent of the 

country‘s economic activities are concentrated in the highlands (Genanew and Mekonnen, 

2010; Muluneh et al. 2014). It has been estimated that 95 percent of the regularly CL are 

found in the highlands (Sonneveld and Keyzer, 2003). Subsistence agriculture, the 

mainstay of more than 85 percent of the population and contributor of about half of the 

country‘s GDP and 90 percent export earnings, hardly keeps pace with the population 

growth (Bekele and Drake, 2003).It is becoming evident that accesses to lands which are 

moderately or well suited to agriculture have reached the limit in the highlands due to 
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persistent growth of population (Mitiku et al., 2006). This increasing population pressure 

on limited land resources is driving land degradation into a position where it became a 

persistently increasing threat and cause for declining land productivity in many parts of 

Ethiopia (Tilahun et al., 2001; Nyssen et al., 2004; Gebreyesus and Kirubel, 2009). 

 

Land degradation is a complex process, which is not an outcome of a single factor but 

results from interacting human (demography, economy, technology, policy/institutions, 

and culture)and biophysical factors (type of soils, relief and climate) (Esser et al., 2002; 

Daba, 2003). These causes of land degradation are generally grouped into proximate and 

underlying factors which interact and result in different levels of land degradation (Nkonya 

et al., 2016). Proximate causes are factors that directly affect the terrestrial ecosystem 

whereas the underlying factors are indirect but influence the proximate causes of land 

degradation. Underlying factors include demographic, economic, technological, 

institutional, and cultural factors, whereas proximate causes of land degradation are related 

to biophysical (natural) and inappropriate agricultural activities (anthropogenic). 

Worldwide, proximate causes and impacts of land degradation are well understood. 

Despite understanding the importance of the problem and introduction of large arrays of 

soil conservation technologies, successes in reversing land degradation in Ethiopia have 

been limited (Bekele and Holden, 1999; Yeraswork, 2000; Tesfaye, 2003). Among other 

factors, this is attributed to failure to link appraisals of different soil conservation 

technologies to socio-economic situations, market, infrastructure, institutions and services, 

and socio-cultural structures which are highly site specific (Bekele and Holden, 1998; 

Mitiku et al., 2006). 

 

Giving emphasis to technical solutions while neglecting socio-economic constraints has 

compromised the outcomes of most conservation campaigns made in Ethiopia. Several 

empirical evidences have confirmed that, combating the problem of land degradation is not 

merely a technical matter or imposition of legislation on smallholder farmers, but needs 

understanding the socio-economic aspects of the community at local level and matching to 

the national policy (Anley et al., 2007). Socio-economic drivers have a strong influence on 

farmer‘s choice of production methods and land management practices (Bekele and 

Holden, 1998; Wiebe, 2003). This leads to the conclusion that severity of land degradation 

depends on a complex interaction between biophysical and socio-economic factors. In 

specific, this survey work was designed to characterize communities living in hilly-



148 

 

mountainous central Ethiopian highlands under threat of land degradation with emphasis 

on the demographic, socio-economic indicators, infrastructure development, and 

policy/institutional services provision endeavors. 

 

6.2. MATERIALS AND METHODS 
 

6.2.1. Study Site 
 

The study was carried out in seven peasant associations (PAs) of two Weredas (districts) 

(Dendi and Jeldu), West-Shewa Zone, Oromia National Regional State, Ethiopia (Figure 

6.1). Geographically, it covers the areas between 9
o
 04' 00" - 9

o
 14' 00" N and 38

o
 05' 00" – 

38
o
 13' 30" E, and an altitude range between 2700 and 3100 meter above sea level. 

 

Figure 6.1.Map of the study area. 

 

6.2.2. Survey Approach 
 

The survey was conducted to characterize the demographic and socio-economic status of 

households in the study communities and the infrastructure development and 

policy/institutional support services in Galessa Watershed and the surrounding hilly-

mountainous areas under threat of land degradation in the central highlands of Ethiopia. A 

single visit (farm-level) survey method (ILCA, 1990) was employed. A structured and pre-

tested questionnaire was administered to 150 households (HHs) taken randomly from 

seven peasant associations (PAs). Households located at the top, middle, and bottom of 
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slopes were included in the sampling scheme. Demographic structure, education, 

landholding and farming characteristics, perceptions of land tenure security, infrastructure 

development, and institutional services that affect farmer‘s decision on method of 

production and land management practices were elaborated in the questionnaires. 

 

The majority of interviews were conducted at interviewees‘ homesteads with others held at 

farmers training centers (FTC). Each respondent was informed about the purpose of the 

survey before starting the interview to develop his/her trust in the work. Group discussions 

were also held with elders in each locality to gain an insight into historical farming systems 

and system dynamics in relation to population. The rationale for obtaining information 

from different sources on the same issue was to triangulate and augment observations for 

improved accuracy and credibility of the conclusions. Relevant secondary data (AHI 

project activities, districts office of agriculture) was also accessed. 

 

Statistical Analysis 

 

Data generated were analyzed using the Statistical Package for Social Sciences (SPSS, 

16.0). Based on the type of measurements of the variables involved, i.e., the nominal, 

ordinal and scale levels, the statistical analysis included descriptive statistics (frequencies, 

means, standard deviation, graphs, cross-tabulations); Pearson correlation; and non-

parametric statistics (chi-square test). 

 

6.3. RESULTS AND DISCUSSION 

 

6.3.1. Demographic Structures and Characteristics 

 

6.3.1.1. Age, family size, labor, and housing condition 
 

The average age of the respondents involved in the study was 46 years with minimum and 

maximum ages of 22 and 79 respectively (Table 6.1). Family sizes ranged from 3 to 25 

persons with an average of about eight persons. Family members in the age classes 1 to 15 

and above 60 years accounted for 54 percent and four percent of the average HH family 

sizes respectively. These age groups are considered as economically inactive and 

dependent on economically active family members. In the rural areas these groups usually 

participate in less laborious activities such as livestock herding and child caring. 
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Economically active groups that contribute labor to HH activities constitute an average of 

three persons per HH (43% of HH members). These HH members are the crucial source of 

labor and have varying degrees of entitlement and responsibility within the HH livelihood 

strategy that are often dictated by the head of the HH. Age of the HH head was found to be 

related to education level, resource endowment, and fertilizer use. Age of household head 

was negatively correlated with education and amount of fertilizer (DAP) utilized. 

However, area of total landholdings and area of land utilized for grazing were positively 

correlated with the age of households. 

 

Taking the average HH size (8 persons HH
-1

) and the average landholding of a HH (1.8 

ha), the per capita landholding was found to be 0.2 ha. In respect to landholding situation 

and economically active family members (43%), labor availability appeared to be adequate 

to implement agricultural activities in integration with natural resources conservation 

practices. However, explicit interview and focus group discussions indicated labor shortage 

to be one of the limitations to undertaking natural resource conservation activities, 

particularly introduced soil and water conservation practices (SWC). This difficulty was 

highlighted by 36 percent of the respondents who rated the SWC technologies as a labor-

intensive task (unpublished data). Only 36 percent of the respondents considered labor 

demand of SWC as low, and then only if a community based approach is employed. The 

controversial issue was that efforts to introduce SWC measures did not move beyond 

positive outlook by the smallholders in the study areas and most other parts of the central 

highlands in Ethiopia. However, their refusal to adopt SWC technologies/innovations or at 

least maintain already established structures on their farms was difficult to explain. 

 

The housing condition (number and type of houses) is often considered as indicator of 

wealth. On average two houses were owned by a HH with minimum and maximum of one 

and seven houses respectively (Table 6.1). Based on the type of the house, 37 percent of 

the respondents own crop residue-roofed house (mostly wheat and barley), while two 

percent grass-roofed (mostly Pennisetum schimperi) type of house. These are regarded as 

indicators of low wealth class. The majority of the respondents (47%) own both crop 

residue and iron-roofed houses while one percent of the respondents own both grass and 

iron-roofed types of houses. The remaining 13 percent of the respondents own only iron-

roofed houses. In most cases owning iron-roofed houses in rural areas is perceived as an 

indicator of the wealth of the HHs. Construction of iron-roofed houses has been more 
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recently increasing due to problems (shortage and short-lived) associated with use of crop 

residues, especially those of improved crop varieties (perceived as weak by the farmers). 

Above all, accumulated incomes from sales of eucalyptus (mostly) and in some areas 

adoption of improved potato seeds production for market are the drivers behind the 

expansion of iron-roofed houses in the areas. Eucalyptus plantation on agricultural lands 

and potato seed production as farm incomes are recently emerging activities in the study 

areas. 

 

Several factors are proposed as to why SWC technologies are not sustained despite 

repeated efforts of governmental and partner non-governmental institutions in the 

highlands of Ethiopia. Labor is one of the factors frequently seen as limiting for adoption 

of SWC technologies (Woldeamlak, 2007; Teklewold and Köhlin, 2010). Interviews with 

smallholders who had better access to the technologies (trainings and incentives) and 

involved in SWC activities in Galessa Watershed for example, also described labor as one 

of the cardinal factors limiting adoption of SWC technologies. Results of studies on the 

association between family size and adoption of SWC are inconsistent. For example, some 

studies found a negative implication of bigger family size on adoption of SWC measures 

indicating demand for more land to meet their needs and potential loss of land to 

conservation structures (Bekele and Holden, 1998; Bekele and Drake, 2003). However, 

Abera (2003) reported family size as having a positive effect on adoption and use of SWC 

measures, indicating the potential of larger HH size to avail more labor. Like family size, 

farmer‘s age influence on adoption of SWC practices is also inconsistent. Bekele and 

Holden (1998) and Berhanu and Swinton (2003) pointed out that farmer‘s age is negatively 

related to adoption of soil conservation practices, implying less investment by older 

farmers (longer farming experience). The net effect of adoption depends not only on the 

age of the farmers and family size, but also on other associated factors such as educational 

status of the farmer. Younger farmers are relatively more educated than older ones 

possibility due to increased access to formal education in the rural areas (Bekele and 

Drake, 2003). 

 

6.3.1.2. Education 
 

As indicated in Table 6.1, some of the respondents (41%) were illiterate (can‘t read and 

write), while 43 percent of the HH heads had either attained adult education or primary 
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school and can at least write their names in Amharic linguistic (legacy of adult education 

during the Derg
7
 regime), although their mother tongue is Oromifa. These two groups are 

either illiterate or at a level of education that does not allow them to read and understand 

information; a serious limitation with the increasing skill demanded by improved 

technologies of agriculture. Out of the total respondents, 12 percent attained secondary 

school (7 - 8
th

 grades) while only four percent attained high school level education (9 and 

10
th

 grade). The later groups, regarded as literate by the community, were often young HHs 

(farmers) and explained by highly significant (p < 0.001) negative correlation between 

household age and education level (Appendix Table 1). Despite better capacity to adopt 

new technologies, these groups are suffering from land shortages as evidenced by a strong 

positive correlation (p < 0.001) between household age and area of landholdings. In 

general, rural communities engaged in agricultural activities are either uneducated or at 

low level to access and understand the technical aspects of agricultural technologies 

aspired to transform the agrarian economy. 

 

Even if modern education/book literacy is not the only factor that affects farmers‘ decision 

to adopt improved agricultural practices in general and SWC in particular, it is usually 

assumed as a proxy for the capacity to improve agricultural productivity. Some studies 

show a positive relationship between education and decision to use or adopt soil 

conservation measures in Ethiopia (Asrat, 2002; Daba, 2003; Anley et al., 2007). 

Generally, a lack of knowledge is considered as one of the leading causes of misuses of 

land resources accelerating land degradation (World Bank, 2005). However, there are also 

some reports (Berhanu and Swinton, 2003) that show a negative correlation of education 

with adoption of technologies possibly due to limited relevance of formal education to 

agricultural practices. 

 

6.3.2. Landholding and Farming Characteristics 

 

Landholding characteristics and access and use patterns of that land are presented in Tables 

6.2 and 6.3. The average size of a HH landholding was 1.8 ha. The largest share of the 

holdings was used for cropping (> 75%) while relatively small parcels were used for 

grazing, tree plantation and other land uses. From the perspective of land distribution 

                                                 
7Derg regime is a socialist military government that overthrown the imperial regime of Haile Selassie 
and ruled Ethiopia from 1974-1991. 
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among the farmers, the majority of the HHs (47%) administer land sizes of 0.6 - 1.5 ha. 

However, the two extremes, very small ( 0.5 ha) and relatively higher (> 3.5 ha) land 

sizes were administered by nine percent and 17 percent of the HHs respectively. Such a 

difference in the landholdings between the HHs is mainly associated with their age, family 

size (previous land distribution criteria), and differences in the accesses to the land (mainly 

through heritage). Thus, the current picture of landholdings is the outcome of different 

interacting factors (both formal and informal
8
) since human settlement in the areas. 

 

Table 6.1. Household characteristics of small-holder farmers in the central Ethiopian 

highlands 

 

Variables 

 

Mean 

Standard 

deviation 

(STD) 

Minimum Maximum 

Proportion 

of total 

% 

Age of the HH head (yr) 46 12.6 22 79 - 

Education of HH head (Grade) 3 3.1 0 10 - 

Uneducated - - - - 41 

Elementary school (1-6 grades) - - - - 43 

Secondary school (7-8 grades) 

 

- - - - 12 

High school (> 8 grades) - - - - 4 

Family size (number) 8 3.1 3 25 - 

Family age class (yr)      

Age < 6 1.4 1.2 0 5 18 

Age 6-9 1.4 1.2 0 7 17 

Age 10-15  1.4 1.3 0 8 18 

Age 16-30  2.0 2.0 0 17 25 

Age 31-60  1.4 0.7 0 2 18 

Age > 60 0.3 0.5 0 2 4 

 Number of houses owned 2.1 0.9 1 7  

Type (roofing materials)      

Only crop residue (wheat & barley) - - - - 37 

Only grass (Pennisetum spp.) - - - - 3 

Only corrugated iron - - - - 13 

Crop residue + Corrugated iron - - - - 47 

Grass + Corrugated iron - - - - 1 

 

 

                                                 
8Informal refers to long-term land contracts of sale practices against legislation of land administration 

of Oromia region and the country 
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Regarding access to land, the majority (94%) of the HHs got registered land obtained 

either through land distribution made during the Derg regime (mid 1970s) or legalized 

gifts, inheritance and informal contracts. But, the remaining (6%) use the land obtained 

through gift and contract from other farmers (Table 6.3). In general, land shortage was 

identified as one of the key challenges for the agricultural development in the study areas. 

This is especially critical for young HHs exclusively depending on agriculture in the rural 

areas of the country. Land distribution among the stakeholders is generally varied and 

dynamic. Under dwindling circumstance of land distribution, land-sharing from parents, 

sharecropping and short-term contracts are the most widely adopted schemes for landless 

and smallholding HHs. This puts the right of equal access to land proclaimed by the state 

(proclamation No. 130/2007) into question. Moreover, land shortage induced by informal 

land markets is becoming widespread in the rural areas of the country (own observation). 

 

Land fragmentation was found to be very common. Only 10 percent of the respondents 

were confined to farming a single plot. The average number of plots per HH was four 

while the minimum and the maximum numbers of plots per HH were one and 14 

respectively (Table 6.1). Small plots were spatially distributed over varying biophysical 

areas with an average distance of 1.6 km from the residential area. This result also 

indicated that, in extreme conditions family members may travel up to 10 km to get to their 

plots. This is typically true for young householders who got land either through gift or 

contract from others. Generally, the number of plots is positively correlated (p < 0.01) with 

the total areas of landholdings that explain the problem of land fragmentation in the areas. 

 

The land use patterns as seen in the study areas are organized in such a way that 

inhabitants reside on the top areas of the landscape while the arable lands outfield mainly 

in the middle slope ranges, extending to both the top and the foot slope areas. Increasing 

population pressure and high land degradation (soil erosion and declining soil fertility) 

imposed arable land expansion into grazing lands and steep slope areas being operating as 

the major viable solution to immediate livelihood problems of the community. 

Investigation made on LULC changes in the study areas indicate unprecedented expansion 

of CL which took 85 percent (24,580 ha), 41 percent (3,924 ha) and 39 percent (744 ha) 

from grazing land, forestland and open woodland, respectively in the periods between 1957 

and 2014. Such changes of land use resulted in remarkable changes to the biophysical 

conditions and processes of the landscapes in the areas. 
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Table 6.2. Landholding characteristics and forms of access to land for rural farmers in 

Galessa and the surrounding areas of the central Ethiopian highlands 

Variables Mean 
Standard 

deviation 

(STD) 

Minimum Maximum 

Landholding (ha) 1.8 1.5 0 8.0 

Land sharing (access)      

Shared-in (ha) 0.1 0.3 0 2.0 

Shared-out (ha) 0.1 0.6 0 6.0 

Rented-in (ha) 0.2 0.4 0 2.5 

Rented-out (ha) 0.002 0.02 0 0.3 

Number of pieces of plots 3.7 2.1 1 14.0 

Average distance of plots from home (km) 1.6 1.3 0 10.0 

 

Short-term fallow-cropping systems (mainly cereal-fallow-cereal) alone or in combination 

with others were the dominant land use system in the study areas (Table 6.3). Some of the 

farmers (44% HH) practiced the crop-fallow farming system (mainly barely-fallow-

barley). The land use systems practiced by HHs were variable depending on the size of 

landholding. Being set in the highlands and low fertility soil, fallow system has been a 

traditional practice of fertility restoration mechanism employed for several decades. 

However, with the increasing population pressure, fallow length was either limited to a 

single year (except extremely degraded lands) or taken by the continuous cropping system 

(12% of HHs). Very short-periods coupled with intensive pressure from over-grazing on 

fallow lands undoubtedly limit the restoration processes of the soil fertility. Eucalyptus 

plantations (35% HHs) were becoming the principal component of the land use while 

private permanent PSL was diminishing over time. Only 48% of the respondents allocated 

land for private permanent pasture (Table 6.3). 

 

Undoubtedly, land remains an important economic and political issue for the majority of 

Ethiopian people, specifically rural people dependent on agriculture for income and 

existence, who accounts for 85 percent of the total population. Secure access to land is 

often considered as a prerequisite for agricultural intensification and natural resources 

management (Steinfeld et al., 2006). However, currently it becomes an increasing 

agricultural problem for ever increasing landless and land poor HHs in the rural areas of 

the highlands in Ethiopia following discouraged land distribution (Bereket, 2002; Samuel, 

2006). Inheritance and land-sharing within families are practical alternatives and the 
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principal forms of land transfer to descendants. However, in view of the prevailing land 

shortages, individuals in large families often cannot have a piece of land for farming. Land 

renting and share-cropping transactions are also common land market activities through 

which access to land is possible. Some of the traditional practices undertaken in rural areas 

are legislated against. For example, illegal land market practices in the form of long-term 

contracts are not uncommon. But Oromia Regional law prohibits renting more than 50 

percent of the holding and for durations more than three years (proclamation No. 

130/2007). Informal land marketing is one of the major causes of conflict amongst people 

in rural areas (own observation). In the light of evident increases in population and finite 

resources, shrinking of landholding (recently through sharing) in the highlands of Ethiopia 

is probably at the stage in which survival from land-based production may no longer be 

sufficient and certainly needs policy intervention fostering opportunities of off-farm 

activities for the rural people. 

 

Table 6.3. Landholding status (ha), accesses and use patterns of land in Galessa and 

surrounding areas of the central highlands, Ethiopia 

Land size  

(ha) 

Proportion 

(%) 

(N=150) 

Sources of land 
% HH 

(N=150) 
HH Land use pattern 

 

% HH 

(N=150) 

 0.5   9 Own
1
 54 Crop-Fallow  44 

0.6-1.5 47 Own + Rent-in
2
 21 Crop-Fallow + 

Pasture + Tree
4
 

27 

1.6-2.5 19 Own + Share-in
3
  8 Crop (continuous) + 

Pasture 

12 

2.6-3.5   9 Own + Share-in + 

Rent-in 

 3 Crop-Fallow + 

Pasture 

 9 

> 3.5 17 Share-in + Rent-in  1 Crop-Fallow + Tree  7 

- - Only share-in  4 Crop-Fallow + 

Fodder crop
5
 

 1 

- - Only rent-in  1 - - 

1
Own land refers to the land area registered on household certificate and allocated during distribution, 

inheritance and illegal land market. 
2
Rent-in refers to land contract from individuals for one or more years on payment base. 

3
Share-in refers to land given (often from family) from others for use free of any fee but registered on 

provider certificate. 
4
Tree – It exclude homestead trees and refers to tree plantation (exclusively eucalyptus) on arable lands, 

marginal lands (previously under cultivation) and bottom lands often used as pastureland. 
5
Fodder crops are improved forage crops grown on arable land for livestock feed. 

 

The size and quality of land available for farm HHs largely determine the production of 

agricultural products and the livelihood of the farming community. In the cool highland 
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areas of the country, small landholding sizes due to pressure from the increasing 

population is one of the challenges facing HH livelihood and environmental health (Belay 

and Manig, 2004; Gebreslassie, 2006). According to Belay and Manig (2004), state 

ownership has resulted in smaller and fragmented individual landholdings which in turn 

have led to cultivation of marginal lands. Poor fertility status of the soil and low input 

based farming induced fallow system has also been reducing the area of production. 

However, critical land shortages faced recently have evolved continuous cropping system 

through use of crop rotation (barley-potato system) and increased levels of chemical 

fertilizers (land use intensification). If not properly handled, increased land use intensity 

may lead to accelerated loss of soil and reduction of soil fertility. Large farm size is 

reported to positively initiate to adopt improved technologies (Abera, 2003; Genanew and 

Mekonnen, 2010). This can be explained by the fact that farmers are likely to invest first in 

their largest parcels. The positive relationship between plot size and adoption of land 

conservation measures may be associated with greater rewards from the larger plots which 

justify the costs of inputs used. 

 

As explained before, human settlement and agricultural plot areas are spatially located at 

different positions of the landscape. As a result, plot distance from homestead areas is one 

of the key farm attributes affecting the functioning of land management practices (Tesfaye, 

2003; Hailu, 2011). Plot distance coupled with the open farming system (free movement of 

animals and people after crop harvest) are challenges for the implementation of land 

management practices in the study areas and most other parts of the highlands. These are 

key issues which likely needs higher level policy reform to drive the adoption of better soil 

management and modern agriculture. 

 

6.3.3. Land Tenure Security 

 

Land tenure security in this document is used in the context with the probability of loss of 

land ownership (use right) in the future. Households‘ perceptions and preferences on land 

tenure highlighted that the stakeholders clearly distinguish land owner (government) and 

use right to land granted for them to pursue their livelihood (Table 6.4). The use right 

prevailed without interference from outside sources so long as ―land tax‖ is paid with most 

respondents (81%) feeling secure even though their right to sell or mortgage the land is 

precluded. This result showed that for most respondents (95%), land security is not a 
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concern preventing investment in their land. However, 19 percent of the respondents were 

concerned about land security, anticipating land distribution due to the growing landless 

population in rural areas of the country. Such a feeling was pronounced in older farmers 

who owned relatively larger farms. For land poor people (majority) land security was much 

less important as they were already constrained by land shortage. 

 

Table 6.4. Perceptions of farmers on land tenure security and related factors in the central 

Ethiopian highlands 

Variables Description  
HH 

% 
X

2
 p – value

1
 

Land tenure perceptions Government 97 
270.8 0.000 

Private 1 

Not clear 2 

Land security Yes 81 55.5 0.000 
 No 19 

Fear of investment on land Yes 5 116.7 0.000 
No 95 

Land tenure preference Government 86 
1.9e

2
 0.000 

Private 13 

Communal 1 

Conflict on land Yes 47 0.67 0.4 
 No 53 

1
Difference is very highly significant at p 0.001; highly significant difference at p 0.01 and 

significant at p 0.05 (2-tailed) 
 

In an attempt to discover farmers‘ preference on land ownership, 86 percent of the 

respondents were in favor of state ownership while 13 percent seek private ownership 

(Table 6.4). Very few respondents (1%) were in favor of communal land use systems. The 

majority of the respondents who were pro-government ownership explained their 

preferences with respect to security owing to land sale prohibition (38% HHs), conflict 

resolution (25% HHs), supports (credit services, fertilizer supply, soil conservation 

initiatives etc., 14% HHs), use right and inheritance (10% HHs) and equity (4% HHs). 

Nonetheless, 10 percent of the respondents supported state ownership simply because land 

belongs to the government (Figure 6.2). Furthermore, explicit interviews with some HHs 

and key informants also indicated similar concerns. However, respondents favoring private 

land ownership were concerned with inequity of access to land developed through heritage, 

protection against benefits from land sale, collaterals etc., and limitation of investments in 

fear of possible loss in future (Figure 6.2). The overall chi-square test showed a significant 
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difference (p < 0.001) in the perceptions of smallholder farmers on land tenure ownership 

and preference, tenure security and investments on their lands. 

 

Regarding conflicts around land and land use related factors, the majority (54%) of the 

respondents perceived these as absent/not serious while 47 percent saw these as the most 

prevalent social problem due to various reasons. Chi-square test did not show significant 

difference (p = 0.4) between the perceptions of the respondents on the prevalence of land 

related conflicts (Table 6.4). From group discussions with the focus groups, most of the 

land conflicts are at the micro-level, in which border, inheritance (family), divorce, illegal 

land sale and contract were the most important sources. Particularly, illegal land sale and 

inheritance were the most serious problems disputing the community. The groups 

perceived increasing incidence of land conflicts to be driven by land use practices (tree 

planting on arable land) and small landholdings insufficient to meet their demand. 

 

 

Figure 6.2. Perceptions of farmers‘ on preferences of land ownership. 

 

In Ethiopia, land is a public property administered by the government since 1975. 

Although land tenure is mostly considered as a key factor influencing farmers‘ decision on 

management of and investment in land, the situation in the country remains unchanged. 

Some studies made in Ethiopia have produced mixed results on the relations between land 
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tenure security and investments in the land to enhance productivity. For instance, land 

tenure security improvements due to certification is reported to increase investment and 

productivity in Tigray and Amhara regions, but not in Oromia (Crewett and Korf, 2008; 

Deininger et al., 2011; Holden et al., 2011). In contrast, Gavian and Ehui (1999) reported 

that the lack of empirical basis to support that land tenure was a constraint on agricultural 

productivity. On the other hand, Holden and Yohannes (2002) saw little effect of land 

tenure insecurity on investments in the land. The understanding from farmers‘ perceptions 

in Galessa and surrounding areas also shows that land tenure is not a concern for 

investment in agricultural lands. In view of this result, the conclusion made by Deininger et 

al., (2003) on the effect of land tenure insecurity varying with the type of investment 

seems sound in the context of the socio-economic conditions of the rural society in 

Ethiopia. Less concern observed from the majority of the farmers in the study areas might 

also be associated with landholdings (CSA, 2013) already small to be retrieved. However, 

sense of insecurity expressed by some HHs related to state land ownership might be 

developed from their anticipation of future land distribution due to growing number of 

landless HHs in situation of non-off-farm employment opportunities in the rural areas of 

the country. 

 

Some studies suggest that state ownership of land has resulted in fragmentation of 

agricultural holdings and fear of investment on long term land improvement practices 

(Enki et al., 2001; Bereket, 2002; Belay and Manig, 2004). However, the result of this 

study revealed that, smallholder farmers‘ perceptions are highly linked to the government‘s 

arguments to prevent loss of land from the hands of the poor, which otherwise concentrate 

in the hands of rich peasantry, urban and non-indigenous businessmen which eventually 

cause evection of the poor farmers. This is considered a catastrophic event for subsistence 

smallholder families in the rural parts of the country where off-farm employment is absent. 

On the other hand, those advocating for the private land ownership provided its positive 

effects with respect to fueling investment on land, benefits from land sale and protection 

against inequity development through heritage. These groups considered illegal land 

contracts becoming common in the rural areas as ill-functionality of the existing land 

policy and a signal for privatization which is in agreement with results of several studies 

(Bereket, 2002; Samuel, 2006; Crewett and Korf, 2008; Pender and Fafchamps, 2008). 

Such evidences from farmers, which are in fact contrasting, need careful interpretation in 

view of the existing socio-economic status of the agrarian community. 
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6.3.4. Infrastructure Development, Institutional Supports and Services 

6.3.4.1. Road, safe water and electricity 
 

The status of different infrastructure developments in the study areas for provision of 

community services are summarized in Table 6.5. Infrastructure was generally poorly 

developed. Lack of an adequate road network, safe drinking water and electricity were 

identified as the most important problems in the areas. The presence of only one all-

weather road running from Ginchi to Gindeberet and a lack of rural roads networking to it 

was limiting the rural communities‘ access to transportation and markets. A significant 

proportion of the respondents (65%) were in extreme remote areas with limited access to 

the available main road. The remaining share of the respondents (35%) had no direct 

access to the road. 

 

Table 6.5. Rural infrastructure development status in Galessa and surrounding areas in the 

central Ethiopian highlands 

Infrastructure/physical capitals 
Yes  

(%) 

No 

(%) 

Not 

sure 

(%) 

X
2
 p - value 

Road 35 65 - 12.9 0.000 

Safe drinking water* 10 90 - 96.0 0.000 

Electricity 10 90 - 96.0 0.000 

Phone 25 75 - 36.5 0.000 

Radio 52 48 - 0.24 0.62 

Public/Local institutions      

Adequate extension services 97  3 - 134.4 0.000 

Presence of farmers association and member 79 21 - 49.2 0.000 

Presence of watershed program 21 79 - 82.7 0.000 

Watershed benefit 61 12 28 52.5 0.000 

Credit use 46 53 - 0.7 0.4 

Credit recipient/control %     

Male HH only 56   

20.5 0.000 Female HH only 13   

Both male and female HH 31   

*People access clean water from an average distance of 1.6 km with minimum and maximum of 0.001 

and 8 km respectively. Similarly, livestock access water from an average distance of 2.1 km with 

minimum and maximum of 0.1 and 7 km respectively. 
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Access to safe drinking water was also a key challenge to most rural communities in the 

study areas with the exception of Galessa Watershed areas (AHI project developed springs) 

and small rural towns. Ninety percent of the respondents were suffering from a lack of safe 

drinking water for human and livestock. Moreover, access to water from rivers and springs 

was described uneasy. This result showed that animals‘ access water (mainly from rivers) 

was at an average distance of 2 km with the minimum and maximum of 0.1 and 7 km 

respectively. Similarly, water for human drinking was obtained from an average distance 

of 1.6 km with the minimum and maximum distances of 0.01 and 8 km respectively. Fresh 

water is essential for survival and well-being but access is denied to the majority of the 

rural peoples in the study areas. Time wasted in and energy costs of obtaining water are 

noted to be high owing to the steep/rough topography of the landscape and position of 

rivers and springs in the valley bottoms. Tracks of livestock are also found to increase the 

vulnerability of the soil to water and wind erosions. 

 

More recently, although improvements were made in some rural areas, the coverage of 

electricity was still limited and only 10 percent of the respondents had access to the state 

electric power. As a result, rural people are forced to heavily rely on petroleum, biomass 

and animal dung as a source of light and energy for cooking. Despite the huge potential of 

solar energy and other sources in most areas of the country, only 26 percent of the 

respondents in the study areas were aware of alternative energy sources such as biogas and 

solar. 

 

Unlike previous decades, impressive progress was seen in access to information services 

mainly with the expansion of telecommunication services. Most of the respondents (52 

percent) owned radio and have access to information. Although significant proportion of 

the respondents was still lacking these, 25 percent of the HHs was in a better position and 

use telephone services (Table 6.5). 

 

Generally, the results indicated that, infrastructure development is at a very basic level in 

the study areas. A Chi-square test showed a highly significant difference (p < 0.001) 

between the respondents (users) in getting access to basic infrastructure services such as 

road, safe water supply and electricity (Table 6.5). These are among the critical problems 

facing the rural community to challenge labor and agricultural productivity, marketing and 

environmental health. 
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The study areas are generally characterized as rugged mountainous landscape which 

certainly put burden on the movement of the communities to obtain institutional services 

and other social infrastructures (school, health centers etc.). Especially, with respect to 

road, probably the communities in this corridor (part of Dendi and Jeldu districts of the 

Oromia Regional State) are marginalized. As a result, the rural people still rely on the use 

of pack animals and human porterage for transport of farm produce and inputs. The 

deleterious effect of lack of adequate road network manifests most seriously in marketing 

of products. In village markets (primary level) distortion by big merchants is high and such 

lop-sided competition can only benefit the traders at the expense of the smallholder 

producers. Generally, access to roads are associated with input costs, marketing and 

opportunities for off-farm income earning activities which can be seen as an incentive for 

farmers to improve or maintain their land quality. Therefore, poor rural road infrastructure 

development is assumed to have an impact on economic growth for rural people (Berhanu, 

2006; de Laiglesia, 2006; Ibrahim, 2011). Similarly, provision of adequate and affordable 

electricity supply is of key importance to agricultural growth through its direct synergy 

with environmental wellbeing, off-farm income generation and employment opportunities 

and quality of the institutional services such as schools and health centers (Pinstrup-

Andersen and Shimokawa, 2006). 

 

Despite the significant water resources available in the country, and reports showing an 

encouraging improvement in access to safe drinking water (68.5%in 2010) in rural areas 

(ADB, 2010), water supply was very poor (only 10%) in the study areas. Most of the 

populations have no access to safe water facilities and the major sources of drinking water 

are unprotected springs and rivers. Lack of sufficient quantities of safe water has a direct 

bearing on the prevalence of communicable diseases prevailing in the country thereby 

resulting in high mortality and morbidity (Abebe et al., 2013). Therefore, poor access to 

safe water in the study areas is far below the national figure reported for rural areas of the 

country and deserves an attention for improved health and sustainable development. 

 

6.3.4.2. Credit services 

 

Unlike in previous decades, with the growing trust of credit service for the agricultural 

development and poverty reduction, currently formal credit institutions are setup either at 

district town or small rural towns. Being introduced a few years ago, significant 
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opportunities have been created. A quite impressive number of the respondents (46%) were 

able to get the credit services to improve productivity and their livelihood (Table 6.5) 

despite the chi-square test showing no difference (p > 0.05) with the non-users. The credit 

was mainly used to purchase agricultural inputs (fertilizer, chemicals, and seed) and 

fattening of sheep. The beneficiaries viewed credit services as a positive institutional 

support key to improve their income from agriculture. However, more than 50 percent of 

the respondents were not the clients of these institutions for various reasons. First and for 

most, these respondents were afraid of possible risks that is associated with failure of 

agricultural activities, dependent on natural conditions. Secondly, social problems for some 

beneficiaries such as conflicts within the family and/or with other people (used as a 

security of loan) are also reported to restrict the opportunity sets. 

 

Informal credit systems (commercial lenders, non-commercial lenders, mutual 

associations, non-governmental organizations) often with interest has been the traditional 

form of gaining loan for use by the smallholder farmers for centuries. However, recent 

expansion of credit services in the rural areas of the country is playing an important role in 

the economic environment for agriculture (World Bank, 2011). The pervasive role of 

institutional supports such as credit services on economic performance (agricultural 

development) has been well recognized (Pinstrup-Andersen and Shimokawa, 2006). 

Undeniably, access to credit services is one of the remarkable policy interventions 

contributions to the growing use of fertilizer and improved seeds by the smallholders. 

Moreover, it enables smallholders to explore market opportunities and means of survival 

when hit by crop failure due to natural disasters. Despite credit services being instrumental 

in creating off-farm activities that in turn support agricultural development beyond 

subsistence (Pinstrup-Andersen and Shimokawa, 2006), financial capacity, awareness and 

use are still low in rural areas. The concept of entrepreneurship for efficient and effective 

use of loans is lacking and vulnerable to economic and social crises. Generally, credit 

markets for smallholders notably in SSA function poorly and the credit constraint is a 

major reason for smallholders‘ failure to increase productivity and choose more profitable 

production strategies (Freeman et al., 1998; Croppenstedt et al., 2003). Therefore, 

strengthening microcredit schemes through enabling well-functioning capital and 

community awareness creation are key issues which need attention to bring collective 

action on agricultural development and poverty reduction. 
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6.3.4.3. Extension services and local institutions 

 

Agricultural extension, veterinary and human health services were public institutions 

providing support for rural communities in the study areas. Most respondents (97.3%) were 

satisfied with the extension services, especially on agriculture. However, fewer 

respondents (3%) were not convinced by the capacity of agricultural extension services to 

transform rural agriculture as aspired (Table 6.5). Problems included oral centered advices 

lacking practical demonstrations and skill limitation of the experts often led to rejection by 

the community. In reality, the concern of these small groups may be worthwhile in view of 

aspirations for development of the agricultural sector in Ethiopia. This is also reflected 

during discussions with agricultural experts. Experts pointed out development agent 

number, stability (rapid turnover) and capability as key factors for rudimentary progress of 

extension services. The reason why most farmers are resistant to the improved techniques 

advised by extension agents and preference to the local knowledge of managements, needs 

careful interpretation of the farmers‘ perceptions. Huge satisfaction attested by the farmers 

may be related to facilitation of access-to and distribution of agricultural inputs, mainly 

fertilizer, chemicals, and seeds; rather than technical supports. Other social capitals such as 

edir, mahiber, and farmers association were also institutional relationships in society 

which were also potential channels of information system in the processes of technology 

transfer. 

 

Improving extension services is one of the major shifts in Ethiopian agricultural 

development programs since 1992. A rural extension service has been aimed at improving 

agricultural and labor productivity through increased use of packages of improved 

agricultural technologies (MoFED, 2010; Solomon et al., 2012). However, the scope and 

quality of the services are limited (own observation). Results of the studies made in the 

different parts of the country also show poor extension services due to technical 

inefficiencies (Alene and Zeller, 2005). Services are mostly crop oriented, giving less 

focus to other important components of agricultural sectors such as natural resources 

management and livestock production. Moreover, shortage of skilled manpower (extension 

agents), limited technical trainings for extension agents and expertise for effective delivery 

of services and poor linkages with research and higher institutions are generally limiting 

the efficiency and technology transfer to the smallholder farmers. Often realized failures to 

generate specific outcomes might have a negative repercussion on their perceptions and 
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adoption of the new systems. Therefore, the government should consider constraints of 

extension services such as capacity building, technological and institutional linkages to 

bring impact on the overall productive efficiency of the farmers. 

 

6.4. CONCLUSION 
 

The evidence obtained from analysis of survey data on a sample of 150 smallholder 

farmers in the hilly-mountainous areas of Dendi and Jeldu districts, in the central highlands 

of Ethiopia showed that the average family size of the community was high and dominated 

by age groups below 15 years. Certainly, this is a sign of fast population growth due to 

limitation from institutional support with regard to family planning and/or low adoption by 

the community. Low level of education seen in the study area may also contribute for 

neglect of family planning by the community. Alongside the increasing population, the 

decline in per capita holding (0.2 ha), land fragmentation, low fertility of the soil were 

grand challenges threatening the livelihood of smallholder farmers. Currently access to 

land is limited to indigenous systems (gift, inheritance, and contract) and evolved informal 

land marketing against the legislation. Access to land, which potentially links with the 

socio-economic and environmental problems, is a critical issue and deserves policy 

consideration. In contrast to most recent views, most farmers were in favor public land 

ownership in fear of losing and eviction by wealthier groups. But, the question why they 

exercise land marking and its impact needs further investigation. Land security was also 

perceived to have no effect on land management. Infrastructures such as road, drinking 

safe water, electricity, school, health center etc. are at basic level in the area. These factors 

directly or indirectly can influence agricultural development and livelihood of the rural 

poor. Among institutional services, credit program is one of the key policy interventions 

that showed interesting progress in supporting agricultural development. But, the 

beneficiaries are still below 50 percent and also claimed to cause social and economic 

crises. This probably reflects poor technical assistance in this regard. 

 

Finally, the socio-economic constraints, infrastructure/institutional developments and their 

functioning and perceptions of the local communities, their needs and aspirations should be 

characterized first for appropriate policy intervention to bring change in natural resource 

conservation and agricultural growth in areas prone to land degradation. These socio-

economic characteristics and the state of infrastructure development and institutional 
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services should be linked to the prevailing practices of farmers influencing natural resource 

bases and agricultural development in a specific area. 
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7. FARMING PRACTICES IN HILLY AREAS OF THE CENTRAL 

ETHIOPIAN HIGHLANDS: ASSOCIATION WITH LAND 

DEGRADATION AND IMPLICATIONS TO SUSTAINABLE LAND 

MANAGEMENT 
 

ABSTRACT 

Small-scale agriculture dominates the economic activities and employment in Ethiopia. However, 

agricultural practices in most areas are low input-output oriented and associated with land degradation. This 

study assessed the existing farming practices contributing most to land degradation for consideration in 

approaches to combat the problem. Results of the study were based on farm survey of 150 farmers randomly 

taken from seven neighboring PAs in Dendi and Jeldu districts in central Oromia, central Ethiopian 

highlands. The data was analyzed using descriptive statistics; and non-parametric statistics. The study 

revealed that, a recent evolution of ley-farming/no fallow period (49% HHs) due to increasing land shortage, 

cereal/barley/ centered production, frequent tillage (3-4) during periods of poor land cover and occurrence of 

erosive rainfall, extensive of use crop reside for other purposes (94%) mainly for feed, and unbalanced 

fertilizer application (85 kg ha
-1

 DAP and 33 kg ha
-1

 Urea) were crop production related agricultural practices 

contributing most to soil erosion and soil fertility depletion. The mismatch between high livestock density 

(5.03 TLU) and available grazing area (0.3 ha HH
-1

), heavy dependence on crop residues for feed (51% of 

feed basket), and free animal movement on farmlands during the dry season were activities of livestock 

sector driving land degradation. Moreover, competing use of high value animal dung for fuelwood also 

impair nutrient cycling. Overall, inappropriate agricultural practices were numerous, interacting and 

simultaneous leading to severe land degradation. Most of these problems are driven by socio-economic 

constraints developed for century unresolved. Hence, understanding the critical problems of the farming 

community and taking appropriate actions in proper sequence are key steps to bring sustainable land resource 

management. 

 
Keywords: Farming practices, land degradation, soil erosion, fertility, highlands 

 

7.1. INTRODUCTION 

Smallholder agriculture is the mainstay to more than 85 percent of the population in 

Ethiopia (Bekele and Drake, 2003).Despite its importance, agricultural productivity has 

improved very little due to complex set of interacting factors (Benin et al., 2006; Abebe et 

al., 2008). The recent public mobilization to stimulate agricultural intensification through 

better agronomic practices, use of improved varieties and application of fertilizers is a 

crucial step to improve productivity and ensure sustainable economic growth and poverty 

reduction. However, due to economic factors, continuous over-exploitation with 

inadequate application of conservation measures and poor management of basic natural 

resources remains principal causes of soil loss, depletion of organic matter and nutrients at 

much faster rate than can be replaced (Hurni, 1993; Bekele and Holden, 1999; Hurni et al., 

2005; Mulugeta et al., 2005; Woldeamlak, 2007; Zegeye et al., 2010). As a result, the 

interplay between the natural resources and economy remains catastrophic in the highlands 

of Ethiopia. 
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In the highlands of Ethiopia, land is a heavily threatened natural resource by the steady 

growth of population and livestock number (Sonneveld and Keyzer, 2003).Soil erosion, 

primarily responsible for degradation, can be summed-up as irrational and abusive land use 

practices such as exploitive agriculture, sloping land cultivation, overgrazing, removal of 

vegetation and crop residues, and use of animal dung for fuel (Hurni et al., 2005). In the 

highlands of Ethiopia, these are widespread practices leading to loss of fertile top soil, 

nutrient depletion and loss of biodiversity for several decades resulting in low agricultural 

productivity (Benin et al., 2006; McHugh et al., 2007). Moreover, natural conditions such 

as rugged topography, high rainfall events and poor soil properties (texture, structure, 

moisture, roughness and organic matter) also accelerate soil erosion in the highland areas 

of Ethiopia (Bezuayehu et al., 2002). 

 

Agricultural land degradation is of particular concern as it reduces productivity, food 

security and quality of life (Eswaran, et al., 2001). The livelihood of millions of famers in 

Ethiopia is threatened by degradation of arable lands (Berry, 2003). Most arable lands 

(70%) in the highlands are used for cereal crops such as barley and wheat in the higher 

altitudes, while tef, sorghum and maize are the principal crops in the mid and lower 

elevations. These crops leave bare areas of the soil during some or all of the growing 

season exposing the soil to erosion. The impact of land degradation due to soil erosion is 

estimated to depress yields by 2 to 40 percent in Africa with a mean loss of 8.2 percent 

(Lal, 1995). Land degradation also reduces livestock productivity as a result of reduced 

grazing resources, loss of nutritious plants and grass species (Hagos et al., 1999). 

According to Berry and his colleagues, if land and water conservation is not implemented, 

water erosion is estimated to reduce potential production by 10 percent by 2010 and 30 

percent by 2030 (Berry, 2003). In addition to economic loss associated with reduced land 

productivity, land degradation adversely affects the environment through erosion of 

biodiversity, climate change and depletion of water resources (Steinfeld et al., 2006). 

 

Lands in Galessa Watershed and the surrounding upland areas in the Central Ethiopian 

highlands are under the threat of land degradation. Land is being fragmented into small 

parcels with increasing population pressure which conspire to land degradation. Soil 

nutrient depletion and soil erosion are serious problems (Berhanu and Berhane, 2006; 

Kindu and Zenebe, 2008). Despite persistent happening of land degradation each year and 

worsening ecological functions, assessment on the existing farming practices in integration 
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with land degradation is lacking. In previous chapters, extent and pattern of LULC 

dynamics, scale of soil erosion, trends in soil fertility and biodiversity were presented. 

Detailed assessment of practices under the existing farming systems and reasons of 

farmers‘ choice or decision are necessary to understand the complex set of factors 

contributing to persistent and widespread problems of land degradation. Hence, this study 

focuses on major agricultural practices contributing most to land degradation for 

consideration in approaches to combat the problem. 

 

7.2. MATERIALS AND METHODS 

 

7.2.1. Study Area 

The study was carried out in seven peasant associations (PAs) of two Weredas (districts) 

(Dendi and Jeldu), West-Shewa Zone, Oromia National Regional State, Ethiopia (see 

Figure 6.1 in chapter six). The PAs are selected from hilly areas of Dendi-Jeldu corridor in 

central Ethiopia, namely Galessa Kotagesher, Galessa Koftu, Seriti Dinku, Entodale, Jawe 

Boni, Keba Bereda and Ketketa Weranbulchi. Geographically, it covers the areas between 

9
o
 04' 00" – 9

o
 14' 00" N and 38

o
 05' 00" – 38

o
 13' 30" E, and an altitude range between 

2700 and 3100 m.a.s.l. The details of agro-climatic conditions and farming systems of the 

study areas are presented in chapter one under section 1.3. 

 

7.2.2. Survey Approach 

A single visit (farm-level) survey method (ILCA, 1990)was employed to evaluate the 

perceptions of the farmers‘ regarding land degradation in Galessa Watershed and the 

surrounding areas in the central highlands of Ethiopia. Household interviews using 

structured and pre-tested questionnaire was used to collect both qualitative and quantitative 

information. The study was based on farm survey of 150 households (HHs) randomly 

taken from seven randomly taken PAs in Dendi and Jeldu districts. The survey covered 

exploratory questions with regard to crop and livestock production practices; energy 

sources, soil management practices, risk factors influencing agricultural productivity, and 

association of the farming systems with land degradation (Appendix 2). 
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Each respondent was informed about the purpose of the survey before starting the 

interview to develop his/her trust in the work. Group discussions were also held with elders 

in each PA to gain an insight on historical farming systems and dynamics in relation to 

population and natural resource bases. Discussions with extension workers, agricultural 

experts and officials were also conducted and encompassed land degradation problems, 

challenges of agricultural production in the areas, understanding on farmers‘ awareness 

and perceptions to the problems and interest to solve agricultural constraints. The rationale 

for obtaining information from different sources on the same issue was to triangulate and 

augment observations for improved accuracy and credibility of the conclusions.  

 

Statistical Analysis 

Data generated were analyzed using the Statistical Package for Social Sciences (SPSS, 

16.0). Based on the type of measurements of the variables involved, i.e., the nominal, 

ordinal and scale levels, the statistical analysis included descriptive statistics (frequencies, 

means, standard deviation, graphs, cross-tabulations); and non-parametric statistics (chi-

square test). Field observation, focus group discussions and agricultural experts was used 

to substantiate and augment information obtained from the survey. 

 

7.3. RESULTS AND DISCUSSION 

7.3.1. Farming Practices and their Implications to Land Degradation 

7.3.1.1. Crop production 

7.3.1.1.1. Cropping system 

 

Crops have been providing the major means of the livelihood in the mixed crop-livestock 

farming system developed since time immemorial in the highlands of Ethiopia. Crop 

production in the study areas was predominantly low input-output system and operating 

under rainfed condition. Cereal-fallow-cereal cropping practice predominate the production 

system due to inherent poor fertility of the soil. However, with increasing problem of land 

shortage to meet grain demand of the ever increasing population, rotational cropping 

(mainly barley-potato) and continuous cropping were also currently emerging cropping 

systems with the aid of chemical fertilizers (Table 7.1). This clearly indicates the mounting 

pressure on fallow lands which has been used to restore soil fertility and productive 

capacity. The cropping systems of the study areas follow different patterns. Indeed, rotation 
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crops were limited to barely/wheat and potato grown one following the other. Such a 

continuing pressure on the land resources certainly resulted in further deterioration of soil 

characteristics and potential to produce crops and livestock. 

 

Table 7.1. Rural infrastructure development status in 

Galessa and the surrounding areas 

Cropping system % HH 

Continuous cropping /Cereal, Potato/  21 

Rotational cropping 28 

Cereal-Fallow-Cereal 49 

Cereal-Cereal-Fallow-Cereal 2 

Major crops*  

Barley 97 

Potato 93 

Wheat 62 

Enset (false banana) 23 

Faba bean 15 

Oats 12 

Field pea 9 

Linseed 1 

Lentil 1 
*
Percentages of households growing the major cropsdo not add to 100 due to 

multiple responses 
 

Even though diverse crops could be grown, barley (97%), potato (93%) and wheat (62%) 

were major crops grown in the areas (Table 7.1). Enset (false banana) was also common, 

but grown on small share of landholdings at backyard. Faba bean, oat, field pea, vegetables, 

linseed and lentil were also crops growing in the areas, but less frequent as compared to the 

previous crops. Out of the total landholding, area of land allocated for specific crop was 

explained to depend on the relative importance of crops with regard to economic gain 

(income and food security) and suitability to specific areas. In view of this, more than 50 

percent of the total production areas were estimated to be covered by barley. Potato was 

also an emergent crop covering large areas of the arable lands next to barley. Wheat was 

becoming an important crop following farmers‘ growing interest and better return from 

newly released varieties. Climate change such as increasing temperature (White et al., 

2001; Tilahun et al., 2006; NMA, 2007) taking place in the highlands might increase range 

of crop species growing in the cool highlands of Ethiopia. The farming system in the study 

areas can be categorized as barley-potato-livestock production system. 
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Most arable lands of the highlands are covered by cereals; especially barley which leaves 

bare area on land during some of the growing season exposes the soil to erosion 

(Bezuayehu et al., 2002; Berry, 2003). Moreover, most annual crops are planted after the 

rainy season begins. In the study areas land preparation activities begin at the end of the 

preceding rainy season (if fallowed); continue at the onset and some periods of the rainy 

season (3-4 ploughs) until planting of the crops (Figure 7.1). This allows early season rains 

direct impact on the soil contributing to the highest soil loss during these periods. 

Alongside steady growth of population, cultivated land expansion into remained grazing 

lands and reduction or break of fallow system is also another tragedy of the highland 

agriculture increasing the risks of land degradation. According to Hurni (1993), if measures 

are not taken the productive capacity of the soils in the highlands of Ethiopia is estimated 

to decline at a rate of 2-3 percent annually. Generally, lands under cereals degrade due to 

intensive use, often without adequate inputs and soil managements (Bezuayehu et al., 

2002). However, enset (false banana) can be one of the potential food crops need to be 

promoted in the upland areas as part of soil conservation strategy due to its good ground 

cover and manure demanding, provided that livestock is the integral part of the production 

system. 

 

7.3.1.1.2. Tillage 

 

As indicated in the previous sections, major stable crops growing widely in Galessa 

Watershed and the surrounding areas were barely, wheat, potato, and enset (false banana). 

Traditional oxen-plough was the main tillage used for land preparation and seeding in the 

highlands of Ethiopia with the exception that hand hoe was sometimes used to cultivate 

steep arable lands. Traditional oxen-plough cultivates the soil to a shallow depth not 

exceeding 30 cm. Regarding the frequency of tillage operations, most respondents (95%) 

plough CL 3-4 times, (Figure 7.1). According to the perceptions of the respondents, 

recently, the frequency of tillage was increased in the assumption that smooth land 

preparation increase fertilizer use efficiency and facilitates plant roots access to soil 

nutrients. Number of passes/tillage was higher for cereals such as barley and wheat. 

 

Traditionally, tillage practice commence at the end of the preceding main-rainy season (if 

fallow land), to invert and kill biomass (mainly root biomass) by the solar energy 

throughout the dry season. Second tillage operation if previously under fallow; or first 
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tillage for lands under continuous cropping system starts during the short rains (March-

May). Unlike cereals, potato plantation often takes place during the short rains (if 

adequate) and tillage operations are done when the risk of soil erosion is not severe due to 

high soil infiltration rates during the early periods of main rainy season. However, cereals 

are traditionally planted late during the main rainy season during which repeated tillage (3-

4) exposes soil to severe water erosion and accounts for the highest soil loss (Figure 7.1). 

Such an intensive tillage for smooth land preparation and high fertilizer use efficiency has 

substantial environmental costs, increased erosion rate and decreased soil fertility (Tilman 

et al., 2001). Moreover, little ground cover during most erosive storms of June and July 

contributes to high soil erosion rates (Gete, 2000). Coupled to steeper slope cultivation for 

small-scale food production, improper tillage practices such as cultivation along the slopes 

is the one which increases vulnerability of the soil to water erosion. 

 

 

Figure 7.1. Average frequency of tillage for major crops growing in the study area. 

 

7.3.1.1.3. Crop residue management 

 

Under mixed crop-livestock farming system in the study areas, crop residues were strategic 

production components. All smallholder farmers use crop residue as animal feed. Feed 

scarcity was among the critical constraints of livestock production owing to limited and 

poor productivity of the available PSL and prolonged dry periods. In view of the 

diminishing grazing areas due to CL expansion and critical feed scarcity, it was inevitable 

for farmers to embrace on alternative feed resources. Of the available resources, crop 

Less frequent 

(<3) 

2% 

Highly 

frequent (3-4) 

95% 

Very highly 

frequent (>4) 

3% 

Major crops 
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residues were an immediate alternative which smallholder farmers were extensively 

utilizing. As a result, every respondent was found to utilize crop residues and it represented 

a large share in the feed basket. Crop residues for animal feed were mainly from barley 

(dominant), wheat and oats. As indicated in Table 7.2, the largest share (71%) was utilized 

as a feed (stubble grazing and stall feeding) while 23 percent was used for the construction 

purposes (thatch houses). The obtained result indicated that still 37 percent of the 

respondents merely depend on crop residues as a roofing material while 85 percent still use 

crop residue alone or in combination with corrugated iron sheet covered houses (see Table 

6.1 in chapter six, Table7.2). According to the respondents (70%), only six percent of the 

total biomass was estimated to return into the soil after thorough grazing throughout the 

dry season. This indicated the intensive use of crop residues in the mixed production 

systems of the highland, and highlighted the implications on soil fertility balance. 

Generally, crop residue left in the field was negatively correlated with poor fertility arable 

land and level of use for different purposes such as livestock feed and construction 

(Appendix Table 1). 

 

According to some reports in the central highlands of Ethiopia, use of crop residue as 

animal feed is a widespread practice, and dominant feed source in some areas (Adugna, 

2007; Agajie et al., 2011). Crop residues are estimated to provide 50 percent of the total 

feed sources for ruminant livestock in the highlands (Hassen et al., 2010). Adugna (2007) 

also described the contribution of crop residues to reach up to 80 percent during the dry 

seasons. Although little is known on trade-offs of crop residue uses; short-term benefits as 

animal feed and construction materials have substantial effect on long-term productivity of 

the soil. According to Unger and his colleagues, crop residues represent about half of the 

nutrients exported through the main commodity production (Unger et al., 1991). Use of 

crop residues as a construction material is also a practice existed for antiquity in rural areas 

of the country. Therefore, under mixed crop-livestock farming system where high 

percentage of crop residue is allocated for feed mostly not recycled and construction, the 

fertility of the soil is obvious to deteriorate over periods. This problem is prevalent in the 

highlands of Ethiopia where agriculture is dominated by low-input-output production 

system. 
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Table 7.2. Crop residues utilization (% HH) and allocation (%) for the different purposes 

by the smallholder farmers 

Crop residue uses 
Yes  

(%) 

No 

(%) 
X

2
 p-value 

Proportion of crop 

residue allocation 
X

2
 p – value 

Mean 

% 
STD 

Energy 0.3 99.7 - - - - - - 

Feed 100 0 - - 71 19.4 131.6 0.000 

Construction  85 15 70.3 0.000 23 19.0 118.4 0.000 

Left on field
1
 70 30 24.3 0.000 6 12.6 603.5 0.000 

1
Crop residue left on the field is percentage of the total biomass remains in the field after grain 

harvest and grazing until cultivation and expected to return into the soil  

 

Several reports show strong link between soil organic matter content and crop residue 

returns (Waswa et al., 2007; Tittonell et al., 2008; Benjamin et al., 2010). This indicates 

that in addition to nutrient recycling, improvement in soil structure due to organic matter 

through returns of crop residue reduce soil erosion and land degradation (Tittonell et al., 

2008). Extensive use of crop residues for animal feed and construction purposes negatively 

skew the trade-offs between livestock and crop sub-sectors in crop-livestock production 

system. Such an intensive crop residue removal results in the degradation of soil chemical 

and physical properties and productivity. For a balanced trade-offs between crop and 

livestock sub-sectors and sustainable farming system, appropriate amount of crop residues 

(30-70%), manure and other fertilizers should be applied to the soil (Steinfeld et al., 2006; 

Tittonell et al., 2008; Benjamin et al., 2010). 

 

7.3.1.1.4. Fertility management 

 

As indicated in Table 7.3, soil fertility management by the smallholder farmers in the study 

areas was weak despite ever decreasing fertility and productivity of the soils. The obtained 

data depicted that, a HH add an average of 85 kg DAP and 33 kg Urea for the entire 

average HH landholding used for crop production. An estimated average land area of one 

ha HH
-1

 was annually used for production of major crops such as barley, potato, wheat and 

oat at varying proportion depending on soil fertility, micro-environment suitability and 

economic benefits. The average amount of fertilizers (85 kg DAP and 39 kg Urea ha-
1
) 

being used for crop production was below the recommended rate for all crops (Table 7.3). 

The rate of fertilizer required by potato (the second major crop) is almost double of the 
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amount recommended for barley. In view of the crops demand, lack of organic fertilizers 

cycling and affordable quantity of fertilizer by the smallholders, soil nutrient management 

remained poor despite the fact that the perceptions of the producers on the needs of 

fertilizer was better (Table 7.3). Increased awareness of farmers‘ on poor fertility status of 

the soil and effect of fertilizer on crop productivity was explained by their affinity (98%) to 

use chemical fertilizers (see Table 8.2 in chapter eight). The amount of fertilizer used was 

found to negatively associate with the age of the household and area of land in medium 

fertility level (Appendix Table 1). Positive correlations (p = 0.003) between amount of 

fertilizer used and poor fertility of the soil indicated that, farmers tend to apply more 

nutrients on degraded arable lands. From farmers‘ perceptions, the fertility of the soil 

reached the stage at which crop production without fertilizer application was impossible. 

This clearly showed a decline in soil fertility and yields of crops as a result of continuous 

mining of soil nutrients without proper replacement. 

 

Table 7.3. Average fertilizer use and perceptions of farmers‘ on crops yield dynamics 

under different fertility managements 

HH average Fert
1
 Use 

(kg ha
-1

) 

 
Average 

Manure 

kg yr
-1

HH
-1

 

 
Fertilizer 

application 

 Fertility 

depletion 

DAP STD Urea STD   NYI 

(%) 

STD  NYD 

(%) 

STD 

85 39.3 33 30.0  530
*
  219 278.4  68 63.8 

X
2
         3.1e

2
 2.4e

2
  1.2e

2
  310   246  

p - value 0.000 0.000  0.000  0.000   0.000  

NYI= Net Yield Increase; NYD= Net Yield Decrease 
* 
Percentage of manure allocation potato, barley and others is 60, 35 and 5%respectively (own data) 

 

As explained in section 7.3.1.1.1 under cropping system, crop residues were mainly used 

for livestock feed and construction purposes. Particularly the role of crop residues as 

livestock feed was very high due to shortage of grazing areas to meet the requirement of 

dense livestock population. Such an overexploitation of crop residues adverse effects on 

soil fertility was repudiated by the smallholders highlighting its strategic importance under 

crop-livestock mixed farming of the highlands. Return of organic materials into the soil 

was further interrupted by extensive use of animal dung as a source of energy. High 

shortage of energy sources compelled farmers to rely on animal dung to meet their energy 

demands. Although the majority of the respondents (93%) affirmed to use animal dung as 

manure (see Table 8.2 in chapter eight), practically, the extent of use was very low owing 
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to very low amount and limitation of use to plots at backyards. An average amount of 530 

kg HH
-1

 manure was used as fertilizer for crops (Table 7.3). The amount of manure 

produced and utilized was positively correlated (p < 0.01) with the size of landholdings, 

number of plots, livestock number per household, and PSL with good fertility (Appendix 

Table 1). 

 

The amount of manure allocated for specific crop depends mainly on distance of the plots 

from homestead areas, time of planting and relative importance of the crop. In light of this, 

respondents allocated 59 percent of the accumulated manure for potato. Potato being a 

backyard crop, early planting and its strategic importance for food security and marketing, 

gave a privilege to receive large proportion of manure accumulated for fertilization. 

Following potato barley was the second field crop which receives 35 percent of the 

accumulated manure. Others receive the remaining five percent. This clearly showed 

famers‘ strategic management of plant nutrition to increase productivities of economically 

important crops. Generally, the extent of manure use was found to depend on the 

availability of energy sources such as firewood (mainly Eucalyptus spp.), electricity and 

solar energy. Access and awareness on use of electricity and solar energy was very low. 

 

In the cool highlands, where fallow management has been a traditional system to restore 

soil fertility, with growing population pressure, induced continuous cropping as an 

alternative way to overcome problem associated with land shortage. However, under the 

existing low-input-low-yield production, abandoning fallow system will exacerbate the 

prevailing condition of soil nutrient mining and poses threat on environmental health, 

agricultural production and rural livelihood. Moreover, the risk of soil erosion from high 

proportion of sloping lands dominating the landscape will also grow under continuous 

cropping, especially from lands under cereal crops. 

 

Some other factors expected to affect the fertility of the soil includes, soil types where 

Nitisols predominate and high in clay contents (> 30%). Phosphorus fixation is expected to 

be high due to the effects of high clay content of the soil, very low pH, high rainfall and 

poor soil fertility management employed under smallholder subsistent farming system. The 

danger of nutrient leaching is also expected to be high. These are also other key aspects of 

soil factors which affect nutrient availability to plants. In such situations the relative prices 

of inputs and outputs may influence farmer‘s decision on soil fertility management. 
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Generally, soil fertility related problems are multifaceted and complex which are induced 

by unwavering synergetic effects of biophysical, socio-economic and policy factors 

adversely mining natural resource bases over a period of several years. Oral history 

explained by the community (elders) with regard to natural resources wealth and 

agricultural productivity is quite different from current picture of ecological services and 

functions. 

 

The perceptions of the smallholders in the study areas depict their better recognition on the 

interactions between fertilizer, soil fertility and crop yield. However, farmers are not aware 

of the detrimental effect of soil acidity and use of liming materials is absent. Focus should 

be given to options to curb soil acidity problem. Study made at Galessa Watershed and 

other highland areas also identified fertility to be the most important yield limiting factor 

(Berhaneu and Berhane 2006). The problem originates from imperfect nutrient recycling 

due to biophysical factors and anthropogenic activities. Moreover, physical soil and 

nutrient losses through water erosion also aggravate depletion of soil fertility (Scoones, 

2001; Berry, 2003). Off-take in crop yields, leaching and widespread uses of crop residues 

and animal dung as important components of the livelihood needs highly break the cycling 

of nutrients back to the soil (Berry, 2003; Schroth and Sinclair, 2003). In view of high 

fertilizer cost (farmers priority challenge) and low income level of the subsistent farmers, 

failure to restore nutrients losses of the soil is a great challenge to meet food security of the 

nation. 

 

The impact of soil fertility on crop productivity is an intensively studied and known fact 

(Fageria, 2009). According to Fageria and Baligar (2005b), soil infertility is probably the 

single most important factor limiting crop yields worldwide. Soil fertility management 

needs to understand soil nutrient level, soil physico-chemical properties, plants nutrient 

requirement and the balance between nutrient inputs and outputs (Heckman et al., 2003). 

At least to maintain the current level of soil productivity, nutrients that are removed by 

crop harvest or other losses (feed, firewood, construction, erosion, leaching etc) from the 

system must be replaced through nutrient application. In view of this, the current use of 

crop residue and manure is negatively affecting the fertility of the soil. Such competing use 

of crop residues for livestock feed and animal dung for fuel must be improved through 

introduction of multipurpose trees into the farming system (Kindu et al., 2009). To arrest 

the down spiral of soil fertility and land productivity in the highlands of Ethiopia, strong 
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institutional and policy supports in infrastructures development, introduction and scaling-

ups of improved production systems are also required. 

 

7.3.1.2. Livestock production 

7.3.1.2.1. Production system 

 

In the study areas, livestock was an integral part of the mixed crop-livestock farming 

system. Animal traction and crop residues were the prominent binding elements between 

crop and livestock sub-sectors. Feed shortage was the most critical problem affecting 

livestock productivity. With dwindling grazing areas, crop residues became the principal 

source of feed for the livestock. Livestock species such as cattle, sheep, horse, donkey and 

poultry were the major species supporting the livelihood of the community. An average 

number owned per HH were 4.9 cattle, 5.7 shoats, 1 horse, 0.4 ass and 2.6 birds (Table 

7.4). The obtained figures of livestock owned by the HHs (5.03 TLU) showed high density 

compared to the available grazing lands (0.3 ha HH
-1

). The number of animals owned by 

farmers was found to depend on size of landholdings, grazing area and its productivity 

(Appendix Table 1). Honey bee production was very low (0.3 hives HH
-1

), probably due to 

denudation of indigenous trees and shrubs from the areas. Livestock production system in 

the areas was traditional and based on locally available resources unlike modern livestock 

production which is essentially driven by demand for livestock products and draw 

additional feed resources as required (Delgado et al., 1999). Despite high livestock 

populations in the areas, the extent of land allocation and management inputs, the 

subsector can be considered as a secondary activity next to crop production. In the 

highlands of Ethiopia livestock were primarily produced for drought power. Moreover, use 

as insurance against unreliable crop production, income sources to manage social issues 

such as wedding, purchase of agricultural inputs (seeds and fertilizer) and source of 

manure for crops were also some of the services that the livestock give for smallholder 

producers in Ethiopia. 

 

7.3.1.2.2. Perceptions of the trends of livestock populations and productivity 

 

The perceptions of smallholders on the trends of livestock populations was mainly 

decreasing (85% HHs), following the reduction of grazing areas driven by the expansion of 

CL to meet the grain demands of the population. However, 14 percent of the respondents 

perceived an increasing trend of livestock number. According to these groups, even if 
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number of animals per HH was perceived to decrease, but with increasing populations, the 

overall livestock populations was believed to increase over periods. Only less than one 

percent ascribed no change in total livestock number over periods. According to these, an 

increasing population size would balance the decreasing livestock number owned by a HH 

(Table 7.5). Livestock productivity trend was also described as decreasing by the majority 

of the respondents (58%) in response to growing feed shortage and increasing prevalence 

of animal diseases unlike before. However, 38 percent of the respondents did not notice 

any change in animal productivity due to persisting traditional production system. 

However, very few respondents (5%) regarded livestock productivity to have increased 

these days. The results clearly indicated the heterogeneity of farmers‘ knowledge on the 

dynamics of livestock populations and productivity in their areas. 

 

The perceptions of the smallholder farmers on trends of livestock number and productivity 

can be further examined by comparing with trends reported by the national statistics. 

According to CSA reports, livestock populations in Ethiopia continue to grow, with the 

highland areas accounting for the largest share. Although the intra and inter-regional 

dynamics of livestock populations is certain to vary, the CSA reports generally provide an 

insight on increasing trends of livestock populations in the highlands (CSA, 2008a, Helina 

and Schmidt, 2012). This is in agreement with the assumptions of few stakeholders (Table 

7.5) who perceived increasing number of livestock in relation to increasing human 

population in the highlands. This leads to a conclusion as incorrect perception of the 

majority of the respondents on cumulative livestock populations in their areas. Literatures 

also show that livestock populations is projected to increase with steady economic growth 

and urbanization; and growing demand for animal products (Hall et al., 2004; Steinfeld et 

al., 2006; Seré et al., 2008) in developing countries like Ethiopia. 

 

With regard to livestock productivity, the perceptions of the majority seem to sound due to 

the fact that there is a wide consensus that under smallholder farming system in the 

highlands, livestock production is suffering from feed shortage which impairs their 

productivity (Abebe et al., 2008; Getnet et al., 2011; Muluneh et al., 2014). Vast majority 

of feed is spent on animal maintenance leading to marginal productivity. A fierce 

competition between crop and livestock subsectors for land is evident, whereby CL 

expansion at the expense of grazing lands is a widespread phenomenon jeopardizing feed 

availability and livestock productivity (Lemma et al., 2008). The trade-offs are likely to 



186 

 

become increasingly acute and policy decision is critical to develop balanced and 

sustainable mixed crop-livestock production systems. Increasing feed production requires 

increasing productivity, increasing areas of production or a combination of both. However, 

the current land use change (CL expansion) is expected to continue in search of primary 

agricultural outputs (food grains) and adversely affect environmental health. Therefore, 

increasing fodder crops productivity and intensifying production through integration with 

food crops may be the only practical options to improve feed availability in the highlands 

of Ethiopia (Muluneh et al, 2014; Muluneh and Tsige, 2014). Equally, the existing 

traditional livestock production system also needs intervention through strong institutional 

support (trainings, Artificial Insemination service, improved seeds of forage crops, market 

etc.). 

 

Table 7.4. Average livestock number owned by a 

household in the central Ethiopian highlands 

Livestock group 
Mean number  

HH
-1

 

Cattle  4.9 

Sheep and goat 5.7 

Horses 1.0 

Asses 0.4 

Bird 2.6 

Honey bee 0.3 

Mean TLU* 5.03 

*TLU value exclude honey bee 

TLU (Tropical Livestock Unit) = 250 kg 

Note: TLU = Tropical Livestock Unit (Cattle = 0.7, Goat = 0.1,Sheep = 0.1; Horses= 0.8; Mules= 0.7; 

Asses=0.5; Chicken=0.01(see Behnke and Osman (2012) for detail) 

 

Table 7.5. Perceptions of farmers on trends of livestock number and productivity 

Variable Description % HH  Variable Description %HH 

Livestock number Increasing 14  Livestock productivity Increasing 5 

Decreasing 85  Decreasing 58 

Same <1  Same 37 

  X
2
 182.8    109.1 

  p - value 0.000    0.000 
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7.3.1.2.3. Feed resources and ecological integrity 

 

In the study areas, livestock feeds were mainly from crop residues (51%) and grazing lands 

(48%, permanent pasture and fallow lands) while the contribution of hay (< 2%) was very 

small (Table 7.6). Significant chi-test difference (p < 0.001) in perceptions of the relative 

contribution of each feed resources might explain the differences in resources availability 

between the farmers. The relative contribution of these feed resources was found to vary 

from year to year depending on factors such as weather condition, especially extended 

drought, land availability and seasonal productivity. Especially in years of extended 

drought periods, the contribution of crop residues was very high. Under worst conditions 

farmers explained to use less frequent feed stuffs such as trees and enset leaves, oat grain 

and agro-industrial by-products. In all the cases, feed scarcity was among the critical 

challenges of mixed crop-livestock production in which extensive reliance of animals on 

crop residues was an immediate affordable option for the smallholder producers. Unlike 

previous studies, which report 80-85 percent feed coming from natural pasture 

(Alemayehu, 1998a), the growing relative contribution of crop residues was certainly 

associated with steadily shrinking grazing lands due to crop encroachment. In the 

highlands, the relative contribution of natural pasture to the feed basket was certainly 

declining from time to time. 

 

Most grazing lands were private owned (79%) but some of the respondents (2%) depend 

on communal grazing lands in the areas while 19 percent had access to both private and 

communal grazing lands. Size of grazing land owned by individual farmer was highly 

correlated (p < 0.01) with the number of animals owned and total landholdings of a 

household (Appendix Table 1). Private owned PSL was protected from use by others only 

for some periods between July and October. Feed scarcity was considered as a critical 

problem of livestock production by the majority of the respondents (75%) while, 25 

percent of the respondents were feed self-sufficient (Table 7.6). Generally, feed 

availability was highly variable (p < 0.001) with the seasons in which durations between 

February and May were identified as periods of critical feed shortage while periods 

between October and January were relatively considered as better in availability owing to 

grazing from permanent pasture, fallow lands and CL after harvest. Although feed scarcity 

was not as severe as periods between February and May, limitation of feed availability was 

also explained to continue in the periods between June and September (wet seasons). 
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Despite these periods are wet, animal death was reported to be high at the onset of the wet 

season, especially in years when short rain was either absent or low (February - April) or 

extended drought conditions (Table 7.6). Moreover, access to grazing from permanent 

pasture, often seasonally waterlogged and fallow lands was traditionally restricted from 

grazing to allow pasture growth. During these periods, animals were usually restrained on 

small plots either under communal lands or private fallow lands and suffer from ―green 

starvation‖. During all these extended periods, livestock considerably depend on crop 

residues. 

 

Feed scarcity was generally high due to prevailing land use change (Table 7.6) driven 

decline of grazing size, and low productivity of degraded or marginal lands which often 

left for grazing. But, like crops, livestock productivity was also inferred from soils which 

influence grazing potential and suitability to different fodder species. Moreover, lack of 

alternative feed resources adoption such as cultivated forages and commercial feeds in the 

areas increased the importance of crop residues as a major source of feed for livestock. 

 

Table 7.6. Livestock feed resources, use strategy and availability in the highlands of 

Ethiopia 

 

Variables 
Description % STD X

2
 p - value 

Major feed sources Natural pasture 48 23.8 80.2 0.000 

 Crop residue 51 23.5 103.0 0.000 

 Hay 1 4.3 

 

 

668.1 0.000 

Availability* June – September 31 16.6 242.7 0.000 

October – January 57 16.4 176.6 0.000 

February – May 20 11.1 165.4 0.000 

Periods of feed shortage June – September 36 - 
85.7 0.000 October – January <1 - 

February - May  63 - 

Feed adequacy (%HH) Yes 25 - 36.7 0.000 
No 75 - 

Feeding strategy (%HH) Own 79 - 
145.6 0.000 Communal 2 - 

 Both 19 - 

* Maintenance level feed availability 
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Livestock production concentration in the highlands of Ethiopia is mainly due to 

availability of crop residues for feed and less risk of diseases (Knips, 2004; Solomon et al., 

2010). Similarly, although the relative contribution varies from place to place, in crop 

dominated highland areas, crop residues are the main source of feed for livestock. The case 

seen in Galessa areas in the central highlands revealed leading contribution of crop residues 

to livestock production followed by grazing lands (permanent pasture and fallow lands). 

The puzzle is, livestock populations being dense in the highlands, PSLs are still steadily 

decreasing (Gete and Hurni, 2001; Benin et al., 2002; Atesmachew et al., 2005); and 

increasing dependence on crop residues (Steinfeld et al., 2006). 

 

In the context to the interaction between livestock and environment, such diminishing size 

of grazing lands and consequent overgrazing; and over use of crop residues are 

intrinsically associated with land degradation. Among the negative effects of overgrazing 

on ecosystem or loss of biodiversity, intensive defoliation induced poor land cover and root 

development, treading and high risk of soil erosion are common once (Metera et al., 2010). 

Excessive use of crop resides as a livestock feed affects organic nutrient cycling and soil 

organic matter which is essential for soil physical, chemical properties and hydrologic 

functions (World Bank, 2005). Ideally some residues can be used as a feed provided that 

the manure goes directly onto the soil. However, smallholders‘ prior use of manure for 

energy leads to resource insufficiencies and high level of environmental damages 

(Steinfeld et al., 2006). 

 

On the extensive side, livestock are instrumental in degradation of both grazing and arable 

lands. Adverse effects from livestock production practices on land degradation were highly 

associated with shortage of grazing lands, low productivity and use intensity of the existing 

areas (Lulseged and Vlek, 2008; Mengistu et al., 2013). Especially, losses of biodiversity 

and soil erosion are critical problems facing mixed crop-livestock production systems of 

the highlands. These problems are likely to grow, with increasing areas of arable lands 

most of which are at the expense of grazing lands. Community knowledge on biodiversity 

is limited and highly related to benefits, hazardous effects and cultural values. Knowledge 

on the dynamics and consequent effects on ecological structure and services is absent, 

probably, due to various socio-economic traps and being gradual process.  
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7.3.1.3. Woody vegetation dynamics 

 

The study area was rich in natural floras. However, currently, except few remnant 

indigenous trees and shrubs around homestead areas and in valleys, several natural 

woodlands and forests were vanished from Galessa and neighboring mountainous areas. 

According to information obtained from elderly farmer (Merga Tola, peasant), some 

decades before, natural forest/woodlands such as Bechisa forest, Seriti forest, Andode 

forest, Into forest, Kelo ferda were available in the study areas. Intense use of land for 

agriculture and high wood utilization for different purposes were reported to be the 

proximate causes for losses of these forests/woodlands cover and biodiversity. Farmers put 

deforestation as the cause for frequent drought and climate change experiencing the 

highlands. Land degradation was also perceived as a serious problem with increasing rate 

of soil erosion due to deforestation. Chilimo forest rich in Juniperus procera, Podocarpus 

falcatus, Olea europae, Prunus africana and Hagenia abyssinica is the only dry evergreen 

montane forests found neighboring the study areas. 

 

Eucalyptus globulus plantation was the most widespread practice emerging in the uplands 

agricultural system. Unlike most indigenous tree species, Eucalyptus globulus adapted well 

and grew fast in the areas and in the highlands in general. Ease of establishment and the 

ability to survive under stress condition (water and nutrients) increased its importance in 

less favored and degraded areas. Despite controversial issues of eucalyptus tree plantation 

in Ethiopia, smallholders‘ growing investment in its plantation was not without reasons. 

Shortages of firewood and wood declining agricultural productivity, growing wastelands 

due to degradation and consequent economic challenges were explained to spur plantations 

of eucalyptus on marginal lands waterlogged bottomlands, steep hillsides and farmlands. 

Eucalyptus was found to cover 84 percent of the firewood demand for cooking (Table 7.7). 

This implies how the tree was becoming an important component of smallholder farming 

system. However, such an alarming encroachment, particularly in farmlands needs careful 

consideration and trade-off between the potential socio-economic benefits and 

environmental risks need to be known. Moreover, conservation of indigenous tree species 

was a neglected field of activity which deserves the highest priority to restore ecological 

conditions to a desirable state. 
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In Ethiopia, indiscriminate destruction of natural tree populations and almost complete 

deforestation in the highlands, mainly in northern and central parts, has been long 

recognized (De Vletter, 1991; Tamrat, 1993; EFAP, 1994; Bielli et al., 2001; Balana et al., 

2010). Deforestation and increased demand of wood, particularly, fuelwood is the cause 

for rapid expansion of Eucalyptus globulus in the highlands of Ethiopia (Tamrat, 1993; 

Jagger and Pender, 2003; Zewdie et al., 2009; Kumlachew et al., 2014). Studies show that 

energy from biomass is supporting more than 90 percent of the Ethiopian population. 

About 77 percent of annual biomass consumption is derived from fuelwood while animal 

dung and crop residues contribute 13 percent and nine percent respectively (Kumlachew et 

al., 2014). Such a heavy and continuing dependence on fuelwood and agricultural 

byproducts and uncontrolled exploitations to satisfy domestic needs is posing a great 

challenge on natural resource bases and agricultural productivity. 

 

7.3.1.4. Energy sources and implications to land degradation 

 

In the study areas all the respondents were using traditional cooking energy obtained from 

woody biomass and animal dung (Table 7.7). The largest share of the light energy was 

obtained from Kerosene (92%) while the contribution from electricity (only few rural 

towns) and solar energy were only 10 percent. The relative contribution of solar energy 

and crop residues as a source of energy was very limited (Table 7.7). Due to denudation of 

indigenous woodlots and forests, eucalyptus was the single most important tree species 

being utilized as energy source for cooking. Moreover, animal dung was extensively used 

for fuelwood. Particularly, use of animal dung for fuelwood impairs nutrient cycling to the 

soil.  

 

Figure 7.2. Smallholders‘ perceptions of reason for fuelwood shortage in rural 

highlands of Ethiopia. 
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Availability of cooking energy sources, mainly from fuelwood and animal dung, was 

explained to depend on land size and number of livestock owned by a HH. But, statistical 

test showed a negative correlation (p = 0.01) between fuelwood availability and land size 

owned by a household (Appendix Table 1). This might be associated with the critical land 

shortage seen in the areas. Deforestation (19% HHs) was also considered as the cause for 

the shortages of the fuelwood (Figure 7.2). All the stakeholders put tree plantation as an 

immediate solution to meet HH cooking energy demand. Generally, awareness of the 

community on alternative energy sources such as solar energy and biogas was very low.  

 

Table 7.7. Energy sources, availability and farmers awareness on alternatives 

Variables Description  
HH

**
 

(%) 
X

2
 p - value 

Energy sources Fuelwood 100 - - 

 

Dung 100 - - 

 

Kerosene 92 - - 

 

Electricity 10 - - 

 

Crop residue <1 - - 

Fuelwood sources Natural forest 19 - - 

 Plantation tree* 84 - - 

 Purchase from others 11 - - 

Fuelwood availability Yes 60 6 0.01 
 No 40 

Family group collecting fuelwood Females (wife and girls) 76 
123.9 0.000  Male (husband and boys) 3 

 Family group  22 

Kerosene availability Available 96 119 0.000 
 Unavailable 4 

Kerosene affordability Affordable 62 7.9 0.005 
 Unaffordable 38 

Kerosene use period Year round 92 
218.4 0.000  Summer (rainy season) 1 

 Irregularly 7 

Awareness of alternative energy 

sources (biogas, solar) 

Yes 26 33.6 0.000 
No 74 

*Tree plantation is dominated by eucalyptus 

**Percentage of households response on sources of energy and fuelwood sources do not add up to 100 due to 

multiple responses 

 

Despite Ethiopia is endowed with a large array of renewable energy resources (hydro, 

solar, geothermal, biogas and wind), nevertheless the availability is still limited and more 

than 80 percent of the Ethiopian populations have no access to electricity. Particularly, in 

rural areas of the country, where 84 percent of the population live, only one percent of 
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these have access to electricity (Breyer et al., 2009). As a result energy from woody 

biomass and agricultural byproducts (animal dung and crop residues) are continuing as 

prominent sources of energy. Repot by Tekle (1998) shows that Ethiopia is facing acute 

deficit of fuelwood (over 33 million m
3
 per year) which is being complemented by animal 

dung and crop residues.  

 

In view of environmental impact, use of traditional energy sources such as firewood, 

charcoal, animal dung has led to deforestation (ecological imbalance), increased risk of soil 

erosion and deprivation of soils essential nutrients that are necessary for soil fertility 

(López, 1997; Badege, 2001; Mulugeta and Demil, 2006). Agriculture, which is the 

mainstay of the economy, is negatively affected by the existing energy use pattern. Hence, 

rural energy is one of the major challenges of the efforts to combat land degradation and 

achieve agricultural development in Ethiopia, and deserves a top priority by policy makers. 

 

7.3.1.5. Natural hazards and interlinks with land degradation 

 

Major natural hazards which were influencing agricultural productivity and predisposal 

factors of land degradation in the study areas are summarized in Table 7.8. The majority of 

the respondents (97%) described the existence of multiple natural hazards affecting their 

livelihood through direct effect on agricultural activities. Among the natural hazards, HHs 

identified frost (58%), drought (52%), plant diseases (43%) and hail (29%) as the major 

once prevalent in the study areas. Most of these factors were perceived to be beyond the 

capacity of the smallholder producers to manage them. Almost all of the respondents 

associated occurrences of these natural hazards with climate change (‗jijjirama haala 

qilleensaa’ in Oromifa language, which means ‗changes in weather condition‘) mainly due 

to deforestation. But still there were community members who considered these to happen 

by God for violating some traditional beliefs. 

 

Regarding the occurrences of common natural hazards in the highland areas, respondents‘ 

knowledge on incidence and frequency of incidence was found to differ (Table7.8). For 

instance, the perceptions of the respondents on frost and plant diseases frequency of 

occurrence were found to fell into two categories. The majority of the respondents 

considered frost and plant diseases to occur every year to common while others considered 

as unpredictable (43%). This might be related to site-specific variability in geographic 
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settings and micro climates varying the occurrences in specific areas. Most of the 

respondents (34%) perceived drought to occur unpredictably while others considered 

occurring every year (25%), frequent (18%) and commonly (27%). The incidence of hail 

damage was dominated by unpredictable nature in views of most respondents (73%). 

Explicit interview with experienced farmers showed that, some of the natural hazards such 

as frost were somehow living with them since antiquity. However, emerging drought, plant 

diseases and hail incidences were increasingly observed since Derg regime (since 1974). 

Especially, increasing frequency of drought incidence was obtained to impact their 

livelihood. Livestock production was indicated to suffer more than any agricultural 

activities due to which loss of animals was a common phenomenon. Incidence of plant 

diseases was also perceived to increasingly experience and impact crop productivity, which 

were uncommon before. 

 

Table 7.8. Some natural hazards occurring and affecting agricultural activities in the 

central Ethiopian highlands 

Variables Description 
% HH 

(N=150) 

Frequency of occurrence (% HH) 

Every 

year 

Frequent 

(2-4 yr) 

Common 

(5-10 yr) 

Some 

times 

(> 10 yr) 

UP* 

Occurrence Yes 97 - - - - - 

 

No 3 - - - - - 

Major natural 

hazards 

Frost 58 22 29 2 4 43 

Drought 52 18 18 27 2 36 

 Plant diseases 43 36 24 0 0 40 

 Hail 29 15 5 8 0 73 

 Lighting  5 28 0 72 0 0 

 Land slide 1 0 0 100 0 0 

 Irregular rainfall 1 0 0 100 0 0 

 Flood 5 50 0 50 0 0 

 Human/animal 

diseases 

11 18 0 9 0 73 

*UP= Unpredictable 

Note: Percentage of households response on natural hazards do not add up to 100 due to multiple responses 

 

As proposed by the majority of the respondents, increasing incidence of different natural 

hazards in general and specially frost, drought, plant diseases and hail damages are the 

results of climate change hitting smallholder farmers most. These days, climate change in 
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Ethiopia is very real and impacting the livelilyhoods of millions smallscale farmers heavily 

dependent on rainfed agriculture and natural resources. Geographycal location (proximity 

to Indian ocean) and complex topography (rift valley and highlands) are reported to make 

the country vulnerable to the adverse impact of climate change. In East Africa an overall 

increase in rainfall (10-20%), but shift in distribution, with an increase from December to 

February and a fall from June to August; and increase in temperature in a range between 

1.5
o
C and 5.8

o
C are projected to occur in 2080 depending on the region (Toulmin, 2009). 

To this end climate change is expected to have huge impacts in the highlands that dominate 

the country‘s agricultural production (White et al., 2001). To combat climate related 

natural hazards in the highlands of Ethiopia, investment in research and generation of 

diverse and tolerant (drought, frost, diseases etc.) varities of crops is critical areas of 

intervention. Moreover, agronomic practices such as time of planting, type of crop to be 

grown are also important areas that the research and development institutions need to 

aware the stakeholders to minimize the risks of agricutural production and productivity.  

 

7.4. CONCLUSION 
 

Agriculture is the single most important basis of livelihood of rural people in Ethiopia. 

However, due to a complex set of factors, most production practices employed in the 

mixed crop-livestock farming systems are invariably contributing to land degradation. In 

the study area land is the most scarce (0.2 ha per capita) resource and currently set under 

pressure from increasing human and livestock populations. Most inappropriate agricultural 

practices are related to expansion of crop agriculture and livestock activities. Uncontrolled 

expansion into marginal lands, reduced or break of traditional fallow system, inappropriate 

and frequent tillage practices at most vulnerable periods (onset of main rainy season until 

planting), limited use of chemical and organic fertilizers are constraints associated with 

crop agriculture and accelerating land degradation. Livestock production is also laying 

adverse foot prints on fragile mountain ecosystems. High livestock density, grazing land 

scarcity and critical feed shortage (overgrazing, heavy dependence on crop residue) and 

free movement in agricultural lands after crop harvest are intrinsically associated with land 

degradation. Similarly, fuelwood shortage induced use of animal dung as an energy source 

impairs nutrient cycling and creates imbalance in the nutrient flows aggravating risks of 

land degradation. Increased prevalence of natural hazards such as frost, drought and plant 
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and animal diseases is also hitting smallholders‘ agriculture and further escalating the 

problem of land degradation. 

 

To sum up, efforts made to abate land degradation with the focus on conservation 

structures alone couldn‘t bring tangible results and still remained unresolved. Farm level 

management of the underlying causes of land degradation, mainly related to agricultural 

activities, in integration with soil and water technologies is instrumental to address the 

problems. Secondly, understanding the critical problems of the farming community and 

taking appropriate actions in proper sequence are key steps to bring sustainable land 

resource management. 
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8. SMALLHOLDER FARMERS’ PERCEPTIONS OF 

LANDDEGRADATION, ITS IMPACTS AND IMPLICATIONS TO 

LAND RESOURCES MANAGMENT IN HILLY AREAS OFTHE 

CENTRAL ETHIOPIAN HIGHLANDS 
 

ABSTRACT 

In Ethiopian highlands, decades of efforts to tackle land degradation have been largely unsuccessful. Failures 

to abate land degradation may be partly due to imposition of technical interventions with neglect to socio-

economic conditions, and opinions and interests of smallholder farmers. This study was carried out in Dendi-

Jeldu districts to understand the perceptions of the local communities towards land degradation, current 

conservation approaches and their opinions for sustainable management of natural resources. Results of this 

study were based on farm survey of 150 farmers randomly taken from seven neighboring peasant association 

in Dendi and Jeldu districts in central Ethiopian highlands. Data was analysed using descriptive and non-

parametric statistics. In the study area, farmers were generally aware of land degradation: its causes, most 

prone components of the land use system and subsequent impacts. Most relate land degradation with soil 

erosion, where high rainfall and sloping nature of the landscape were described responsible for widespread 

environmental damages. Underlying factors related the farming practices and contributing most to land 

degradation were rather described by fewer farmers. These might be considered as normal practices under 

circumstances where viable options of livelihood supports are lacking. Most farmers‘ perceived indicators of 

land degradation (yield reduction, bare rock appearance, gullies) were those which appear in the later stages, 

after a huge loss. Among other forms of land degradation, the decline of soil fertility appeared most sensitive 

and farmers were actively responding to their best. Small farmers prompt response to soil fertility problems is 

due to its direct effects their livelihood. Though most farmers were concerned about most apparent problems 

of soil fertility, soil erosion, loss of bio-diversity and climate change; let alone self-initiation to combat the 

calamities, interest to maintain conservation structures established on their farms was lacking. Therefore, 

community centered approaches are required to ensure enthusiastic participation of the communities in 

combating land degradation. 

 

Keywords: perceptions, land degradation, soil erosion, fertility, farming system, conservation 

 

8.1. INTRODUCTION 

 

Over the past few decades, agricultural development has got special policy attention in 

Ethiopia to meet the broad development objectives that included poverty reduction and 

industrialization. Though not miracle, sustainable growth in agricultural production has 

been achieved (Berhanu, 2009). But, as outlined in the preceding chapters protracted land 

degradation particularly soil erosion by water, decline of soil fertility and loss of 

biodiversity (Stoorvogel and Smaling, 1990; Pender et al., 2001; Bekele and Drake, 2003; 

Zenebe et al., 2006; Berry, 2009; Descheemaeker et al., 2011) remain development 

challenges facing the sustainability of agricultural growth in pace with rapidly increasing 

population. Evidences show that, more than 85 percent of the land area in Ethiopia is 

moderately to severely degraded, and hotspot places cover vast proportion (23%) of the 

country (Lulseged et al., 2006; Samuel et al., 2016). Estimate shows that, about 30,000 ha 

of agricultural land is lost each year due to water erosion (National Review Report, 2002). 
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Nowadays, natural resources are exposed to increasingly numerous forms of interests and 

demands to support the livelihood. To address the increasing demands of food, CL 

expanding into fragile environments and intensification of agricultural practices has been 

the basis of increased agricultural production over the past few decades. Changes in land 

use and inappropriate agricultural practices have negative environmental consequences 

including severe soil erosion and loss of soil fertility (Stoorvogel et al., 1993; Pimentel et 

al., 1995). Despite several scholars expressed their concern over the increasing land 

degradation in the Ethiopian highlands before several decades, the problems are receiving 

more attention in recent years. In most cases, farmers‘ interest to sustain and/or maintain 

conservation structures and prevent the processes of soil loss is weak. One of the major 

shortcomings is the policy focus on technical measures with less or neglect to the 

biophysical, social, economic, and cultural factors inherent to specific locality (Bekele and 

Holden, 1998; Mitiku et al., 2006). 

 

Smallholders‘ agriculture and conservation measures in Ethiopia can be described as social 

practices. Hence, the perceptions of farmers on land degradation is a key social factor 

important to understand peoples‘ needs and aspirations; identify their views on causes and 

extent of land degradation; integrate technologies on land degradation and government 

programs in affected areas to prevent further degradation (Aklilu and De Graaff, 2006). 

Community is a diverse entity as a result of structural differences (age, education, gender 

etc.), access to information, understanding, and responses needed to address the problems 

of land degradation are also likely to differ (Vedeld, 2000; Dubale, 2001; Heltberg, 2001; 

Adams et al., 2003). Studies conducted on smallholder farmers‘ awareness on land 

degradation and their attitude towards conservation measures show mixed results. For 

instance Aklilu and De Graff (2004) reported most farmers‘ in Beressa Watershed 

perception of soil erosion to be a major form of land degradation. Conversely, Tesfaye 

(2003) and Woldeamlak (2003) found farmers perceive the land as degraded in a later 

stage (after rills and gullies are created) of the processes after huge losses. These somehow 

indicate varying perceptions of peoples on the basis of their socio-economic interests. 

 

Land degradation remains an important concern in many parts of Ethiopian highlands. The 

Dendi-Jeldu hilly areas are severely affected and hence provide a vivid example for 

studying land degradation, local perceptions and land management practices in the uplands 

of central Ethiopia. Land management interventions have been introduced in the study 
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areas by NGOs and government organizations. Though, conservation of natural resources 

may be influenced by policy decisions, the success however relies on farmers‘ attitude and 

participations (Kangalawe, 2012). Obviously, communities have evolved with their 

surrounding environment over several centuries and developed indigenous knowledge 

characteristically holistic, profound and shared belief assumed to affect decisions on 

management of natural resources. This suggests that the degree of concern an individual 

and/or communities develop depends on the awareness of the values of natural resources 

and severity of the problems (Dubale, 2001).Hence, perception surveys are important to 

understand the local people‘s interest, and to predict how the local communities are 

reacting to the problems of land degradation. This study therefore seeks to answer key 

questions: Do local communities perceive land degradation to have taken place?; What are 

the insights of local communities on the different forms of land degradation, their causes 

and extents of the problems? ; What are the views of local communities towards the 

current conservation approach ―mass mobilization‖? and how far the communities‘ 

perceptions are consistent with the scientific insights and empirical data of land 

degradation and implications to natural resources management in the central Ethiopian 

highlands? 

 

8.2. MATERIALS AND METHODS 

 

8.2.1. Study Area 

 

The study was carried out in seven peasant associations (PAs) of two Weredas (districts) 

(Dendi and Jeldu), West-Shewa Zone, Oromia National Regional State, Ethiopia (see 

Figure 6.1 in chapter six). The PAs were selected from hilly areas of Dendi-Jeldu corridor 

in the central Ethiopia, namely Galessa Kotagesher, Galessa Koftu, Seriti Dinku, Entodale, 

Jawe Boni, Keba Bereda and Ketketa Weranbulchi. The details of geographical locations, 

agro-climatic conditions and farming systems of the study areas are presented in chapter 

one under section 1.3 and chapter six under section 6.2. 

 

8.2.2. Survey Approach 

 

The details of general survey approach were indicated in the preceding chapter (chapter 

six). In this particular study a total of 150 households (HHs) were randomly taken for 

interview to determine the level of communities‘ perceptions towards land degradation, 



206 

 

exploratory questions: (a) Do farmers think land degradation took place in their locality 

and perceive it as a problem? (c) What are the most important factors contributing to land 

degradation? (c) What are the indicators of land degradation? (d) Is there any change in 

biodiversity under natural habitats and human use (crops and animals)? (e) What are the 

impacts of land degradation associated with land quality, crop productivity and how the 

communities were responding to the problems? Field observations of various land 

degradation features on soils, land productivity, biodiversity and agricultural practices 

were incorporated in the discussions to complement the information obtained through this 

survey. Furthermore, farmers‘ perceptions were integrated with empirical data (covered in 

previous chapters) on land degradation to draw implications to land resources 

management. 

 

Statistical Analysis 

 

Data generated were analyzed using the Statistical Package for Social Sciences (SPSS, 

16.0). Based on the type of measurements of the variables involved, i.e., the nominal, 

ordinal and scale levels, the statistical analysis included descriptive statistics (frequencies, 

means, standard deviation, graphs, cross-tabulations); and non-parametric statistics (chi-

square test). Field observation, focus group discussions and agricultural experts was used 

to substantiate and augment information obtained from the survey. 

 

8.3. RESULTS AND DISCUSSION 

 

8.3.1. Community Perceptions towards Land Degradation and its Causes 

 

The problem of land degradation was generally perceived by the community to exist in 

their vicinities (Table 8.1). The majority of the respondents viewed the problem to affect 

all the land uses. In view of most respondents (70%), land degradation in the form of soil 

erosion by water was the major environmental problem. Less than one percent ascribed 

wind as erosive factor. Chi-square test showed significant (p < 0.001) difference between 

farmers perception of the causes of soil erosion. Generally, farmers perceived land 

degradation under all the land uses to have worsened over periods and being accelerated by 

inappropriate farming practices, rough topographical features and high rainfall. This 

explains a particular concern of the farming community on the overall land degradation as 
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a spotlight to challenge their survival provided that proper soil and water conservation 

practices were lacking. 

 

The extent of damage from land degradation was perceived to vary with the types of land 

uses. Most (76%) described, crop agriculture to associate with severe land degradation 

followed by animal agriculture (51%). Relatively grazing land was perceived to be less 

affected by land degradation, though significant number of famers took grazing land 

degradation as serious problem (p = 0.02, Table 8.1). Almost shared views of 

communities‘ on the extent of degradation on CL and WL compared to grazing land and 

FL was associated with perceived varying vulnerability among the land uses. Relatively, 

large percentage of respondents (Table 8.1) mentioning lack of land degradation on 

grazing land FL may be influenced by their perceptions of their good ground cover and 

root biomass against the detaching forces of rainfall and wind. 

 

Table 8.1. Causes and extent of land degradation under different land uses and its effect on 

biodiversity 

Variables 
Description 

 

Land use  
Overall 

(system) 

 

p 

value
1
 Crop 

land 

Grazing 

land 

Wood 

land 

Forest 

land 

X
2
 

Land degradation 

(LD) problem  

Yes 98 60 91 73 - - - 

No 2 40 9 27 - - - 

X
2
  138 6 99 61    

p - value  0.000 0.02 0.000 0.000    

Causes of LD 

Water - - - - 70 

1.1e
2
 0.000 Wind - - - - 1 

Water & 

wind 

- - - - 29 

Vulnerable (%HH) - 100 5 0 0  - - 

Extent of LD 

None 0 3 0 0 -   

Low 0 19 100 100 -   

Average 24 28 0 0 -   

Severe 76 51 0 0 -   

X
2
  39 40      

p - value  0.000 0.000      

Biodiversity 

change with LD 

Yes - - - - 72 

112.3 0.000 No - - - - 27 

I don‘t 

know 

- - - - 1 

1
Very highly significant at p0.001, highly significant at p 0.01 and significant at p 0.05 (2-tailed) 
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In the context to the responses on raised issues, farmers in the study area are aware of land 

degradation, as a noticeable feature affecting land productivity and their livelihood. Most 

respondents put slope (53%) and high rainfall (51%) as the major factors driving soil 

erosion. However, poor vegetation cover (31%), frequent plough (23%), crop 

agriculture/cultivation (21%) and inappropriate farming practices/steep land cultivation, 

mono-cropping (18%), are also mentioned to accelerate land degradation (Figure 8.1). 

Farmers‘ perceived steep topographic conditions and rainfall as key determinants of land 

degradation compared to the mentioned anthropogenic activities. 

 

 

 

Figure 8.1. Farmers‘ perceptions on factors contributing to land degradation. 

 

Factors perceived by famers are real and reports of several studies made in the upland 

areas also indicate their potential contribution to land degradation (Templeton and Scherr, 

1997; Bekele and Holden, 1999; Gete, 2000; Assemu and Shigdaf, 2014). Fallow lands 

vegetation cover reduced through overgrazing followed by cultivation at the end of the 

rainy season and frequent tillage for smooth land preparation are responsible for serious 

soil erosion by water. The perceptions of farmers on different vulnerability of land uses to 

soil erosion and CL highest risk and loss of soil are in agreement with results of previous 

studies (Hurni, 1990; Solomon, 1994; Feoli et al., 2002). Like in most highland areas of 

the country, large population density, shortage and low productivity induced cultivation of 
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hillsides and marginal lands associated with food security are common features of the 

declining land productivity (Bekele and Holden, 1999; Tilahun et al., 2001; Gebreyesus 

and Kirubel, 2009). 

 

Farmers‘ perceptions of the vulnerability of different land uses to land degradation are 

mainly associated with vegetation cover. Cultivated land highest degree of vulnerability is 

owing to crop residue removal, frequent tillage, steep land cultivation, and livestock free 

grazing and trampling after harvest. Grazing lands, second most vulnerable land use type, 

is also identified due to existing pressure on grazing lands from high livestock populations. 

Although the knowledge of farmers‘ on issues of land degradation seems good and crucial 

step to take action, however, their effort to reverse the problem is still low. Particularly, 

their interest in use of technology attributes to conserve soil and water is poor. As a result 

soil and water conservation works remains a policy issue and need further review on 

approaches and implementation strategies to bring sound improvements. 

 

8.3.2. Land Degradation: Nexus with Soil Fertility, Productivity and Biodiversity 
 

Soil fertility depletion was perceived as one of the critical factors influencing crop and land 

productivity in the study areas. The majority of the respondents (90%) noticed decline in 

the fertility of the soils (Table 8.2). Assessment on soil fertility in the study area (see in 

chapter three) indicates that soils in the area are of low fertility. Among others soil acidity 

was the most limiting soil factors, together with other nutrients (N, P). One explanation to 

the increasing problem of soil fertility was common use of fertilizers by smallholder 

farmers (98% HHs), increasing trends of fertilizer level (69% HHs), and increasing 

understanding of the influence of fertilizers on crop productivity (99%). In addition, the 

majority of farmers (93%) use manure for fertility amelioration. But, utilization was 

limited to agricultural fields near to homestead and the major share was used for fuel (see 

in chapter seven). 

 

Being highly related most respondents‘ perceived the declining trend of land productivity 

in the study area (Table 8.3).According to farmers‘ evaluation, it was estimated that, 57 

percent of CL in the study area was medium in productivity, while bad and good lands 

represent 33 percent and 10 percent of the total area respectively. Higher percentages of 

land areas characterized as moderate and bad may be associated with topographic 
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conditions dominated by moderate (51%) and steep (41%) landscapes. Rating of land 

productivity was based on relative crop yields obtained from a unit area in a local context. 

Regarding trends of land productivity the majority (87%) considered to have decreased. 

But, the community has mixed views on whether crop species and/or varieties produced in 

their localities have changed or not (Tables 8.2 and 8.3). Most of the respondents (55%)use 

traditionally known and recycled seeds of crop species/varieties, while 40 percent 

perceived replacement of often used crop varieties (black barley, baleme) with improved 

varieties of barley, wheat and potato. The later group‘s perceived that locally adapted crops 

are tolerant to the effects of soil fertility, but low yielder compared to improved varieties 

with fertilization. Rapid encroachment of hardy crops such as oats and eucalyptus trees 

into CL was also taken as poor soil fertility induced changes of the species/variety uses. In 

general, the perceptions of the stakeholders on fertility status of the soil and fertilizer need 

were high, implying areas of intervention to improve productivity of the lands on the hands 

of smallholder farmers. 

 

Table 8.2. Farmers‘ perceptions of fertilizer use, and dynamics of soil fertility and crop 

species/varieties for human use 

Variable  Description 
HH % 

(N=150) 
X

2
 p – value 

Fertilizer use Yes 98 
138 0.000 

 

No 2 

Fertilizer use trend (level) No use 2 

180 0.000 
 Increase 69 

 Decrease 28 

 Same 1 

Access to fertilizers market Yes 99 
141 0.000 

 No 1 

Fertilizers benefit Yes 99 
145 0.000 

 No 1 

HH manure use  Yes 93 
116 0.000 

 No 7 

Soil fertility trend Increase 6 

215 0.000  Decrease 90 

 Same 4 

Crop variety/species change 

due to fertility 

Yes  40 

60 0.000  No 55 

 I don‘t know 5 
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Tables 8.2, 8.3 and 8.4 present perceptions of the communities‘ on trends of crop 

productivity and associated factors. One thing that almost all farmers share was that, 

without fertilizer economic grain from crop production is impossible. Being highly 

integrated with land productivity, trends of crop productivity were also differently 

perceived by the stakeholders. The majority of the respondents (61%) perceived crop 

productivity to have decreased while 48 percent described improvements in crop 

productivity (Table 8.3). 

 

Table 8.3. Farmers‘ perceptions of cropland productivity, crop yield trends and slope 

classes of the landscape in the study area 

Land productivity 

(current) 

(N=150) 

 Land productivity
1
 

dynamics 

(N=150)  

 Crop yield
1
 

dynamics 

(N=150) 

 
Land slope  

(N=150) 

Class  

Average 

land 

portion 

 (%) 

 

Trend 
HH 

(%) 

 

Trend 
HH* 

(%) 

 

Class  

Average 

land 

portion 

(%) 

Good 10  Increasing 12  Increasing 48  Flat 8 

Average 57  Decreasing 87  Decreasing 61  Mild 51 

Low 33  Same 1  Same 7  Steep 41 

X
2
 -   126.4   -   - 

p - Value -   0.000   -   - 
1
HH perceptions of land and crop productivity changes during different periods under different political 

systems: 13% HH (1973-1990); 78% HH (1991-2006); 9% HH (2007 onwards). 
* 
Percentages of response on crop yield dynamics do not add to 100 due to multiple responses 

 

The perceptions of the farmers‘ on the causes of the different trends of crop productivity 

(Figure 8.2) were various and mainly related to natural factors and managements practices. 

For declining crop productivity; use of improved crop varieties, better agronomic 

management, good market and weather condition for increased crop yield while lack of 

change in production system, use of fertilizer and improved seeds dissolute the negative 

impacts from land degradation and stabilize yield. On some crops such as barley and 

wheat, emerging disease such as rust was also considered as a factor limiting the 

productivity of improved varieties. Generally soil fertility, soil erosion, use of fertilizer and 

improved varieties, production systems and natural and anthropogenic factors were 

important issues that need to be considered for changes in agricultural productivity. 

Generally, land and crop productivity trends were explained as: 
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“Our grandfathers used to cultivate small plots and get good yield without fertilizer 

application. Today, soil is washed (eroded) and poor in fertility. Without fertilizer, yield 

expectation is worthless and even with fertilizers arable lands are met with poor yields 

(Elderly farmer; qualitative interview).” 

 

Among the major crops growing in the highlands of Ethiopia, barley is still the dominant 

and has long history of attachment with the livelihood of the communities. Barley, enset 

(false banana) and wheat productivity were perceived to decline over time. The majority of 

the interviewed farmers (81-83%) shared the declining trends in yields of these major crops 

(Table 8.4). However, various perceptions were noticed about the productivity trends of 

potato, faba bean, field pea and oat. Relatively close values of perceptions of ‗increasing‘ 

and ‗decreasing‘ productivity trends were obtained from views of the farmers. The chi-

square test showed that significantly higher proportion of the respondents perceived a 

declining trend of yield from barley, wheat, potato, and enset. However, perception of yield 

trends of oats, faba bean and field pea didn‘t show significant difference. This showed the 

stakeholders‘ degree of disparity in perceptions of the productivity trends of the crops 

varied with type of crop species. 

 

Table 8 4. Trends in farmers‘ perceptions of major crops productivity since 

engagement to farming activities 

Major crops 
Yield trend (HH %) 

X
2
 p – value 

Increase Decrease Same 

Barley 14 83 3 163.6 0.000 

Wheat 17 81 2 98.7 0.000 

Potato 48 51 1 62.3 0.000 

Oat 39 44 17 2.33 0.31 

Enset 19 81 0 14.3 0.000 

Faba bean* 38 50 12 5.3 0.07 

Field pea* 50 43 7 4.43 0.11 

*Limited area of production compared to others. 

 

Land use change was also one of the factors which adversely affect the fertility and 

productivity of the soil. From the respondents‘ perception, productivity trends of the new 

lands brought to cultivation from other land uses would serve only for some years. On 

average, the new land was estimated to produce good yield for about four years, mostly 
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without fertilizer and average yield for five years with fertilizer use (Table 8.5). This 

indicated fast decline of soil fertility (< 10 years) mainly due to soil erosion. But the 

perception of the farmers was found to significantly vary (p < 0.001) on periods of each 

productivity levels. In addition to adverse effect on land productivity, land use change 

driven loss of biodiversity was also expected. 

 

Despite huge environmental and economic benefits, the highlands of Ethiopia are facing 

pressing natural and anthropogenic challenges which led to low productivity (Figure 

8.2).Low agricultural production is obviously associated with land degradation as 

described by many authors (Dubale, 2001; Bezuayehu et al., 2002; Berry, 2003; Mulugeta, 

2004; Assemu and Shigdaf, 2014). Particularly, unwavering depletion of soil fertility is 

key aspects of land degradation in the highlands of Ethiopia where the need for food 

production is large (Lal, 2004). Soils in these parts of the country are typically low in 

inherent fertility due to prevalent soil erosion, continuous cultivation and mining of soil 

nutrient reserves, high cost of fertilizer limiting use of mineral fertilizer and low or lack of 

return of organic residues (Assemu and Shigdaf, 2014). Above all, consideration of crop 

residues and animal dung as important components of the livelihood needs highly breaks 

the cycling of nutrients back to the soil. To this effect, poor soil fertility has long been 

known as a major constraint to crops productivity (Tilahun et al., 2006; Berhanu and 

Berhane, 2006).  

 

The implication of declining soil fertility and increasing soil degradation is quite clear for 

agriculture based economy. Unless practical and sustainable measures are taken in natural 

resources conservation, downward spiral of increasing land degradation and poverty will 

be a challenge to achieve any level of agricultural success. The concern is that 

interventions in soil management are often fuelled by calls to action (top-down approach) 

literally lacking monitoring systems and easy to predict future collapse. Often the success 

is measured in terms of areas of coverage on which the conservation measures are done 

each year rather than the impacts brought in reducing soil loss, improved fertility, 

productivity and wealth of biodiversity. 
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Figure 8.2. Farmers‘ perceptions of general crop yield dynamics and their causes. 

 

In face of the rapidly growing human population and food security being the most 

important challenge of mankind, finite natural resources, inappropriate farming practices 

and socioeconomic factors are frontiers examining the struggle to reverse the down spiral 

of soil fertility. Integrated nutrient management is a necessity, not an option, as long as the 

livelihood and economic dependence on agriculture continue in Ethiopia. Even if, 

traditional fallow system often weed dominated, contribute very little achievement to soil 

fertility (Boonman, 1993), mounting pressure on fallow lands further worsen the 
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restoration and productivity of uplands. Past efforts mainly employing engineering 

approaches and use of chemical fertilizers to reverse land degradation in Ethiopia were 

neither effective nor sustainable due to many socioeconomic factors (Elias, 2002; Bekele, 

2003). Successful arrest of land degradation requires a holistic approach which address 

major agricultural challenges such as prevalent feed and firewood shortages, high fertilizer 

cost, infrastructures etc. coupled with sound policy interventions, particularly on land use 

control and unrestrained traditional farming systems. 

 

Soil management in general and fertility in particular has an immediate significance on 

agricultural productivity and sustainability. Most farmers realized dropping grain 

productivity over time mainly associated with declining soil fertility. Loss of soil fertility 

generally caused economic costs associated with need to supply crops with costly external 

inputs (fertilizers). Certain attributes that the farmers explained as indicators of soil 

productivity deterioration include yield reduction (45% HH), bare rock appearance (40%) 

and gully formation (34%). Moreover, shallow soil depth, light soil color, low fertility 

(necessity of fertilizer application), stoniness/rockiness, hard pan formation, crop failure, 

increased weed infestation, low water holding capacity and poor physical condition of the 

soil were also perceived indicators, though less rated (Figure 8.3). In fact, these indicators 

perceived by the farmers have a strong association with classical soil attributes such as soil 

quality and nutrient budget which cause yield variability and ecological impacts (Arshad 

and Martine, 2002; Mulugeta, 2004). The problem is that most of the indicators perceived 

by farmers are those detected at the later stage of degradation after huge loss. 

 

The dynamics of vegetation under different land uses in the study areas was found to be 

apparent as indicated in Tables 8.5 and 8.6. The majority of the respondents (71%) noted 

clear changes while considerable proportion (27%) of the respondents considered 

vegetation structure to remain the same.Land use change was perceived to be the major 

driver for biodiversity loss. Most respondents (69%) recognised shifts in land uses due to 

various factors while 31 percent did not notice or practice changes of land uses. The 

influence of human and domestic animals were identified to profusely alter vegetation of 

the landscape. Loss of indigenous trees and shrubs growing in the area was considered to 

be the most serious problem followed by pasture and crop species. Hagenia abyssinica, 

Juniperus procera, Dombeya torrida, Apodytes dimidiate, Olea europaea, Podocarpus 

falcatus, Maytenus obscura, Kalanchoe deficiens, K. marcantha and Schefflera abyssinica 
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were identified as major tree species used to grow commonly, but currently almost 

vanished from most areas except remnants of few species in valley bottoms, scared places, 

and homestead areas (Table 8.6). Eucalyptus globulus widespread plantation was an 

immediate possible intervention made by the smallholders to replace the firewood and 

construction demand of the people following denudation of indigenous trees and shrubs.  

 

Figure 8.3. Farmers‘ perceptions of indicators of land degradation. 

 

Pastureland was also identified as a threatened land use mainly due to land use change 

(PSL to CL), overgrazing and overstocking; but compared to trees and shrubs less 

awareness was seen from the community about the flux of pasture species. Hyperhenia 

spp., Pennisetum schimperi, Andropogon dummeri, Snowdenia polystachya, Satureja 

paradoxa and Trifolium spp. were some of the grass and legume species which were 

common in PSL but currently either highly endangered or destroyed (Satureja paradoxa) 

(Table 8.6). Unlike forest/woodlands vegetation dynamics, the perceptions between famers 

on PSL vegetation dynamics didn‘t show significant difference (p < 0.13). This explains 

mixed views of the community on desirable PSL biodiversity. Pressure from livestock, 

increased weed infestation and crop encroachment were serious problems hampering 

important pasture species. 

 

Dynamics in the use of different food crops species or varieties was perceived inexistence 

by the majority (55%), while (40%) mentioned shifts in use of some landrace (farmer 
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owned) species (Table 8.2). Barley cultivars by local names ―Garbuu gurraacha, (black 

hull barley) and Baallamme (white hull barley)‖ that were once dominant in the highlands 

became unproductive and almost replaced by new varieties of barley and other crops 

(wheat, oat, potato etc.). Especially black barley (directly translated from local name) is 

almost out of production. Mixed views on shifts in crop species and/or varieties is 

attributed to the varying access to technology and information, severity of the problem and 

in some cases biophysical factors limiting adaptations of improved materials. Although the 

majority of the respondents were not conscious about the dynamics in use of cultivated 

crops, the growing interest and expansion of hardy crops such as oats and eucalyptus spp. 

on CL (marginal) were the direct influence of land degradation on biodiversity flux over 

time. More recently, the growing replacement of barley by oats (Avena sativa L.) mainly 

due to soil infertility was clearly seen in the highlands. Engels and his colleague observed 

this trend before two decades (Engels and Hawkes, 1991). 

 

Table 8.5. Community perceptions of land use change and its effect on biodiversity and 

land productivity 

Land use change 

(% HH) 

 
Biodiversity change 

(%HH) 
  

New cropland productivity period 

(year) 
 

Forest 

vegetation 

Pastureland 

vegetation 
 

Yes No 
 

Yes No Yes No  Good STD Medium STD Poor STD 

69 31  72 28 56 44  4 2.3 5 2.5 9 3.7 

X
2
 22.4  29.4 2.3  46  68.5  50.6  

p –value 0.000  0.000 0.12  0.000  0.000  0.000  

STD= Standard deviation 

 

Ethiopia has long been recognized as a centre of diversity for a wide range of plant species 

(Harlan, 1968; Engels and Hawkes, 1991; Hanson and Solomon, 1991; Tamrat, 1993; 

Vavilove, 1949 as cited in Di Falco and Chavas, 2009). However, economic and 

demographic pressures on land are increasingly imposing negative impacts on the 

biodiversity. Although loss of biodiversity can happen in a variety of processes (direct and 

indirect), human activities induced transformation of landscape and over-exploitation is 

causing widespread loss of biodiversity (Temesgen et al., 2014; Assemu and Shigdaf, 

2014). 
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In the highlands, land use change, which perhaps is ―land abuse‖ and over-exploitations 

accelerate biodiversity losses through impairing self-regenerating capacity of an eco-

system, soil seed banks and soil fertility. This is particularly true for PSL suffering from 

overgrazing, and indiscriminate cutting of indigenous tree species growing in the highlands 

of Ethiopia. Change in species or cultivars production and productivity of staple food crops 

is attributed to soil fertility depletion, and increasing incidences of pests and diseases 

following climate variability (Jarvis et al., 2010, Berry, 2003; NMA, 2007; Temesgen et 

al., 2014). 

 

Protection of loss of biodiversity against the impacts of overutilization needs to develop a 

mechanism to monitor aspects of biodiversity threats from mismanagement. Level of 

management and use affect species composition and abundance (Metera et al., 2010). 

Succession of species in the natural ecosystem continue with different pathways, such as 

soil seedbank, seed rain and seedling bank. However, disturbance or damage to an 

ecosystem affects the succession of natural floras. Agricultural land expansion and 

intensity of uses are important determinants of the persistence and succession of natural 

floras. Like most indigenous tree species, less focused diverse species of important fodder 

plants are lost extensively due to land use change and overgrazing (Metera et al., 2010; 

Teklu et al., 2010; Temesgen et al., 2014). 

 

8.3.3. Soil Conservation Efforts: Community Perceptions, Realities and Implications 

to Sustainable Land Resources Management 

 

As discussed earlier, soil erosion was identified as one of the major causes for soil loss, 

fertility deterioration and constraint to agricultural production and food security in the 

study areas. The perceptions of the smallholder farmers on soil conservation scenarios, 

involvement and forthcoming views are summarized in Tables 8.7 and 8.8. Most of the 

respondents (93%) were involved in at least one of soil conservation operations introduced 

by government (Derg and EPRDF
9
 regimes) and research institutions (mainly, Holetta 

center). However, widespread conservation activities were carried out since 2010 in which 

farmers were mobilized through the lowest administrative structure, peasant associations. 

Business as usual, the involvement of farmers in those conservation activities was only for 

labor contribution which was controlled by coercive local laws.  

                                                 
9EPRDF (Ethiopian Peoples’ Revolutionary Democratic Front) is the current regime that overthrown 
the Derg regime in 1991, adopt free market economic system and  ruling the country  
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Table 8.6. Highland vegetation perceived endangered/affected by anthropogenic activities 

in the highlands of Ethiopia 

No Scientific name Local name (Oromifa) 
Frequency 

(Respondents) 

 Trees/shrubs   

1 Hagenia abyssinica Koosoo 88 

2 Juniperus procera Gaattiraa 60 

3 Dombeya torrida Daannisa 24 

4 Podocarpus falcatus Birbirsa 23 

5 Apodytes dimidiate Odabaddaa 18 

6 Olea europaea Ejersa 16 

7 Podocarpus falcatus Birbirsa 23 

8 Maytenus obscura Kombolcha 15 

9 Kalanchoe deficiens, K. marcantha Bosoqqee, Indaahula 10 

10 Schefflera abyssinica Luqqe 10 

11 Olinia rochetina Daalachoo, Solee 9 

12 Rubus apetalus Goraa 9 

13 Buddleja polystachya Adaddoo, Anfaara 9 

14 Rubus pennatus, R. steudneri Gura 8 

15 Gloriosa superba Sokorruu 4 

16 Nuxia congesta Qeewusa 3 

17 Vernonia auriculifera Reji 2 

18 Pygeum africanum, Halleria lucida Tikur enchet 2 

19 Gnidia lamprantha Didiksaa 2 

20 Maesa lanceolata Abbayyi 2 

21 Salix subserrata Barooddo 2 

22 Dombeya goetzenii Walkafa 1 

23 Rhus ruspolii Daboobbessa 1 

24 Grewia ferruginea Laanqissa 1 

 Crops   

1 Durum aestivum/ Triticum aestivum Bunde (wheat) - 

2 Hordeum vulgare (White barley) Garbuu adii - 

3 Hordeum vulgare (Black barley) Garbuu gurraacha - 

4 Hordeum vulgare (Balami) Baallammii (barley) - 

 

 

Grasses/legumes/herbs 
  

1 Hyperhenia spp. Sanbateexa - 

2 Pennisetum schimperi Migira - 

3 Andropogon dummeri Baallammii - 

4 Snowdenia polystachya Mujjaa - 

5 Satureja paradoxa, Thymus 

schimperi, Micromeria biflora 

Xoosinyi - 

6 Trifolium spp.
10

 Siddisa - 

 

 

                                                 
10Ethiopia is center of diversity for Trifolium species, with 10 of its 26 indigenous species being 

endemic (Thulin, 1989) 
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Table 8.7. Farmers‘ perceptions of soil conservation practices, labor demand and interest in 

future activities 

 

Variable 

 

Description %HH X
2
 p -value 

Rating of major 

soil conservation 

practices 

%HH 

Involvement in soil 

conservation work 

Yes 93 
112.7 0.00 

Soil bund* 66 

No 7 Cut-off drains 32 

Labor demand  

(focus on soil 

bund) 

Low 36 

2.4 0.3 

Contour cultivation 14 

Average 27 Tree plantation
1
 10 

High 37 Channels/furrows 8 

Soil conservation 

practices scenario  

Before 1967 16 

70.6 0.000 

Manure/compost  4 

1967 - 1989 7 Fallow 3 

1990 - 2006 22 Crop rotation <1 

2007 - 2012 55 Gully rehabilitation <1 

* Soil bund is a recently introduced of conservation practice by the government through community 

mobilization in most areas 
1
Tree plantation (eucalyptus) is mainly on degraded lands which are out of production 

 

Information obtained from the respondents showed that, introduced soil conservation 

activities were started before 1970s; however adoption remained unrealized. In attempts to 

assess farmers‘ perceptions of labor demand of introduced soil conservation practices, 36 

percent of the respondents viewed as labor intensive task while 27 percent considered as 

average. On the other hand some respondents (36%) rated labor demand of introduced 

conservation measures to be low (Table 8.7). Chi-square test (p = 0.3) revealed the mixed 

perceptions of communities on labor demand of introduced conservation measure (soil 

bund). Nevertheless, most respondents (92%) has positive attitude on the need to continue 

application of introduced soil conservation practices (Table 8.8). 

 

Despite the majority of the respondents‘ rated labor demand to be average to high; and 

showed interest to continue application of soil conservation practices, but most farmers‘ 

showed loose interest in community mobilization based approaches. Fifty five percent of 

the respondents preferred to continue soil conservation measures with family labor, while 

15 percent and 10 percent were in favor of community based and small group based 

approaches respectively. The rest 20 percent of the respondents were not sure about which 

approach to follow (Table 8.8). The result showed that most farmers were not interested in 

the current community based approaches for soil and water conservation. Unequal 

initiation and differences in the quality of works by an individual farmer were factors 
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raised by most of the respondents for loose interest on community based activities. 

However, the implications of such disparities between farmers and policy approaches 

intricate achievements anticipated to meet in the highland areas of the country. 

 

The response of most respondents (93%) showed that they were implementing soil and 

water conservation measures, traditional and/or modern techniques (Table 8.7). Among 

conservation measures practiced by the smallholder farmers, soil bund was presented by 

most respondents (66%) followed by cut-off drains (32% HH). Farmers‘ response shows a 

significant progress in soil conservation activities, since 1990 (almost in current ruling 

EPRDF regime). But, soil bund works reported by the respondents was not initiated and 

implemented by individual farmer. Though labor demand of traditional conservation 

measures was believed to be manageable by family members, their implementation was 

generally low. Fallow system which was dominant and has been practiced for century and 

other management practices were not considered as conservation method by most farmers. 

Tree planting on soil bunds suggested by some farmers was not common to see on 

agricultural lands, unless considered as an interest to carry out in the future. Rather, tree 

plantation on seriously degraded lands was a common practice in the areas. So awareness 

on potential roles of different conservation measures (physical, biological and cultural) was 

still low and needs further work. 

 

Severe loss of soil and soil productivity is real in the area. It is only very recently that less 

favored in the central highlands have received policy attention. Since 2010, soil bund has 

been introduced in most areas of the highlands in the country through community 

mobilization. The fact that the introduced soil conservation is still delivery oriented (top-

down approach), effectiveness and sustainability is doubtful as previous experiences seen 

in most areas of the country (Yeraswork, 2000; Tesfaye, 2003). Farmer‘s lack of 

motivation to maintain and enrich conservation measures such as soil bund made earlier in 

2010s intense the doubt that the introduced conservation measures may not fit to the 

farmers‘ knowledge or priority interest. 
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Table 8.8. Farmers‘ perceptions to institutional supports in application of soil and water 

conservation measures 

Variables  Description % HH X
2
 p - value 

Awareness on 

conservation campaigns 

Adequate 66 

82.3 0.000 Inadequate 32 

I don‘t know 2 

Continue conservation 

activities 

Yes 91 

218.6 0.000 No 4 

After success of the current works 5 

Conservation approach 

preference 

Community based 15 

73.2 0.000 
Small group based 10 

Family based 55 

No idea 20 

 

To ascertain that the people accept the technologies (conservation measures) as theirs, 

farmers motivation to be part of the action is required. Bringing the community to this 

level in fact needs perseverance and commitment in support from different stakeholders. 

The key question needs to answer first is, why people are resistant to new technologies or 

systems? Is that due to lack of awareness or new technologies are not fit to their socio-

economic and cultural setup? These are frontiers that the policy, research and development 

strategies should address. To gain behavioral change, people need to be motivated, learn 

and master new skills to apply them. Moreover, encouraging and enabling policy 

environment is also required for people to practice their new skills and knowledge. Recent 

efforts to create farmers‘ awareness on soil and water conservation are acknowledgeable 

and most respondents (66%) considered adequate, while 32 percent felt inadequate for 

proper implementation of conservation practices. The dissatisfied groups described 

awareness creation as unsustainable, short period subject, and trainings are inadequate 

given that farmers understanding to technical issues are low (Table 8.7). In reality what 

was practiced on the ground explains the perceptions of the later groups. First, most earth 

works were not implemented as supposed and secondly no farmer maintained the 

structures on their farm. Rather most bund structures were either destructed or deteriorated 

to a level it cannot halt soil erosion; and in some cases aggravates the risk of soil erosion. 
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The aforementioned gaps in implementation of development programs quest investment on 

farmers‘ capacity building (awareness creation, and consistent technical support) and their 

involvement in the planning of land management issues which are fundamental and 

deserve a review in approaches for mutual understanding of site-specific factors that need 

adjustment to the changing circumstances (Woldeamlak, 2007). To this end, organizing 

farmers in Watershed and use of farmers‘ associations as a venue for open discussion on 

prevailing problems are important elements to provide appropriate technologies that fit to 

site-specific farming systems (Tilahun, 2003; Liu et al., 2008). Moreover, proper 

implementation of introduced conservation measures to meet specific outputs is vital for 

adoption and sustainability of the technologies. In Ethiopian situation in which farmers‘ 

affinity to new technologies is low, promotion of soil and water conservation technologies 

will be successful only if significant benefits can be demonstrated on selected farmers 

(model farmers) field who believed to influence the perceptions of the local communities. 

 

Soil conservation programs are formulated and started application in seventies 

(Woldeamlak, 2007) and after nearly four decades soil and water conservation practices 

are becoming relatively progressing thrust to natural resources management in Ethiopia. 

Like past strategies in 1970s and 1980s community mobilization through their peasant 

associations (the lowest tires in the administrative structure) is still the approach employed 

to implement the policy. However, the difference is, in previous campaigns, there was a 

payment (food-for-work) for participating farmers, which is lacking these times. Previous 

efforts were evaluated largely unsuccessful and adoption of the introduced technologies is 

low (Azene, 1997; Bekele and Holden, 1999; Yeraswork, 2000; Tesfaye, 2003). Among 

several factors top-down approach and socio-economic factors are identified as major 

reasons for a failure. Soil and water conservation works are still the attention of national 

policy and efforts still continue, of course with no different approaches. A top-down 

approach and certainly socio-economic constraints are also persistent issues. The 

involvement of farmers is mainly for labor contribution as usual. The question is will the 

myth changes? In reality, under the prevailing farming system and socio-economic 

situation of the rural highlands, it is hard to expect successes. First and for most, top-down 

approach with one-fit-all principle, lack of land use control system, free animal movements 

after crop harvest are unsolved challenges which need reforms to realize the aspired results 

in natural resources conservation and agricultural development in the country. Secondly, in 

the absence of enabling environment which has common rules, norms and sanctions, it is 
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not encouraging for the individuals to invest in their farm under the current obsolete 

traditional farming system. 

 

Generally, introduced conservation measures will halt land degradation only if the 

communities accept and adopt to use as their own on sustainable bases. Mostly, 

development projects are driven by externals with hidden assumptions, unfound beliefs and 

done for short periods. However, holistic view that involve the farmers in problem 

identification, technology identification and implementation processes are key element that 

enable the beneficiaries to take a greater control of the development activities (McKee et 

al., 2008). The prevailing powerless feeling of farmers in finding solutions for agricultural 

problems should be changed through sustainable awareness creation and participatory 

approaches in development endeavors (Tesfaye, 2003; Mitiku et al., 2006). In a country 

where best experience of world indigenous soil conservation practices (Konso people, 

Southern Ethiopia, Yeshambel, 2013) is tapped and registered in UNESCO, less 

confidence seen on peoples in the rest part of the country to find their own solution for 

agricultural problems is quite hard to accept. Perceptions of high level of illiteracy built in 

the community drove to over-reliance on government for solutions to agricultural and 

environmental problems. This should be changed and can be glanced, only if community 

centered functional systems involving strong and consistent farmer-extension-research 

linkages are developed. 

 

8.4. CONCLUSION 

Understanding the local peoples‘ perceptions of environmental issues is a prerequisite in 

making successful and sustainable resource management practices in Ethiopia. Generally, 

communities in the hilly areas of Dendi-Jeldu districts are aware of land degradation. 

However, a broader sense of understanding elements of land degradation (decline of soil 

nutrient, loss of vegetation, loss of water etc.) and interactions with farming practices was 

inadequate. Most respondents‘ simply link land degradation only with soil erosion. Land 

degradation from all agricultural land uses except grazing land, was perceived to be a 

problem with varying levels. But farmers were sensitive to changes impairing the 

productivity of cultivated land due to its direct tie with their livelihood. Among others, 

farmers are sensitive to soil fertility depletion and respond quickly to the problem. On 

other hand lack of own initiative in soil and water conservation, reluctance to maintain 
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constructed conservation structures and continued land mismanagement reveals either 

limitation of awareness or existence of other inhibiting factors. 

 

Farmers‘ perceptions on the determinant of land degradation were inclined to the 

proximate ones (natural factors) while the underlying causes basically related to human 

activities and socio-economic factors were perceived less important. In reality, land 

degradation is invariably accelerated by the underlying factors. Farmers‘ perceptions of 

indicators of land degradation (yield reduction, rock appearance and gully formation) were 

also symptoms observed in the later stage of the process after a huge loss. Hence, 

awareness creation on control of underlying factors, mainly inappropriate practices at farm 

level is necessary. 

 

The current strategy ―mass mobilization‖ of community participation in conservation 

practices was not in favor of most respondents, explaining unequal interest and concern 

among individual farmers affecting the quality and effectiveness of conservation 

structures. Through focus on technology transfer alone, the achievement was limited or 

unsuccessful in most cases. It is therefore important to take further steps to address the 

diversity of intricate attitudes of the community. Furthermore, understanding farmers‘ 

perceptions, analyzing integrity or differences with scientific/innovative strategies and 

aligning their perceptions to the development strategies is needed. Educational programs 

and strong conservation extension services are also central to successfully address land 

degradation on sustainable basis. To this end, perseverance and commitment from the 

government, development institutions and smallholder farmers are keys to address land 

degradation.  
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9. SUMMARY, CONCLUSION AND RECCOMENDATIONS 

 

9.1. SUMMARY 
 

This chapter brings together the major findings of this study entitled as land use land cover 

dynamics, land degradation and potential for sustainable use of natural resources under 

mixed crop-livestock farming system in Galessa watershed and the surroundings in the 

central Ethiopian highlands. The study followed an end-to-end approach and attempted to 

cover the many factors with an overall objectives to evaluate the magnitude and dimension 

of time series LULC change, its drivers and the interactions of complex set of biophysical 

and socio-economic factors contributing to land degradation; extent of the problem, spatial 

dynamics, contribution of existing farming system and assess the suitability of land 

resources for the existing land uses that contribute towards an effort to ensure sustainable 

crop-livestock production while maintaining natural resource bases and environmental 

quality in Galessa watershed and the surrounding areas in the central Ethiopian highlands.  

 

To this effect, multidisciplinary issues operating at different scales (district, watershed, plot 

and households) were investigated. The study explored various factors contributing to land 

degradation, with the aim of drawing suggestions and conclusions that would contribute to 

the advancement of future land resource management policies and strategies in the central 

Ethiopian highlands. Most critical problems are identified, their causes and impacts are 

discussed along with suggestions on technical and policy approaches to mitigations.  

 

Today, it is estimated that over 100 million humans live in Ethiopia with an additional 

estimated annual growth rate of 2.6 percent. Most of this population is living in the 

highland areas (altitude > 1500 m.a.s.l) and depending on agriculture for their livelihood. 

Such a population growth combined with limited agricultural intensification has generally 

resulted in land scarcity and increased pressure on natural resources of the Ethiopian 

highlands, leading to land degradation. Land degradation is one of the most severe 

problems facing agricultural development in Ethiopia. Clearly, decades of efforts to tackle 

land degradation have not been widely successful. A lot has been said to influence the 

success of past conservation projects. However, further understanding on shortcomings is 

needed to develop more effective strategies to address the problem. 
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Among other factors, the contribution of agriculture to land degradation is very significant 

in Ethiopia. This recognition is important in order to encourage decisive policy measures to 

tackle longstanding problems of land degradation. Agriculture is subsistence oriented and 

typified by a traditional production system under rainfed condition. Productivity is 

generally low and hardly adequate to meet the needs of a fast growing population. The 

dynamic tension between the increasing population and agricultural productivity has forced 

expansion of cultivated land into marginal areas. The quantum gain in agricultural 

production through land expansion has been accompanied by deforestation, loss of 

biodiversity and soil erosion in the Ethiopian highlands. The following sections describe 

how the different factors interact and affect land degradation.  

 

Over the last half century (1957-2014), LULC has changed considerably with the 

expansion of agriculture into natural habitats previously under natural pasture and forest 

cover. Pastureland that was dominant (49%) in 1950s has been taken mainly by 

progressive expansion of cultivated in the period between 1957 and 1995. Several patches 

of forestland (6514 ha) and woodland (2147 ha) distributed across the landscape and 

accessible to the farming community have also totally vanished in the period between 1957 

and 2014. Today, only the state-controlled and partially-surviving Chilimo dry afro-

montane forest is available in the area. Overall, land areas under cultivated land, plantation 

and settlement were increased by 170, 13785and 172 percent, respectively. On the other 

hand, land areas under pastureland, forestland and woodland were declined by 67, 73and 

100 percent, respectively. 

 

The rate and pattern of these changes varied among land uses and with the intervals of the 

study periods. For instance, cultivated land expansion was slow (2% per annum) in the 

period between 1957 and 1980. Accelerated (6% per annum) expansion has taken place in 

the period between 1980 and 1995, which then did not change appreciably. Expansion of 

plantation (Eucalyptus globulus) has been remarkable and increased by 13785 percent in 

periods from 1957 to 2014. In contrast, conversion of pastureland to other land uses was a 

drastic event and the change was alarming (4% per annum) in the period between 1980 and 

1995. Similarly, forest cover in the landscape was reduced by almost 75 percent. The 

highest rates of deforestation were observed between 1995-2014 and 1957-1980. 
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In the study area, pastureland has been the principal source of land for the remarkable 

expansion of cultivated land. For the other notable increase of plantation area, pastureland 

and cultivated land have been the expansion niches at varying rates over the different 

periods. Pastureland was a major source of land for eucalyptus expansion in the period 

between 1957 and 1995, while cultivated has become the principal donor since 1995. 

Noticeable conversion of cultivated land to pastureland in the period between 1957 and 

1980 is the sign of land availability and better fallow practice for fertility restoration. 

Evidence of this study shows that, a substantial portion of the landscape has experienced 

modification dominated by cultivated land expansion at the expense of a large-scale 

decline in pastureland. 

 

Though LULC change is a national phenomenon, the driving factors possibly vary across 

different regions and locations in the country. In the study area, the expansion of cultivated 

land was mainly linked to fast-growing population densities. This is explained by a 

remarkable increase of population density from 41 inhabitants per square kilometer in 1957 

to 180 inhabitants per square kilometer in 2014. Moreover, land tenure system change e in 

1974 (from a ―feudal system‖ to ―land for all tenants‖) and lack of a land use framework 

have also stimulated overwhelming expansion of cultivated land into the marginal areas 

most vulnerable to degradation.  

 

Indiscriminate clearance of natural vegetation (forest and woodlots) from areas accessible 

to farmers (areas under individual holdings) was also influenced by the human and 

livestock populations for cropping and grazing uses. On the other hand, widespread 

deforestation of state controlled Chilimo forest was for economic gain through timber 

production in the period before 1973. However, in the period between 1980 and 1995, due 

to a strong forest control system, the resources were well maintained. Regime changes 

(particularly in transitions periods) and inconsistency in forest management policies were 

loop holes for vast deforestations that took place in the period between 1995 and 2014. 

Even if still under pressure, the survival of the Chilimo forest clearly demonstrates the role 

of policy legislation for resource management. More recently, land degradation and 

economic drives are also influencing LULC changes in the study area. This can be 

explained by the dramatic expansion of eucalyptus plantations on degraded and 

agricultural lands since the 1990s.  
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The impacts of LULC changes are multiple and often critical during the transition periods. 

Soil degradation and loss of biodiversity were the most important consequences of LULC 

changes. The decline of soil nutrients in land under anthropogenic uses viz. cultivated land, 

pastureland and plantation was prominent except some basic cations K, Ca and Mg. Soils 

adjacent to natural forest were in a better condition compared to soils under other land 

uses. The deterioration index (DI) of soils under plantation and pastureland converted from 

cultivated land was significantly higher than for soils under cultivation and pastureland. 

Cultivated land converted from natural forest and pastureland in steep has higher DI 

compared to cultivated land that managed to cropping first on relatively gentle areas. This 

explains the rapid deterioration of soil quality under cultivated land converted from forest 

and pastureland in steep landscape positions. The highest DI (52%) of plantation converted 

from cultivated land was due to the fact that exhausted lands are often used for eucalyptus 

production as a last farming option. This shows sequential use of land as fertility declines 

with the adoption of alternative farming components associated with deteriorating land 

quality. 

 

Soils under different land use types varied in some physical and chemical properties. This 

was effectively the accumulated result of various anthropogenic and natural factors. For 

example, soil bulk density varied amongst land-uses with more compact soils under CL 

compared to the others. Generally, it often increases with the increasing slope. Though 

insignificant (p > 0.05), bulk densities of soils under grazing lands used openly were higher 

than under controlled grazing. As a measure of land quality, the bulk densities of soils 

under all land uses were higher than the optimum level (1.1 g cm
-3

). However, only bilk 

density (1.48 g/cm3) of soil under cropland at steep slope (30%) may restrict root 

penetration and plant growth on clay soils. 

 

Soil acidity in the ranges of strongly acidic (4.5-5) to extremely acidic (3.5-4.4) conditions 

was one of the most critical problems related to agricultural performances in the study 

area. The problem was most serious in soils under cultivation and fallow lands on 

landscapes with slopes <30 percent. These soils were extremely acidic. Organic carbon, a 

measure of organic matter, was generally low in soils under cultivated land and fallows 

grazed openly. Similarly TN was low in cultivated land soils and decreased significantly 

with the increasing slope. The slope effect was significant in TN contents of soils under 

fallows and eucalyptus plantation, where the content was at critical levels in the higher 
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slope above 15 percent. Unlike nitrogen, available P was relatively higher in soils under 

cultivated land. From a fertility point of view, P was deficient (very low to moderate) for 

agricultural crops of varying types. Calcium content of soils under different land uses 

tended to increase with increasing slope. In most cases, Ca levels in the soils under the 

considered land uses were moderate. However, K, Mg and other micronutrients were high. 

Generally, such physico-chemical properties of the soils have influences on land 

degradation in one way of another. 

 

Soil erosion is the most destructive forms of land degradation in the study area, mainly due 

to anthropogenic activities. Hilly areas of Dendi-Jeldu districts are among those 

experiencing frequent erosive rainfall (47 erosive storms) in the Ethiopian highlands. Soil 

loss due to water erosion was in a range of 3-49 t ha
-1

 annually, and varied with the type of 

land use, management practices and landscape factors. Soil losses from cultivated and 

fallow lands were high (11-49 t ha
-1

 year
-1

) and increased with the increasing slope.  

However, eucalyptus plantation was the only agricultural land use that significantly 

reduced soil erosion to the minimum level (3 t ha
-1

 year
-1

). This explains the wide-ranging 

problems of soil erosion due to natural and human activities in the highlands. The rate of 

soil erosion from fallow land was rather striking in view of farmers‘ perceptions and 

practice to restore soil fertility. In reality, soil losses from fallow land were remarkable due 

to heavy grazing intensity. Pressure from increasing human and livestock activities such as 

widespread use of steeply sloping land for cropping without appropriate conservation 

measures, frequent tillage (3-4 times), heavy dependence oncrop residues (over 70% for 

feed and 23% of construction) and overgrazing were most important contributors to soil 

erosion in the area. Soil loss was accompanied by substantial losses of nutrients (TN, OC, 

K) particularly from cultivated and fallow lands. This is also a serious issue for agriculture, 

already constrained by inadequate fertilizer inputs. 

 

Many attributes of livestock management systems such as pressure on grazing resources 

(fallow land and PSL), heavy reliance on crop residue and extensive hoof traffic were 

contributing to the soil erosion, and cannot be neglected. High livestock density (3.5 TLU 

ha
-1

) and shortages of PSL (0.13 ha HH
-1

) were important factors aggravating land 

degradation. Unwavering high stocking densities (29-30 TLU ha
-1

) on fallow land during 

the wet season was the cause for substantial soil and nutrient losses. Pastureland is almost 

limited to waterlogged areas (70% of total available PSL), steep slope and stony areas and 
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abandoned cultivated land. Hence, productivity was generally low (4.3 DM t ha
-1

). The 

mismatch between current livestock populations, and area and productivity of land devoted 

for grazing was the point of contrasting situations accelerating land degradation. 

 

Generally, the current state of pressure from human and livestock populations on land 

resources is heavy and multifaceted. Unless appropriate measures are taken at various 

levels, the current efforts to control soil erosion will not be effective. This highlights the 

need to consider the issues at a broader framework of sustainable development. 

 

Mixed crop-livestock production systems developed autonomously out of the traditional 

farming systems is typical, and crops and livestock framings are practiced in the same 

management units. Generally abuses of land beyond its capability in various forms have 

been practiced for decades. However, improved and sustainable use of land for the benefits 

of people primarily needs systematic and categorized use of land based on its capability. In 

Galessa Watershed, soil acidity, poor drainage, topography (slope), low temperature and 

high rainfall, either alone or in combination, were limiting the production of barley, potato, 

eucalyptus and pasture in the area. Under the present condition, only a middle slope area of 

the landscape in the watershed was marginally suitable for pasture production. The rest 

(summit, foot slope and bottom positions) sections of the landscapes in the watershed are 

unsuitable for all considered land uses.  

 

Agriculture is a manmade adjunct to the natural ecosystem dependent on climatic and soil 

factors. Under rainfed conditions, not much can be done about climatic factors. However, 

most of the factors related to soil/landscape are manageable. For example, extreme soil 

acidity and topographic conditions can be modified. Moreover, tolerant genetic materials 

in current use or other suitable land use can be developed to best exploit the inherent 

potential of the land resource. With appropriate management inputs, the area is marginally 

suitable to barley, but moderately suitable for eucalyptus and pasture productions. The case 

of eucalyptus still needs further investigation with regard to environmental impacts. 

Moreover, looking for other alternative tree species for commercial production can also be 

part of the solution. Hence, integrated approaches and strategic land uses are needed to 

solve agricultural problems.  
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Land degradation is a complex process caused by interacting socio-economic and 

biophysical factors. Socio-economic conditions of the community influence farmers‘ 

choices of production method and land management practices. Low level of education, 

large family size (7.8 persons per household) the majority (57%) being economically 

dependent and small landholdings (1.8 ha HH
-1

 or 0.2ha per capita) characterize the 

community in the study area. Moreover, Infrastructure development, particularly access to 

road (35%), clean water (10%) and electricity (10%) was at very basic levels in the study 

area. Institutional supports in various forms are mostly insufficient, except commendable 

progress made in credit services. Land, the most important factor, is a public resource and 

land policy precludes farmers the right to sell or mortgage their holding. Land use, land 

management, land degradation and farmers‘ perceptions of land degradation are the sum 

effects of these important factors. Discussions in the following sections are based on these 

factors.     

 

First, land shortage is critical. Besides, access to land is suspended after 1994 land 

distribution. This has led to land sharing (the most widely adopted scheme) with 

consequent fragmentation (4 plots HH
-1

 at an average distance of 1.6km) of smallholdings. 

The implications of land shortage and lack of access to land are enormous and linked to 

socio-economic, political and environmental issues. Changes in production method (ley-

farming by landless or small farm size holders) and biased choice of land allocation (only 

21% HHs allocate land for pasture) for crop production regardless of topographic factors 

has been the root causes of land degradation.  

 

Second, land tenure is on crossroad. The result shows tenure security and public land 

ownership to be acceptable by the community. On the other hand, widespread informal 

land marketing and growing problem of conflicts somehow shows the scale of the problem 

and ill-functionality of the land policy. The problems with regard to land are emanating 

scarcity and needs proper policy response.   

 

Third, infrastructure and institutional supports are at low level and influence development 

in many ways. Among others, labor productivity, agricultural productivity, marketing and 

environmental health are tied to these facilities. Including rural credit services (46 percent 

of the HHs was beneficiaries) rural development should be given to increase agricultural 

productivity as well as labor productivity of the people.  
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In Ethiopia, agricultural productivity has improved very little due to limited use of 

improved technologies and inputs, poor management, inappropriate practices and 

consequent land degradation. In the study area, most areas of the landscapes fall in the 

category of moderate to steep topographic conditions that are most vulnerable to soil 

erosion. Besides, short fallows under intensive grazing, frequent ploughing, low fertilizer 

application, extensive use of crop residue for feed, use of manure for fuel and overgrazing 

have been smallholder agricultural practices contributing most to land degradation. 

Practices under both crop and animal agriculture have been damaging to the environment.  

 

Two things are important here. First, farmers are aware of interactions between fertilizer, 

soil fertility and crop yield. However, the rate of application remains low. Most explained 

cost of fertilizer to limit the extent of use. Second, livestock production is suffering from 

critical feed shortage originating from less land allocation and low productivity of 

available pastureland. The puzzle is the continued growth of livestock number (aggregate) 

under an already constrained system. These mismatches are critical issues that directly link 

to land degradation. Unless appropriate measures are taken, the production system remains 

instrumental to land degradation.  

 

Indiscriminate deforestation that has almost removed trees from landscapes under the 

control of smallholder farmers has resulted in critical shortages of fuelwood and 

construction materials. This has induced an irreversible expansion of eucalyptus plantation 

in the area. The economic contribution of eucalyptus was rated as substantial by farmers 

and it became an important component of farming systems. However, eucalyptus is the 

most controversial tree with mixed views with regard to environmental impacts. Beside 

substantial benefits, fast-growing encroachment into potential CL and PSL needs careful 

decision-support and measures from policy makers. 

 

In the preceding sections, the magnitude of land degradation and the interacting socio-

economic, bio-physical and anthropogenic activities were discussed. Land degradation is a 

serious problem, and more disastrous if appropriate measures are not taken. Being a vital 

component of an ecosystem, the perceptions and participations of local communities are 

crucial in approaches to combat land degradation. In this view, farmers are aware of land 

degradation owing to over-exploitation of resources only for immediate needs. However, 

limitations are seen on their perceptions with regard to causes and indicators of land 
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degradation, and the contribution of the different land uses. The majority of community 

(>70%) did not consider the underlying causes (poor land cover, frequent tillage, steep 

land cultivation, mono-cropping etc.) most influencing the processes of soil erosion. These 

might be taken as a normal procedure of agricultural production. Limited awareness on the 

deleterious effects of mismanagements was a key loophole in minimizing the risk of soil 

erosion, most at the individual farm level. Farmers‘ perceptions on the indicators of land 

degradation were totally focused on attributes (bare rock appearance, gully formation, 

yield reduction etc.) that appear in the later stage of degradation, after huge losses. 

Moreover, farmers consider crop agriculture as being associated with severe land 

degradation. In reality, livestock production and shortages of fuelwood are also 

contributing to severe land degradation in the area.  

 

The implication of natural resource degradation is very serious for an agriculture based 

economy. Unless sound measures are taken, land degradation will continue to compromise 

the struggle to improve food security in Ethiopia. However, the challenges are many, 

diverse and complex. Despite highly visible ravages of land degradation in the Ethiopian 

highlands in general and central highlands (relatively still productive) in particular, what 

has been done is not enough to reverse the scenario. Smallholder farmers appreciate the 

problems. However, conservation efforts are limited to less efficient, traditional systems. 

On the other hand, most farmers have a positive attitude towards the need for and 

continuation of modern conservation methods. Future efforts should first address these 

contrasting ideas. For example, farmers in the study area are discouraged by ineffective 

work done through mass mobilization. Production systems such as free animal movement 

in most periods of the year, land fragmentation also pose difficulties for management by 

interested individuals. So, sound strategies and enabling environments within a broader 

frame work of sustainable resource management should be sought. Community-centered 

functional systems involving strong and consistent farmer-extension-research linkages are 

needed. 

 

9.2. CONCLUSION 

With abundant natural resources, diverse ecologies and great potential for agricultural 

production, the central highlands have been a most important production base for the 

production of most staple crops. However, land use structures have been irrational 
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throughout the history of Ethiopian agriculture. Most areas in the higher altitude regions of 

the highlands are dominated by mountains and hills that are highly vulnerable to land 

degradation. Agricultural production, particularly CL, extensive spread across mountains 

and hills, is gradually replacing the natural habitats (PSL and forestland). In the study area, 

a vivid representative of the tepid-cool highland agro-ecological zones, unprecedented all-

round expansion of CL into PSL and forestland has occurred over about four decades 

(1957-1995). Spectacular rate (6% per year) in the period between 1980 and 1995 has led 

CL expansion to attain its maximum limit. This is the period during which deforestation 

has been halted. Hence, PSL and open woodland became the sources of extra land for 

cropping. Fast–growing population density (4% per year), land policy reform (Derg 

regime) and ease of access were responsible for drastic conversions of lands under pasture 

and woodlots. On the other hand, rates of deforestation were high during the Hailesilassie 

regime (2% per year) and that of the current ruling EPRDF (3% per year) regimes. 

Encroachments of grazing and CL were dominant in the former periods of deforestation, 

while the latter has occurred for different uses including crop, pasture and plantation 

(devolved forest governance induced) productions in decreasing order. 

 

Analysis of LULC change in integration with biophysical, socio-economic and political 

dimensions of the system indicates their interactions and profound influences in 

transforming the landscape. The changes in the way of LULU were mainly influenced by 

ever-increasing populations coupled with socio-economic constraints, and limitations from 

the policy environment (land use policy, investment in research and rural development, 

incentives, proactive holistic approach etc.) that are still a debatable issue. The point is 

that, smallholder farmers engaged in agriculture are not the only responsible agents of 

landscape transformation and adverse environmental consequences. 

 

Land degradation such as soil erosion, decline in soil fertility, soil acidification and loss of 

biodiversity are visible consequences of irrational land uses and management practices. 

Hilly-mountainous topographic dominance and high rainfall are natural geo-climatic 

factors directly tied with soil erosion. But, the extent of their contribution to soil erosion 

strongly depends on the type of land use and management practices. In the study area 

cereal dominated crop production systems on almost all land units (except bottomlands) 

without appropriate conservation measures is contributing most to soil erosion. Animal 

agriculture constrained by resources allocation (land, capital, labor) is also severely 



241 

 

damaging the environment in many ways. The puzzle is the continuing growth of livestock 

density alongside the dwindling grazing area due to uncontrolled land use changes. 

Livestock production systems in the Ethiopian highlands need decisive measures at policy 

level to significantly reduce the damages on the environment. 

 

Autonomous and rapid expansion of eucalyptus plantations in the study area and other 

parts of the Ethiopian highlands has been phenomenal. Unlike other anthropogenic land 

uses, eucalyptus plantations have proved to significantly reduce soil erosion (3 t ha
-1

 yr
-1

). 

In contrast, the deterioration index of soils under eucalyptus plantation was high. This was 

partly due to the fact that most PLN converted from severely degraded cultivated and 

pasture lands. Further investigation is needed to understand the interplays with soil 

properties. However, the effect seen on soil erosion gives a glimpse of hope that reasonable 

land use could effectively reduce the damage. Being the most controversial tree in 

Ethiopia, inadvertent expansion on potential lands needs careful and timely action. 

 

Substantial losses of topsoil are associated with tons of mineral nutrients washed away 

each year. Hence, the decline in soil fertility is also a critical problem threatening 

sustainable development of agriculture. Soil erosion induced nutrient loss exacerbates 

depletion, especially from CL and intensively grazed fallows on the sloping land. 

Generally soils under all agricultural land uses are deficient in N, P and other nutrients. 

Although the use of chemical fertilizers has increased over time, rates of application are 

still low. Such unbalanced application of fertilizer is also accountable for soil nutrient 

depletion in most highlands areas. Soil acidity is another soil fertility related problem, yet 

overlooked by research and extension packages. Sound interventions to improve land 

productivity need a thorough understanding of crop, weather and soil characteristics i.e. a 

holistic approach. 

 

It is evident that land use change and inappropriate farming practices are accompanied by 

substantial loss of biodiversity. Loss of indigenous trees, shrubs, grasses and legumes 

species from Ethiopian highlands in general and uplands of the central highland was 

substantial and their impacts are visible. Pastureland conversion to other land uses, 

deforestation, overgrazing, soil erosion and the decline of soil fertility were major 

activities/processes responsible for the decline of biodiversity. Restorative measures on 

moderately to severely degraded areas should be part of development plans. This not only 
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prevents land from continuing degradation, but also enables to use land for which it is most 

suitable. 

 

At present, scarcity and depletion of land resources imposed by population pressure are the 

leading problems of rural people in Ethiopia. The agricultural sector affects a vast range of 

natural resources and must be managed carefully. In the highlands most land is used for 

purposes to which it is not most suitable. Hence, production is constrained by climatic and 

land characteristics contributing to low and declining land productivity. Soil acidity, low 

temperature, drainage and sloping topography were most apparent limitations of present 

land uses. The existing farming problems need both technical and policy interventions 

based on sound principles that enable farmers to produce more. If agriculture is required to 

contribute to human well-being, systematic and categorized use of land based on potentials 

is essential. Hence, urgent structural adjustment of land use is needed to protect land from 

continuing degradation and restore degraded areas. For success, a blend of political will, 

professional skill and active farmers‘ participation working in harmony with each others 

will be required. 

 

Previous sections have highlighted serious environmental degradation as a consequence of 

land use change, deforestation, overgrazing and destructive agricultural practices in the 

hilly areas of central Ethiopian highlands. Land use decisions can be made at a variety of 

scales extending from individual to international levels (environmental agreements, trade). 

Individual, household and community are units who decide on land use and land 

management at a very local scale. Appraisals of the root causes of land degradation and 

adjustment needs understanding of the socio-economic setup, rural development (market, 

infrastructure, institutions) and interactions with natural resources. To address the problem 

of land degradation, the policy focus has been on technical solutions with little 

consideration or even neglect of socio-economic, infrastructure and institutional aspects. 

However, these factors affect smallholder farmers‘ degree of concern for natural resources, 

capacity of investment in land improvement, capability of undertaking improved practices 

and decision on land uses and land management practices. Apparent high population 

density has resulted in land shortages, low educational level, low infrastructure 

development, limitation in institutional support services and low economic level in the 

rural areas of Ethiopia are shaping smallholder farming practices, often destructive, leading 

to severe land degradation. 
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Deleterious effects of land degradation are increasingly becoming visible in the highlands 

of Ethiopia. Understanding the observations and perceptions of smallholder farmers 

towards the forms, causes and extent of land degradation is vital and provides a good 

starting point to develop a sound production and conservation system. Overall, farmers are 

aware of the proximate and underlying causes of land degradation. They often link land 

degradation with soil erosion, mainly driven by high rainfall and sloping nature of the 

landscape. The underlying factors that are associated with the farming practices were 

described by fewer farmers compared to the proximate factors. In reality, inappropriate 

farming practices are primary factors responsible for accelerated degradation of land 

resources. Though aware, farmers are still less interested to control soil erosion. They 

appreciate the problem at the later stage damage after huge loss, when the most sensitive 

consequences like soil fertility become critical. Hence awareness creation on timely and 

farm level control of soil erosion is needed. 

 

Environmental problems often transcend the boundaries of individual farms and must be 

addressed through collective action across the entire landscapes. Farmers have positive 

attitudes on the need of soil and water conservation. However, most are still hesitant to 

adopt modern conservation methods, for various reasons. Therefore, community centered 

conservation approaches, strong extension and institutional arrangements are required to 

encourage farmers.  

 

9.3. RECOMMENDATIONS: POLICY PERSPECTIVE 

Land is a scarce resource in the Ethiopian highlands. Moreover, its sustainable use is 

highly constrained by persistent land degradation that remains a policy issue in Ethiopia. 

Success in mitigation of land degradation requires a thorough understanding of the causes, 

impacts and the level of farmers‘ understanding about the adverse effects of land 

degradation. It is generally recognized that the way the agriculture sector has been 

responding to increased food demand has contributed most to the degradation of land. Still 

agricultural development in the Ethiopian highlands is confronted by various constraints 

simultaneously. It is therefore, vital to develop sound agricultural development plans on 

the broader scale of sustainable land use and management system. This needs crafting 

ecologically safe land use systems at a landscape level, rational use and optimal 

management of the biophysical resources. This of course, challenges research, 
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development and extension professionals at large and also policy makers to work towards 

sustainable agricultural production. With this in mind the following recommendations have 

been drawn from the study: 

 

 Use and management of land resources is an important component of political activity. 

From an agricultural sector perspective, land use structures have been uncoordinated 

and irrational since antiquity. Land use has been increasingly dominated by CL 

regardless of topographic suitability and environmental consequences. As a result, land 

degradation remains the most widespread problem in the Ethiopian highlands. To 

protect land from degradation and to restore degraded ecosystems, both adjusting the 

land use structure and optimizing the intensity of its use are prerequisites. Land use 

policy and production methods need urgent policy action if sound agricultural 

development is to be achieved. 

 

 Marginal lands suffering from soil and water erosion, and being cultivated should 

gradually be moved into service for more appropriate land uses. This can be achieved 

only if substantial improvements in the productivity of potential arable lands are 

realized. Agricultural intensification and adoption of recommended agricultural 

practices are options to increase production and remove degraded lands from 

cultivation. For a higher degree of food production, understanding resource 

endowments and production potentials is essential. Furthermore, the driving 

significance of high yielding varieties, fertilizer, irrigation, infrastructure, education 

and marketing should be at the heart of development strategies. It is easier to appreciate 

the cost of improvement and difficulties for smallholder farmers. This implies that, 

agricultural development is hardly possible without genuine help of government and 

public institutions and also international cooperation. 

 

 The policy implications of land degradation are enormous, although not all the causes 

of land degradation are amendable to remediation through policy reforms. However, 

rethinking obstacles to effective land degradation control needs policy options and 

practical applications to bring about sound change. In principle, technological solutions 

that can mitigate on-going land degradation are available. The question is ‗why these 

solutions are failing to be applied to bring a change?‘ The most important factor 

overlooked in conservation approaches is the peculiarity of the existing farming system 
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which is unfit for the applied technological options. Under the existing farming system 

which is highly fragmented with free and open access to livestock for more than half a 

year, physical structure oriented technical options are not feasible. This is a constraint 

no matter what best technological options are implemented to arrest land degradation. 

Therefore, strategies that reduce pressure on land are decisive for effective 

intervention. This calls for the need to change traditional production system overlooked 

for centuries due to socioeconomic and political reasons. Proper use and management 

of natural resources (regulatory frameworks) are all amendable to policy reforms and 

corrective actions. 

 

 The land tenure system in Ethiopia has been an issue of debate for decades. However, 

the government‘s firm stand on public ownership continues as a policy strategy. As 

evidence obtained in this study showed, if the trust between the people and government 

is to be strong in the absence of land related privileges (land sale, collaterals etc.) that 

most others argue for, then the government should create an encouraging environment 

that stimulates the productivity of smallholder agriculture. Agriculture focused reforms 

such as rural infrastructures development (road, electricity, safe drinking water, 

irrigation, fertilizer manufacturing plants etc.), provision of suitable technologies which 

are tailored to local biophysical conditions and farming systems, adequate credit 

services, public investments that enhance values of products (processing, market links) 

and specialization in accordance with local endowment are basic inputs and 

prerequisites for small-scale agriculture intensification. 

 

 In view of the declining landholdings, increasing population numbers in rural areas is 

becoming a more important issue than ever. Most young adults in rural areas are 

landless and unemployed. As a result, most are surviving on the outputs from small 

pieces of land often shared with their parents or as a sharecropper on others land. Such 

increasing numbers of under-employed rural people should actively involve themselves 

in national economic development through engaging in alternative forms of 

employment. The government should give appropriate attention rural off-farm 

employments for which rural infrastructure development focusing on off-farm 

employment creation is indispensible. 
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 As part of policy reforms, in most cases conservation efforts neglect the disparities 

between the areas and the current ‗one-fit-all‘ approach. In this approach community 

participation is also limited to labor contribution. These are believed to be the main 

causes of the failures of conservation efforts made in Ethiopia. Obviously, no single 

option works in all settings. Thus location specific technological options should be the 

center of the efforts to transform small-scale agriculture. Often, introduced 

technological options are applied partly on the top of existing production practices 

which is the bottleneck to achieving the ultimate goals. Rather, failures arising from 

sub-optimal implementation of innovations develop negative repercussions for the 

adoption of succeeding new technologies. Therefore, conservation measures should be 

designed based on suitability to a specific locality and applied as planned. 

 

 Famers are key actors in agricultural development and environmental managements. 

Understanding their perceptions, analyzing their integrity or differences with scientific/ 

innovative strategies and aligning their perceptions to the development strategies (local 

context) are the foundations for successful interventions. Generally, changing the 

attitudes of the community in arresting degradation and intensifying agriculture needs 

perseverance and commitment from the government and institutions directly or 

indirectly linked to rural developments. 

 

 The most important policy-related problems in natural resources conservation and 

management in general are inefficiency arising from the failure of interventions. This 

affects farmers‘ trust on the succeeding interventions. Policy interventions are a series 

of measures. However, the key to successful policy design and implementation lies in 

ensuring the capacity, proper sequence of different policy measures and well 

established regulatory systems. 
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APPENDIX 1. TABLES 

 
Appendix Table 1.Correlation between some selected variables 

Variables 
Correlation 

Coefficient 
P- Value 

Household age Household education  -0.43 0.00 

  Spouse education -0.30 0.00 

  Total land owned  0.40 0.00 

  Grazing land area  0.16 0.05 

  Amount of DAP utilized -0.19 0.02 

  Fuelwood availability  -0.21 0.01 

Number of plots Total land owned 0.38 0.00 

  Total land utilized 0.40 0.00 

  Plot distance from home 0.29 0.00 

  Amount of DAP Utilized  0.29 0.00 

  Amount of manure utilized  0.42 0.00 

  Livestock number 0.34 0.00 

  Crop yield reduction 0.21 0.02 

Amount of DAP Utilized Household age -0.19 0.02 

  Number of plots 0.29 0.00 

  Plot distance from home  0.18 0.03 

  Amount of urea utilized  0.48 0.00 

  Owned land with medium fertility -0.24 0.003 

  Owned land with poor fertility 0.24 0.003 

Amount of Urea utilized Owned land with medium fertility -0.20 0.020 

  Owned land with poor fertility 0.24 0.003 

Amount of manure 

utilized 

  

  

  

  

  

Total land owned 0.29 0.001 

Total land utilized (own + rented) 0.19 0.03 

Total livestock number  0.58 0.00 

Own pastureland with good fertility 0.31 0.00 

Amount of DAP utilized 0.23 0.01 

Number of plots 0.42 0.00 

Crop residue left in the 

field 

  

  

Total land owned 0.16 0.05 

Crop residue used for feed -0.35 0.00 

Crop residue used for construction -0.31 0.00 

  Owned pastureland with good 

fertility  

0.18 0.04 

  Owned land with poor fertility -0.19 0.02 

Owned land with good 

fertility 

  

Crop yield decrease -0.20 0.02 

Feed from crop residue -0.21 0.01 

Owned land with 

medium fertility 

  

Amount of Urea utilized -0.20 0.02 

Amount of DAP utilized -0.24 0.003 
Correlation is very highly significant at p0.001, highly significant at p  0.01 and significant at          p 

0.05 (2-tailed) 
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Appendix Table 1. Continued… 

Variables 
Correlation 

coefficient 
P- Value 

Owned land with poor 

fertility 

  

  

Household education -0.16 0.05 

Amount of Urea utilized 0.24 0.003 

Amount of DAP utilized 0.24 0.003 

  Amount of manure utilized  0.21 0.020 

  Crop residue left in the field -0.19 0.02 

Crop yield decrease Household sex 0.31 0.00 

  Owned land with good fertility  -0.20 0.02 

  Number of plots 0.21 0.02 

Total livestock number Total land owned 0.37 0.00 

  Total land utilized 0.36 0.00 

  Grazing land area  0.31 0.00 

  Family size 0.17 0.04 

  Family group with age less than 6-9 0.17 0.04 

  Owned pastureland with good fertility  0.28 0.002 

  Amount of manure utilized  0.58 0.00 

  Number of plots 0.34 0.00 

Feed from pastureland Total land utilized 0.25 0.003 

  Grazing land area  0.36 0.00 

  Amount of manure utilized  -0.18 0.04 

  Feed from crop residue -0.98 0.00 

  Owned land with good fertility  0.19 0.02 

Grazing land area Household education -0.18 0.03 

 Household age  0.16 0.05 

  Total land owned 0.48 0.00 

  Total land utilized 0.51 0.00 

  Feed from crop residue -0.37 0.00 

  Feed from pasture 0.36 0.00 

  Total livestock number 0.31 0.00 

Owned pastureland with 

good fertility  

  

  

Total land owned 0.23 0.01 

Total land utilized 0.24 0.007 

Plot distance from home 0.18 0.05 

  Total livestock number 0.28 0.002 

  Amount of manure used 0.31 0.001 

  Crop residue left in the field 0.18 0.04 

  Feed from hay 0.21 0.03 

Fuelwood availability Total land owned -0.25 0.003 

  Total land utilized -0.20 0.02 

  Owned pastureland with poor fertility  0.31 0.001 

  Household age -0.21 0.01 

  Average plot distance from home 0.20 0.02 

Dung used for fuelwood Family group with age less than 6-9 0.19 0.02 

  Dung used for manure -1.00 0.00 

Correlation is very highly significant at p0.001, highly significant at p 0.01 and significant at  p 0.05 (2-

tailed) 
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Appendix Table 2.Climatic and landscape/soil requirement for smallholder low/medium 

input rainfed barley varieties (Baleme and HB-1370) cultivation (120-

140 growing cycle) 

 

Adapted from: FAO, 1983; FAO/UNDP,, 1987a, b; Sys et al, 1991a, b; Sys et al., 1993; Yizengaw and Verehye, 

1994. (These references are described in chapter five).  

S1= Highly suitable; S2= Moderately suitable; S3= Marginally suitable; N1= Currently not suitable; N2= 

Permanently not suitable 

F0= None, F1= Exceptional, F2= Common, F3+= Frequent/Permanent, M= Moderately drained, W= Well drained, I= 

Imperfectly drained; PD= Poor drainage but aeric; PND= Poor not drainable; C<60s= Clay, blocky structure; C>60v= 

Very fine clay, Vertisol structure; C>60s= Very fine clay, blocky structure; SiCs= Silty clay, blocky structure; SiCL= 

Silty clay loam; Si= Silt; SiL= Silty loam; CL= Clay loam; C<60v= Clay, Vertisol structure; SC= Sandy clay;  L= 

Loam;; SCL= Sandy clay loam; SL= Sandy loam; LfS= Loam fine sand; Cm= Massive clay; SiCm= Massive silty 

clay; LcS= Lomay coarse sand ; fS= Fine sand; S= Sandy 

CLIMATE/LAND CHARACTERISTICS 
Suitability Class and Rating Scale 

S1 S2 S3 N1 N2 
CLIMATE CHARACTERISTICS       

Mean temp. during the growing 

period (
o
C)  

(1) 15-20 12-15 10-12 - <10 
(2) - 20-30 30-40 - >40 

Rainfall during the growing 

period (mm)      

(3) 300-1100 200-300 150-200 - <150 

(4) - 1100-1300 1300-1500 - >1500 

Length of growing period (day)                     (5) 120-155 90-120 75-90 - <75 

(6) - 155-180 180-230 - >230 
LAND CHARACTERISTICS       
TOPOGRAPHY (t)       

Slope (%)  0-8 8-16 16-24 24-30 >30 
WETNESS (w)       

Flooding  F0 F1 F2 - F3+ 

Drainage  M/W I/W PA PD PND 
PHYSICAL SOIL 

CHARACTERISTICS (s) 
      

Texture/structure  C<60s, SiCs, 

SiCL, Si, SiL, 

CL, C<60v, 

SC, C>60s, L 

C>60v, 

SCL 

SL, LfS - Cm, 

SiCm, 

LcS, 

fS, 

CS, S 

Coarse fragment (vol%)  3-15 15-35 35-55 - >55 

Soil depth (cm)  >50 20-50 10-20 - <10 
SOIL FERTILITY 

CHARACTERISTICS (f) 
      

pH (H20 1:2.5)                                         (9) 6.2-8 5.8-6.2 5.5-5.8 <5.5 - 
(10

) 

- 8-8.2 5.8-8.2 - >8.5 

Available phosphorus (ppm)  >13 6-13 3-6 <3 - 

Total nitrogen (%)  >0.15 0.1-0.15 0.04-0.1 <0.04 - 

Organic carbon (%)  >2 1-2 0.5-1 <0.5 - 

ACEC (cmol(+)/kg clay  >24 16-24 <16(-) <16(+) - 

Base saturation (%)  50-80 35-50 <35 - - 

Sum of basic cations (cmol(+)/kg  5-8 3.5-5 2-3.5 <2  
SALINITY (n)       

ECe (ds/m)  0-12 12-16 16-20 20-25 >25 
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Appendix Table 3.Climatic and landscape/soil requirements for smallholder improved 

low/medium input rainfed potato cultivation system (90-140 growing 

period) 

Adapted from: Sys et al., 1993; Costantini, 2009; FAO, 1976; Struik, 2007. (These references are described 

in chapter five). 

 

S1= Highly suitable; S2= Moderately suitable; S3= Marginally suitable; N1= Currently not suitable; N2= 

Permanently not suitable 

F0= None, F1= Exceptional, F2= Common, F3= Frequent, F4= Permanent, MW = Moderately drained, W = 

Well drained, S = Somewhat excessively drained, E = Excessively drained, I= Imperfectly drained, PD= Poor 

drainage, VP= Very poor drainage, L= Loam, SL= Sandy Loam, CL= Clay loam, SiL= Silt Loam, SCL= 

Sandy clay loam, SiCl= Silt clay loam, S= Sandy, SC= Sandy clay, SiC= Silty clay, LS= Loamy sand, C= 

Clay, Si= Silt 

 

CLIMATE/LAND CHARACTERISTICS 
Suitability Class and Rating Scale 

S1 S2 S3 N1 N2 

CLIMATE CHARACTERISTICS       

Mean temp. during the growing 

period (
o
C)  

(1) 13-24 24-27 27-30 - >30 
(2) - 10-13 8-10 - <8 

Rainfall during the growing 

period (mm)      

(3) 500-700 160-250 120-160 - <120 

(4) - 500-800 800-1000 - >1000 

Length of growing period (day)                     (5) >140 - - - - 

(6)      

LAND CHARACTERISTICS       

TOPOGRAPHY (t)       

Slope (%)  <20 21-35 - >35 - 

WETNESS (w)       

Flooding  F0 F1 F2 F3+ - 
Drainage  M,W, E, SE I P VP - 

PHYSICAL SOIL 

CHARACTERISTICS (s) 
      

Texture  L, SL, CL, 

SiL, SCL, 

SiCL, LS 

S, SC, SiC C, Si - - 

Coarse fragment (vol%)  0-3 3-15 15-35 - >35 

Soil depth (cm)  >100 50-100 20-50 - <20 
SOIL FERTILITY 

CHARACTERISTICS (f) 
      

pH (H20)                                         (9) 5.6-7 7-8 8-8.2 >8.2 - 
(10

) 

- 5.2-5.6 4.8-5.2 <4.8 - 

Available phosphorus (ppm)  >36 8-36 1-8 <1 - 

Total nitrogen (%)  >0.1 0.1-0.02 0.01-0.02 <0.01 - 

Organic carbon (%)  >0.8 0.8-1.2 <0.8 - - 

ACEC (cmol(+)/kg clay  >16 <16(+) - - - 

Base saturation (%)  35-100 <35 - - - 

Sum of basic cations (cmol(+)/kg  >3.5 2-3.5 <2 - - 

SALINITY (n)       

Ece (ds/m)  0-3 3-5 5-6 6-10 >10 
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Appendix Table 4.Climatic and landscape/soil requirement for smallholder rainfed low 

input Eucalyptus globulus (120-140 growing cycle) production 

1
The number of consecutive months with less than 40 mm of rainfall  

Adapted from, Debele, 1982; Laffan, 1994; Harper et al., 2008; FAO, 2011; Mehari, 2005; FAO, 1984. 

(These references are described in chapter five). 

 

S1= Highly suitable; S2= Moderately suitable; S3= Marginally suitable; N1= Currently not suitable; N2= 

Permanently not suitable 

F0= None, F1= Exceptional, F2= Common, W = Well drained, MW = Moderately well drained, SE= 

Somewhat excessively drained, I= Imperfectly drained, P= Poor drainage, VP= Very poor drainage, SCL= 

Sandy clay loam, CL= Clay loam, L= Loam, SiL= Silt Loam, SiCl= Silt clay loam, SiC= Silty clay, Si= Silt, 

SC= Sandy clay, LS= Loamy Sand, C= Clay, Cm= Massive clay. 
 

  

CLIMATE/LAND CHARACTERISTICS 
Suitability Class and Rating Scale 

S1 S2 S3 N1 N2 

CLIMATE CHARACTERISTICS       

Mean temp. during the growing 

period (
o
C)  

(1) 20-22.5 12-15 25-30 >30 - 
(2) 15-20 22.5-25 - <10 - 

Mean annual rainfall (mm)      (3) >1000 750-1000 600-750 <600 - 

Dry season length (months)
1
 (4) <3 3-4 4-5 >5 - 

Length of growing period (day)       

LAND CHARACTERISTICS 
      

TOPOGRAPHY (t)       

Slope (%)  0-20 20-30 - >30  
WETNESS (w)       

Flooding  F0 F0 F1 F2 - 
Drainage  MW-W I P VP - 

PHYSICAL SOIL 

CHARACTERISTICS (s) 
      

Texture  SCL, CL, L, 

SiL, SiCL 

SiC, Si, 

SC 

LS, C Cm - 

Coarse fragment (vol%)  0-10 10-20 20-50 >50 - 

Soil depth (cm)  >80 50-80 25-50 <25 - 
SOIL FERTILITY 

CHARACTERISTICS (f) 

      

pH (H20)                                         (7) 6.3-6.8 5.5-6.3 5-5.5 <5 - 
(8) - - 7-7.5 >7.5 - 

Available phosphorus (ppm)  >25 10-25 <10 - - 

Total nitrogen (%)  >0.3 0.05-3 <0.05 - - 

Organic carbon (%)  >3 0.5-3 <0.5 - - 

ACEC (cmol(+)/kg clay  >35 10-35 <10 - - 

Base saturation (%)  >75 50-75 <50 - - 

SALINITY (n)       

Ece (ds/m)  <2 2-3 3-4 >4 - 
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Appendix Table 5.Climatic and landscape/soil limits proposed for determining suitability 

class for grazing pasture 

Adopted from FAO, 1991; Baldaccini and Vacca, 2009; Costantini, 2009; Comolli, 1996; Debele, 1982; van 

Gool et al., 2005; Amiri et al., 2011; FAO/UNDP, 1984c.  

 

S1= Highly suitable; S2= Moderately suitable; S3= Marginally suitable; N1= Currently not suitable; N2= 

Permanently not suitable 

W = Well drained, MW = Moderately well drained, SE= Somewhat excessively drained, I= Imperfectly 

drained, P= Poor drainage, VP= Very poor drainage, L= Loam, CL= Clay loam, SL= Sandy loam, SiL= Silt 

Loam, SiCl= Silt clay loam, SCL= Sandy clay loam, LS= Loamy Sand, SiC= Silty clay, SC= Sandy clay, C= 

Clay, Si= Silt, S= Sand 

  

CLIMATE/LAND CHARACTERISTICS 
 

 

Suitability Class and Rating Scale 

 
S1 S2 S3 N1 N2 

CLIMATE CHARACTERISTICS       

Mean temp. during the growing period 

(
o
C) 

(1) 12.5-20 10-12.5 - <6.5 - 
(2) - 20-22.5 - >30 - 

Mean annual rainfall (mm)      (3) >900 800-900 700-800 <700 - 

Length of growing period (day) (4) >150 120-150 - <120 - 

LAND CHARACTERISTICS 
      

TOPOGRAPHY (t)       

Slope (%)  0-10 10-30 30-60 >60  

WETNESS (w)       

Drainage  W, MW, 

SE 

I-P VP - - 

PHYSICAL SOIL CHARACTERISTICS (s)       

Texture  L, CL SL, SiL, 

SiCL, SCL 

LS, SiC, 

SC 

C, Si, 

S 

- 

Coarse fragment (vol%)  0-15 15-35 35-70 70-85 >85 

Soil depth (cm)  >50 25-50 25-50 10-25 <10 
SOIL FERTILITY CHARACTERISTICS (f)       

pH (H20)                                         (9) 5.6-6.5 5.1-5.6 4.4-5.1 <4.4 - 
Available phosphorus (ppm)  >15 10-15 5-10 <5 - 

Organic carbon (%)  >3 2-3 1-2 <1 - 

Base saturation (%)  >50 30-50 <30 - - 
SALINITY (n)       

Ece (ds/m)  0-1.5 - >1.5   
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APPENDIX 2. QUESTIONNAIRE 
 

Appendix Table 6. Community perceptions of causes, consequences and mitigation of land 

degradation in Galessa Watershed and its surroundings 
 

 ------Household survey----- 

Household ID  Date  Land use house hold survey 

Enumerator  Time, from  To  
 

1. Household general data 

1.1. Identification 

a. Wereda   b. District   c. Village   

d. Place of interview  Homestead_______ Other  ____________   
 

1.2. Household head information 

a. HH
2
 head name   b. HH father name   

c. HH head gender M --- F---- d. HH head age [y]   

e. Education
1
, hh head [y]

3
   f. Spouse status in hh---absent---no spouse 

g. HH head period in village [y]   h. Education
1
, spouse [y]   

1 includes both formal/informal schooling; 2hh=household; 3y=year;  

 

1.3. Household members: number by age class and gender (include hh head, excluding laborers)  

Age class Male Female  Age class Male Female Age class Male Female 

a. <6 years     b. 6-9 years     c. 10-15     

d. 16-30 years     e. 30-60 years   f. >60 years   
 

2. Assets and accessibility 

2.1 assets and services  

a. HH own house yes--- no---- b. Electricity  yes--no-- c. Mobile phone yes--no---- 

d. Radio yes--- no---- e. Road yes----------   no---------------  
 

2.1. Housing material  

a. Mostly used roofing material  crop residue---------- grass----------- iron---------- other------- 

b. Mostly used wall material wood------------mud-------------other------------------------------ 

c. Total number of units/rooms --------------------- 
 

2.2. Water access: Main sources  

Purpose Type
1
 Ownership

2
 Freq. of access

3
 Distance 

Drinking Well- cnl- tbw-rvr-pnd-ppw-------- own- shr- com- gov------ D-w-m-s-y-n ------Km 

Livestock Well- cnl- tbw-rvr-pnd-ppw-------- own- shr- com- gov------ D-w-m-s-y-n ------Km 

Irrigation Well- cnl- tbw-rvr-pnd-ppw-------- own- shr- com- gov------ D-w-m-s-y-n -------km 
1Type: open well, canal, tubewell, river, pond, piped water; 2ownership: own, shared, communal, government;3frequency of access: daily, 
weekly, monthly, seasonally, yearly, never 

 

2.3. Market access: Main input and output markets  

Main markets  
Place 

name 
Type

1
 Distance Main transport

2
 

Trvl 

time 
Freq. of vist

3
 

a. Crop inputs  au-vm- mv- sh km wlk- pub- own-- ---hr d-w-m-s-y-n 

b. Crop outputs  au-vm- mv- sh Km wlk- pub- own-- ---hr d-w-m-s-y-n 

c. Livestock inputs  au-vm- mv- sh Km wlk- pub- own-- ---hr d-w-m-s-y-n 

d. Livestock outputs  au-vm- mv- sh Km wlk- pub- own-- ---hr d-w-m-s-y-n 

e. Livestock traders      d-w-m-s-y-n 

f. Crop traders      d-w-m-s-y-n 
1type: auction (bidding), village market, milk vendor, shop; 2main transport: walk, public transport, own transport; 3frequency of visit: 

daily, monthly, seasonally, yearly, never 
 

2.4. Credit access and saving strategy  

a. Any credit last 5 yr? Yes  No  

Reasons/ 

purposes 

 
 
 

b. 1
st
 source Formal---informal--- c. Credit recipient 1 head----leading female------- 
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d. 2
nd

 source Formal--informal---- e. Credit recipient 2 head------leading female----- 

f. Any saving Yes-----no----------- g. How/where bank---livst
1
---property/land---- 

1livst=livestock 

 

3. Land holding and farming system 

3.1. Land holding (ha)   

a. Owned   b. Shared, in  c. Out  d. Rented, in  e. Out  f. Total  

 

3.2. Land/management units 

ID 

Plot 

name  

Size 

(ha) Ownership
1
 Owner in hh

2
 Current use

3
 Productivity

4
 

Dist 

[km] Slope
5
 

1   own-shr-rent- m--f--j--r--- crp-fdr-pst-fal-t G—A—L--   F-M-S 

2         
3         
4         
5         

1ownership: own, shared, rent; 2ownership in hh: male, female, joint, other relative; 3current use: crop, fodder, and pasture, fallow, tree; 
4productivity: Good, average, low; 5slope: flat, mild, steep 

 

3.3. Crop aspect  

3.3.1. Major crops and fertilizer use 

a. Major crops       

b. Cropping system Sole Intercropping  other  

c. Production pattern Seyr
1
--------- Ocn

2
---------- Fal

3
----- Oc then fal

4
---------- 

d. Fertilizer 1. DAP [kg/ha]       

e. Fertilizer 2. Urea  [kg/ha]       

f.  Fert. 3.--------  [kg/ha]       

g. Fert .4. -------- [kg/ha]       

h. Manure 5. ..... [kg/ha]       

i. Other---------------  [kg/ha]       

j. Tillage implement       

k. Tillage passes [no.]       

 

3.3.2. Crop yield trend 

       

    Yield trend       

b. If increasing 

 

 

 Why (reasons)    

i       
ii       

c. If decreasing 

 

 

i       
ii       

iii       
d. Same i       

 ii       
e. If dec. how 

farmers         

overcome 

 

 

i     
ii     

iii     
iv     

f. HH crop land 

area 

------- ---------- ---------------    

Whys (reasons),  Sources 

g. Increasing i       
 ii       
 iii       

h. Decreasing  i     
 ii       
 iii       

i. Same i       
 ii       
 iii       

Production pattern: 1scey=same every year, 2ocny=other crop next year, 3fal=fallow next to 1st crop,4oc thenfal= other crop after 1st and 

then fallowing 
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3.3.3. Land use trend 

a. Land use change  

     to crop  agric  

Yes  No  

If yes, from…to…. From-to— From-to--- 

 Since when      

b. Productivity of new 

land use 

From---------- 

to ------------- 

good,  

yrs…. 

average,  

yrs…… 

poor,  

yrs…… 

  

c. Productivity trend  Why (reasons)?      

d. Increasing i       
 ii       

e. Decreasing i       
 ii       

f. Same i       
 ii       

 

3.3.4. Crop residue and its uses 

a. Crop residue, major 

crops 

                      Purposes 

      

Feed….% Constr
1
…..% Fuel…..% Sell…% Left on land ….% 

Purposes: 
1
constr= construction 

 

3.4. Livestock aspect 

3.4.1. Major livestock and trend of their number 

a. Major  

    livestock  

Cattle [no] Calf  Heifer  Cow  Bull  Ox  

Shoat [no] Sheep  Goat        

 Equines [no] Horse  Donkey  Mule      

 Birds [no]   Chicken          

 Honeybee [no] Modern  Trad.        

 Lst
1
 number  

Trend 

Incr
2
….  Dcrs

3
  Since 

when 

     

b. If incr., 

why? 

 

 

i           
ii           

 iii           
c. If decr., 

why?  

 

 

i           
ii           

iii           
Household ID  community perception of land degradation- household survey 

 

3.4.2. Livestock feeds sources  

a. Major feeds 

[%] 

Grazing pasture  Hay  Straw  CC
1
  Others  

b. Grazing 

    lands [ha] 

Own………  Communal.. Other..      

c. Productivity Gd
1
…avg

2
...pr

-3
… Gd….avg...pr……      

d. If poor, why? 
i         

ii        
 iii        

e. Adequacy Yes………. No……….        

f. Feeding  

    strategy 

Own           [%] Frg
1
  CC

2
  Hay  

 Communal [%] Frg  CC  Hay  

g. Seasonal  

avail. [%] 

June-Sept  Oct-Jan  Feb-

may 

 

h. Critical 

shortage 

periods 

      

i. How to cope      i           
 ii           
 iii           
j. Grazing  

    land 

    degradation 

    (gld)  

Type,  

Extent [%] 

 

 

Gully 

 

 

 Bare 

rock 

 

      

k. Reasons for gld 

 

 

 

 

 

Drought, crop expansion, population pressure, livestock pop., communal grazing, etc  

i           
ii           

iii           
iv           

l. Is there change in botanical  

   Composition of grazing lands? 

Yes…..., 

no……. 

       

m. If yes, list 

them 

 

 

i           
ii           

iii           
n. Reasons of 

change 

 

 

i           
ii           

Major livestock: 1lst=livestock, 2incr=increasing, 3dcrs=decreasing; Major feeds: 1CC= cut and carry feed; Productivity: 1Gd= Good, 
2avg= average, 3pr=poor; Feeding strategy: 1frg=free grazing, 2CC=Cut and carry;  
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4. Land degradation/soil erosion 
 

4.1. LD problem and indicators 

a. Problem of LD
1
/soil  

     erosion 

Yes  No 

 

b. If yes, Type/causes Water --------- wind --- Both------ Other----    

c. Major factors 

of soil 

erosion, LD 

 

 

 

 

High rainfall, slope, agricultural practices (frequencies of cultivation, weeding, land 

clearing  planting system) etc 

i  
ii  

iii  
d. Land use which is 

highly vulnerable 

to LD 

cropland ------ Grazing------ Woodland----- Forest-----  

e. Extent (no, area) 

    N
o
.of gullies, bare 

rock etc      

f. Indicators 

 

 

 

 

 

 

 

i         
ii         

iii         
 

4.2. Practices contributing most to LD  

a. What practices of 

crop production 

contribute most 

to LD 

 

 

Slope, cultivation, crop type, crop residue management, fertility management (OM), 

cropping system (mono-cropping), etc 

i         
ii         

iii         
b. What practices 

of livestock 

production 

contribute most 

to LD 

 

 

Slope, shortage of grazing land, high number of livestock, free grazing system of grazing 

areas, post harvest free grazing of crop lands, use of manure for other purposes than 

fertility etc  

i         
ii         

c. What practices of 

Wood lot 

management 

contribute most to 

LD 

Slope, frequent cut of trees, poor stand and cover, etc 

i         
ii         

iii         

d. What factors on 

forest land 

contribute most to 

LD, (if present) 

Slope, cutting of trees, cultivation of forest land, tree species, etc 

i         
ii         

iii         
iv         

 

4.3. Change in biodiversity (crop, pasture, trees, shrubs etc) 

a. Change in vegetation cover, weeds etc related 

to LD
1
? Yes  No    

b. If yes, list 

them     

 

 

 

 

 

 

 

 

i         
 ii         
 iii         

 

4.4. Land degradation control measures 

a. LD
1
 control 

measures 

yes…., no…… Contour, terrace, alley cropping, bunding, wind breaks, others… 

b. If yes, What 

are they?  

 

 

 

 

i         
ii         

iii         
iv         

 v    Others...     
c. Since when          
d. % land of 

your own 

managed,     

         
e. Cost/labor   

demand  High  Average  Low    

f. Success, 

benefits 

obtained 

 

i         
ii         

iii         
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g. If no, why? 

 

 

 

i         
ii         

iii         
 iv         

1LD=land degradation; 2ws=watershed; 3CL=cultivated land; 4ML=marginal land 
 

4.5. Impacts of land degradation 

a. Impacts of erosion 

(LD) 

 

 

abandoning CL, %  

Expansion to 

ML, %  

Off-farm 

employment  

Declining of crop 

yield%  Others    

      
       

 

5. Soil fertility 

a. Fertility  Crop land     [%] Fertile  average  Poor   

 Grazing land %] Fertile  average  Poor   

b. Parts of WS
6
 

     fertile        % 

     average % 

      poor % 

c. Fertility trend crop land Incr
1
  Decr

2
  unchanged  

 Grazing land Incr
1
  Decr

2
  unchanged  

d. If decreasing, 

why? 

 

 

 

i        
ii        

iii        
iv        

e. Indicators of 

decr
2
 fert

3 

 

 

 

 

 

i        
ii        

iii        
f. If increasing, 

why?  

 

 

 

i        
ii        

iii        
g. Change in crop spp.

4
 due to 

dec
2
 soil fertility 

Yes  No    

h. If yes, 

previous 

 

 

 

 

i    New i    
ii     ii    

iii     iii    
iv     iv    

 v     v    
i. Fertility 

maintenance 

mechanisms 

 

 

 

 

i Fertilizer, type     % land   
ii Manure       

iii Intercropping       
iv mulch/compost       
v Fallow       

vi Rotation       
 vii Other       

j. Trend in 

fertz
7
use, why? 

 

Incr.     Decr.  
i     i  

ii     ii  
  iii     iii  
k. Fertz

7
 

    accessible 

 

 

 

 

Yes     No  
Sources     Why?  
       
       

         
l. Does fertz

7
 

benefit? 

 

 

 

 

Yes     No  
 ex: yield incr

1
,  how many% Why?  

i     i  
ii     ii  

iii     iii  
 iv     iv  

1incr=increasing, 2decr=decreasing; 3fert=fertility; 4spp.=species; 5GL=grazing land; 6WS=watershed; 7fertz=fertilizer; 8cr=Crop type 
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6. Land tenure 

 

a. Land ownership Govt  Private  communal  

Not 

clear  

b. Is your Land secure?  yes  No     

c. If no, reasons 

 

 

 

i         
ii         

iii         
 iv         

d. Land security vs investment  Encrg
1
  Discrg

2
     

e. If encouraging how? 

 

 

i        
ii        

iii        
 iv        

f. Kind of improvement 

made 

 

i         
ii         

iii         
 iv         

g. Do you exercise soil   

    conservation practices Yes  No     

h. If yes, what practices 

 

 

i         
ii         

iii         
 iv         

i. If No, why? 

 

i         
ii         

iii         
 iv         

j. If discouraging, why? 
        
        

         

k. Conflict on ownership Present   Absent     

l. If present, which land use Cropland  

Grazing 

land  

Wood 

land  Other  

m. Since when?     
n. Reasons for conflict 

 

 

 

 

i         
ii         

iii         
iv         

o. Land ownership 

   encouraginginvestmentand 

management?  

Govt  Private  Communal    

        

p. Reasons for your 

selection? 

 

 

 

 

 

i         
ii         

iii         
 

7. Household energy  

 

7.1. Sources 

a. Primary sources 

Fuel 

wood  CR
1
  Dung  Krsn

0
  Elct

2
  Other  

 

7.2. Wood 

a. Source/s NF
3
  PT

4
  Other, purchase  

b. Availability yes  No  

c. If shortage, reasons 

 

 

i             

ii             

iii             

d.  Intervention 

made/options 

 

 

 

i             

ii             

iii             

iv             

e. Distance to obtain fuel 

wood 

 

f. FG
5
 responsible to 

   collect 
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7.3. Crop residue 

a. If crop residue, which crp
6
  

b. Effect with regard 

to soil fertility and 

conservation? 

 

 

 

i             
ii             

iii             
iv             

0krsn=Kerosene; 1CR=crop residue; 2elect= Electricity; 3NF=natural forest; 4PT=plantation tree; 5FG=family group; 6crp= crop 

 

7.4. Dung 

a.  % use for fuel  % use as 

manure 

 % use for other 

purpose, such as 

income source 

 

b.  Manure, for which 

crops       % % %  %  % 

c. Why? 

 

 

 

 

i         
ii         

iii         
 

7.5. Kerosene 

a. Avlblty
7
? Yes  no  

b. If yes, source? 

 

 

 

i             
ii             

iii             
c. Affordability Yes  no  
d. Purpose of use 

 

 

i             
ii             

iii             
e. Use period Yrnd

8
  Summer  Dry   Irregular  

 

7.6. Awareness of other energy sources 

a. Awareness about 

biogas, solar energy 

etc 

Yes  No  

b. If no, reasons 

 

 

 

 

i             
ii             

iii             
iv             

c. If yes, do you use? Yes  No  

if yes, 

which  

d. If no, why?                      

 

 

 

 

i             
ii             

iii             
 

7.7. Sustainable options 

a. What you think are 

economically and 

ecologically suitable 

source of energy? 

Prioritize options  

 

i             
ii             

iii             
iv             

v             

b. Why?     

 

 

 

 

i             
ii             

iii             
0krsn=Kerosene; 1CR=crop residue; 2elect= Electricity; 3NF=natural forest; 4PT=plantation tree; 5FG=family group; 6crp= crop; 
7avlblty=availability; 8yrnd=year round 
 

8. Natural hazard 

a. Occurrence of natural 

disaster Yes  No  

b. If yes, what 

are they? 

 

 

 

 

 

 

Frost, drought, pest, disease, land slide, ………………………………….other 

i   
ii   

iii   
c.  How often 

experienced 

 

 

 

 

 

 

i Type                                                                    Frequency 
ii     

iii     



260 

 

d. Why you 

think they 

occur? 

 

 

 

 

 

i  
ii     

iii     
iv     

e.  Copping 

measures 

 

 

 

 

 

 

i     
ii     

iii     
 

9. Institutional capacity 

a. Farmer 

association, 

coop… 

Yes  No  

b. If yes, name 

and 

activities 

 

 

 

 

 

 

i        
ii        

iii        
iv        

c. Extension services Present  Absent  
d. If present, 

list   

 

 

 

 

 

 

i    Services 

obtained 

  
ii       

iii       
e. Benefits 

obtained 

 

 

 

 

 

 

 

 

i        
ii        

iii        
iv        

f. If there is no    

benefit, 

why? 

 

 

 

 

 

 

i        
ii        

iii        
iv        

 

10. Community perceptions of current campaign on soil conservation in the area 

a. Awareness given 

before 

construction of 

structure 

Yes    No  

b. Which group of 

the HH involved 

in training        

c. Was the given 

training  enough?  Yes     No  

d. If yes,   What new ideas did you get? 
 i        
 ii        
 iii        
e. If no,   What do you think are lacking? 

 i        
 ii        

f. What do you 

expect from 

this work? 

 

 

i        
ii        

iii        
iv        

g. Will you continue 

practicing soil 

conservation 

activities  Yes  No  

h. If yes, how?        
        
        
i. If No, why? i        
 ii        
 iii        
j. What are 

things should 

be done to be 

effective 

 

i        
ii        

iii        

iv        

 


