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Abstract 

Rapidly increasing population, deforestation, over cultivation, expansion of cultivation at the expense of 

lands under communal use rights (grazing and woody biomass resources), and several other factors have 

led to ecosystem degradation in the Central Rift Valley region. Conscious of this fact government and 

other stakeholders have initiated and led number of interventions including Ecosystem Rehabilitation 

programmes. However, not many studies have been conducted towards enhancing the understanding of 

the impacts of these ecosystem rehabilitation projects on the cover and structure of vegetation and soil 

chemical properties. The current study was undertaken in Kelala Dalacha Conservation and research site 

in Ada’a District, East Shoa Zone, Oromia where an ecosystem rehabilitation project has been 

undertaken. Apart from studying the impacts of ecosystem rehabilitation on the cover and structure of 

vegetation, its impact on soil chemical properties was also studied. Determining plant community types 

and floristic composition were also the focus of this study. Random sampling method was used to collect 

vegetation data. All wood species encountered in the quadrants established randomly were recorded. 

Four satellite images of the study area, distributed between 1988 and 2018 were analyzed using Arc GIS 

software to assess the Land Use Land Cover (LULC) changes of the area. Composite sampling was used 

in soil sample collection and soil was analyzed for selected chemical properties. Data was analyzed using 

both descriptive and inferential statistics. Cluster analysis was used for vegetation classification into 

different community types using the statistical software R-package for windows version 3.3.2. The plant 

community types were named after two dominant species were selected. Species diversity and evenness 

was calculated using Shannon-Wiener diversity index. Soil chemical properties were analyzed in the 

National Soil Test Laboratory following standard procedures. The data from soil laboratory were 

subjected to one-way analysis of variance (ANOVA). A total of 53 vascular plants belonging to 46 genera 

and 25 families were recorded from the area. The general pattern of distributions of woody species in the 

area across the DBH classes displayed inverted J-shaped pattern of distribution. The lower DBH classes 

were found to have relatively higher number of individuals than that of the middle and the top classes; 

indicating the use of enclosure for rehabilitation of the vegetation. Vegetation cover was 58.1%, 64.47%, 

80.32% and 88.43% in 1988, 1998, 2008 and 2018, respectively, showing the positive contribution of 

area enclosure in ecosystem rehabilitation. The bare land in 1988 was changed to either woody species 

or Grasses nowadays. A strong correlation coefficient of soil parameters was seen among the soil 

samples collected in the area. It was concluded that area enclosure had positive impact in vegetation 

cover and soil chemical properties. Therefore, using area enclosure for restoration of ecosystem function 

and biodiversity conservation was recommended as a result of this study.  

Keywords: Enclosure, Land Use, Land Cover, Soil, Vegetation  
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1. INTRODUCTION 

1.1.  Background and Justification 

Ethiopia is considered as one of the top twenty-five richest countries in the world in terms of 

biodiversity (WCMC, 1994). It is estimated to have around 6000 species of higher plants, of 

which about 10% are endemic (Ensermu Kelbessa and Sebsebe Demissew, 2014). The flora is 

very heterogeneous and has a rich endemic element owing to the diversity in climate, vegetation 

and terrain. According to Friis and Sebsebe Demissew (2001), the vegetation types in Ethiopia 

are highly diverse, varying from Afroalpine and Sub Afroalpine to Riparian and swamp 

vegetation.  

Although Ethiopia is rich in biodiversity, land degradation and unsustainable utilization of 

natural resources in mountain ecosystems such as Kelala Dalacha Mountain have been among 

the major factors contributing to loss of biodiversity in Ethiopia. Land degradation can be 

defined as a decline in land quality or reduction in its productivity (FAO, 1995; Hurni et al., 

2010). It is loss of actual or potential productivity or utility. Reduction in the vegetation cover 

negatively affects plant, animal production and productivity resulting in loss of biodiversity, 

increases soil erosion, reduces the amount of soil organic carbon and finally have a very strong 

negative impact on food security and quality of environment. 

In the words of Aronson et al., (1993) described the situation land degradation as much of the 

earth is degraded, is being degraded or is at risk of degradation. Humans have disturbed, 

preempted, or damaged much of the earth`s terrestrial ecosystems. Some of this damage is 

permanent and degradation thresholds have been crossed in many habitats that natural succession 

alone cannot restore viable and desirable ecosystems without intervention. 

Furthermore, the dispute of reversing the degradation of natural environments while meeting 

increasing demands for the natural resources has been dominating the development agenda of 

most developing nations, and necessitate significant changes in policies, institutions and 

practices (UNEP, 1992). The problem of land degradation has become even more severe and 

interlinked in sub-Saharan-Africa (SSA), where the prevailing climate change accelerate the 

expansion of desertification, exacerbates land degradation which will consequently lead to lose 

of biodiversity (Uitto and Manshard, 1993). 
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Deforestation and forest degradation include not only conversion to non-forest, but also 

degradation that reduces forest quality, density and structure of the trees, the ecological services 

supplied, the biomass of plants and animals, the species diversity and the genetic diversity (FAO, 

2005). It is also used to describe forest clearing for annual crops and forest loss from over 

grazing. Agricultural, urban sprawl, unsustainable forestry practices and mining all contribute to 

human caused deforestation. According to Williams (2002), the causes of deforestation are 

complex and often differ in each forest and country. The main causes of deforestation in Ethiopia 

are shifting cultivation, agricultural land expansion into forest ecosystems, logging, overgrazing 

and fuel wood extraction (FAO, 2010). 

Overgrazing Cattle alter the landscape and cause soil degradation. Animal grazing changes the 

land cover by decreasing soil organic matter and soil aggregate, promoting surface crusting and 

inhibiting water infiltration (Mwendera et al., 1997). Kelala Dalacha mountainous area was 

among the most degraded places as a result of high population pressure for agricultural activities, 

grazing land and demand for wood. Deforestation of the mountain, overgrazing and agricultural 

expansion were among the major factors that contributed to land degradation in the study area. 

To combat this deteriorating situation, the then Institute of Biodiversity Conservation (Now 

Ethiopian Biodiversity Institute) in collaboration with Regional Program for Sustainable Use of 

Dryland Biodiversity in East Africa (RPSUD) started conservation activities in 2002 using the 

area enclosure approach. The soil seed flora/Regional Program for Sustainable Use of Dryland 

Biodiversity in East Africa (RPSUD) project was implemented from 2002 to 2005 and then the 

Ethiopian Biodiversity Institute continued managing the conservation site in collaboration with 

local authorities and communities. Data on vegetation structure, land use/land cover change and 

changes soil chemical properties following the area enclosures were not documented from this 

conservation and research site and therefore, this study aimed at filling these data gap.  
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1.2.  STATEMENT OF PROBLEM 

Land degradation has been threatening biodiversity and its ecosystem services in many regions 

of the Country including Oromia Regional State (Bezuayehu Tefera et al., 2002). Fertile soils 

and abundant rainfall also attract farmers to the highlands, thus exposing the land to degradation 

caused by high population pressures. Generally, it can be said that land degradation remains the 

main threat in this area. Supporting this point, Girma Taddese (2001) pointed out that, land 

degradation is a great threat for the future and it requires great effort and resources to ameliorate. 

The major causes of land degradation in Ethiopia are the rapid population increase, severe soil 

loss, deforestation, low vegetative cover and unbalanced crop and livestock production 

(Temesgen Gashaw et al., 2014). Inappropriate land-use systems and land-tenure policies 

enhance desertification and loss of agro biodiversity. The pressure of growing population in the 

area has forced landless farmers to cultivate soils on slopes that cannot be cultivated safely 

without effective soil and water conservation measures, and cannot sustain crop production at all. 

Hence, floristic resources and diversity of the area are declining both in quantity due to 

deforestation and quality as a result of degradation and unmanaged land use (Ensermu Kelbessa 

et al., 1992).  Besides, communities in this area are exposed to problems like „‟fire wood 

famine‟‟, poor quality of land productivity, soil erosion and flooding (Ibis).  

 In response, over the years, several efforts including soil and water conservation work and the 

establishment of area enclosures have been employed in affected areas (Betru Nedassa et al., 

2005) or areas with potential vulnerability to degradation. 

However, the study was aimed to address the fill gap in land use land cover change since 1988 to 

2018 and to assess the impact of rehabilitation effort, similarly to determine the structure of 

vegetation cover and population structure of some selected woody species found at Kelala 

Dalacha Mountain. 

  

 

 

 

 



 

4 
 

1.3. OBJECTIVES 

1.3.1. General Objective 

The main objective of this study was to determine impacts of ecosystem rehabilitation on 

vegetation cover and soil chemical properties in Kelala Dalacha. 

1.3.2. Specific Objectives 

1. To undertake comparative study of soil chemical properties in enclosed Kelala Dalacha 

Mountain. 

2. To describe plant community types in Kelala Dalacha enclosed Mountain Ecosystem. 

3. To investigate land use and land cover change (LULCC) of the study area since 1988 -

2018 to estimate the extent of land degradation and to assess impact of rehabilitation 

efforts. 

4. To determine structure of overall vegetation and also population structure of some 

selected woody species. 

1.4. Research Question 

 What is the land use land cover change (LULCC) of the study area since 1988-2018? 

Does land use/land cover change related to vegetation cover in the area? 

 How did ecosystem rehabilitation contribute to change in soil chemical properties over 

years? 
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2. LITERATURE REVIEW 

2.1.  Resources Base 

2.1.1. Natural Resources 

The World Bank defines natural resources as “materials that occur in nature and are essential or 

Useful to humans, such as water, air, land, forests, fish and wildlife, topsoil, and minerals.” 

These resources can be classified as renewable or non-renewable. In most cases, renewable 

resources such as cropland, forests, and water can be replenished over time by natural processes 

and if not overused are indefinitely sustainable. Non-renewable resources such as diamonds, 

minerals, and oil are found in finite quantities, and their value increases as supplies dwindle. A 

nation‟s access to natural resources often determines its wealth and status in the world economic 

system (World Bank, 2006). 

A developing country‟s ability to modernize economically is often dependent on access to 

natural resources. Water is essential for both successful agriculture and manufacturing; for 

example, the lack of clean water for the labor force can drastically inhibit a country‟s economic 

growth (Tyler S.R., 2006). 

Natural resources become fundamental and important resources in rural livelihoods of Africa 

(Ellis, 2004, Joshua and Bodin, 2010).The wealth embodied in natural resources makes up a 

significant proportion of the wealth of most nations, often more than the wealth embodied in 

produced capital, therefore making natural resources management a key aspect of economic 

development (World Bank, 2006). Many countries have seen significant rises in revenues from 

natural resources due to the rise in commodity prices. Natural resources such as oil, gas, minerals 

and timber are expected to continue to play a significant role in resource abundant economies, as 

demand from rapidly growing economies increases, and as supplies of non-renewable resources 

decline and renewable resource harvests approach maximum sustained yield levels. Not 

surprisingly, countries richly endowed with natural capital have the potential to derive significant 

current income from resources. In addition to providing revenues to resources rich countries, 

natural resources can play a central role in poverty reduction efforts. Consequently, policies that 
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improve natural resources management can have immediate and meaningful poverty reduction 

impacts (Ellis 2004). 

2.1.2. Biodiversity 

It is a contracted term derived from „biological diversity‟. The Convention on Biological 

Diversity (CBD, 1992, CSE, 1997) defined the latter as "the variability among living organisms 

from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the 

ecological complexes of which they are part; this includes diversity within species, between 

species and of ecosystems". Moreover, biodiversity is not only about the biological organization 

of organisms. According to Jeffries (2005), it also includes cultural diversity as a fourth 

component. According to Harmon (2002), cultural diversity is “the worldviews of what life 

means”. The latter author views cultural diversity as the variety of human expression and 

organization, including that of interactions among groups of people and between these groups 

and the environment. Culture can be defined in a myriad of ways such as a set of practices, a 

network of institutions or a system of meanings. It comprises the variety of languages and ethnic 

groups, codes for the knowledge, practices, beliefs, worldviews, values, norms, identities, 

livelihoods and social organizations of human societies (UNESCO/WWF/Terralingua, 2003). 

Therefore, Biodiversity describes the interrelated existence of the diverse life on earth - animals 

and plants. It boosts ecosystem productivity whereby every species, no matter how big or small, 

have an important productivity role to play. However, human activity is vastly altering the 

Earth‟s biodiversity. The loss of plant biodiversity may lead to the decline of ecosystem integrity 

and loss of plant genetic resources. Such changes have considerable consequences for the health 

and resilience of ecosystems and for human welfare. Ecosystem services are the benefits people 

obtain from ecosystems. Biodiversity plays an important role in the way ecosystems function and 

in the many services they provide. Services include nutrient and water cycling, soil formation 

and retention, resistance against invasive species, pollination of plants, regulation of climate, as 

well as pest and pollution control by ecosystems. For ecosystem services it matters which species 

are abundant as well as how many species are present. However, this valuable resource, 

biodiversity, is declining rapidly due to factors such as land use change, climate change, invasive 

species, overexploitation, and pollution. 
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2.2. Ecosystem Services 

Ecosystem services are the benefits people obtain from ecosystems. These include provisioning 

services such as food, water, timber, and fiber; regulating services that affect climate, floods, 

disease, wastes, and water quality; cultural services that provide recreational, aesthetic, and 

spiritual benefits; and supporting services such as soil formation, photosynthesis, and nutrient 

cycling. The human species, while buffered against environmental changes by culture and 

technology, is fundamentally dependent on the flow of ecosystem services (Millennium 

Ecosystem Assessment, 2005). Proponents of ecosystem service markets argue that ecosystem 

services need to be integrated into the broader economy in order to slow their continuing loss 

(Kroeger and Casey, 2007). As Ritter and Bishop (2004) noted the link between ecosystem 

service and biodiversity is highly recognized for better human wellbeing.  

2.3.  Biodiversity Loss 

According to article 2 of the convention on biological diversity (CBD), it defines biodiversity as 

the variability among living organisms from all sources including, inter alia, terrestrial, marine 

and other aquatic ecosystems, and the ecological complexes of which they are part; this includes 

diversity within species, between species and of ecosystems (CBD, 1992).In other words, 

biological diversity refers to the variability of biological resources. „Biological diversity is also 

the multiplicity of kinds in one or more biotic or biota-encompassing categories‟ (Maier, 

2012).Wilson (1988) defined biodiversity as the variety of life at every hierarchical level and 

spatial scale of biological organizations: genes within populations, populations within species, 

species within communities, communities within landscapes, landscapes within biomass, and 

biomass within the biosphere. 

About 45 percent of the Earth‟s original forests are gone, cleared mostly during the past century 

and approximately 8000 tree species, or 9% of the total number of tree species worldwide, are 

currently under threat of extinction (MEA, 2005).Despite vigorous reforestation programme in 

some countries including Ethiopia, the total global area of forests is still shrinking rapidly, 

particularly in the tropics. 

Ethiopia is an important regional center of biological diversity, and the flora and fauna have a 

rich endemic element (Sayer et al., 1992; WCMC, 1992). The country has the fifth largest flora 
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in tropical Africa. There are between 6500 and 7000 higher plant species, out of which about 12 

per cent are endemic to Ethiopia (Tewolde Berhan and Gebre Egziabher, 1991). There are about 

30 cattle, 14 sheep, 14 goat, 4 camel, 4 donkey, 2 horses, 2 mule, 5 chicken and 5 honey bee 

breeds per strain per population in the country (IBC, 2004; Department of Animal Genetic 

Resources, unpublished). Ethiopia also has rich wild fauna including 284 mammals (29 

endemic), 861 birds (18 endemic), 201 reptiles (10 endemic), 188 fish (37 endemic), 63 

amphibians (25 endemic) and 1,225 arthropods (7 endemic) recorded species. The actual 

numbers of invertebrate species are not known.  

Ethiopia‟s 4th Country Report to the CBD stated that, as a result of a number of threats, the trend 

in the conservation status of Ethiopia's biodiversity is in decline. There are only a very few cases 

of improvement or stabilization of plant and animal populations.  

The major threats to the biodiversity of the country are unsustainable utilization of natural 

resources (over-harvesting), deforestation, conversion of natural vegetation to farmland, forest 

fires, land degradation, habitat loss and fragmentation, extensive replacement of farmer's/local 

varieties/breeds by improved ones, invasive species, illegal trafficking of domestic and wild 

animals, poaching, wetland destruction and climate change. But all these are related to the root 

causes of poverty, which are lack of alternative viable livelihoods, increasing population pressure 

and inadequate awareness of the threats and possible solutions at all levels (CBD 2009). 

2.4.  Land Degradation 

According to FAO (1995) Land degradation “refers to a temporary or permanent decline in the 

productive capacity of the land.” Land degradation includes all processes that diminish the 

capacity of land resources to perform essential functions and services in ecosystems (Hurni et al. 

2010). Principal processes of land degradation include erosion by water and wind, chemical 

degradation (comprising acidification, salinization, fertility depletion, and decrease in cation 

retention capacity), physical degradation (comprising crusting, compaction, hard-setting, etc.) 

and biological degradation (reduction in total and biomass carbon, and decline in land 

biodiversity) (WMO 2005). It is a continuous process and has become, however, an important 

concern affecting food security and the wealth of nations, and has an impact on the livelihood of 

almost every person on this earth (Bezuayehu Tefera et al., 2002).  
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Ethiopia is one of the well-endowed countries in Sub-Saharan Africa in terms of natural 

resources (Gete Zeleke et al., 2006). However, natural resource degradation in Ethiopia has been 

going on for centuries (Hurni et al. 2010). Similarly, Berry (2003) also stated that loss of land 

resource productivity is an important problem in Ethiopia and that with continued population 

growth the problem is likely to be even more important in the future. The major causes of land 

degradation in Ethiopia are rapid population increase, severe soil loss, deforestation, low 

vegetative cover and unbalanced crop and livestock production (Girma Taddese, 2001). 

Topography, soil types and agro ecological parameters are also additional factors playing 

significant role in the degradation processes influenced by man (Paulos, 2001). To combat land 

degradation, the Ethiopian government launched a massive soil conservation programme in the 

middle of 1970‟s (Hawando, 1997). A slogan of environmental movement in 1980s and 1990s 

i.e. “think globally- act locally” face failures. Thus, a new slogan namely “think locally- act 

globally” have to be created (Hurni, 2002). In addition, afforestation and conservation programs 

have been made in the last three decades (Badege Bishaw, 2001). However, success to date has 

been limited (Badege Bishaw, 2001; Paulos, 2001).  

Scholars identified different causes of land degradation. For example, according to Berry (2003), 

the cause of land degradation involves two interlocking complex systems: the natural ecosystem 

and the human social system. Interactions between the two systems determine the success or 

failure of resource management. While WMO (2005) classified the causes of land degradation 

into biophysical factors such as unsuitable land use (land use for the purpose for which 

environmentally unsuited for sustainable use), socioeconomic factors such as poor land 

management practices, land tenure, marketing, institutional support, income and human health, 

and political factors such as lack of incentives and political instability are also other degradation 

factors. In parallel, Mulugeta Lemenih (2004) argued that land degradation is a biophysical 

process driven by socioeconomic and political causes in which subsistence agriculture, poverty 

and illiteracy are important causes of land and environmental degradation in Ethiopia. 

Gebreyesus Brhane and Kirubel Mekonen (2009) also reported that the heavy reliance of some 

85 percent of Ethiopia‟s growing population on an exploitative kind of subsistence agriculture is 

a major reason behind the current state of land degradation. Similarly, studies conducted by 

Temesgen Gashaw et al. (2014a, b) in Dera District, Ethiopia exemplified the increased of land 

degradation which is mainly caused by the growing population of the area. Additional study by 
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Fitsum Hagos et al., (1999) illustrated that there are multiple interacting forces which have 

caused and are causing land degradation in Ethiopia. 

2.4.1. The Magnitude of Soil Degradation in Ethiopia 

Soil degradation is a global environmental problem which started since the innovation of 

agriculture by human kind. One third of the world‟s agricultural soils, or roughly 2 billion 

hectares of land, was reported as being affected by soil degradation (Temesgen Gashaw et al., 

2014). Land degradation due to soil erosion and nutrient depletion is considered as the main 

problem constraining the development of the agricultural sector in Ethiopia (Bezuayehu Tefera 

and Sterk, 2010).  

Ethiopia is considered to have one of the most serious soil degradation problems in the world. 

The average annual rate of soil loss in Ethiopia is estimated to be 12tons/ha/yr., and it can 

drastically exceed this on steep slopes with soil loss rates greater than 300 tons/ha/year, where 

vegetation is denuded. On over 2 million hectares, the soil depth is so reduced that the land is no 

longer able to support cultivation (USAID CRSPT, 2000).  

Target area of affected land (location and hectares).The target areas of the action plan are 

degraded lands located in different parts of the country. These areas are: 927,579.53 ha of 

degraded lands located in different districts of Afar region; 15,542,202.98 ha of degraded lands 

located in different districts of the Amhara region; 10,588,066.25 ha of degraded lands located in 

different districts of Oromia region; 1,251,661.24 ha of degraded lands in different districts of 

the Somali region; 1,390,775.07 ha of degraded lands in different districts of the Tigray region; 

2,133,031.05 ha of degraded lands in different districts of the Southern Nations, Nationalities 

and Peoples‟ region; 699,059.88 ha of degraded lands in different districts of the Benishanguel 

Gumuz region; 244,462.23 ha of degraded lands in different districts of Harari region; 

193,537.21 ha of degraded lands in different districts of Dire Dawa; 154,407.22 ha of degraded 

lands in different districts of Addis Ababa; and 68,607.48 ha of degraded lands in different 

districts of Gambella region. The land size of degraded areas in each region is estimated based 

on the data obtained from the Ethiopian Mapping Agency on degraded areas of the country and 

also the Low-dose Naltrexone index (LDN) of Ethiopia obtained from Ethiopian Statistical 

Agency Climate Change Initiative Joint Research Center (ESA-CCI-JRC). Land degradation in 
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the form of soil erosion and declining land fertility is a serious challenge to agricultural 

productivity and economic growth. Studies indicate that the Ethiopian Highlands have 

experienced high rates of soil erosion and deforestation, resulting in sediment accumulation in 

downstream reservoirs and rivers (Krüger et al., 1996). 

The farming system, particularly Soil erosion threatens agrarian societies with a loss in 

productivity and by undermining long-term land management strategies and livelihoods. Erosion 

reduces soil health and arable land, producing a multiplicity of negative consequences for farmer 

communities worldwide (Ananda and Herath, 2003).  

In Ethiopia soil erosion is the leading cause of land degradation, contributing to loss of crop 

production, a decrease in biodiversity, food and livelihood insecurity, siltation of waterways, 

shortage of fodder, and reduction of livestock productivity (USAID, 2008). 

The average annual rate of soil loss in the country is estimated to be 42 tons/hectare/year which 

results to 1 to 2% of crop loss (Hurni, 1993).Soil erosion is one of the most challenging 

environmental problems in the highlands of Ethiopia (Woldeamlak Bewket, 2007).Assessment of 

Soil in Ethiopia, the exploitation of natural resources and removal of vegetation for growing 

crops or raising livestock are the main drivers exposing soil to wind and water 

erosion(Alemayehu Mengistu, 2006).Population pressure has also contributed to the cultivation 

of marginal lands, consisting of naturally poor soils or steep slopes especially susceptible to 

erosion (USAID, 2008). 

To circumvent this problem, the Government of Ethiopia has taken different measures including 

the construction of massive soil and water conservation (SWC) and reforestation campaigns, 

especially following the severe drought of 1974/75 and 1984/85 rainy seasons (Hurni 1993; 

Bekele Shiferaw and Holden 1999; Ketema Tilahun Zeleke, 2006). 

Effectiveness of the conservation and reforestation measures have been limited due to various 

reasons including top down nature of plans, the physical nature of the measures that were not-re-

enforced by biological measures and isolated tree planting that were less effective in soil 

protection (Eyasu Elias, 2002). 
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A shrub land vegetation and environmental data analysis in west Shewa of Central Ethiopia 

showed that shrub land vegetation may have expanded from lower elevations with drier site 

characteristics as forests gradually disappeared (Zerihun Woldu and Backe´us, 1991).In Ethiopia, 

land degradation in the form of soil erosion is considered a severe problem that results in low 

agricultural productivity (Mulugeta Lemenih, Olsson, and Karltun, 2004; Nyssen et al., 2005) 

due to its on-site effects, as well as siltation of reservoirs (Haregeweyn et al., 2006) and 

economic impacts (Hurni et al., 2015). 

2.4.2. Impact of land degradation 

Land degradation manifests itself in many different ways: vegetation becomes increasingly 

scarce, water courses dry up, thorny weeds predominate in once rich pastures, footpaths grow 

into gullies, and soils become thin and stony. All of these manifestations have potentially severe 

impacts on the environment, for land users and for people who rely for their living on the 

products from a healthy landscape (Berry, 2003).                                                                                                                  

2.4.3. Socio-Economic Impact of Land Degradation 

Land and water degradation threaten food security for many of the poorest and most food 

insecure living in Asia, Africa and Latin America. It also contributes to persistent poverty, and 

results in decreasing ecosystem resilience and provision of environmental services (Bossio et al., 

2004). In addition, environmental decline due to land degradation adversely affects the health, 

well-being and livelihood opportunities of the individuals (Vivian et al., 1994; Scherr and Yadav 

1996; Fitsum Hagos et al., 1999). Due to the presence of land degradation, Africa as a whole has 

become a net food importer since the mid-1980s. However, the economic implications of land 

degradation are particularly severe in Sub-Saharan Africa because 65% of the population is rural 

and the main livelihood of about 90% of the population is agriculture (Project Development 

Facility, 2007). The most serious problem of Ethiopia‟s land resources is soil erosion. Every year 

the country is losing billions of birr in the form of soil, nutrient, water and agro biodiversity 

losses (Paulos, 2001). 

As a result, poverty and food insecurity are concentrated in rural areas (MoARD, 2010). 

Estimates vary considerably but direct losses of productivity from land degradation in Ethiopia 

are minimally 3 percent of agriculture GDP (Berry, 2003). Land degradation is one of the major 
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causes of low and in many places declining agricultural productivity and continuing food 

insecurity and rural poverty in Ethiopia (IFPRI, 2005). The Ethiopian highlands are affected by 

deforestation and degraded soils, which have eroded the resource base and aggravated the 

repeated food shortages caused by drought (Tilahun Amede et al., 2001). 

Land degradation reduced livestock productivity as a result of reduced grazing resources, loss of 

nutritious plants and grass species (Fitsum Hagos et al., 1999). Due to land degradation, 

increased runoff and reduced infiltration contributes to flooding problem (Lakew Desta et al., 

2000; Bezuayehu Tefera et al., 2002). Deforestation and desertification adversely affect 

agricultural productivity, the health of humans as well as of livestock, and economic activities 

such as ecotourism (UNCCD, 2004). 

2.4.4. Ecological Impact of Land Degradation 

Land degradation has multiple and complex impacts on the global environment through a range 

of direct and indirect processes affecting a wide array of ecosystem functions and services (GEF, 

2006). The principal environmental impacts of land degradation include a rapid loss of habitat 

and biodiversity, modifications of water flows, and sedimentation of reservoirs and coastal zones 

(Project Development Facility, 2007). The resultant ecological impacts of land degradation in 

Ethiopia include loss in the chemical, physical and/or biological properties of soil which directly 

affects the type of plant that are grown on the area, reduced availability of potable water, 

lessened volumes of surface water, depletion of aquifers due to lack of recharge, and biodiversity 

loss (Berry, 2003). Similarly, Mulugeta Lemenih (2004) also described that land degradation is 

threatening biological resources and agricultural productivity. 

Land degradation also interrupts the regulating and provisioning services of ecosystems, in 

particular nutrient cycling, the global carbon cycle and the hydrological cycle (GEF, 2006). 

Generally, land degradation has a number of environmental impacts on regional and global level. 

First, degradation of forests and woodlands has impacts on global biodiversity. Second, changes 

in forest cover and wetlands are impacting the flow of major rivers. Third, large scale loss of 

forest cover changes the albedo and air circulation patterns and may affect global climate 

change. Fourth, soil erosion may cause excessive siltation in rivers and inland lakes, causing 
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reduced water storage capacity in lakes, as well as eutrophication and water quality problems 

(Project Development Facility, 2007). 

Studies in the northern Ethiopian highlands (Jan Nyssen et al., 2005) and the Central Rift Valley 

of Ethiopia (Derege Tsegaye Meshesha et al., 2014) reported larger erosive power of rainfall as 

compared with elsewhere in the world. Niang et al., (2014) indicate a likely increase in 

precipitation and extreme precipitation events throughout the 21
st
 century, particularly in the 

highlands. The considerable effects of land use on soil loss were reported by Gebeyehu Taye et 

al., (2013), with soil loss rates of 38.7 t ha_1 yr_1 from rangeland as compared with 7.2 t ha_1 

yr_1 from cropland. 

A shrub land vegetation and environmental data analysis in West Shewa of Central Ethiopia 

showed that shrub land vegetation may have expanded from lower elevations with drier site 

characteristics as forests gradually disappeared (Woldu Zerihun and Backe´us, 1991). Feoli et al., 

(2002b) reported that the agricultural system in the Adwa district of north Ethiopia was 

influenced by elevation, documented by the positive correlation between elevation and human 

population, livestock densities, and cropland area. A study in the Central Rift Valley of Ethiopia 

by Derege Tsegaye Meshesha et al., (2012) pointed to a marked increase in soil erosion rates 

from 1973 to 2006, with annual rates of 31 t ha_1 in 1973 and 56 t ha_1 in 2006. They attributed 

the increasing soil erosion rates to the conversion of forests or woodlands to croplands. 

2.5. Ecological Restoration 

The Society of Ecological Restoration defines “ecological restoration” as an “intentional activity 

that initiates or accelerates the recovery of an ecosystem with respect to its health, integrity and 

sustainability” (SER, 2004). Ecological restoration includes a wide scope of projects including 

erosion control, reforestation, removal of non-native species and weeds, re vegetation of 

disturbed areas, day lighting streams, reintroduction of native species (preferably native species 

that have local adaptation), and habitat and range improvement for targeted species. 

2.5.1. Practices of Ecological Restoration 

Development and utilization of Ethiopia's natural resources must proceed apace with 

conservation and restoration. Conservation and restoration must keep up with the country's 

progress in order to ensure that the ecological processes on which the nation depends on are 
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retained intact for all future generations. Lasting economic development can only be achieved 

through and with environmental conservation and restorations. To combat the process of land 

degradation in the country, forest restoration and plantations are aimed at protected areas where 

agriculture and grazing are not permitted. Since the 1980s, especially closures (Le Houe´rou, 

2000; Tekalign Tesfaye Mengistu et al., 2005) are demarcated in degraded areas commonly 

located on steep slopes. The main objective is environmental rehabilitation through the 

restoration of natural vegetation. Plantations have been also taken as one major ecological 

restoration practices earlier to 1970`s. 

2.5.1.1. Tree Planting 

At a regional scale, forest landscape restoration is often likely to be needed to achieve more 

sustainable forms of land use. Many large areas of land became degraded because previous 

agricultural practices were unsustainable. Production was lost as fertility declined, salinity 

developed or weeds, diseases or pests became established. New agricultural systems are needed 

to replace these unproductive areas; more diverse landscapes are likely to be a necessary 

component of such systems (Hobbs and Norton 1996, Lefroy et al., 1999). 

The absence of sound and comprehensive land-use policies encompassing the identification, 

selection and appropriation of suitable areas for forestry development based on production and 

environmental protection is the outstanding forestry problems in Ethiopia (MOA, 1991). 

Sustainable conservation and utilization of the remaining vegetation resources and rehabilitation 

of those have already been degraded would provide economic, social and ecological benefits 

(Tefere Mengistu, Demel Teketa, Hakan Hulten, 2004). The establishment of forest plantations 

can meet a number of needs, including; carbon fixing, the provision of a wood supply source that 

is an alternative to the natural forest; the restoration of degraded land and generation of income 

and employment (FAO, 1999). Plantations of indigenous tree species are not the only way to 

rehabilitate degraded landscapes. Monocultures of exotic tree species may be useful at severely 

degraded sites, when these are the only species able to tolerate existing site conditions which is 

widely done in the northern and central parts of the country (Mulugeta Lemenih, 2004).  

Plantation of key species like Acacia saligna in extremely degraded lands is practiced by 

Governmental Organizations, Non-Governmental Organizations and communities‟ 
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collaborations in the central parts of Oromiya region before planting indigenous trees and other 

exotic species that do not tolerate the environmental stresses like water shortage and poor soil 

condition of degraded areas (Meron Tekalign, 2010). According to (Maginnis and Jackson, 

2003) the presence of Acacia species improves soil quality and facilitates the quick increment of 

the population of other plant species that provide income plus protection of the area.   

2.6. Measurements of Ecological Restoration Success 

The ultimate goal of restoration is to create a self-supporting ecosystem that is resilient to 

perturbation without further assistance (Urbanska et al., 1997; SER, 2004). But how do we know 

when we have reached that goal? Various researchers have suggested that restoration success 

could be based on vegetation characteristics (Walters, 2000; Wilkins et al., 2003), species 

diversity (van Aarde et al., 1996; Reay and Norton 1999; Passell, 2000; McCoy and Mushinsky, 

2002), or ecosystem processes (Rhoades et al., 1998). Other authors have promoted a more 

integrated approach that includes many variables to provide a better measure of restoration 

success. They argue that restoration success has not been thoroughly measured unless a full 

range of structural, compositional, functional, social, cultural, historical, political, aesthetic and 

moral indicators have been applied (Higgs, 1997). 

In practice, most studies assessed measures that can be categorized into three major ecosystem 

attributes. These attributes are (1) diversity; (2) vegetation structure; and (3) ecological 

processes. Diversity is usually measured by determining richness and abundance of organisms 

within different trophic levels (Nichols and Nichols, 2003; Weiermans and van Aarde, 2003). In 

addition, it is useful to determine the diversity of species within different functional groups 

because this information provides an indirect measure of ecosystem resilience (Peterson et al., 

1998). Vegetation structure is usually determined by measuring vegetation cover (e.g., herbs, 

shrubs, trees), woody plant density, biomass, or vegetation profiles (Salinas and Guirado, 2002; 

Kruse and Groninger, 2003; Wilkins et al., 2003), and these measures are useful for predicting 

the direction of plant succession. Ecological processes such as nutrient cycling and biological 

interactions (e.g., mycorrhizae, herbivory) are important because they provide information on the 

resilience of the restored ecosystem. The evaluation of diversity, vegetation structure, and 

ecological processes can reflect the recovery trajectory and self-maintenance of restored 

ecosystems.  
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 In addition to evaluating these attributes in the restored site, it is necessary to compare them 

with values from reference sites to estimate the level of restoration success (Passell 2000; Purcell 

et al., 2002; SER, 2004). Reference sites should occur in the same life zone, close to the 

restoration project, and should be exposed to similar natural disturbances (Hobbs and Harris, 

2001; SER, 2004). Moreover, it is important to consider the variation that occurs among 

reference sites; thus, it would be better if more than one reference site should be used for 

estimating restoration success (Hobbs and Norton 1996; SER, 2004). Including reference sites 

will increase restoration costs, but they are essential for evaluating restoration success. 

2.7. Area Closure 

The terms “enclosure” and “area closure” were chosen to denominate those areas set aside, 

where agriculture and grazing became forbidden and the natural vegetation could start to 

regenerate (Shitarek et. al., 2001). Enclosures which are a type of land management, 

implemented on degraded, generally open access land are a mechanism for environmental 

rehabilitation with a clear biophysical impact on large parts of the formerly degraded commons 

(Tucker and Murphy, 1997).  

Area enclosure refers to the practice of land management whereby livestock and humans are 

excluded from accessing a severely degraded area of land. The purpose of exclusion of animals 

and humans is to prevent further degradation of the ecosystems, advance re-vegetation and 

restore the overall ecological conditions of the area. This enhances the growth of grass and 

woody vegetation and helps to rehabilitate specified area and improves the microclimate, which 

is a strong climate adaptation mechanism. Moreover, area enclosure is an intervention measure 

that boosts land productivity and plays a key role in carbon sequestration, therefore mitigating 

climate change as well (Abenet Mengistu et al., 2016). 

The practice is in line with Ethiopia‟s Climate Resilient Green Economy Strategy (CRGE, 2010) 

that calls for “Promoting area closure via rehabilitation of degraded pastureland and farmland, 

leading to enhanced soil fertility and thereby ensuring additional carbon sequestration (above and 

below ground)” as one of the strategies for protecting and re-establishing forests for their 

economic and ecosystem services, including as carbon stocks (ibid). 
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2.7.1. Major Roles of Area Closure 

2.7.1.1. Biodiversity Conservation 

Land abandonment or systems of fallow (Ruecker et al., 1998) are the common conservation 

strategies to promote restoration of biodiversity in degraded agricultural and grazing lands 

worldwide (Burel and Baundry, 1995; Duelli, 1997; Drwonko and Loster, 1998; Palik et al., 

2000; Hobbs and Harris, 2001). Restoration of degraded lands reduces the loss of biodiversity. In 

the absence of restoration, the overall sustainability of ecological/ecosystem processes, including 

species diversity, will be further threatened.  

Lately in highland and central parts of Ethiopia establishment of enclosures is emerging as a 

major and important practice to conserve vegetation biodiversity. Different studies by different 

scholars indicated that area enclosures establishment has been used as a means to maintain 

biodiversity in different districts of the country. In Tigray region (Kindeya Gebrehiwot, 1997), 

Welo (Kebrom Tekele, 1998; Tefera Mengestu, 2001; and Shewa (Tefera Mengestu, 2001). 

Biodiversity, plays a critical role in overall sustainable development and poverty eradication, and 

is essential to the human well-being and to the livelihood and cultural integrity of the people. 

Indeed, if degraded lands restored or rehabilitated, have the potential to generate significant 

environmental and livelihood benefits, besides the fulfillment of ecological functions and 

biodiversity conservation. 

Area closure directly or indirectly contributes to the improvement of rural incomes and 

livelihoods. The long-term benefits can be tremendous, especially in areas where productive land 

is scarce. It is expected that land previously unfit for production can be used again after 3-5 years 

of closure though full rehabilitation can take 7-10 years depending on the species and type of 

vegetation within the enclosure. In some cases, if properly managed and if appropriate fodder 

species are planted, communities‟ members can begin cut and carry of fodder for livestock 

within one year of the closure of the land10. 

Area closure is critically important to improve the productivity of downstream farmlands and 

provide protection against floods. It contributes to the reduction of flood damage caused to 

reservoirs, villages and communities. The productivity of croplands is increased as a result of 
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erosion control, improved soil depths and better soil quality and moisture content (Abenet 

Mengistu, Grey and Joosten, 2016). 

Through reduced land degradation, area closures can significantly reduce sediment loads coming 

from eroded upstream crop and rangelands. From both the small-scale effects and the larger 

landscape scale, it can be concluded that enclosures are an efficient soil conservation tool. 

Significantly lower runoff coefficients and increased soil moisture availability are demonstrated 

in area closure sites when compared to degraded lands that are not closed off. Higher infiltration 

in enclosures is furthermore creating more favorable conditions for plant growth. On a landscape 

scale, highly erosive peak flows from steep slopes will be reduced by applying this good 

practice. Above ground biomass has been found to increase significantly on land under area 

closure indicating an increase in carbon stock. The presence of young vegetation has also been 

found to increase indicating good regeneration of vegetation (ibid).  

The re-establishment of natural habitat furthermore offers an opportunity to realize significant 

biodiversity outcomes and improvement of wildlife habitat, floral and faunal diversity, and 

further enhance natural regeneration through improved seed dispersal. Areas that were 

previously degraded farmlands or grazing lands have regenerated to either dense or open 

woodlands with the subsequent substantial improvement in the vegetation cover. For instance, in 

Wanja-Asore and Ushe watersheds that have been closed (and subsequently re-opened), 

warthogs and baboons have come back (CSI, 2015). Some of the flora that regenerated after the 

area closures include Podocarpus spp., Olea spp., Juniperous spp., Croton spp, Vernonia spp, 

Euphorbia spp, Entadaspp, Carisa Spp., Dodonea spp. etc. (PWIA, 2014). 

2.7.1.2. Soil Erosion Protection and Enhancing Productivity 

Recent rates of soil erosion documented in Ethiopia range from 16–300 tons/ha/year (Hurni, 

1988 and Hawando, 1989, 1995). The Ethiopian highlands reclamation study (FAO, 1984) 

suggested the average annual soil movement is100 tons/ha/year for the Ethiopian highlands. The 

amount of annual soil movement (loss) by erosion is estimated to range from 1,248– 23,400 

million tons per year from 78 million ha of pasture and range lands and cultivated fields 

throughout Ethiopia. As the bare land covered with vegetation largely influences the infiltration 

rate, followed by the permeability and structure of the underlying soil. Soils with good structure 
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absorb water quickly, and minimize surface runoff. Soil structure determines how easily the 

particles detach to start the erosion process. Steeper sites provide energy for the scouring action 

of surface water run-off. Maintaining good ground cover lessens the effect of all erosive forces. 

While plants absorb the impact of raindrops, their litter and roots enhance infiltration and hold 

soil in place (Wild, 1993). Vegetation can also act to control landslides and other forms of mass 

movement of the land surface (UNESCAP, 1997).  

 Rapid vegetation restoration though area closures are an efficient measure for soil and water 

conservation because of their increased capacity for infiltration and sediment trapping. If 

vegetation coverage is chosen to be the best alternative form of land use, not only is prevent the 

loss of soil prevented, but also that it is not deposited in river bottoms, lakes and dams (FAO, 

2001).  Restoration evolves returning native species to an area, stabilizing soil and reducing soil 

erosion. The influence of trees in soil physical properties is also very important in augmenting 

the overall capacity of the land to be productive. Currently in Ethiopia closures are playing an 

important role in conserving the remaining vegetation and soil resources and improving soil 

fertility. They improved soil fertility by adding soil nutrients from decomposed plant remains. 

Closures also reduced nutrient loss from a site by controlling runoff (vegetation acting as a 

physical barrier to soil erosion). This eventually improves the capability of the land to support 

other vegetation types, including exotic plantations and/or support livestock (Tefera Mengistu et 

al., 2005).   

In the study of Brooks et al., (1991) it is stated that when trying to stabilize the slope by restoring 

vegetation it is necessarily reduced the erosion caused by raindrop impact on bare soils, and to 

establish a penetrating root system to inhibit gully erosion and soil mass movements. Vegetation 

stabilizes a slope by physically increasing frictional forces and by removing the soil water 

through transpiration which results in lower pore water pressures and reduced weight of the soil 

mass. Vegetative filter strips do more than just help stop erosion. If properly maintained, these 

filter strips of grasses, shrubs, and trees provide food and cover for a number of wildlife species 

(ACES, 1995). 
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2.7.1.3.  Source of Non-Timber Forest Products (NTFPs) 

Interest in NTFPs began in earnest in the late 1980s and the early 1990s, in conjunction with 

Increasing global concern about environmental issues, especially deforestation, with increased 

attention to rural poverty, and with the emergence of the concept of „„sustainable development” 

(Falconer, 1990). The dependence of people on trees and forests is unlimited. Almost 1.6 billion 

people in the world rely on forest resources for their livelihood (WRI, 1985) and 1.2 billion 

people in developing countries use trees on farms to generate food and cash (ILO ,2002). NTFPs 

have traditionally provided a source of nutrition and income for millions of indigenous women 

and men in some of the most remote areas of developing countries. In many developing countries 

forests represent a cheap and important source of basic consumption goods for rural low-income 

households (Shackle and Shackleton, 2004). This has contributed to the belief that promoting 

non timber forest product extraction and improving related value chains represent an effective 

means to conserve forest resources and native biodiversity. The livelihood of the communities 

living inside and around the forests depends, in various ways, on the timber and non-timber 

products and services provided by a diversity of forests. According to (Shackleton and 

Shackleton, 2004) NTFPs provide livelihood benefits in assisting households to cope in times of 

adversity manifested as sudden changes in the economic, social or bio-physical environments in 

which households exist and function. It provides the poor quick cash or auto consumption goods 

especially in the event of unpredicted shortfalls, such as failure of agricultural crop or disasters 

(Angelsen and Wunder, 2003).  

Efforts are underway to replenish the denuded vegetation of degraded Ethiopian central and 

highlands in line with the need to supply livestock fodder and other tree products. To realize 

those effects, enclosing areas has been helpful towards the major goal; achieving conservation 

based sustainable agriculture (Emiru Birhane, 2002). The successful colonization of many of the 

native species in many of the degraded lands, underline their potential in wasteland reclamation. 

These would serve as sources of fire-wood, fodder (using cut-and-carry system) and other tree 

products while reclaiming the marginal lands. Its contribution in augmenting the high demand of 

tree products might be of paramount importance (Kindeya Gebrehiwot, 2004).  
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2.7.1.4.  Income and Local Livelihood Contributions 

Natural resource livelihoods are all based on complex resource relationships, which shape and 

mold people‟s access to, use of, and control over, resources. Access to forest resources helps 

rural households diversify their livelihood base and reduce their exposure to risk. Earnings from 

forest products are often important as a complement to other income. Very large numbers of 

households generate some of their income from selling forest products, often when farm 

production is not enough to provide self-sufficiency year-round. Income from forest products is 

often used to purchase seeds, hire labor for cultivation, or generate working capital for trading 

activities (Warner et al., 2008.)  

As part of their fight against land degradation, communities in highlands and central parts of 

Ethiopia have started establishing closures, with the hope of preventing further degradation and 

promoting their re-vegetation. Establishing closures is considered advantageous since it is a 

quick, cheap and lenient method for the rehabilitation of degraded lands (Bendz, 1986). 

Furthermore, (Emiru Birhane, 2002) has made a conclusion that an establishment of area closure 

has contributed a lot to improve livelihoods of local communities by ensuring their wellbeing 

and capabilities. Actually, in times of special hardship, and in the absence of a welfare state, the 

poor often look to the nearby forests and trees for the means to keep going. Although not as 

important overall as the goods that those families can produce from farming, trees and forests 

help families through the “lean season” between the end of one harvest and the next when food is 

short, or through periods of seasonal unemployment (Tadashi Shimizu, 2006)  

Utilizing natural resources in more sustainable way can improve community livelihood.  In 

Ethiopia as soil erosion is the main cause of poverty, protecting soil at the site by restoration of 

vegetation cover in degraded hilly side can effectively disconnect the coarse sediment transfer by 

encouraging deposition and preventing sediment supply. It also tends to reduce flood 

transmission so attenuating flood peaks through increased roughness (Medihin Zewdu, 2002). 

Resource restoration (e.g. hillside vegetation‟s) help maintain valuable ecosystem services, 

reduces flood damage, provides further benefits, and reinforced as a key building block of 

development support of the rural communities (GACGCS, 2005).  
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In this sense, community forestry has positive impacts on forest conservation and livelihood 

improvement of local people (Maheshwar Dhakal and Misa Masuda, 2008). According to 

(Kindeya Gebrehiwot, 2004) area enclosures have very high potential for agroforestry, especially 

with cash earning products like fuel wood, fruits, honey, when there is good access to markets. 

2.7.2. Causes of Soil Degradation 

2.7.2.1. Unsustainable Arable Land Management 

Most arable land (70%) in the highlands is occupied by cereals, with wheat and barley in the 

higher ground teff, sorghum and maize in the lower elevation. All of these crops leave bare areas 

of soil during some or all of the growing season exposing soil to erosion. Twenty percent of the 

cultivated area is in perennial crops including coffee, onset (similar to banana), oil seeds, fruit 

trees and cotton. Pluses occupy the remaining ten percent. Onset in particular provides good 

ground cover, needs manure, and is a good crop to maintain fertility (Berry, 2003).  

2.7.2.2. Overstocking and Overgrazing of Grazing Lands 

Ethiopia has the second largest livestock population in Africa with over 30 million cattle and 42 

million sheep and goats (Alemneh Dejene, 2003). This large population size is assumed to be 

significantly important for the country's GDP. Production from cattle has been estimated to be 

620,000 tons of milk, 244,000 tons of meat, 24 million tons of manure, and 2.4 million hides 

annually (CSE, 1997 cited in Kahsay Berehea, 2004). The same source also clarified that 

livestock contributes about 30 - 35 % of agricultural GDP, about 13 - 16 % of total GDP and 

more than 85 % of farm cash income.   

 However, this economic sector is highly linked to land/soil and water resource degradation in 

one way or another. Many types of grassland historically have supported native grasses, 

originally dominated by perennial grasses. These grasses are useful for soil stabilization (they 

maintain cover of the ground year around and have extensive root systems), are quite productive, 

and also are very palatable to cattle. As the size of livestock herds increases, grass is overgrazed, 

trampled and soil is compacted. When grazing fields are heavily grazed (particularly at flowering 

and seed set times) they produce fewer seeds, decreasing recruitment of new individuals into the 

population. 
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2.7.2.3. Forest Resources Degradation 

According to FAO (2001), there is roughly 39 million km 2 (29 percent) of the world's land 

surface under forest cover. The World Resources Institute (WRI, 1997) estimates that only one-

fifth of the world's original forest cover remains, largely in blocks of undisturbed frontier forests 

in the Brazilian Amazon and boreal areas of Canada and Russia. Vegetation cover and dead plant 

biomass are known to reduce soil erosion by intercepting and dissipating raindrops and wind 

energy.   

Moreover, the lag in agricultural productivity advancement behind population growth has caused 

intense land use conflicts, particularly between the agricultural and the forestry sectors in 

Ethiopia. To compensate for the low agricultural productivity, deforestation for arable land 

expansion has been the principal land use change employed in Ethiopia for centuries. The 

Ethiopian Forestry Action Plan (EFAP) in 1994 outlines the pattern of deforestation. The rate of 

deforestation is estimated at 150,000 ha per year (EFAP, 1994).   

Historical estimates suggest some 87 % of the Ethiopian highlands had forests and woodland 

covers, but this was reduced to 40 % by 1950, 5.6 % by 1980 and 2.4 % by 1990 (Sayer et al., 

1992) and 3.56 % in 2004 (WBISPP, 2004).  

2.7.2.4. Deforestation 

Deforestation include not only conversion to non-forest, but also degradation that reduces forest 

quality, density and structure of the trees, the ecological services supplied, the biomass of plants 

and animals, the species diversity and the genetic diversity (FAO, 2005). It is also used to 

describe forest clearing for annual crops and forest loss from over grazing. Bayou Tilahun (2010) 

cited deforestation in the United Nations Research Institute for Social Development (UNRISD) 

as the loss or continual degradation of forest habitat primarily due to human related causes. 

Agricultural, urban sprawl, unsustainable forestry practices and mining all contribute to human 

caused deforestation. In this case the term deforestation is used to refer to activities that use the 

forest, such as fuel wood cutting, commercial logging, as well as activities that cause temporary 

removal of forest cover such as the slash and burn technique, a component of some shifting 

cultivation agricultural system or clear cutting (ibid). According to Williams (2002), the causes 

of deforestation are complex and often differ in each forest and country. Therefore, the main 
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causes of deforestation in Ethiopia are shifting cultivation, livestock production and fuel wood in 

drier areas.   

High forests, either coniferous or broad-leaf vegetation, covered 35-40 percent of Ethiopia before 

human settlement took place. With the inclusion of savanna woodlands, some 66 percent of the 

country was originally covered with forest or woodlands (Britenbach 1961; Wood 1990; Kuru 

1990; Eshetu Yirdaw, 1996). Over the last 3,000 years there has been progressive deforestation, 

which has accelerated tremendously during the last century. Rapid population growth, extensive 

forest clearing for cultivation, overgrazing, movement of political centers, and exploitation of 

forests for fuel wood and construction materials without replanting have reduced Ethiopia's 

forest area to 16 percent in the 1950s and to 3.1 percent by 1982 (UNEP 1983).  

The remaining natural forest areas are located primarily in southern and southwestern Ethiopia. 

High forests in these areas have been identified and efforts are being made to conserve, protect, 

and manage these resources on a sustained-yield basis. At present, however, accessible high 

forest areas are exposed to various development project pressures, including coffee and tea cash 

cropping, human resettlement, grazing, and logging operations (MOA1991). According to 

Badege Bishaw (2009), due to the immediate significance and long-term impact of these 

problems, efforts have been made to identify the remaining high forests designated as National 

Forest Priority Areas (NFPA). These areas would cover 3.44 million hectares, or 2.8 percent of 

the country. Proper protection and management of these NFPA is question able, however, 

because of the lack of clear and efficient forest policy.  

The influence of humans and their domestic animals has profoundly altered both the vegetation 

and the landscape, and little natural highland vegetation remains today. Ecological degradation, 

including deforestation and erosion, is wide spread, particularly in the northern and central 

highlands. Though not as severely degraded, the southern parts of the highlands are being 

increasingly affected (Getahun Amare, 1978; Hurni1990). 

2.7.2.5. Dung and Crop Residues Consumption 

Land degradation in Ethiopia is also exacerbated by soil nutrient depletion arising from 

continuous cropping together with removal of crop residues, low external inputs and absence of 

adequate soil nutrient saving and recycling technologies as (Bojo and Cassels, 1995). And as fuel 
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wood supply is getting scarce in Ethiopia due to the dwindling effect of the supply source, it will 

be substituted by other forms of biomass fuels like dung, branches/leaves and agricultural 

residues. The alternative use of dung and crop residues as fuel instead of organic fertilizers 

affects crop productivity significantly when most farmers cannot afford to buy inorganic 

fertilizer.   

2.7.3. Forest and Woodland Rehabilitation in Ethiopia 

Public recognition of the need for forest conservation and management in Ethiopia dates back to 

AD 14
th

 and 15th centuries (Eshetu Yirdaw et al., 2000). The historic forest development 

pathway in Ethiopia encompasses three main phases: deforestation phase, substitution phase (use 

of alternative materials such as dung and crop residue for energy and stone for construction), and 

restoration phase. Today, Ethiopia has entered a new period of restoration practices where large 

areas of degraded forestlands are put under rehabilitation, although deforestation has not been 

abated. Both deforestation and forest-restoration processes are juxtaposed, with strong spatial 

segregation. The lowlands and southwestern regions of the country that host large parts of the 

remaining forests are still subjected to deforestation (WBIS 2004), while the northern half of the 

country where forests were lost long ago is experiencing significant level of recovery (Ritler 

1997, Nyssen et al., 2009). Most northern highlands of Ethiopia now have more 

Trees and woody biomass than 100 years ago, and this positive trend has also been observed in 

other parts of the country during the past three decades (Ritler 1997, Jagger et al. 2005, Mulugeta 

Lemenih 2010). 

2.7.4. Deforestation and Forest Degradation in Ethiopia 

Deforestation and forest degradation in Ethiopia have a long history with a significant spatial 

variation. The northern half of the country has experienced cyclic deforestation and revegetation 

over the past three millennia, while deforestation in the southern half is a relatively recent 

phenomenon (Darbyshire et al., 2003, Nyssen et al. 2004, Gessesse Dessie and Johan Kleman, 

2007). This spatial variability has been conditioned by factors such as population growth, 

emergence of intensive agriculture, expansion of urban areas, and trade (Darbyshire et al. 2003, 

Nyssen et al. 2004). Deforestation has intensified, including the major southward expansion, 

since the 1950s (Gessesse Dessie and Johan Kleman 2007, Melaku Bekele 2008). Estimates of 



 

27 
 

deforestation rates range from 140 000–200 000 ha per year (Reusing 1998, FAO, 2010), and at 

present only about 12.3 million ha (11% of the land area) of forest cover remains (FAO, 2010). 

Agricultural land expansion and high dependence on biomass energy are the two most important 

direct drivers of deforestation and forest degradation in Ethiopia (Reusing 1998, WBISP 2004, 

EDRI 2010).With the geometric increase in population, from 12 million in 1900 to 85 million in 

2010, the proportional impact of agricultural land expansion on forest cover in the country has 

been obvious and significant (Gessesse Dessie and Johan Kleman 2007, Mulugeta Lemenih et al. 

2008). Unlike in many other parts of the world, the shift from area expansion towards 

agricultural intensification has not happened in Ethiopia, making deforestation not only a past 

process but also a likely phenomenon into the future. Between 2000 and 2008 alone, agricultural 

lands expanded by about 4 million ha, and 80% of these new agricultural lands came from 

conversion of forestlands, woodlands, and shrub lands (Federal Democratic Republic of 

Ethiopia, 2010; Brown et al., 2010). The total amount of land leased to investors between 2004 

and 2008 was about 1.2 million ha, and it will likely increase to nearly 7 million ha by2015 

(Stebek Elias N., 2011). The massive land acquisition in Ethiopia is causing the clearance of 

thousands of hectares of natural forests and woodlands in the western and southwestern part of 

the country (Lavers, 2012).  

Various types of natural forests and woodlands, ranging from moist evergreen Afromontane 

forest in the southwest to wooded grasslands in the western part of the country, are being cleared 

and replaced by commercial agriculture (Stebek Elias N., 2011, Gobena Moges, 2010). Invasive 

alien species are another major threat to the forests of Ethiopia. Some of the plant species 

introduced to the country have become invasive, taking over large areas of woodlands. Prosopis 

juliflora (Sw.) DC. (Hereafter referred to as Prosopis) is prominent among these invasive species 

in Ethiopia. 

Climate change may also increase the spread of invasive species (McNeely, 2004) and can 

exacerbate degradation of forest/woodland ecosystems and the people depending on these 

ecosystems.  

The large-scale deforestation and degradation of woodlands have had significant social, 

economic, and environmental consequences both at local and national levels. As a consequence 
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of deforestation, there is an acute shortage of fuel wood, construction timber, and non-timber 

forest products (NTFPs) in addition to disrupted ecosystem functions (soil erosion, hydrological 

imbalance, loss of biodiversity, etc.). Moreover, deforestation coupled with poor forest-sector 

development has resulted in severe industrial wood shortages, causing the country to rely mostly 

on imported wood and wood products. At the same time, the invasion of alien species has 

resulted in the decline of agricultural and livestock productivity, increasing incidence of health 

problems for both livestock and humans (Zeraye Mehari Haile, 2008), and exacerbated 

biodiversity loss (Abiyot Berhanu and Getachew Tesfaye2006, Almaz Tadesse Kebede, 2009). 

2.7.5. Chemical Degradation of Soil 

Kavvadias (2014) states that, chemical degradation is as a result of soil contamination from 

chemicals. This contamination process can be divided into diffuse contamination and source 

contamination. Chemical degradation of a soil is a change in soil chemical properties that 

regulate nutrient activity or which maintain a favorable balance among principal nutrient 

elements (Lal et al., 1989). According to (Abiy Tsetargachew., 2008), major chemical properties 

of soil include cation exchange capacity, organic matter content, soil pH, soil salinity and soil 

acidity. These chemical parameters of soil are the ones which determine the quality of a given 

soil in addition to physical and biological properties. A given soil is chemically degraded when 

either of the ideal chemical condition for plant growth is violated. 
 

Different chemical properties of a given soil type are related to each other in one-way or another. 

The presence of one attribute indicates the status of other. For example, if a given soil is rich in 

organic matter content; it is also easy to predict that the soil is rich in CEC. Therefore, the study 

of chemical property or chemical degradation of a given land use type requires selecting an 

appropriate and inclusive parameter. Among the chemical properties that indicate the level of 

degradation of a given site, organic matter content and cation exchange capacity is assumed to be 

fundamental (ibid). 

2.7.5.1. Organic Matter 

Soil organic matter is usually more or less uniformly distributed with depth in Vertisols 

(Getachew Agegnehu et al., 2014). Due to low amount of organic materials applied to the soil 

and complete elimination of the biomass from the field most cultivated soils of Ethiopia are poor 
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in SOM contents (Yihenew Gebreselassie, 2002). Organic matter, including total carbon content 

generally decreases with soil depth. This could be due to the association of humic substances 

with Ca forming Ca-humate (Abayneh Esayas and Ashenafi Ali, 2006). 

2.7.5.2. Cation Exchange Capacity (CEC) 

The Cation exchange capacity (CEC) of a soil is define as the ability of a soil to keep cations 

such as potassium (K+), ammonium (NH4+), hydrogen (H+), calcium (Ca++) and magnesium 

(Mg++) in a form that is available to plants (Ilaco, 1985). Cation exchange capacity is an 

essential parameter of soil because it provides an indication of the type of clay minerals exist in 

the soil, its capacity to hold nutrients against leaching and evaluating their fertility and 

environmental behavior. The content of soil exchangeable cations increased with increasing soil 

depth. The increment was due to the leaching of exchangeable cations and the strong association 

between organic carbon and CEC (Ashenafi Ali et al., 2010).  

2.7.5.3. Soil pH and Electrical Conductivity 

Soil reaction (usually expressed as pH) is the measure of the concentration of H+ ions in the soil 

solution or degree of soil acidity or alkalinity, which is caused by particular chemical, biological 

and/or mineralogical environment. Thus, it is one of the most significant chemical characteristics 

of the soil solution because both higher plants and microorganisms respond to their chemical 

environment (Troeh and Thompson, 1993).  values commonly associated with certain ranges in 

pH are extremely acidic (pH < 4.5), very strongly acidic (pH 4.5-5.0), strongly acidic (pH 5.1-

5.5), moderately acidic (pH 5.6-6.0), slightly acid (pH 6.1-6.5), neutral (pH 6.6-7.3), slightly 

alkaline (pH 7.4-7.8), moderately alkaline (pH 7.9-8.4), strongly alkaline (pH 8.5-9.0) and very 

strongly alkaline (pH > 9.1) (Jones and Benton , 2003).  
 

The degree and nature of soil reaction influenced by diverse anthropogenic and natural activities 

including leaching of exchangeable bases, acid rains, organic materials decomposition, use of 

commercial fertilizers and other farming practices (Brady and Weil, 2002). It also influenced by 

the response of different nitrogenous fertilizer absorption and releases of nutrients at the soil 

water interface (Mahajan and Billore, 2014). Most soil and plant organisms prefer pH range 

between 6.0 and 7.5 (Hazelton and Murphy, 2007). 
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According to Berhanu Debele (1985), about 61% of the Vertisols have pH values between 5.5 

and 6.7, 21% have pH values of 6.7-7.3, and 9% have pH values of more than 8. Organic matter 

decomposition can produce carbonic acid, carboxylic acid and inorganic acids (Brady and Weil, 

1999) that causes acidic pH in the high organic matter content region. 

2.7.5.4. Total Nitrogen 

Most of Ethiopian black or dark grey soils are N-depleted and more than 50% of cultivated land 

soils are N-responsive (Yihenew Gebreselassie, 2002).    

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

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

various sources. The major source in soil is bacteria and cyanobacteria which fix atmospheric 

nitrogen, Precipitation, ground and surface water drainage (Mahajan and Billore, 2014). Average 

total N decreased with increasing depth from surface to subsurface soils (Nega Emiru, 2006).  

 

Total N contents in Central highlands and Eastern lowlands of Ethiopia Vertisols are varied from 

0.08 to 0.22% and the C: N ratio about 11-18. Furthermore, other research works (Tekalign 

Mamo et al., 1988 and Mohammed Assen, 2003) conducted in Vertisol of Ethiopia also indicate 

that N is the most deficient nutrient element than any other necessary element in these soils and 

has called for the application of inorganic fertilizers and need for a sound management of soil 

OM (Berhanu Debele,1980). 

As much as 93 to 97% of the total N in the soil is closely associated with OM (Meysner et al., 

2006). Mohammed Assen et al., (2005) also indicated that the higher content of total N related 

with soil layers having high OM content, whereas the soil layers with lower total N had lower 

OM contents. Due to their low SOM content, most of the Vertisols in Ethiopian highlands have 

low total N content and there is a high crop response to N fertilizers in these areas (Desta 

Beyene, 1986).  

2.7.5.5. Available Phosphorus 

One of the critical elements in natural and agricultural ecosystems is Phosphorus (P). For the 

production of healthy plants and profitable yields its management need is second only to the 

need for the management of N (Brady and Weil, 2002). In Vertisols agriculture P is the most 
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limiting nutrient Next to N (Finck and Venkateswarlu, 1982) and this holds true for Ethiopian 

soils including Vertisols when tested by chemical methods; yet, with the addition of P fertilizers, 

field crop P responses on these soils, particularly in the central highlands are low, even under 

improved drainage conditions (Tekalign Mamo et al., 2002).   
 

Total P status of some representative major types of soil in Ethiopia is low (Piccolo and Huluka, 

1985). 70% of Ethiopian highlands Vertisols are reported low in available P content which is 

below 5 ppm (Berhanu Debele, 1985). There is high available phosphorus on the surface layers 

of a farm land than the subsurface. This may be related to the application of animal manure, 

compost, household wastes like ashes and DAP fertilizer for soil fertility management 

(Awdenegest Moges et al., 2013). Girma Abera and Endalkachew Wolde-Meskel (2013) also 

indicate that the high available phosphorus in top soil might be attributed to supply of external 

phosphorus and phosphorus carry over from fertilization. 

2.7.5.6. Available Potassium 

Next to N and P the third most essential element that plants require in the largest amounts is 

Potassium (Marschner, 1995). It is involved in photosynthesis, sugar transport, movement of 

water and nutrient, protein synthesis and starch formation (Zublena, 1997). Soils with greater 

proportion of clay minerals are high in K; the greater will be the potential K availability in soils 

(Samuel .L. Tisdale et al., 1995). Soil K is mostly occurred in a mineral form and the daily K 

needs of plants are little affected by organic associated K, except for exchangeable K adsorbed 

on SOM.  Jobbagy and Jackson (2001) reported that nutrients strongly cycled by plants, such as 

K, were more concentrated in the surface soil than nutrients usually less limiting for the growth 

of plants. 
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3. MATERIALS AND METHODS 

3.1. Description of Study Area 

3.1.1. Geographical Location of the Study Area 

The study area is located in Gubasayi Kebele of Ada‟a District, East Shoa Zone, Oromia 

Regional National State, Ethiopia (Figure 1).  Kelala Dalacha closed area is located at 62km 

South of Addis Ababa and 15km far from Bishoftu along the old road to Modjo town. The Geo-

referenced location is between 08
0
 38‟ 06.3‟‟ up to 08

0
 38‟ 50.0N and 039

0
 0.2‟ 45.8‟‟ up to 039

0
 

03‟ 28.2‟‟ E, the altitudinal ranged between 1870and 1993m.a.s.l. 

Gubasayi Kebele surrounding Kelala Dalacha Mountain had 800 household members in 

scattered villages and also had540 hectares of agricultural land. Farmers leaving in the 

surrounding area of Kelala Dalacha site were 100% agrarian community. The agro ecology was 

woinedega (mid/altitudinal range) suitable for cereal farming including teff and wheat 

cultivation. Gubasayi kebele had around 3000 cattle and 2500 goat populations (ADAO, 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of Study Area in Eastern Shoa Zone of Ethiopia 
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3.1.2. Population and Socio-Economic Setting 

3.1.2.1. Population 

Total population of Ada'a district was 355,343 of these 175,788 were men and 179,555 women; 

with the annual growth rate of 2.9%. And 142,866 or 40.2% of its population were urban 

dwellers which was greater than the Zone average of 32.1% (CSA, 2007). 

Ada'a district has an estimated population density of 220.64 people per square kilometer, which 

was greater than the Zone average of 181.7(CSA, 2007). Gubasayi peasant association has 852 

households of which 277 households were in the study village (ADAO, 2015). The age 

distribution of the Ada‟a district population can be grouped as children (0-14), adult population 

(15-64) and elder population (above 64 years) (ADAO, 2015).Out of the total population of 

Ada‟a district, the adult population were 183,002 (51.5 %), the young population were 164,524 

(46.3 %), and the elder population were accounts for 7817 (2.2 %) of the total population 

(ADAO, 2015). 

Based on the above information, the population pyramid of Ada‟a district was wide at the base 

(bottom) and very narrow at the top. This in turn shows the emerging and flourishing young 

population with an increasing demand that can create pressure on resource uses.  

Table 2: Age Structure of Ada‟a District Population 

No. Age Group Group of 

Population 

Frequency Percentage 

1 0-14 Young (children) 164,524 46.3 

2 15-64 Adult 183,002 51.5 

3 >65 Aged (Elder) 7,817 2.2 

Total   355,343 100 

Source: Compiled from ADAO, 2015 

3.1.2.2. Settlement Pattern 

In the study area, two types of settlement patterns were observed: the cluster pattern, which were 

established traditionally and, planned settlement established through former village development 

program (Abiy Tsetargachew, 2008). 
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3.1.2.3. Economic Activities 

According to the District‟s Agricultural Office the livelihood of the people in the study area is 

exclusively based on agriculture. The agricultural activities carried out in the area included both 

crop production and animal husbandry, in which the latter plays complementary role. The 

farming system in the area was therefore, denoted by close interdependence & integration of 

crop cultivation and animal husbandry, where the production and productivity of one was not 

separated from the other. And according to data from the District‟s Agricultural Office, the major 

crops grown in the study area were cereals such as teff, wheat, maize, and barley. Teff is the 

most commonly and largely produced crop. Pulse crops such as bean, pea, lentil and cheek pea 

are also produced but, not in a large quantity. Vegetable production was also practiced by few 

farmers during the rainy season to supplement their income from field crops. And during this 

study time, no irrigation was practiced due to absence of springs and perennial rivers. The main 

vegetable crops planted by farmers were potato, beet root, carrot, tomato, onion, cabbage and 

Gesho (perennial cash crop used for making local alcohol drinks).   

 Livestock have diverse function in the production system. It can provide highly nutritive food 

items (meat, milk product & egg), or source of cash income. The farmers in the study area keep 

cattle, equine, but small numbers of sheep & goats are kept by few farmers. Hillside areas were 

used as communal grazing land. There was high feed shortage throughout the year, being more 

acute in the dry season. There were no systematic grazing land management practices. 

3.1.3. Climate 

Based on the data gathered from National Meteorology Agency Service Agency, Long term 

rainfall records showed a bimodal pattern with the annual average rainfall of 862mm occurred in 

near Debrezeit Air Force Metrology Station. The main rainy season starts at early of June and 

lasts in September with maximum rainfall in July. The mean annual maximum and minimum 

temperatures are 28.9 and 6.9 °C, respectively. The short rainy season was from March to April 

with annual average rainfall 862mm. 
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Figure 2: Climate Diagram of the Study Area of Ada’a District 

3.1.4. Land Use/Land Cover 

In East Shoa zone Ada‟a District, the cultivated land occupied by Acacia woodland, Gerbi 

(Fhaiderbia albida.) and Tedecha (Acacia tortilis) trees. The field under cultivation had been 

cropped predominantly to Teff (Eragrotis teff), maize (Zea mays L.), Wheat (Triticum durum), 

haricot bean (Phaseolus vulgaris), Guaya (Pisum sativum) and Shimbera (Cicer aritinium.). The 

major crops grown in Debrezeit area includes Teff (Eragrotis teff), Maize (Zea mays), Wheat 

(Triticum durum), Shimbera (Cicer aritinium.), and grasses such as Digitaria diagonalis.  

3.1.5. Soil Characteristics of the Study Area 

The study sites categorized under three types of parent rock such as: (a) the granites of the 

crystalline basement which tend to form shallow, sandy soils; (b) the volcanic rocks, such as 

basalts, which tend to produce fertile loams, generally red in colour, but sometimes black; and 

(c) the limestone and sandstones which form shallow, poor, sandy soils (Last, 1962). Review of 

studies showed that the study area falls in the Rift Valley physiographic region, formed by 
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quaternary of the rift floor and recasting deposits and soil type is vertisol (Abiy Tsetargachew, 

2008).  

3.2. Method of Land Use and Land Cover Data Collection and Analysis 

3.2.1. Land Use Land Cover Change Data Collection 

The land use/land cover change classes were mapped for each year by using ArcGIS. Arc GIS 

software was used to map and determine the coordinate and geographical location of the study 

area. It also helped in identifying the different types of vegetation present and determines the 

land use and land cover change (LULCC) since 1988 to 2018.  

Land Use/Land Cover Change Detection Analysis 

 Image selection from the Cloud free Land sat images were downloaded for the years (1988, 

1998, 2008, and 2018). 

 Layer stacking and band selection for Landsat5 (2, 3, 4) and Landsat 8 (3, 4,5) bands were 

used. 

Table 3: Summary Table for The Image’s User 

Acquisition date 

(Year/mm/DD) 

Path/Row Sensor Resolution 

1988/12/28 168/054 Landsat5 TM 30m 

1998/12/24 168/054 Landsat5 TM 30m 

2008/12/27 168/054 Landsat7 ETM+ 30m 

2018/12/15 168/054 Landsat8 OLI 30m 

 

3.2.2. Land Use/Land Cover Change Classifications 

Mainly two major classes were identified namely vegetation and barren land from the images by 

using ENVI5.0 image analysis software. 
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3.3.  Study Design 

3.3.1. Study Design for Vegetation Cover 

In order to collect information related to the technical sustainability and improvement of the area 

closure within the study area, various types of vegetation and soil parameters that were assumed 

to measure the chemical characteristics were collected.  

3.3.1.1. Vegetation Data Collection 

A well-designed data form known as Sample Data Sheet for Floristic Data Collection was used 

in order to collect plant species. With the help of a Global Positioning System (GPS), each plot 

was laid at the exact location given on the device giving a total sum of 31 plots that were being 

mapped and examined. A random sampling design was employed for the sampling plots used for 

vegetation data collection (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

A plot size of 20m x 20m was established to collect data density of trees/shrubs, seedlings and 

saplings, in each quadrat, all wood species encountered were recorded. DBH was measured using 

Steel metal graduated caliper, Seedlings and saplings were counted in each sub-quadrat 

manually. Height of trees/shrubs was measured by Hypsometer. Within each main plot, five 

subplots of 1m x 1m (1m
2
) were established at the four corners and the center of the 400m

2
 

Legend  

o Kp 1 data collection plots 

o Soil sample point 1 

- Soil sample Transect lines 

 Kelala site map 

 

 

Figure 3: Sample Plot Distribution in the Kelala Dalacha Study Area, Ada’a District, 

Oromia, Ethiopia. 
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quadrant and data on herbaceous species (grasses and forb species) and soil samples were taken 

from these subplots (Figure 4)..  

Collected plant specimen were taken to the National Herbarium of the Addis Ababa University, 

College of Natural Science, Department of Plant Biology and Biodiversity Management and 

identified using published volumes of the Flora of Ethiopia and Eritrea. Voucher specimens were 

deposited in the National Herbarium of Addis Ababa University.  

 

 

 

 

 

 

 

 

 

 

Figure 4: Sample Plot Layout for Herbaceous and Soil Data Collection in Kelala Dalacha, 

Ada’a District, Oromia, Ethiopia. 

3.3.1.2. Data Analysis 

3.3.1.2.1. Vegetation Classification 

Cluster analysis of floristic data (species matrix) was carried out to delimit sampling plots having 

similar vegetation composition into clusters. Accordingly, the vegetation was classified into 

different communities‟ types using the statistical software R-package for windows version 3.3.2. 

(Venables, Smith and R Development Core Team, 2009). The Indicator Species Analysis was 

computed to compare the species present in each community to determine the relationship 

between the species occurrence or abundance values. The plant community types were named 

after two dominant indicator species. Sorenson‟s index was calculated to assess the similarity 

between the plant communities of the study area.  
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3.3.1.2.2. Diversity Index 

Species diversity was calculated using Shannon-Wiener diversity index. This diversity index is 

the most popular measure of species diversity because it accounts both for species richness and 

evenness (Kent and Coker, 1992; Krebs, 1999). Shannon diversity index was calculated as 

follows 

 

(Shannon and Wiener, 1949):  where: 

                        H′= Shannon Diversity Index 

                         s= the number of species 

                        Pi= the proportion of individuals or the abundance of the i
th
 species expressed as a     

                                Proportion of   total cover and 

                        ln= natural logarithm. 

And that of Sorensen`s similarity was calculated by using the formula Ss =   2 a     

                                                                                                                       2a+b+c 

Where: Ss = Sorenson`s similarity coefficient 

                                                    a = Number of species common to both communities 

                                                     b = number of species in community1                                                           

                                                     c = number of species in community 2 

3.3.1.2.3. Vegetation Structure 

The vertical structure of tree species was described following the International Union Forestry 

Research Organization (IUFRO) scheme (Feyera Abdena, 2010). The Seedlings and saplings 

were counted to estimate the regeneration status of the forest (Tesfaye Getachew et.al, 2002). 

The percentages of various plant families, DBH and height classes of woody plants in the study 

area were summarized in pi-chart, bar graphs and tables. 

To describe the vegetation structure of the Study Mountain, the density, frequency, height, 

Diameter at Breast Height (DBH), composition, species importance value (SIV) and basal area 

were calculated.  
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3.3.1.2.4. Species Population Structure 

The species population structure of Kelala Dalacha Mountain was computed by classifying the 

DBH values of the woody species in to seven DBH class intervals. Based on intensity of 

disturbance species show variation in population structure pattern reflected through difference in 

the abundance of different size classes (Tamrat Bekele, 1994). Size class distribution or 

population structure, therefore, gives good indication of the impact of disturbance and forest 

successional trends. The population structure, characterized by the presence of sufficient 

population of seedlings, saplings and adults, indicates successful regeneration of forest species. 

Seedling densities in forest understory‟s are dynamic and rates may vary among species and in 

gap and shade environments. As a result, matured woody species recorded in the study quadrats 

were used in the analysis of population structure. DBH and height classes were used for the 

description and comparison of population structure in the study area.  The diameter at breast 

height (DBH) was classified into seven DBH classes and the percentage distribution of trees and 

shrubs in each class were computed.  

Regeneration status of the recorded woody species was determined by computing density ratios 

between seedling, sapling and mature individual (Mwavu and Witkowski, 2009). 

3.4.1. Soil Data Collection 

3.4.1.1. Soil Sampling 

In determining the impact of ecosystem rehabilitation on soil chemical properties of the study 

area, soil quality assessment was carried out using a random sampling method and data was 

collected from the subplots and pooled. GPS reading was taken to correctly lay parallel transect. 

Auger sampler was used for taking individual samples to a depth of 15cm. 

Composite sampling was used in soil sample collection. Accordingly, eight composite samples 

from the Kelala Dalacha sampling site were taken and analyzed for the selected chemical soil 

attributes such as soil pH, organic matter content, Cation Exchange Capacity, Electrical 

Conductivity, essential nutrients (mainly total nitrogen, available phosphorus and available 

potassium). 
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Within each position in closed areas of the Kelala Dalacha site, two parallel transects were laid 

out and soil sampling points along the transect was selected using systematic sampling. First 

distance from foot to the peak of the hill was measured. Two parallel transects were laid along 

contour lines systematically. The first transect was laid 50m from the foot of the hill and the 

second transect was laid 150m from the first transect. Four composite soil samples were 

collected from each transect i.e. the total of eight composite samples were taken from each. 

Distance between two composite samples was 200m and 170m for the first and second transect, 

respectively. 

The difference in distance between two composite samples among land use types was due to 

difference in the land use types of the studied area.  

Soil chemical properties such as cation exchange capacity, soil pH, organic matter content, 

electrical conductivity, essential nutrient mainly total nitrogen, available phosphorus and 

potassium were measured at the National Soil Test Laboratory, Addis Ababa. 

3.4.1.2. Soil Properties Analysis 

Soil properties were analyzed according to the standard soil analysis procedures provided. Soil 

pH in a 1:2:5 soil-water suspension, organic carbon by oxidation with potassium dichromate 

(K2Cr2O7) in a sulfuric acid medium (Walkley and Black, 1934), total nitrogen by semi-micro 

Kjeldahl and available phosphorus by sodium bicarbonate (NaHCO3) extraction (Olsen) 

procedures. Hence from the Kelala Dalacha, 8 surface samples to depth of 0-15cm were 

collected and analyzed at laboratory for determination of Soil (pHH2O, EC, CEC, O.C, T.N, Av. 

P, &Av. K).Available potassium extracted by sodium acetate (1N NH4OAc) extraction and, 

exchangeable calcium and magnesium by ammonium acetate extraction and measured by the 

atomic absorption spectrometry (AAS) method (Page et al., 1982). 

3.4.2. Soil Data Analysis Method 

The data from soil laboratory were subjected to one-way analysis of variance (ANOVA). The 

Multiple Comparisons test using Least Significance Difference (LSD) was employed for mean 

separation for those properties that were found significantly different. The level of significance 

used was 0.05. Data were analyzed using the Statistical Package for Social Sciences (SPSS) 

release 11 (Bryman and Cramer, 2001). 
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4. RESULTS 

4.1. Change in Vegetation Cover 

By collecting training points from the images supervised classification was done for the different 

years (1988, 1998, 2008 and 2018) in order to determine land use/land cover change classes. 

After having land use/land cover change classes of each year i.e. four periods: 1988 to1998, 1998 

to2008, 2008 to 2018 and 1988 to2018 change detection statistics were calculated in INVI5.0. 

Result from the Satellite image analysis showed that there was an increase in vegetation cover 

and decrease in proportion of bare ground (Figure 5 and Table 3).  

 

Figure 5: Land Use/Land Cover Change in Kelala Dalacha Mountain Ada‟a District, East Shoa 

Zone, Oromia, Ethiopia. 

 

 

 



 

43 
 

4.1.1. Land Use/Land Cover Change Detection Matrix from1988 to 2018 

Area Coverage of each Land use/land cover change classes and their percentage share for 

different years are as listed in the Table3. 

Table 4: Land Use/Land Cover Change Class in Years (1988, 1998, 2008 & 2018) Per Hectares 

Year 1988 1998 2008 2018 

Class 

Name Area(ha) Area (%) Area(ha) Area (%) Area(ha) 

Area 

(%) Area(ha) 

Area 

(%) 

Barren 

Land 32.58 41.9 27.63 35.53 15.3 19.68 9 11.57 

Vegetation 45.18 58.1 50.13 64.47 62.46 80.32 68.76 88.43 

 

The major land use/land cover classes were barren lands and vegetation‟s (woody species, and 

grasses).  

In Kelala Dalacha enclosure area, barren land has decreased since 1988 in all periods to the final 

year 2018.As indicated in Table 3, in 1988barren land was 41.90% with area coverage of 

32.58ha whiles in 1998 it was at a percentage of 35.53%covering an area of 27.63ha. In 2008, 

barren land covered an area of 15.30ha with a percentage of 19.68%. In the case of 2018, 11.57% 

with an area covered of 9.0 ha. Vegetation cover increased from 58.1% (45.18 ha) in 1988 to 

88.4.8% (68.8 ha) in 2018 (Table 3 and Figure 5).  
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4.1.1.1.  Change Detection Matrix between the Periods 1988 to2018 

Table 5: Change Detection Statistics for Period 1988 to 2018 

F
in

a
l 
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a
te

 2
0
1
8
 

Initial state 1988 

 Vegetation Barren Land Row Total Class Total 

Vegetation 443700 243900 687600 687600 

Barren Land 8100 81900 90000 90000 

Class Total 451800 325800 0 0 

Class Changes 8100 243900 0 0 

 Image 

Difference 
235,800 -235800 0 0 

 

Column Class total is the class of initial year while the Row total is class of final year. For the 

period 1988 to 2018; vegetation was 451,800m
2
in 1988 and 687,600m

2
 in year 2018. It reveals 

about 235,800m
2
were converted from barren land to vegetation within the 30years period. Image 

difference is the difference between Row total and column class total example -235800 = 90000-

325800. In other words, based on the negative image difference (-235,800m
2)

, barren land in 

1988 were rehabilitated or covered by vegetation (woody species and grasses).The total area of 

the study site was about 75 hectares and 3976m perimeter. 

4.1.1.2. Change Detection Matrix between thePeriods1988 to 1998 

Table 6: Change Detection Statistics for Period 1988 to 1998 
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Initial state 1988 

 

Vegetation Barren Land Row Total Class Total 

Vegetation 385200 116100 501300 501300 

Barren Land 66600 209700 276300 276300 

Class Total 451800 325800 

  Class Changes 66600 116100 

   Image Difference 49500 -49500  
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Over a ten year period (1988 to 1998) of change detection statistics, the initial state of vegetation 

in 1988 had a row total of 501300 whiles that of the final state in 1998 had a class total of 

451800 producing and image difference of 89100 (501300-451800=49500). Regarding the 

positive change result in 1998, satellite image shows that vegetation had increased to more 

woody species and that of grasses. Initial state of barren land in 1998 had row total of 276300 

with a class total of 325800 in the final state of 1998 giving an image difference of -49500. 

Based on the negative result gotten for the image difference it shows that in 1998 barren land had 

transformed into woody species and grasses. 

4.1.1.3. Change Detection Matrix between the Period 1998 to2008 

Table 7: Change Detection Statistics for Period 1998 to 2008 
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Initial state 1998 

 Vegetation Barren Land Row Total Class Total 

Vegetation 432900 191700 624600 624600 

Barren Land 68400 84600 153000 153000 

Class Total 501300 276300 

  

Class Changes 68400 191700 

  

 Image 

Difference 
123300 -123300  

 

 

From the above table 6, result shows that the initial state of vegetation in the year 1998 had a row 

total of 624600 with a class total of 501300 in the initial state of 2008 thereby giving and image 

difference of 123300. Based on the positive result from vegetation, it indicates that an increase 

change had occurred in woody species and grasses as of 2008. Relatively, barren land in the 

initial state of 1998 had a row total of 153000 and a class total of 191700 at the final state in 

2008, resulting to an image difference of -123300 which indicates that there has been vas 

changes in barren land to more trees, shrubs and grasses. 
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4.1.1.4. Change Detection Matrix between the Period 2008 to2018 

Table 8: Change Detection Statistics for Period 2008 to 2018 
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Initial state 2008 

 Vegetation Barren Land Row Total Class Total 

Vegetation 595800 91800 687600 687600 

Barren Land 28800 61200 90000 90000 

Class Total 624600 153000 
  

Class Changes 28800 91800 
  

 Image 

Difference 
63000 -63000  

 

 

Vegetation in the initial state of 2008 had a row total of 687600 and a class total of 624600 in the 

final state of 2018 producing an image difference of 63000 demonstrating a wide change of an 

increase in woody species and grasses. In relation to barren land as at initial state in 2008, row 

total was 90000 and final state in 2018 had a class total of 91800 hereby creating an image 

difference of -63000 affirming an increase change in barren land to more woody species or 

grasses. 

4.2. Floristic Composition 

A total of 53 species of vascular plants, belonging to 46 genera and 25 families were recorded 

from the 31 plots laid in the Study area. The families with the highest number of species were 

Poaceae followed by Asteraceae, Fabaceae and Lamiaceae, respectively (Table 8). 
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Table 9: Floristic Composition of Kelala Dalacha, Ada‟a District in East Shoa, Oromia, 

Ethiopia 

S.No. Scientific Name Family Name 

Local Name 

(Oromo)  

Growth 

Habit 

1 Acacia albida Fabaceae Garbii Tree 

2 Acacia etbaica  Schweinf   Fabaceae Dodoti Tree 

3 Acacia nilotica (L.) Willd. ex Del.   Fabaceae Kasalee Tree 

4 Acacia seyal Fabaceae Waacuu Tree 

5 Acacia sieberiana Fabaceae Laaftoo Tree 

6 Acacia tortillis Fabaceae Xadecha Tree 

7 Acokanthera scimperiana Fabaceae Qaraaruu Shrub 

8 Anthericum angustifolium Hochst. ex A. Rich. Anthericaceae   Forb 

9 Arthraxon prionodes (Steud.) Dandy Poaceae Choqorsa Grass 

10 Asparagus africanusLam. Asparagaceae Sariitii Liana 

11 Balanites aegyptiaca (L.) Del. Balanitaceae Badenoo 

Tree 

 

 

Bothriochloa insculpta (Hochst. ex A. Rich.) A. Poaceae   Grass 

12 Cadaba farinosa Forssk Capparidaceae   Shrub 

13 Calpurnia aurea (Ait.) Benth. Fabaceae Ceekaa Shrub 

14 Capparis tomentosa  Capparidaceae  Goraa Liana 

15 Carissa spinarum Apocynaceae Agamsa Shrub 

16 Caucanthus auriculatus Malpighiaceae 

 

Shrub 

17 Clerodendrum myricoides (Hochst.) Vatke Lamiaceae Maraasisaa Liana 

18 Clutia abyssinica Jaub. & Spach.  Euphorbiaceae   Shrub 

19 Combretum molle R. Br. ex G. Don Combretaceae Rukeessa Tree 

20 Croton macrostachyus Del. Euphorbiaceae Bakaniisa Shrub 

21 Cynodon dactylon (L.) Pers. Poaceae 

 

Grass 

22 Dichrostachys cinerea (L.) Wight & Am. Fabaceae Haxee Shrub 

23 Digitaria ternata (A. Rich.) Stapf Poaceae   Grass 

24 Dodonea angustifolia L.f. Fabaceae  Dhitacha Shrub 

25 Echinops sp.  Asteraceae   Shrub 

26 Ehretia cymosa Thonn.  Boraginaceae Ulaagaa Tree 

27 Eragrostis papposa  (Roem. & Schult.) Steud Poaceae Barlamee Grass 

28 Erythrina abyssinica Fabaceae Waleensu  Tree 

29 Euclea racemose Ebenaceae Mi‟eechaa Shrub 
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S.No. Scientific Name Family Name 

Local Name 

(Oromo)  

Growth 

Habit 

 

Hyparrhenia anthistirioides (Hochst. ex A. Rich.)  Poaceae Gomochii Grass 

30 Hyparrhenia hirta Poaceae Sambaleexa Grass 

31 Jasminum  abyssinicum Oleaceae Xanbalaal Liana 

32 Lantana camara L. Verbenaceae   Liana 

33 Maerua angolensis Dc Capparidaceae 

 

Liana 

34 Maytenus  gracilipes Celasteraceae  Kombolcha Shrub 

35 Myrsine Africana Myrsinaceae Qachemaa Shrub 

36 Ocimum urticifolium Roth Lamiaceae   Forb 

37 Oldenlandia herbacea (L.) Roxb. Rubiaceae   Forb 

38 Osyris quadripartita Decn. Santalaceae Waatoo Shrub 

39 Otostegia fruticosa (Forssk.) Schweinf ex Penzig   Lamiaceae   Shrub 

40 Oxalis corniculata L. Oxalidaceae   Forb 

41 Pennisetum thunbergii Poaceae Migira Grass 

42 Petrolobium stellatum Fabaceae Goraa Liana 

43 Pittosporum viridiflorum Pittosporaceae   Shrub 

44 Rhus natalensis Anacardiaceae Daboobecha Shrub 

45 Sida alba L. Malvaceae   Forb 

46 Solanum incanum L. Solanaceae   Shrub 

47 Solanum nigrum L. Solanaceae Hidii Shrub 

48 Sporobolus discosporus Nees Poaceae   Grass 

49 Tagetes minuta L. Asteraceae   Forb 

50 Tephrosia pumila (Lam.) Pers. Fabaceae   Forb 

51 Withania somnifera (L.) Dunal Solanaceae   Forb 

 

Out of the total collected species, about 18.86% were trees, 35.85% were shrubs, 13.21%were 

liana, 15.09% forbs and 16.98 % were grasses. Shrubs occupied the highest percentage followed 

by trees and grasses (Table 8).  

4.3. Plant communities of Kelala Dalacha Mountain 

Three plant communities were identified from vegetation classification of the total woody 

species (Figure 8).  Each community was named after two species having higher indicator value. 

Accordingly, the three identified communities were Dodonea angustifolia – Rhus natalensis 
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(Community type 1), Croton macrostachyus – Acacia etbaica (Community type 2), and 

Acokanthera schimperiana – Capparis tomentosa (Community type 3).  

 

Figure 6: Dendrogram Showing the Three Community Types Obtained from Cluster 

Analysis of Kelala Forest 

Each community of the study forest holds the following sample plots: 

 Community 1= 1, 2, 3, 4, 7, 8, 16, 17, 29  

 Community 2= 5, 6, 9, 11, 12, 13, 14, 15, 25, 26, 27, 28, 30, 31  

 Community 3= 10, 18, 19, 20, 21, 22, 23, 24   
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Table 9: The Indicator Values of Species in the Communities, Kelala Dalacha Mountain, 

Ada‟a District, Ethiopia. 

   Species Community1 Community2 Community3 

Ehretia.cymosa 0.111 0 0 

Lantana.camara 0.111 0 0 

Myrsine.africana 0.111 0 0 

Combretum.molle. 0.111 0 0 

Acacia.melanoxylon 0.111 0 0 

Pittosporum.viridiflorum 0.111 0 0 

Osyris.quadripartita 0.444 0 0 

Ehretia.cymosa. Thonn.. 0.111 0 0 

Dodonea.angustifolia 0.807 0.062 0.049 

Otostegia.fruticosa. 0.111 0 0 

Hyparrhenia.anthistirioides 0.496 0.02 0.015 

Euclea.racemosa 0.26 0 0.027 

Combretum.molle 0.049 0.08 0 

Hyparrhenia.hirta 0.603 0.262 0.046 

Erythrina.abyssinica 0 0.071 0 

Petrolobium.stellatum 0 0.071 0 

Stereospermum.kunthianum 0 0.071 0 

Acacia.nilotica 0.133 0.016 0.072 

Rhus.natalensis 0.343 0.121 0.138 

Acacia.tortillis 0.078 0.129 0.025 

Croton.macrostachyus 0.138 0.343 0.011 

Acacia.etbaica 0.221 0.391 0.08 

Lantana.camara.L. 0.218 0.246 0.088 

Cynodon.dactylon 0.147 0.562 0.19 

Echinops.sp.. 0.062 0.206 0 

Maerua.angolensis 0.112 0.062 0.141 

Dichrostachys.cinerea 0.061 0.057 0.173 

Jasminum.abyssinicum 0.162 0.11 0.282 

Pennisetum.thunbergii 0.046 0.227 0 

Clutia.abyssinica 0 0.071 0 

Maytenus..gracilipes 0.033 0.054 0.041 

Arthraxon.prionodes 0.065 0.135 0.401 

Acacia.sieberiana 0 0.143 0 

Acacia.seyal 0 0.199 0.038 

Calpurnia.aurea 0.024 0.04 0.124 

Carissa.spinarum 0.052 0.072 0.483 

Balanites.aegyptiaca 0 0.026 0.08 

Caucanthus.auriculatus 0 0.071 0 

Eragrostis.papposa 0.01 0.043 0.666 

Acacia.albida 0 0 0.125 

Acokanthera.scimperiana 0 0.022 0.673 

Capparis.tomentosa. 0 0 0.375 

Asparagus.africanus 0 0 0.125 
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4.3.1. Dodonea angustifolia – Rhus natalensis (Community type 1) 

Dodonea angustifolia – Rhus natalensis community consisted of 9(nine) plots and 30 plant 

species. This community type is distributed in the altitude range of 1903-1986 a.s.l and an 

average altitude of 1947m. It was species rich community next to community type two. The 

community included species, such as Dodonea angustifolia, Rhus natalensis, 

Acaciamelanoxylon, Osyrisquadripartita, Pittosporum. viridiflorum, Ehretia. cymosa, Euclea. 

racemosa, Hyparrhenia. anthistirioides and different other tree, shrubs and herbaceous species 

(Table 10).  

4.3.2. Croton macrostachyus – Acacia etbaica (Community type 2) 

This community type consisted of 14 sample plots and 31 plant species. Its distribution ranges 

1894-1977 a.s.l and an average altitude of 1932m. This community type had relatively higher 

number of sample plots and also the most species rich community in the study area.  The 

community also composed of different other species such as Combretum. molle, Hyparrhenia 

.hirta, Erythrina. abyssinica, Petrolobium. stellatum, Acacia .nilotica, Cynodon. dactylon and 

others (Table 10).   

4.3.3. Acokanthera schimperiana – Capparis tomentosa (Community type 3) 

This community consisted of 8 plots and 25 species. It was relatively the least species rich 

community in the forest. The community type is distributed within the altitudinal range of 1883-

1966 a.s.l and with an average altitude 1910m. The other species comprised in the community 

included Lantana. camara, Maerua. angolensis, Dichrostachys. cinerea, 

Jasminum...abyssinicum and some other species (Table 10). 

4.3.4. Species Diversity, Evenness and Richness of the Species in Three 

Communities 

Species richness, diversity and evenness were used to interpret the relative variation among the 

communities. Shannon-Wiener diversity index revealed that, community type two had the 

highest species richness (31 species) followed by community one (30 species). However, 

community three had low species richness (25).   
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Table 1010: Shannon-Wiener Diversity Index of the Species in the Communities of the 

Forest 

 Richness H Simpson Shannon Evenness Simpson Evenness 

1  

30 2.61460565 7.515269915 0.768730936 0.250508997 

     

2 

 

31 2.72073466 7.374603948 0.845243747 0.461807963 

   

3 25 2.54975914 11.54519906 0.742506884 

 

0.23789045 

 

4.3.5. Similarity Between the Community Types 

The Sorensen‟s similarity coefficient of the three communities (Table 12) showed that, the 

species composition of community two and three had the highest similarity (43%) followed by 

community one and two (40.8%); however, relatively the lowest similarity was observed 

between the communities‟ one and three which was 40.4%. Overall the communities had showed 

relatively lower similarity among each other. This might be due to difference in environmental 

factors in each community.   

Table 11: The Sorensen‟s Similarity of the Three Communities 

Community types 1 2 3 

1 -  0.408 0.404 

2  - 0.433 

3   -  
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4.4. Structure of Woody Species in Kelala Dalacha Mountain 

4.4.1. Distribution of Diameter at Breast Height (DBH) of Woody Species 

All individuals of woody species with a diameter at breast height (DBH) greater than 2.5 cm, and 

height greater than 2m were measured to analyze the DBH class distribution. The DBH values of 

each species in a plot was averaged and classified in to five (5) DBH Classes (3-10cm, 11-20cm, 

21-30cm, 31-40cm and >40cm.   

 

Figure 7: DBH class distribution patterns of woody species in Kelala Dalacha, Ada‟a 

District, Oromia, Ethiopia. 

Class 1=2.5- 10cm, 2 = 11-20cm, 3 = 21-30 cm, 4 = 31-40cm and class 5 = >40 cm.  

The general pattern of distributions of tree individuals across the DBH classes displayed inverted 

J-shaped pattern of distribution (Fig7).The lower DBH classes were found to have relatively 

higher number of individuals than that of the middle and the top classes. Less percentage of 

individuals was recorded for the highest DBH classes.  
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4.4.2. Population Structure of Some Selected Woody Species 

For the analysis of population structure, six woody species (Acacia albida, Acacia seyal, Acacia 

tortillis, Combretum mole, Croton macrostachyus and Dodonea angustifolia) were selected. The 

studied species showed four different patterns of distributions along their respective DBH 

classes: bell-shaped, irregular, inverted J-shaped and J-shaped patterns of distribution. 

The first pattern showed a bell-shaped distribution. The number of individuals increased with 

increasing DBH up to certain point then decreased with increase in DBH. For example, Acacia 

albida showed such type of distribution pattern (Figure 8). 

 

Figure 8: The Bell-shaped Distribution Pattern of Species 

The second pattern was described as irregular where no defined pattern was observed across the 

DBH classes. Acacia seyal and Croton macrostachyus displayed such pattern of population 

structure. (Figure 9). 
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Figure 9: The Irregular Pattern of DBH Classes of Species 

The third pattern of population structure exhibited the inverted J-shaped distribution (Figure 10).  

Dodonea.angustifolia was seen to be one of the best examples for this distribution pattern. 

 

Figure 10: The Inverted J-Shaped Pattern Distribution of Species 

The fourth pattern was found to be a „J‟-shaped pattern of distribution. This pattern is 

characterized by having a smaller number or the total absence of individuals in the lower DBH 

class and higher or gradually increasing to the higher DBH class.  Acacia tortillis and 

Combretum molle had this pattern of distribution (Figure11).  
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Figure 11: The J-Shaped Pattern of Distribution of Species 

4.4.3. Height Class Distribution  

Height of woody species in the rehabilitated mountain of Kelala Dalacha was measured and 

classified into five (5) class sizes. Thus, size classes were 2-3m, 3.1-4m,4.1-5m, 5.1-6m and 

>6m. This height class distribution of woody species indicated that most of the species in the 

study area belonged to the lower size class followed by the second size class. The least number 

of woody species corresponds to the fourth size class. Woody species having height > 5m were 

few in number (Figure 8). 
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Figure 12: Height classes’ distribution of woody species in Kelala Dalacha, Ada’a District, 

Oromia, Ethiopia. 

4.5. Soil Chemical Properties 

The chemical properties of soil in Kelala Dalacha were shown in the (Table 13). Soil pHH2O  

Values of Kelala Dalacha enclosed area ranged from 6.2 to 7.9 and had average value of 6.64. 

EC values of the study area ranged from 0.054 to 0.164 with average of 0.082. CEC of Kelala 

Dalacha ranged from 27.09 to 34.89 with average of 30.92.  

 

Table 12: The Mean Values of Soil Chemical Properties of Kelala Dalacha. Values are 

mean ± standard deviation (n=8) 

Parameters Depth Unit Mean ±SD 

pH 0-15 cm pH meter 6.64±0.915 

EC 0-15 cm ds/m 0.082±0.036 

CEC 0-15 cm meg/100g 30.92±2.816 

OC 0-15 cm % 2.44±0.869 

TN 0-15 cm % 0.213±0.095 

Av. P 0-15 cm Ppm 3.91±1.487 

Av. K 0-15 cm Ppm 219.38±67.951 
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Correlation of Soil Chemical Properties 

 

 

Table 13 summarizes the correlation between soil chemical characteristics. The result of analysis 

showed that there was strong negative correlation between pH and available K (-0. 92641) 

indicating as pH increase soil available K decrease and vice versa. There was strong positive 

correlation between TN and OC (0.95) and soil pH and EC correlation (0.8275). However, many 

of parameters had weak relationship (Table 14).  

 

Table 13: Correlation Coefficients of Soil Chemical Characteristics in Kelala Dalacha, 

Oromia, Ethiopia. 

 pH H2O EC CEC OC TN Av. P Av. K 

pH 

H2O 

1       

EC 0.827505 1      

CEC 0.103993 0.216774 1     

OC 0.060069 0.260917 0.364228 1    

TN 0.233125 0.423617 0.466418 0.951975 1   

AV. P 0.281581 0.665619 0.171003 -0.12387 0.041069 1  

AV. K -0.92641 -0.67951 0.159962 0.247213 0.064774 -0.24535 1 

 

 

 

 

 

 

Parameters 

 Sum of Squares df Mean Square F Sig. 

Between Groups 4820.323 1 4820.323 .242 .633 

Within Groups 199032.844 10 19903.284   

Total 203853.167 11    
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5. DISCUSSIONS 

Vegetation Structure and Implications 

A relatively higher number of lower DBH classes and lower number in that of the middle and the 

top classes indicate that small sized individuals were very common in the Kelala Dalacha 

Mountain and the larger sized were rarely common. Hence, this distribution depicts that the 

Mountain was on the status of good regeneration. Similarly, the least number of woody species 

correspond to the higher height class indicating that most of the species were very short and the 

vegetation was in rehabilitation process. Whereas in Kenya, unlike the study area in Ethia, 

according to Chege and Bytebier (2005), the forests in the four different areas are characterized 

by very large trees with virtually no intermediaries, indicating no regeneration. And unlike 

Ethiopia, the entire forests in the four studied areas of Kenyan are dominated by a single species 

of tree called Ficus Thinning Blue tree. Another studies in Zimbabwe Campbell, Cunliffe and 

Gambiza, (1995) found no difference in the vegetation structure of the Hwange National Park of 

Zimbabwe. 

The general distribution of the species in the forest exhibited inverted „J‟ shape distribution. 

According to (Leak, 1965 and Peters, 1996), this type of population structure is characteristic of 

shade-tolerant canopy trees that maintain a more or less constant rate of recruitment. There is a large 

probability that the death of an adult tree will be replaced by the growth of individuals from the 

smaller size classes. It is considered by many authors as the ideal, stable and self-maintaining plant 

population (Leak, 1965). However, the analysis of six woody species in the study site revealed 

four (4) different patterns of distribution in the forest. A bell-shaped pattern of distribution 

suggested that the lower regeneration and recruitment capacity of these species and indicated the 

management and conservation problems. The irregular distribution pattern could be the result of 

selective cutting of individual woody species for different purposes by the local people. 

In contrast to the poor recruitment potential of species due to seedling mortality and recruitment 

limitation as a result of anthropogenic effect of the community findings of the study by (Haileab 

Zegeye et al., 2006), the third pattern (inverted J-shaped) distribution exhibited a good 

reproduction and recruitment capacity of the species that a higher number of individuals in the 

lower DBH classes and decreases with increasing in DBH. These differences in vegetative of the 
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six different woody species are caused by differences in environmental factors such as the 

quantity, duration and quality of sunlight, temperature of the environmental, breaking dormancy 

of the woody species, water and plant nutrient. The fewer large wood species might be in the 

right environment to supply their required nutritional needs in order to speed up their rate of 

growth and photosynthesis. The differences in their sizes also showed that though they might be 

in the same geographical environment, there is an existence of climatic, weather and 

environmental differences in the study area. Whereas, for places like Zimbabwe and Kenya with 

similar or identical vegetative structure shows there is an ideal environmental condition that is 

favorable for the uniform growth of the woody species. 

Contributions of Area Enclosure to vegetative Cover 

Enclosures are areas in either forest or any other vegetation area selected for natural regeneration 

of the native flora as a means of reclaiming the land through protection of the areas from human 

and animal interference (Alemneh Dejene, 1992). In as much as the purpose of most enclosure is 

for the reclamation of degraded vegetation, it is normally done in areas been mine or graze 

(Bendz, 1986). It used in Ethiopia could be traced back to protecting church vicinities from being 

deforested and increasing plant and animal diversities (Alemayhu Wasie, 2002). Thus, the 

establishment of enclosures in Ethiopia and elsewhere has been recognized as a forward-looking 

environmental method in the rehabilitation of degraded mine-out or grazing areas, especially, in 

Northern Ethiopia where degradation of natural resources has been considerably higher than 

other parts of the country (Bendz, 1986). Enclosure has the tendency of restoring endangered 

species, which is corroborated by Emiru 2000 in Mengistu Tekalign, Teketay Demel, Hulten H., 

and Yemshaw Yonas (2005), “ species that could not be observed for many years in some parts 

of eastern Tigray, namely Olea europaea subsp. cuspidata and Juniperus procera, reappeared, 

densities and diversities of the flora, particularly of grasses, and fauna increased, soil erosion 

decreased and even dead springs started to flow after different enclosures were established” (p. 

261).  
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Vegetation Structures and Implications  

The chemical property of a soil is extremely important to correct balance of the available plant 

nutrients in the soil. The availability of nutrients is largely determined by the organic-matter 

content and its humus percentage of any farm or protected area. Since the objective of enclosure 

area was to rehabilitate the potential of the land, improvement in soil chemical properties are key 

indicator parameters. 

This study showed that all values were in the class of Salt free (Booker Tropical Soil Manual, 

1991). The soil pH values of study site fall in category of slightly acidic (6.2). Soil pH is a 

measure of soil acidity or alkalinity which influences not only crop yields, crop suitability but 

also activity of soil microorganism and availability of micronutrient. With low pH there is easily 

phosphate deficiency and aluminum and manganese toxicity. 

Potassium is taken up through plant roots from soil solution to enhance crop growth. Result from 

the laboratory analysis for the parameter available potassium also falls under a very high class 

value ranging from 70 to 275 with an average of 219.38%. Followed by total nitrogen, it is one 

of the major nutrients required for the nutrition of plants, nearly 95-99% in the organic form and 

1-5%% in the inorganic form as ammonium and nitrate (Buruah and Barthakur, 1997). Total 

Nitrogen of study site varied from 0.09 to 0.41.It  is simply an indicator of the soil potential for 

the element but not the measure in which it becomes available to the plant, therefore result 

obtained shows that the total nitrogen content had a percentage value of 0.21% indicating soil 

chemical to be at a high class (>0.06).  

Cation exchange capacity having a high class value with an average of 30.92%. It is the total 

amount of exchangeable cations that can be held by a given soil mass/colloids. Organic matter 

content was one of the soil attribute selected to evaluate the fertility level of the soil chemical.  

As soil organic matter is derived mainly from plant residues, it contains all of the essential plants 

nutrients. Therefore, accumulated organic matter is a storehouse of plant nutrients. The mean 

value of Organic Matter Content was at a percentage of 2.44% rating it to be at the medium level 

(2.1-4.2). Where the rate of addition is less than the rate of decomposition, soil organic matter 

declines. Equally, where the rate of addition is higher than the rate of decomposition, soil organic 
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matter increases. This can be referred to as a steady state which describes a condition where the 

rate of addition is equal to the rate of decomposition. 

Another parameter used to determine the soil chemical at Kelala Dalacha was Available 

Phosphorus which falls under the low to medium classes had an average value of 3.91%. 

Phosphorus like in the case of Potassium is also taken up through plant roots from the soil 

solution to enhance plant growth.  

The electrical conductivity of soils varies depending on the amount of moisture held by soil 

particles. Sands have a low conductivity, silts have a medium conductivity, and clays have a high 

conductivity. Consequently, EC correlates strongly to soil particle size and texture. 

Electrical conductivity (EC) is the ability of a material to transmit (conduct) an electrical current 

and electrical conductivity of 0.08% it shows that the value of soil at Kelala Dalacha was in the 

class of salt free.  

Comparative Study of Soil Chemical Properties in Kelala Dalacha Mountain 

A comparative study of the soil chemical properties was done after ten years. The comparison 

was done in relation to the study by Abiy Tsetargachew (2008), who conducted soil study in 

Kelala Dalacha. Table 15 summarizes comparative data between this study and that of Abiy 

Tsetargachew (2008), and the present result (2018) were indicated in (Table 15). Accordingly, 

there was no significant difference in soil chemical properties after ten years assessment (p≤ 

0.05). 

Table 11:  Comparative Data on Soil Chemical Properties in Kelala Dalacha Mountain, 

Ada’a District, Oromia, Ethiopia. 

PARAMETERS Abiy 2008 Nadia 2018 

MEAN +/- SP 

pH/H2O 6.09 6.64 

EC - 0.08 

CEC 32.04 30.92 

OC 4.09 2.44 

TN 0.19 0.21 

Av.P 11.5 3.91 

Av. K 450.09 219.38 
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 According to the range of the result gotten from the ANOVA table comparing that of Abiy‟s 

chemical properties result and that the recent one in the above table of chapter three, it shows 

that there is no significant different between the two result of the chemical properties found on 

Kelala Dalacha Mountain. Furthermore, looking at the individual chemical properties of both 

results in table 15, it shows slight difference in figures but falls under the same range. 

Elaborating on the above statement giving few chemical properties, the present study shows pH 

and TN of the soil in Kelala Dalacha had improved after ten year assessment while the remaining 

properties were slightly below the report Abiy Tsetargachew (2008). The increase in total 

nitrogen may be as a result of the presence of nitrogen fixing plants (Fabaceae family) is the 

third dominant community in the study area.  

Ten years ago Abiy Tsetargachew (2008), had used similar parameters to determine the 

restoration and rehabilitation of soil chemical properties. Laboratory analysis for organic matter, 

cation exchange capacity, total nitrogen, soil pH, phosphorus and available potassium of the soil 

samples taken from the Kelala Dalacha enclosure site were determined. The mean value of soil 

pH was at6.09% categorizing Kelala to be under the slightly acidic condition.  

Conferring to the current study, mean value of CEC was 30.92% making it significantly 

higher/greater. Abiy Tsetargachew (2008) also reported that CEC had a mean value of 32.04% 

also significantly higher/greater in terms of classification making both result falls under the same 

range of group.    

Review by Abiy Tsetargachew (2008) stated that there is a direct relationship between organic 

matter and cation exchange capacity. In his report, cation exchange capacity of soil was 

determined by the soil organic matter content and the amount and type of clay minerals present, 

with the role of organic matter exceeding the role of clay. Furthermore, Woldamlak Bewket 

(2003) who cited (Olaitan et al., 1986) indicated that CEC is crucial in soil fertility for two 

fundamental reasons which are:  

i. The total quantity of nutrients available to plants as exchangeable cations depends on it. 

ii. It influences the degree to which hydrogen and aluminum ions occupy the exchange 

complex and thus affects the pH of the soil. 
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Another parameter examined was organic matter which had a mean value of 4.09%. Based on 

this result soil was classified at a high level range. Result also indicated that the total nitrogen 

(TN) as at 2008 had a percentage value 0.19% classifying it to be at a high rate (>0.06).  

Phosphorus had a mean value of 11.5% which was classified to be at a medium range (10-25) in 

terms of the fertility of soil chemical properties. Followed by the available Potassium, average 

mean value was 450.09% (Abiy Tsetargachew, 2008). 

The soil pH/H2O in 2018 had a mean value of 6.64% indicating it result to be slightly acidic, in 

terms of classification. Cation exchange capacity parameter had a mean value of 30.92%. Result 

also stated that the mean value of total nitrogen was at 0.21% with a classification value of it to 

be at a high level (>0.06). Furthermore, available Phosphorus had a percentage mean of 3.91% 

grouping it to be at a medium level (10-25). Additionally, available Potassium had a mean value 

of 219.37%; also organic matter was classified to be at medium (2.1-4.2) with a mean value of 

2.44%.  

Significantly, Soil electrical conductivity (EC) is a measurement that correlates with soil 

properties that affect crop productivity, including soil texture, cation exchange capacity (CEC), 

drainage conditions, organic matter level, salinity, and subsoil characteristics. Electrical 

conductivity (EC) is the most common measure of soil salinity and is indicative of the ability of 

an aqueous solution to carry an electric current. Plants are detrimentally affected, both physically 

and chemically, by excess salts in some soils and by high levels of exchangeable sodium in 

others. Electrical conductivity was at a mean value of 0.0815% classifying the enclosed area to 

be a salt free land. 

The study is based on the area closure and it soil chemical properties contributing to the 

development on vegetation cover. Physical properties of the soil at the study site can also be an 

important factor to the increment in vegetation cover. The successful establishment and rapid 

growth of the plants depend on the fast growth and prominent nutrition absorption capacity of 

their root systems.  

Furthermore, for an enclosed area not to have a significant difference amongst its chemical 

properties it is as a result of pedologic processes such as erosion, deposition, illuviation and 

weathering which are shaped by management practices can alter the texture of soils (Brady and 
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Weil, 2002). Skarpe (1991), stated that the presence of good vegetation cover in the area closure 

reduced erosion through addition of organic matter and surface litter whiles in the case of 

Bewket Woldeamlak (2003), indicated that under condition of low vegetation cover clay 

fractions are likely to be lost through the process of selective erosion and migration down the soil 

profile which ultimately increase the proportion of sand and silt contents in the surface soil. 
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6. CONCLUSION AND RECOMMENDATION 

6.1. Conclusion 

The aim of the research was to assess the Impact of Enclosure on the Cover and Structure of 

Woody Species and Soil Chemical Properties with a case study of Kelala Dalacha. The 

introduction of area closures is a very advantageous method it is a fast, cheap and kind method 

for the rehabilitation of degraded lands, and generally one can conclude that the biological 

conservation measures of area closure contributed to the improvement of chemical properties 

likewise physical properties of soil under the closed area. 

Area closure has improved vegetation cover in Kelala Dalacha Mountain. The barren land at 

1988 was changed to either of trees, shrubs and grasses showing significant improvements over 

time. The general pattern of distributions of woody species across the DBH classes displayed 

inverted J-shaped shaped pattern of distribution indicating promising pattern provided that 

conservation measures are strengthened in the area.  

Introduction and continuous practice of area enclosure in the Kelala Dalacha site has brought 

about increase in the soil chemical nutrients/properties and vegetation cover. Gradual 

development within these soil nutrients has also contributed to the rapid growth of plants species. 

The present result of soil chemical properties compared to that of Abiy Tsetargachew (2008) 

shows no significant difference giving that both results of the properties fall under the same 

range of classification. 

Area closure is becoming one of the best mitigation alternatives for rehabilitating degraded 

ecosystems in Ethiopia. Comparison of data from enclosed and open grazing sites showed that 

area enclosure in Kelala Dalacha conservation and research sites had contributed to biodiversity, 

soil and water conservation. Enhancing the role of biodiversity in agro-ecosystems is a key and 

viable ecological strategy to ensure sustainable agricultural productivity and ecosystem health.  
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6.2. Recommendation 

Based on the findings of this study, the following recommendations are drawn so as to conserve 

and assure the sustainability of services derived from the Kelala Dalacha mountain resources, the 

following recommendations are suggested.  

 Further investigation on the patterns of ecosystem functioning, the soil seed banks, 

germination performance of seeds, and establishment of seedlings should be conducted. 

 Detailed ethno botanical studies are also required to explore the wealth of indigenous 

knowledge on the diverse of plants and their implication in conservation.  

 There is a need to create awareness in the local people and the government about the 

importance of conserving the Kelala Dalacha mountain forests.   

 There is a need to minimize livestock grazing, tree cutting and other human disturbances in 

order to allow the natural regeneration of woody species in the Kelala Dalacha mountain 

forests.  
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Appendix 

 

Appendix 1. Distribution of Families in the Vegetation in Kelala Dalacha, Ada‟a District, 

Oromia, Ethiopia. 

Family  Number of each family  

Acanthaceae 1 

Aloaceae 1 

Anacardiaceae 4 

Asclepiadaceae 1 

Asparagaceae 1 

Asteracae 14 

Balanitaceae 1 

Bignoniaceae 1 

Boraginaceae 2 

Boraginaceae 6 

Capparidaceae 1 

Celasteraceae 3 

Combretaceae 1 

Cyperaceae 1 

Ebenaceae 1 

Euphorbiaceae 4 

Fabaceae 12 

Hyacinthaceae 1 

Lamiaceae 9 

Malpighiaceae 1 

Malvaceae 2 

Moraceae 1 

Oleaceae 1 

Oxalidaceae 3 

Poaceae 24 
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Polygalaceae 1 

Rhamnaceae 1 

Rubiaceae 8 

Santalaceae 1 

Sapindaceae 1 

Sinopteridaceae 1 

Solanaceae 3 

Tiliaceae 1 

Verbenaceae 2 

  

Appendix 2. Summarizes the soil chemical properties analyzed in the laboratory (pHH2O, EC, 

CEC, O.C, T.N, Av. P, & Av. K). 

  
 

 Field 

code 

depth pH 

H2O 

EC CEC O.C T. N Av.P Av. K 

  cm 01:02.5 ds/m meg/100

g 

% % Ppm ppm 

 p1 0-20 6.5 0.071 27.09 2.33 0.19 4.23 230 

 p2 0-20 6.3 0.073 28.77 2.6 0.17 3.2 265 

 p3 0-20 6.2 0.091 32.83 2.48 0.24 6.03 275 

 p4 0-20 7.9 0.164 31.53 2.41 0.25 5.87 70 

 p5 0-20 6.6 0.057 27.58 2.26 0.2 2.11 185 

 p6 0-20 6.3 0.054 31.5 1.28 0.09 4.4 240 

 p7 0-20 6.7 0.056 33.14 1.86 0.15 2.39 215 

 p8 0-20 6.6 0.086 34.89 4.32 0.41 3.04 275 

Average   6.6375 0.0815 30.91625 2.4425 0.2125 3.9087 219.375 

Maximum  7.9 0.164 34.89 4.32 0.41 6.03 275 

minimum values  6.2 0.054 27.09 1.28 0.09 2.11 70 

Variance  0.2913 0.0013 7.9275 0.7556 0.00893 2.2128 4617.41 

 

 

 


