
ADDIS ABABA UNIVERSITY 

SCHOOL OF GRADUATE STUDIES 

DEPARTMENT OF ENVIRONMEMENTAL SCIENCE 

 

 

Impacts of Area Ex-closures for Biodiversity Conservation and   Soil 

Quality Improvement; 

in Atko Area Ex-closure, North Shewa Zone, Amhara Region, 

Ethiopia 

By 

Aweke Worke 

 

                           Advisor: Mekuria Argaw (Asso. Pro.) 

 

Thesis Submitted to the Environmental Science for the Partial 

Fulfillment of the Requirements for the Degree of 

Master of Science in Environmental Science 

                                                                     

 

July, 2018 

                                                                 Addis Ababa, Ethiopia



ii 
 

 



iii 
 

Impacts of Area Ex-closures for Biodiversity Conservation and   Soil Quality 

Improvement; 

in Atko Area Ex-closure, North Shewa Zone, Amhara Region, Ethiopia 

Aweke Worke  

ABSTRACT 

Ex-closure is one of the widely used method to restore natural regeneration of vegetation and 

increase soil quality in degraded areas. This study was conducted to examine woody species 

density, dominance, frequency, diversity, structure, and also to investigate the soil quality in the 

ex-closure over the place of succession of human and livestock pressure. Besides, the perception 

of local community towards ex-closure were studied. The biophysical data were collected from 60 

circular sample plots aligned along six parallel line transects, each with a radius of 10 m, 6 m 

nested, 2 m sub-nested sample plots for trees, saplings, and seedlings, respectively, in the  closed 

and open grazing areas. Soil samples were collected from five quadrats measuring 1 × 1m2 to get 

one representative composite soil sample. The socio-economic data were collected from 89 sample 

households. Shannon diversity index was used to compare the diversity and equitability indices of 

woody plant species in the open and ex-closure sites. The comparative assessment revealed that 

the high density of woody species (7790 individuals ha-1) in ex-closure than in adjacent open 

grazing land (2819 individuals ha -1). A total of 48 woody plant species representing 28 families 

were encountered in the study site. Out of the 48 woody species, 21 of them were recorded only in 

the ex-closure. However, 6 woody species were exclusively found in the open site. Fabaceae was 

the dominant family in the ex-closure whereas family Anacardiaceae and Fabaceae were the 

dominant in the open grazing site. Of the total recorded woody species, 22 of them were common 

to both sites and belonged to 16 families. Diversity, richness, and density of woody plant species 

were all significantly higher in the ex-closure than in the open site. The results also revealed that 

soil variables, such as soil moisture content, bulk density, exchangeable cation (Ca, Mg, and K), 

CEC, and organic matter were all high in ex-closure. This is due to the accumulation high litter 

falls and their decompositions in the ex-closure. More than half of the respondents noted that the 

trend of the regeneration of vegetation increased after the intervention of ex-closure. Overall, the 

multiple linear regression model revealed that socioeconomic variables had significant effects on 

the dependent variable, i.e. perception of local peoples towards the ‘ex-closure. Hence, effective 

management of woody plants diversity and improving soil quality in the ex-closure depends on 

minimizing external disturbances imposed by humans and their livestock. In addition, enrichment 

plantation can also help enhance the diversity of woody plants in the ex-closure.  
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1. INTRODUCTION 

    1.1. Background and Justification 

Land degradation is a global problem threating human survival through the reduction vital 

ecosystem services. It is known that degradation thresholds have been crossed in many habitats 

and natural succession alone cannot restore viable and desirable ecosystems without intervention 

by humans (Assefa Dereje et al., 2003; Aronson, 2005). 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  as cited in Meron Tekalign, 

2010).  

The problem of land degradation becomes even more severe in loss of upper most important fertile 

soil.  This is because soil is a vital natural resource that is not capable of being renewed on the 

human time scale (Liu et al., 2006). It is a living and dynamic natural body that plays many key 

roles in terrestrial ecosystems, for instance, as sources of available nutrients to plants, 

maintenances in hydrological stability and biological diversity. Conversion of natural landscapes 

into cultivated and grazing systems cause an abrupt decline in soil organic matter and reduces the 

nutrient content of soil through reduced litter production, increase erosion rates and decomposition 

of organic matter by oxidation (Chen and Xu, 2010). 

Various reports (e.g. Solomon et al., 2002; Lal, 2005; Fantaw Yimer et al., 2007) indicated that 

the conversion of natural forests to agricultural ecosystems negatively affects soil organic 

components (SOC) concentration and stock by 20–50 %. Thus, mitigation strategies to reduce the 

impact of climate change (FAO, 2006) by augmenting carbon sequestration and reducing CO2 

emissions from soils include proper forest management. Recently, establishment of ex-closures to 

tackle the problem of land degradation has been practiced in the central and northern highlands of 

Ethiopia and is considered advantageous since it is a quick, cheap and a lenient method for the 

rehabilitation of degraded lands. For example, it has become a common process to observe not 

only the acceleration of plant, but also wild animal diversity with time, after the establishment of 

ex-closures. For instance, establishment of area ex-closures has been effective in Tigray especially 

with reference to  diversities of woody flora and fauna increased, soil erosion decreased and even 
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dead springs started to flow after different closures were established (Emiru Brihane, 2002). With 

the same condition, in North Shewa zone, area ex-closures provide fuel wood to meet the 

requirements of church, reduced surface runoff, increased infiltration, shades from the scorching 

sun for the clergy and the laity during mass and religious festivals. The stems of the standing trees 

also give support to individuals during prayers and the trees add aesthetic value to the church 

(Abiyou Tilahun et al, 2015).  

1.2. Statement of the Problem  

 High variability in the state of natural resources (e.g. soil type) and ecological conditions (e.g. 

vegetation cover and density) and ecological and physiography in Amhara Region is reason for 

the variation of the processes of land degradation. Fertile soils and abundant rainfall, less tropical 

disease incidence, and strategic land scape for fighting against foreign attracted farmers to the 

highlands and exposed the land for degradation due to high population pressures resulted from 

human activities and livestock free-grazing. For example, the pressure of growing population in 

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

safely without effective soil and water conservation measures so that it cannot sustain crop 

production at all. Natural resources and diversities of plants and animals existing in the area are 

declining both in quantity (e.g. abundance) and quality (e.g. species richness and composition) due 

to deforestation and unwise use of land. Beside, communities in this area are exposed to problems 

like poor quality of land productivity, soil erosion and flood hazards. Considering the extent and 

severity of the present and future unexpected consequences of land degradation and deforestation 

in the area, Tefera Mengestu (2001) noted that appropriate measurements and interventions should 

be applied, especially in areas that are exposed to degradation in Ethiopia. Intervention efforts to 

control the problem of land degradation have been made at several levels. For example, the main 

activities have been soil and water conservation works and the establishment of area ex-closures 

(Betru Nedasa et al., 2005).   

Due to some inappropriate land use planning and implementation of soil and water conservation 

practices, the effectiveness is not visible in the past. However, recent practice of establishing ex-

closures has emerged as a promising practice in different parts of the country namely in Tigray, 

Welo, and Shewa (Tefera Mengestu, 2001). Ex-closures are areas selected for natural regeneration 
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of the native flora as a means of land reclamation through protection of the areas from human and 

animal interference (Le Houe´rou, 2000).    

The main aim of most ex-closures is for site rehabilitation/reclamation, as they are usually 

established in steep slope, eroded and degraded areas which had been used for free-grazing and 

crop production in the past. Studies showed that plant diversity in the closures increases with time 

after establishment (Mitiku Haile & Kindeya Gebrehiwot, 2001; Tefera Mengestu, 2001; Betru 

Nedasa et al., 2005, Wondie Mebret et al., 2014). Establishment of ex-closures has been 

recognized as a promising strategy in the rehabilitation/reclamation of degraded areas, where 

degradation of natural resources has been considerably severe. The inception of ex-closure dates 

back to the early 1980s, which coincides with the beginning of large-scale land rehabilitation and 

soil and water conservation programs in Ethiopia. The establishment of ex-closure has been one 

of the strategies for rehabilitating the degraded hillsides within the catchments delineated for the 

rehabilitation and soil and water conservation programs which was firstly for ecological 

rehabilitation but now recent studies found increased expectations of the community about 

economic benefits on ex-closure and became major management practice (Betru Nedasa et al., 

2005). 

Considering of establishment of area ex-closures in Atko kebele is recent practice and involves 

complex ecosystems and it is imperative need to be study the potential of the technique in restoring 

degraded lands and conserving plant diversity as well as its contribution to maintenances of soil 

quality in order to sustain and fully benefit from area ex-closure. However, the role of ex-closures 

for biodiversity conservation and its contribution to soil quality improvement in Atko kebele is not 

studied yet. Thus, the goal of this study is to examine and quantify the role of ex-closures for 

biodiversity conservation and soil quality improvement in the study site. 
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 1.3. Objectives  

                                             1.3.1. General objective 

 The overall aim of the study is to examine and quantify the impacts of area ex-closures in 

ecological restoration and biodiversity conservation as well as the contribution of area ex-

closure to soil quality improvement.  

            1.3.2. Specific objectives 

 To examine the differences in species diversity, composition, and structures of vegetation 

before and after the area ex-closure intervention. 

 To investigate the differences in soil quality over the landscape before and after intervention. 

 To assess the perception of local community on area ex-closure and its contribution to their 

livelihoods.  

1.4. Research questions  

The study, will address the following research questions: 

 What is the change in species diversity, composition, and structure of the vegetation before 

and after the area ex-closure intervention? 

 Does area ex-closure improve soil quality over the landscape after intervention? 

 Is there any change in the perception of local community on area ex-closure and its 

contribution to their livelihoods in the study site after the introduction of the area ex-closure? 

                                   1.5. Hypothesis  

Ho1: There is no significant differences in species diversity, composition, and structures of 

vegetation in area ex-closure versus open grazing land. 

Ha1: There is significant differences in species diversity, composition, and structures of 

vegetation in area ex-closure versus open grazing land. 

Ho2: There is no significant differences in soil quality improvement in area ex-closure versus open 

grazing land. 

Ha2: There is significant differences in soil quality improvement in area ex-closure versus open 

grazing land. 
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Ho3: Local community have negative perception on area ex-closure. 

Ha3: Local community have positive perception on area ex-closure. 

This study was designed to assess the potential contribution of ex-closure to biodiversity 

conservation and soil quality improvement in Atko ex-closure, North Shewa Administrative Zone, 

Ethiopia.     

                                                                                               

    

 

 

 

 

 

  

 

 

 

 

 

 

  

Figure 1. Conceptual framework illustrating the linkage of ex-closure with biodiversity 

conservation and socio-economic development. 

    1.6. Significance of the Study  

The government of Ethiopia has given due emphasis for the conservation and sustainable 

utilization of biodiversity. For example, to conserve and manage the biodiversity together with 

natural ecosystems and habitats, Ethiopia has established a number of protected areas, such as 

wildlife national parks, wildlife sanctuaries, wildlife reserves, controlled hunting areas, and 

national and regional forest priority areas. However, it is a big challenge for the federal and the 

regional governments to implement law enforcement to properly conserve and manage most of the 

protected areas in the country. Thus, looking for an alternative conservation strategy is crucial to 
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safeguard the remaining biodiversity of the country. In this regard, the role of area ex-closure in 

socio-economic development and biodiversity conservation may be an encouraging attempt.  

The findings of this study, provide appropriate management strategies and techniques about area 

ex-closures that may assist biodiversity managers, conservationists, local communities, private and 

public sectors in addressing opportunities and challenges for conserving and managing the local 

biodiversity will be investigated and discussed. Other than academic purpose, I also believe that 

the findings of this study will be useful for policy-makers and planners to guide them towards 

better and more informed decision-making on establishment and management that are geared 

towards socio-economic development and local biodiversity conservation.   

 1.7. Scope and Limitations of the Study 

The scope of the study is to identify the contribution of area ex-closure for biodiversity 

conservation and soil quality improvement. The findings from this study may apply to other ex-

closures with similar biophysical and socio-economic conditions in the highland regions of 

Ethiopia. However, the biodiversity data on the densities and species diversities (i.e. species 

evenness and richness) of woody plants and the soil samples in the ex-closure were collected in a 

single year. Moreover, the data from questionnaire survey was collected from a cross-sectional 

survey of a single year. The data do not capture possible changes over time in abundance, species 

richness, and evenness of woody plants as well as the properties of soil (e.g. organic matter, bulk 

density, soil moisture content etc.) in the ex-closure, household demographics and resource 

endowments that might have occurred during the different years when ex-closures were 

established in the study area. Thus, future research can add a time dimension to investigate if the 

densities and species diversities (i.e. species evenness and richness) woody plants as well as certain 

properties of soil (e.g. organic matter, bulk density, soil moisture content etc.) in the ex-closure 

change over time. Demographic/socio-economic perception of people towards “area ex-closure 

and its role in biodiversity conservation and socio-economic development” may change over time. 

Moreover, knowledge and perception of local people about the contribution of area ex-closure to 

socio-economic development and biodiversity conservation may change over time. 
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2. LITERATURE REVIEW 

2.1. Forest Degradation, Land Degradation, and Biodiversity Loss in Ethiopia  

 2.1.1. Land Degradation 

Land includes not only soil resources, but also water, vegetation, landscape, and microclimatic 

components of an ecosystem. According to Safriel (2005) and Vogt et al. (2011), land degradation 

is defined as the persistent reduction of land’s biological and/or economic production capacity, or 

as the long-term loss of land ecosystem functions and services.  

In recent years, land use in Africa has been characterized by a significant amount of land 

degradation and conversion resulted from negative impacts of extensive human activities and 

livestock free-grazing (Barbier, 1999). For example, livestock overgrazing is one of the most 

important factors that results in grassland degradation, soil erosion, and subsequent nutrient losses 

(Wei et al., 2011). Due to overgrazing, the natural vegetation in the northern highlands of Ethiopia 

has virtually disappeared, leaving degraded communal grazing lands with irregularly spaced trees 

and shrubs and vast areas of bare lands that are devoid of vegetation (Betru Nedessa et al., 2005). 

The effects of free-grazing on soil properties have shown to be dependent on the type of grazing 

management practices. For instance, communal grazing lands in northern Ethiopia have shown 

lower total soil nitrogen (N), available phosphorus (P), and cation-exchange capacity compared to 

ex-closures (Aynekulu Ermias and Wolde Mekuria, 2011). 

Policy actions for sustainable land management (SLM) remain inconsistent and often ineffective 

(Nkonya et al., 2011). Such policy frameworks to combat land degradation need to be supported 

by evidence-based and action-oriented research.  Hence, it is clear that intensification of land use 

must be accompanied by technological innovations that will lead to increased productivity, while 

simultaneously conserving the soil resource.  

Like any degraded areas in Ethiopia, it can be said that land degradation remains the main problem 

in the study area. The pressure of growing population in these areas has forced landless farmers to 

cultivate soils on steep slopes that cannot be cultivated safely without effective soil and water 

conservation measures, and cannot sustain crop production. Particularly in the North and Central 

Highlands of Ethiopia, forest and woodlands used to be the only “land banks” that were changed 

to farmland as population grew over time (Tewoldeberhan Gebreegziabher, 1989). 
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The government of Ethiopia has initiated a number of projects like soil and water conservation and 

the establishment of area ex-closures with the financial assistance from international donors, 

including the World Food Program to stop and/or reduce further land degradation in the country 

(Betru Nedessa, 2003).  

    2.1.2. Forest Degradation and Causes    

Forest clearance for crop cultivation, unsustainable exploitation of forest for timber, constriction, 

fuel wood, charcoal making, and over grazing are the main cause of forest degradation. Forest 

degradation problems are most severe and a high percentage of the land has already been severely 

degraded and become out of production in many parts of Ethiopia including Amhara and Tigray 

region (Emiru Birhane et al., 2007; USAID, 2000). For example, some changes may be of short 

duration and of exploitative nature while others may be long term and stable (Gete Zeleke and 

Hurni, 2001). The Ethiopian Forestry Action Plan outlines the pattern of deforestation. The current 

rate of deforestation on a national scale was estimated to be between 150, 000 and 200, 000 ha per 

year; and the present forest cover is estimated to be only 2-3 percent (EFAP, 1993). As Berry 

(2003) indicated that forests in general have shrunk from covering 65 percent of the country and 

90 percent of the highlands to 2.2 percent and 5.6 percent, respectively. This rapid reduction on 

forest coverage of the country caused due to mainly expansion of agricultural land, fuel wood and 

charcoal making, rapid population growth, overgrazing and fodder collection and poverty. 

                             2.1.2.1. Agricultural Expansion 

The reduction of forest covers started at least as early as humans have been engaged in agriculture. 

The real purpose of clearing land may be to extend agricultural land and crop production. In 

Ethiopia, agriculture is the dominant sector of the economy where 85 percent of the population 

living in rural areas. Agriculture provides about 52 percent of the country's gross domestic product, 

80 percent of its employment, and 90 percent of its export earnings (World Bank, 2000; CIA, 

2001). Ethiopia's economy is largely dominated by subsistence agriculture, and crop and livestock 

farming are the major practices. The production system is mainly rain-fed, subsistence-based, and 

smallholder-oriented agriculture. Unsustainable agriculture practices have been the primary causes 

of deforestation in Ethiopia that involves activities like cutting of trees in order to open up new 

farmland to feed the ever-growing population (Mulat Demeke et al., 2004). In some areas, the 
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current land-use configuration has led to a dramatic and detrimental decline in the availability of 

forest goods and services. In such degraded landscapes, agricultural production tends to suffer, 

local shortages of timber and fuel-wood, household income falls, and biological diversity declines 

(Maginnis and Jackson, 2003). 

                                      2.1.2.2. Charcoal and Fuel wood Extraction 

Deforestation and land degradation in Ethiopia, however, are harming the capacity of forests and 

the land to contribute to food security and to provide other benefits such as fuel wood and fodder. 

Firewood gathering and charcoal making have contributed significantly to forest destruction and 

land degradation. Ethiopians are facing rapid deforestation and degradation of land resources. 

According to the Millennium Ecosystem Assessment (2005), nearly two million metric tons of 

fuel wood and charcoal are consumed daily in the developing countries including Ethiopia, over 

two billion people in these regions still rely on biomass energy in the form of fuel wood, charcoal, 

crop residues, and animal wastes to meet their cooking and heating requirements (MEA, 2005).  

Fuel-wood consumption is one of the main causes of deforestation, and excessive cutting of trees 

for firewood before they are fully grown, leads to the loss of growth potential of the forest stands. 

In Ethiopia, different literature revealed that the energy sector remains heavily dependent on wood 

for fuel. Currently, the country is excessively dependent on traditional fuels, consisting mainly of 

wood, crop residues and animal waste. Traditional fuels (e.g. firewood, charcoal, twigs, leaves, 

straw, stalks, crop residues and animal dung) contribute about 94 percent of the gross energy 

supply of Ethiopia, which is one of the highest in the world (Million Bekele, 2001). According to 

EFAP (1994), estimation on the production and consumption of fuel wood, wood provided 78 % 

while dung and crop residues providing 16 % of the energy required. Even though per capital 

energy consumption is among the lowest in the world in Ethiopia, the gap between sustainable fuel 

wood supply and demand is constantly widening. Felling of trees for various domestic uses and 

making charcoal have decimated the vegetation and most of the land is now cultivated leaving the 

woodlands fragmented into small patches (Zerihun Woldu et al., 1999). In addition, charcoal 

making and selling is a major off-farm employment along the main roads of the country (Mulat 

Demeke et al., 2004) which exposes the fragile ecosystem for severe deterioration.   
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Animal dung and crop residues are increasingly being used for household fuel rather than being 

added to the soil to improve soil fertility, thus further exacerbating the problems of environmental 

degradation and deforestation (Jabbar et al., 2002; Badege Bishaw and Abdu Abdelkadir, 2003; 

Mulugeta Lemenih, 2004).  The recent tariff increases for electricity have a dramatic effects on the 

natural resources base where by many consumers of electricity have switched back from the use 

of electricity to biomass fuels to meet the cooking requirements, and thereby contributing to the 

diminishing forest cover and environmental degradation (Million Bekele, 2001). 

                                  2.1.2.3. Population Pressure 

The forest cover change in Ethiopia mainly due to the transformation of natural high forests to 

cultivated land and grassland, especially in the more densely populated northern and north eastern 

parts of the country (FAO, 2003). The increasing population has resulted in extensive forest 

clearing for agricultural use, overgrazing, and exploitation of existing forests for fuel wood, fodder, 

and construction materials (Million Bekele, 2001).    

The urban population is smaller than rural population with a high dependency on agriculture   

which includes crop production, animal husbandry livestock, forestry, fisheries and apiculture, 

directly supports about 85 % of the population in terms of employment and livelihood. With such 

population growth rate if all other factors remain unchanged, the remaining forest lands are likely 

to be converted to agricultural land. The increase both in the rural and urban population means that 

there will be more pressure both on forest and agricultural lands. This also means an increase in 

the demand for forest products. As a result, deforestation will continue and all the positive 

functions of forests will disappear (Million Bekele, 2001). The present status and rate of soil 

erosion due to deforestation in Ethiopia call for immediate action to retard and reverse this 

degradation process. However, the present population growth rate of 2.9 percent, in comparison 

with the annual agricultural growth rate of 2.4 % still (Hammond, 2001) will lead to even more 

intensive use of cultivatable and pasture land to produce more food and feed for the growing human 

and livestock populations. Hence, it is clear that intensification of land use must be accompanied 

by technological innovations that will lead to increased productivity, while simultaneously 

conserving the soil and vegetation resources. 
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                                 2.1.2.4. Overgrazing  

Ethiopia has Africa’s largest livestock population, grazing pressure has increased the rate of forest 

degradation and deforestation. More than 90 percent of the livestock is kept on natural pastures 

through free-grazing. Due to overgrazing, the natural vegetation in the northern highlands of 

Ethiopia has virtually disappeared, leaving degraded communal grazing lands with irregularly 

spaced trees and shrubs and vast areas of bare lands devoid of natural vegetation (Betru Nedessa 

et al. 2005). These natural vegetation consist of a wide range of grasses, legumes, other herbaceous 

species and woody vegetation on which large populations of livestock depend on this vegetation 

as sources of fodder. However, many of these rangelands in developing countries, including 

Ethiopia, are presently under extensive deterioration (Tamene Yegezu, 1990). Extensive grazing 

of the rangelands along with the ever-increasing deforestation for agriculture and fuel wood 

gathering contribute to the rangeland and hill-side deterioration over time and space. The 

destruction of the vegetation is accompanied by increased soil erosion, decline in soil fertility, land 

productivity and reduced biodiversity in rangeland ecosystem. For instance, much of Ethiopia’s 

rangeland and fertile riparian habitat has been depleted by deforestation and overgrazing. 

According to (UNDP, 2008) between 2000 and 2005, growing demand for additional range land 

and agricultural land caused deforestation rate to rise to 1.03 percent. Generally, research finding 

by different researchers indicated that species diversity (i.e. species richness and evenness) is 

negatively affected with increased deforestation and degradation of rangelands and heavy grazing 

pressure causes change of plant species composition and diversity in an orderly manner (Ahmed 

Bashir, 2003).  

2.1.2.5. Poor management of Natural Resources 

The critical challenges facing the population in agricultural production and sustainable 

development in many parts of the Ethiopia is depletion of natural resources. Population growth 

and its demands are increasingly threatening the sustainable management and use of natural 

resources in the tropics. Ethiopia relies on its diverse biological resources mainly on forests for its 

socioeconomic development. However, these resources are now under severe pressure (Berry, 

2003; EEPFE, 2005).   
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Sustainable and renewed resource management practices need to address the widespread land 

degradation, declining soil fertility, unreliable rainfall, and even desertification, in a context of 

global climate change (FAO and World Bank, 2001). Therefore, rehabilitation of those degraded 

areas needs urgent attention before conditions become irreversible. In response to the problem of 

land degradation and other environmental problems, different natural resource conservation and 

rehabilitation interventions have been carried out in Ethiopia. Among the various rehabilitation 

techniques used, the predominant is probably area ex-closure (Mulugeta Lemenih, 2004) and 

establishment of fast growing plantations of exotic species and physical conservation measures 

such as terracing.   

Establishment of communal ex-closures in most part of rangelands has been an important coping 

strategy in response to declining grazing lands and diminishing patterns of livestock mobility due 

to human population increase (Beyene Fekadu, 2009; Selemani et al., 2013; and Verdoodt et al., 

2010) indicate that enclosing communal rangelands may result in social conflicts and cause range 

degradation rather than contributing to rehabilitation, when the consequences of establishment of 

enclosures may result in allocation of poor pasture to some groups and better pasture to others, 

creating inequality and social tension. Poor management of common resources pool has often 

resulted into negative effects on sustainability of communal rangelands resources. According to 

Schafer & Bell (2002) argued that if communities are allowed to control their own resources, they 

should have strong incentives to manage resources sustainably. In most of common property 

resources, the right to land has been granted to clan leaders and enforced by community elders 

(Selemani et al., 2013). The gradual dismantling of communal resources is therefore attributed to 

poor organization of institutions, managing communal resources, and shift in land tenure policies 

(Beyene Fekadu, 2009). 

                  2.2. Biodiversity Loss 

The convention on biological diversity (CBD) defined ‘‘biodiversity’’ as the variability and variety 

among living organisms from all sources including, 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). The diversity of species on Earth 

constitutes a natural heritage and life-support system for every country and all people. But species 

are disappearing at 50-100 times the natural rate largely due to human activities including land use 
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and land-cover change, soil and water pollution and degradation, and air pollution, fragmentation 

and distraction of habitat, selective exploitation of species, and the introduction of non-native 

species (Tilman et al., 2001). The continued growth of human populations and of per capital 

consumption have resulted in unsustainable exploitation of Earth’s biological diversity, 

exacerbated by climate change, ocean acidification, and other anthropogenic environmental 

impacts (Rands et al., 2010).  

The real challenge in biodiversity conservation is the identification of components of biodiversity, 

and their characterization. Especially the forest ecosystems, including tropical, subtropical, 

temperate, boreal and woodland, have the highest species diversity of any ecosystems. About 45 

percent of the Earth’s original forests are gone, cleared mostly during the past century and 

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

currently under threat of extinction (MEA, 2005). Despite vigorous reforestation attempts made 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 rich endemic elements (Sayer et al., 1992; WCMC, 1992). The country has 

the fifth largest flora in tropical Africa. The flora of Ethiopia is very heterogeneous and is estimated 

to include between 6,500 and 7,000 species of higher plants, of which about 12 to 15 % of these 

are endemic (Martha Gebre and Shibru Tedla,1995; WCMC, 1992). Endemism is particularly high 

in the afro-alpine vegetation zone and in the dry mountain forest and grassland complex of the 

plateau (EWNHS, 1996). The great diversity of ecological conditions, mainly determined by 

topographic futures, has created environments conducive for the development of a wide variety of 

flora and fauna (EPA and MEDAC, 1997). 

Due to deforestation, Ethiopia’s forests and woodlands have been declining both in size and 

species richness. In fact, deforestation has eroded the biological diversity to such an extent that 

some plants are faced with local extinction. Some of the remnant tree species in the northern and 

central highlands are endangered, since they are found as isolated individuals, and their ability to 

form viable populations is very much in doubt. It has been estimated that 2.5 percent of the higher 

plant species were lost due to deforestation in the mountain regions of tropical Africa between 

1981 and 1990 (FAO, 1993). The Millennium Ecosystem Assessment (MEA, 2005) reports that 

agricultural land is expanding in approximately 70 percent of the countries examined. The impact 

of agricultural expansion has been particularly severe in tropical forest regions including Africa, 
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where pasture and crop lands are expected to continue to increase over the next 30 to 50 years 

(MEA, 2005). This condition even gets worse in Ethiopia where the agricultural potential has been 

threatened by soil erosion and deforestation, which are taking place at a rapid pace, affecting the 

country’s biodiversity (flora and fauna) and deepen poverty (EC, 2001). 

In combination with its importance as a center of genetic and agricultural diversity, the 

conservation of Ethiopia’s biodiversity is an issue of global importance. With the second-largest 

population in Africa, limited capacity to manage natural resources, and widespread land 

degradation, it is therefore important not only to understand the individual threats but also to 

examine them in a holistic fashion and conserving biological diversity requires a major effort in 

conducting survey and inventories, establishing priority, selecting protected areas, managing 

resources and decrease the threats (McNeely, 1995).    

                    2.3. Ecological Restorations 

Restoration ecology has developed from, and has been practiced primarily on site-based approach. 

Human exploitation and conversion of the ecosystems of the world is causing widespread 

biodiversity loss and declines in ecosystem condition, leading to reduced ecosystem service 

(Butchart, 2010). International initiatives to address these impacts, including the Convention on 

Biological Diversity (CBD), the Millennium Development Goals, and the Intergovernmental 

Science-Policy Platform on Biodiversity and Ecosystem Services, explicitly link the conservation 

of biodiversity with the provision of ecosystem services to support sustainable development and 

poverty reduction (Sachs, 2009). As ecological restoration can potentially contribute to the 

improvement of human livelihoods, as well as enhancing biodiversity, it is assuming an 

increasingly central role in global environmental policy (Ehrlich and Pringle, 2008). International 

conventions, intergovernmental platforms, and policy calls for massive action show that ecological 

restoration is now recognized as a global priority for biodiversity conservation, combating 

desertification and land degradation, and limiting the impacts of anthropogenic climate change 

(Aronson and Alexander, 2013). 

Forest restoration in passive or active processes can be a primary component of conservation and 

sustainable development programs which provide people with the opportunities not only to 

repairing the damaged ecology, but also to improve the human conditions by creating livelihood 
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diversifications and renew economic opportunities, restore traditional cultural practices and 

growth the confidence of local communities (SER, 2004). 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. 

In this regard enclosures played an important role in conserving remaining soil resources and 

improving soil fertility. They improved soil fertility by adding soil nutrients from decomposed 

plant remains. Enclosures also reduced nutrient loss from a site by controlling runoff (vegetation 

acting as a physical barrier to soil erosion) (Kibret Mamo, 2008). 

              2.3.1. Practices of Ecological Restoration 

Restoration consists of removing or modifying a specific disturbance, thereby allowing ecological 

processes to bring about an independent recovery. An estimated 10-11 % of Ethiopia's total species 

are known to be endemic to the country (Shibru Tedla and Martha Gebre, 1995; WCMC, 1992). 

Unfortunately, the indigenous (tropical) forest species of Ethiopia have rapidly been destroyed, 

leaving large tracts of highlands and steep slopes unprotected. Currently, the majority of these 

plateaus and steep slopes in highland and some central parts of the country are exposed to 

spectacular soil erosion, and hence to simultaneous soil-nutrient depletions. The consequence of 

this rapid depletion of native forest species and soil erosion has been the loss of a huge number of 

plant and animal species (thus seriously diminishing the world's genetic diversity), drought and 

famine, flooding, water quality degradation, declines in agricultural productivity, and an 

overwhelming increase in the misery and poverty of the inhabitants of Ethiopia (Le Houe´rou, 

2000). Development and utilization of Ethiopia's natural resources must proceed a pace 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 area 

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 area ex-closures (Le 

Houe´rou 2000; Tefera Mengistu et al., 2005) are demarcated in degraded areas commonly situated 

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

natural vegetation. Many degraded areas have been disturbed for a long period of times in the past 
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that only a small number of relatively common species remain, in this case supplement plantation 

as enrichment is very important to hasten restoration of biological diversity of the areas. 

                                         2.3.2. Area Ex-closures  

Area ex-closure is a practice of restoration and rehabilitation of degraded lands by natural means. 

The context and definition of area ex-closures vary from country to country, but Betru Nedessa et 

al. (2005) and LeHoue´rou (2000) stated that area ex-closure in the Ethiopian context is defined 

as a degraded land that has been excluded from human and livestock interference for rehabilitation. 

Primarily, human and animal interference is restricted in area under ex-closures to encourage 

natural regeneration. In practice, however, controlled grazing of cattle is allowed in several of area 

ex-closures especially five years later from its establishment (Emiru Birhane, 2002). Cutting grass 

and collection of fuel wood from dead trees and bee-keeping are also allowed. In some areas, soil 

and water conservation activities are being undertaken alongside establishing ex-closures in the 

areas (Emiru Birhane, 2002; Tefera Mengistu et al., 2005). Hence, area ex-closure is one types of 

land management and a tool for restoration of natural resources, such as soil fertility, vegetation 

biomass and composition, fauna, and water storage, biodiversity and generally productivity of the 

area. It is usually applied on steep, eroded and degraded area and becoming pertinent strategies 

and planning in dry land areas where plantations are unsuccessful due to many reasons (Emiru 

Birhane, 2002; Descheemaeker, 2006; Wolde Mekuria et al., 2007). In addition to this, area ex-

closure is a quick and cheap method for the rehabilitation of degraded lands (Emiru Birhane, 2002). 

As a result, rehabilitation of degraded lands through area ex-closures recently received attention 

in many parts of Ethiopia especially in northern and central highlands (Kibret Mamo, 2008). As a 

result, communities have started establishing area ex-closures as a promising practice in different 

parts of the country with the aim of fighting against land degradation and promoting their re-

vegetation to prevent further degradation (Emiru Birhane, 2002). Forest restoration in protected 

ex-closures has become a common practice to fight land degradation in the highlands and central 

parts of Ethiopia .This practice has become very common, especially in the highlands, due to the 

impressive improvement of and reduction in soil erosion in area ex-closure in the early 1980s. In 

Tigray Region alone, a total of 262,000-hectares have been closed so far (Betru Nedasa et al., 

2005). The inception of ex-closure dates back to the early 1980s, which coincides with the 

beginning of large-scale land rehabilitation and soil and water conservation programs in Ethiopia. 
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The establishment of ex-closure has been one of the strategies for rehabilitating the degraded 

hillsides within the catchments delineated for the rehabilitation and soil and water conservation 

programs which was firstly for ecological rehabilitation but now recent studies found increased 

expectations of the community about economic benefits on ex-closure and became major 

management practice (Betru Nedasa et al., 2005). Area ex-closure is one of the most widespread 

forms of re-greening in Ethiopia today. It involves protecting areas mainly through social fencing 

from any form of cultivation, cutting trees and shrubs, or grazing by livestock. This is meant to 

allow regeneration and foster natural ecological succession for the rehabilitation of deforested 

areas or degraded forests. Most area ex-closures were not initiated either by the state or by 

communities, but were rather driven mainly by aid agencies and NGOs. At the beginning, there 

was little or no involvement of communities in defining the objectives and the course of the 

process. Two types of area ex-closure management are observed. The first one involves no 

additional management activities other than protecting enclosed areas against livestock and human 

interference. Ecological succession will occur from buried or dispersed seeds. The second type, 

which is the most common, involves planting of seedlings (exotic or indigenous species), aerial 

seeding and construction of soil water conservation structures to speed up succession through the 

modification of microclimatic and soil conditions (Wolde Mekuria et al., 2011). 

Nevertheless, in many cases success is obstructed by lack of clear management guidelines and 

consequently, communities did not benefit as expected. This is often manifested in communities’ 

lack of decision-making power in the management and utilization of the resources and limitation 

in the rights to use grass and wood produced in the area ex-closures. This adversely affects the 

sense of ownership and community commitment for effective protection and sustainable 

management of the resources. It is argued that the problem is still not adequately addressed and 

communities are uncertain about the future of land tenure and land use policy. This, in turn, has 

restricted them in making-decisions that are important for the sustainability of the area ex-closures 

and resources within (Betru Nedasa et al., 2005). This indicated that, establishment of area ex-

closures on large scale can only be achieved through community participation. Hence, it is 

imperative to look at local peoples’ perception and build awareness for its full adoption at different 

localities of the country. Understanding farmer’s perception on natural resource management is 

one of the important factors to have effective natural resource conservation intervention. 

Understanding also helps to suggest types of organizational and institutional settings that need to 
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be established in order to achieve the objectives of area ex-closures. Community participation on 

natural resources management helps to create a platform to enhance dialogues and negotiations 

among farmers and outsiders (Wegayehu Bekele, 2003). Any endeavor attempting to develop 

sustainable and effective soil conservation policies, rules, regulations, institutions and strategies 

need to take farmers´ perception of resource management and use into account (Tefera Mengistu 

et al., 2005). On the basis of these premises, this study tries to understand the local people 

perceptions on area ex-closures as an alternative strategy for rehabilitation of degraded land in the 

study area.  

                       2.4. The Roles of Area Ex-Closures 

                                        2.4.1. Soil Erosion Protection and Enhancing Productivity 

The topography of Ethiopia is dominated by high land. In the highlands case, the decline of soil 

fertility and severe soil erosion is due to water outflow on steep and fragile land that has been 

under intensive farming (Aklilu Amsalu and Jan de Graaff, 2006). The major difficulties in the 

highlands were erosion on steep slopes and poor drainage. According to Aklilu Amsalu and Jan 

de Graaff (2006), the major causes of soil erosion mentioned by farmers included erosive rains, 

steep slope, damaged conservation structures, and tillage, which makes the soil loose and bare. 

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 rangelands and cultivated fields throughout 

Ethiopia (Beyene Fekadu, 2009). As the bare land covered with vegetation largely influences the 

infiltration rate, followed by the permeability and structure of the underlying soil. For example, 

soils with good structure 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). Soil resources without appropriate conservation 

measures, resulting directly to the changes in particle size distribution through removals by sheet 

and rill erosions (Toy et al, 2002). Rapid vegetation restoration through area ex-closures is an 

efficient measure for soil and water conservation because of its increased capacity for infiltration 

and sediment trapping. Closures are important to increase water holding capacity of the soil under 

tree canopy and the availability of water is 1.5 to 2 times more under closures than grazing land at 
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the depth of 0-20 cm (Kamara et al, 1992). If vegetation coverage is chosen to be the best 

alternative form of land use, not only it prevents the loss of soil, but also reduce soil deposited in 

river bottoms, lakes and dams via siltation (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, area 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. Area ex-closures also reduced nutrient loss from a 

site by controlling runoff (vegetation acting as a physical barrier to soil erosion) and promoting 

natural regeneration of plants and reducing land degradation of formerly degraded communal 

grazing lands. 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; Wolde 

Mekuria and Aynekulu Ermias, 2011). 

                                          2.4.2. Biodiversity Conservation  

The Convention on Biological Diversity encouraged the application of the ecosystem approach for 

the restoration of ecosystems and natural resources. Land abandonment or systems of fallow are 

the common conservation strategies to promote restoration of biodiversity in degraded agricultural 

and grazing lands worldwide (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. Recently 

in highland and central parts of Ethiopia establishment of ex-closures is emerging as a major and 

important practice to conserve vegetation biodiversity. Ex-closures have been effective in restoring 

plant species composition, diversity, biomass, cover, and structure of both herbaceous and woody 

vegetation, factors that normally lead to improved ecosystem function and acceleration of plant 

and animal diversity increase with time and where there is ex-closure; it is an inevitable to see 

green area (Yaynishet Tesfay, 2008; Tefera Mengstu , 2001). Different studies by different 

scholars also indicated that area ex-closures establishment has been used as a means to maintain 

biodiversity in different districts of the country including in Tigray region (Kindeya Gebrehiwot, 

1997), Welo (Kebrom Tekele, 1998 and Shewa (Tefera Mengestu, 2001; Abiyou Tilahun et al 

2015). High levels of biodiversity of species in ecosystem typically characterized that ecosystem 



 

20 
 

as healthy and integrity. Species highly utilized by community and their livestock are becoming 

lower in number and lead to probabilities of being threatened. For these reasons reclamation of 

degraded land through area closure can promote sustainable development and ecosystem health 

through reduced erosion, increased biological productivity, water and soil quality (Aradottir et al., 

2000). 

                                           2.4.3. Source of Non-Timber Forest Products (NTFPs) 

 The dependence of people on trees and forests is unlimited. NTFPs were regarded as providing a 

very good opportunity for sustainable forest management and community development in the last 

two decades. There has been increasing recognition of their contribution to household economies 

and food security, to some national economies and particularly to environmental objectives, 

including the conservation of biological diversity (Arnold and Ruiz, 2001). 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). Ethiopia is home to some of the most diverse flora 

and fauna in Africa. NTFPs in Ethiopia cover a wide range of products and are most extensively 

used to supplement diet and household income, notably during particular seasons in the year, and 

to help meet medicinal needs.   

NTFPs had positive contribution to household food security through its contribution in production 

of subsistent foods and building capacity of pastoralists and agro pastoralists to purchase food 

stables. 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, ex-closing 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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                                        2.4.4. Contributions to Local Livelihood 

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

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 (Alemayhu Wassis, 

2002). 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 highland and central parts of Ethiopia have started establishing area ex-closures, with the hope 

of preventing further degradation and promoting their re-vegetation. Emiru Birhane (2002) 

conclude that establishments of area closure have contributed a lot to improve livelihoods of local 

communities by ensuring their wellbeing and capabilities. 

Rehabilitation of mountain supports livelihoods by increasing productivity and biodiversity of 

fragile ecosystems. Furthermore establishment of area ex-closure reduced the risks of flooding and 

drought in vulnerable ecosystems and improved land use planning of the watershed. Resource 

restoration (e.g. hillside vegetation) 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). In this sense, community forestry has positive impacts 

on forest conservation and livelihood improvement of local people (Maheshwar and Misa, 2008). 

According to (Kindeya Gebrehiwot, 2004) area ex-closures have very high potential for agro-

forestry, especially with cash earning products like fuel wood, fruits, honey, when there is good 

access to markets. On the other hand the recovery of degraded lands and their potential for 

development through the application of area ex-closures technique; these range land with native 

vegetation have been used to support livestock production that rise income of local community 

(Asefa Dereje et al., 2003).   
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3. MATERIALS AND METHODS 

                    3.1. Description of the Study Area  

                                  3.1.1. Location  

Atko ex-closure is found in Atko kebele, Antsokiyana-Gemza Woreda, Amhara National Regional 

State, Ethiopia. It is situated in the eastern edge of North Shewa Administrative Zone. The Woreda 

neighbors to the south with Efratana Gidim Woreda, in the west with Geshe Rabel Woreda, and to 

the north and east bordered by the Oromia Zone. The geographic location of the Woreda extends 

from 10o44’15’’N to 10o73’43’’N Longitude and 39o68’’82’ E to 39o92’48’’E Latitude. It covers 

a total area of about 372.27 km2 at a distance of 350 km northeast of Addis Ababa on the way to 

Dessie (Figure 2).  

 

        Figure 2: Location map of the study area. 
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                                   3.1.2. Climate  

The study area falls under the agro-ecological zone of moist Weina Dega with temperature ranging 

from 18.6 0C during autumn/winter to 25.0 0C during spring/summer seasons (Figure 3). The area 

receives short and long rains where the mean annual precipitation falls between 800 and 1500 mm, 

but the dominant rain being concentrated in the long summer. For example, the summer season 

(June through September) is long rainy season while the short rainy period is February to April. 

  

Figure 3: Eleventh years (2007-2017) average monthly temperature and rain fall of study area 

(source: Kombolcha meteorological station, June, 2018). 

                              3.1.3. Vegetation 

The vegetation cover is dominated by scattered trees and shrubs in the area around settlements, 

but tree, shrubs and grass on farmlands. Eucalyptus spp, Acacia lahai, Croton macrostachyus, and 

Acacia abyssinica are the dominant trees that are grown in the fields mainly for income generation 

from the sale of poles and fuel wood.  They are important cash sources for the local communities 

in the study site. The open free-grazing field is dominated by natural grown woody species 

including Rhus natalensis, Euclea schimperi, and Carissa edulis. The ex-closure was established 

in 1977 E.C (about 33 years) for the aim of rehabilitating the degraded site. The main contributors 

for the establishment were non-governmental organizations and local people. The main problems 
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challenging the protection of the ex-closure were illegal interferences by the local communities 

and their livestock. The main reason for such gap was the lack of community-based conservation 

initiatives and absence of local bylaws during the inception of closing the site.                                                                                        

                                                                                                                                   

Figure 4: Atko Ex-closure, Open grazing land and Settlement  

                         3.1.4. Topography and Soils  

Topography of the study area exhibits distinct variation and contains flat low lying plains 

surrounded by mountainous terrain. The altitude ranges from 1568 to 3532 m.a.s.l. The area is 

dominated by two major type of soils: liptosols and vertisols (Abiy Debay, 2010). Liptosols are 

found from the tropics to the cold polar regions and from sea level to the highest peaks particularly 

widespread in mountain areas. Vertisols are highly found in the central highlands and western 

lowlands. The nature of the topographic features has made the area very liable to heavy gully 

formation and extensive soil erosion.   

                               3.1.5. Population  

According to the 2009 Central Statistical Agency report, the Woreda has a total population size of 

83,825 inhabitants, of whom 41,675 men and 42,150 women; but 14,230 or 16.97% of its 

population are urban dwellers. Specifically, in the study kebele, there are 745 households: 545 

male-headed and 200 female-headed. Total population size of the kebele is estimated to be about 



 

25 
 

2562 inhabitants of which 1347 were males but the rest females (Personal communication, October 

1, 2017, office of Atko kebele). 

                           3.1.6. Farming System 

The agricultural activities carried out in the area mainly include crop production and animal 

husbandry, in which the latter plays a complementary role. Farms represent a highly intensified 

farming system. The dominant farming system is mixed-farming. Cultivated areas and woodlots 

(e.g. Acacia lahai and Croton macrostachyus) are the dominant land use/land cover types. Main 

food and income crops are: teff, maize, sorghum and to some extent wheat and barley. During the 

long rains, farmers grow wheat, chick pea, teff, barley, sorghum, and maize. Teff and sorghum are 

the major crops which dominate the upper part of the study site. The main livestock reared by the 

local people in Atko kebele include cows, oxen, sheep, got and chicken. 

                3.2. Study Design  

Frist with the study site, a reconnaissance survey was conducted in the end of July 2017. Based on 

information gathered about the site the study was designed in such a way that data were gathered 

on the biophysical (i.e. soil and vegetation) in the ex-closure and open grazing site, and also on 

community perception towards the establishment and management of ex-closure. The two sites 

were selected assuming that they have more or less similar soil type and slope gradients. This is 

because the ex-closure had a similar historical background with the open grazing site before the 

establishment of the ex-closure. However, the changes between the two sites could be described 

using relevant parameters, such as plant cover, species richness, abundance, diversity, and 

regeneration status, physical and chemical constituents of the prevailing soils (Tefera Mengistu, 

2001; Wolde Mekuria et al., 2007).   

The detailed data on the biophysical and community perception were collected after conducting 

preliminary survey. For all parameters, data were collected from September through November, 

2017. Biophysical surveys were conducted using systematically laid parallel line transects in the 

ex-closure versus open site. The location of each plot was marked by GARMIN 72H GPS so that 

both coordinates and altitudes were recorded. To easily lay the sample plots along each line 

transect, the shape of each plot was made to be circular. Previous studies also noted that circular 

plots minimize the number of border trees (i.e. reducing edge effect) because of smallest 
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circumferences to area ratio, in comparison to square and rectangular quadrants (Kibret Mamo, 

2008).  

                             3.2.1. Vegetation Sampling 

To determine and record woody species composition (i.e. species richness), species evenness, and 

structure, three parallel line transects, each measuring an average length of 500 m, were laid at a 

distance of 100 m between them in each of ex-closure versus open grazing site. The total number 

of circular sample plots were 60 (i.e. 30 of them were laid in the ex-closure, but the remaining 

plots were laid in the open grazing site). This was done to optimally compare the role of ex-closure 

for biodiversity conservation and its contribution to soil quality improvement in the study site 

against the open grazing site. To avoid the edge effect, the first and the last line transects were laid 

at a distance of 80 m from the border of each land use type. On each line transect, 10 circular 

sample plots (each measuring 10 m radius) were laid at an interval of 50 m on each line transect. 

This was done just to have an optimum number of sample plots along each line transect. The 

sample plots were laid with the help of a string and pegs. Location of each plots were recorded 

with the help of a GPS device. In each plot, all trees (a tree is arbitrarily defined as any woody 

plant species with a height of  3 m) within the (i.e. 10 m radius) plots were identified, counted 

and the DBH of each tree were measured with the help of caliper. The height of each tree was 

measured with the help of hypsometer. Within each circular sample plot, a nested plot (each with 

a radius of 6 m) was laid and all sapling (a sapling is defined as any woody plant species with a 

height of < 3 m and  0.5 m) and seedlings (a seedling is defined as any woody plant species with 

a height of < 0.5 m) within sub-nested plots (each measuring 2 m radius) were identified and 

counted (Solomon Ayele et al., 2016). During counting, ribbon was used to mark trees and shrubs 

once they were identified and counted. This was done to ensure that they were not missed or to 

avoid double counting.  

The woody plant species encountered in each plot were identified and recorded using a pictorial 

field guide to the woody plant species. Nomenclatures follows useful trees and shrubs in Ethiopia 

(Azene Bekele et al., 2007) and Glossary of Ethiopian plant names (Wolde Michael Kelecha, 
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1980). 

 

  Figure 5: Vegetation sample plots. 

                                  3.2.2. Soil Sampling 

Sample plots were laid along each transect used for vegetation data collection in the two land use 

types (i.e. open free-grazing versus ex-closures). From each land use type, soil samples were drawn 

from four directions (North, South, East and West) with 10.5 m distance from the center and one 

sample from the center (each measuring 1 × 1 m) of each sample plot (Figure, 6). Each sampling 

plot was dug and soil samples from 0-20 cm depth were collected with the help of soil auger. The 

five soil samples were mixed and 1 kg of composite soil sample was taken. Finally, the composite 

soil taken from each sample point was kept in the plastic bag and labeled. The sampled soil from 

the two land use types were separately handled with two different sacks. Undisturbed soil samples 

were separately collected with a core sampler to determine the soil bulk density and soil moisture 

content (SMC) (Fantaw Yimer et al., 2007). The assumption was that analytical result from 

composite soil sampling provides average value for the sampled site. The soil variables for 

analytical laboratory include soil organic matter (SOM), soil organic carbon (SOC), soil pH, soil 

texture, total Nitrogen (N), available phosphors (P), exchangeable cations; [Magnesium (Mg), 

Sodium (Na), Potassium (K), and Calcium (Ca)], cation exchange capacity (CECs), soil bulk 

density, and soil moisture content.    
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     Figure 6:  Plot size and quadrants for the soil samples. 

                               3.2.3. Household Survey  

The local people in the study areas are historically linked to the biodiversity and are knowledgeable 

about the resources existing in the ex-closure. More importantly, they can affect the biodiversity 

because of their dependence on the direct use of the natural resources for fuel-wood, construction 

materials, sale of wood products, and free-range livestock grazing. So, the successful conservation 

of the biodiversity is dependent upon the perception of the local people who are inherently 

connected with the local landscapes (Hillman, 1993) and through their active participation in 

biodiversity management. From the Kebele where ex-closure is practiced, a list of individual 

households found around the ex-closure was obtained from the Kebele Administration. The total 

sample size was determined according to Israel (1992) using the following formula: 

                                n =
N

1+N(e)2      

                Where 

               e = confidence level          

               N= total household 
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Based on the above formula, the total sample households were 89 at 90% confidence level. A semi-

structured questionnaire comprised of both open- and closed-ended questions were developed and 

administered to examine respondents’ knowledge, beliefs, and perception towards “ex-closure and 

its role in biodiversity conservation and improvement of soil quality as well as socio-economic 

development”. The households were randomly selected via a lottery system based on their list of 

identification numbers. The data enumerators conducted the questionnaire survey via direct house-

to-house visits. The data were collected in December 2017.  

                     3.3. Structural Analyses of the Vegetation                             

To analyze the structural data of woody plant species: densities, frequency, and diameter at breast 

height (DBH) were computed using descriptive statistics, such as means, frequencies, percentages 

and standard errors. The vegetation data of the woody plant species was calculated and 

summarized on Excel spreadsheet using the following formulae. 

Density =   
Total number of a species 

Sample size in hectare 
 

  

Relative density =  
Density of a species 

Total density of all species 
× 100% 

Frequency of a species = 
The presence of a species 

Total number of sample plots
 

 Relative frequency = 
Frequncy of a species 

Frequncy of all species 
 × 100% 

 

Dominance of a species = 
The sum of the crown area of a species 

The total area of all sampled plots
  

 Relative dominance = 
Dominance of a species 

Dominance of all species 
 × 100% 

     

Where            Crown area of a species = 
𝜋𝑑2

4
 

Diversity, which is synonymous with heterogeneity (Krebs, 1999), comprised species richness and 

evenness. Shannon diversity index has emerged as the most widely used criterion to assess the 

conservation potential and ecological value of a site (Magurran, 1988). The species diversity in 



 

30 
 

the ex-closure versus open-grazed land was calculated using Shannon-Wiener Index (H'). The 

Shannon diversity index was computed using the following formula: 

Shannon diversity index (H') = -∑ (Pi ln Pi)
s

i=1
                  

                   Where  

           H' = Diversity of the species  

           Pi = n/N is the proportion of individuals of ith species (ranging from 0 to 1)   

           n = number of individual of a given species, 

           N = total individual found in a given area  

          S = the number of species encountered   

Shannon diversity index takes into account the number of individuals (i.e. abundance of a species) 

as well as the number of species (i.e. species richness). Shannon diversity various from 0 for a 

biotic entity which is exclusively dominated by only a single species to a high value for a 

community with many species, each with more or less equivalent abundance. It increases with the 

increase in species evenness and richness. However, in practice for a biological community, H' 

does not exceed 5.0 (Krebs, 1999). The results summed across the species and multiplied by 

negative one. Shannon diversity is high when it is above 3.0, medium when it is between 2.0 and 

3.0, but low when it is between 1.0 and 2.0, and very low when it is smaller than 1.0 (Cavalcanti 

and Larrazabal, 2004).       

Shannon diversity index account for both species richness and evenness present in a community. 

Shannon equitability was calculated using the following formula: 

Equitability (J) = H'/Hmax =    
 ∑ (Pi ln Pi)

s

i=1

𝑙𝑛𝑆
                               

Where: H' = Shannon diversity index  

            Hmax = lnS 

            lnS =  the natural logarithm of the total number of species in a community   

              S = the number of species in a community (Shannon-Weiner, 1949) 

To quantify the similarity between the two habitats, Sorensen’s similarity coefficient was applied 

using the following formula: 

SSC = 2a/2a +b +c  

Where 
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a = number of species common to both habitat. 

b = number of species present in the first habitat, but absent in the second habitat. 

c = number of species present in the second habitat, but absent in the first. Sorensen’s coefficient 

preferred to Jaccrad’s, since common species are given more weight than those confined to one 

type of vegetation (Kent and Coker, 1992).  

                              3.4. Soil Sample Analyses  

The soil samples which were collected in the two land use types were examined and analyzed via 

laboratory work at Debre Berhan Research Center. The soil bulk density was determined using the 

core method and calculated as the mass of oven-dried soil (at 105 °C) divided by its volume (Chen 

et al., 2010). 

                   ρb (gm/cm3) =   
Ms

Vb
 

Where ρb = soil bulk density (g cm−3), Ms = mass of soil after oven dry (g), Vb = bulk volume of 

the soil (cm−3). The soil moisture content (SMC) was determined following the method described 

in Cuenca (1989). Before the soil samples got oven-dried, the initial weights were measured, and 

then they were oven-dried for 24 h at 105 °C. The oven-dried samples were weighed using a beam 

balance. The moisture content of the soil samples were determined using the following formula.   

                          MC (%) = 
Wwet−Wdry

Wdry 
× 100% 

Where MC = soil water content, Wwet = the weight of the wet soil sample (g), and Wdry = the 

weight of the oven-dried soil sample (g). Soil pH was measured with a digital pH meter in a 

suspension of 1:2.5, soil to water suspension following Carter (1993). Soil texture was determined 

by Hydrometer method (Gee and Baunder, 1986). The determination of organic matter follow 

Walkly and Black (1934). Total nitrogen was determined following Kjeldahl digestion (Kjeldahl, 

1883). Available phosphors was determined by using Bray No-II (Bray and Kurtz, 1945). An 

Ammonium acetate extractant method was used to analysis the exchangeable cation (Ca, K, Mg, 

and Na) (Schollenberger and Simon, 1945), but the soil CEC was determined by Ammonium 

acetate extractant (Schollenberger and Simon, 1945). 
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                                     3.5. Statistical Analyses of Data  

                            3.5.1. Biophysical Data  

                               3.5.1.1. Vegetation Data  

To determine the mean comparisons of vegetation parameters (i.e. dominance, species richness, 

frequency, and density) between ex-closure versus open grazing land, One-Way-ANOVA was 

used. All the analyses were conducted using SPSS version 20.  

                                   3.5.1.2. Soil Data  

Statistical data obtained from the soil analyses were subjected to Analysis of Variance (ANOVA) 

using SPSS (version 20) to compare the variation between land use type where land use type was 

used as independent variable whereas the dependent variables may include soil organic matter, 

bulk density, soil moisture content, exchangeable cation, cation exchange capacity, total nitrogen, 

available phosphorus, and organic carbon. The analysis result of soil were interpreted using 

descriptive statistics including percentage. Mean comparisons was performed set at P < 0.05. 

                                 3.5.2. Socioeconomic Data    

The socio-economic data which were collected through the social survey were coded in a 

computer, then analyzed to extract meaningful information. Descriptive statistics, such as mean, 

percentage, standard deviations, and frequency were quantified. Multiple linear regression model 

was used to predict effect of the independent variables on the dependent variable, i.e. attitudes of 

local people towards “ex-closure”. After accounting for multiple comparisons (21 tests per 

dependent variable) with a Bonferroni correction, P ≤ 0.002 was considered significant. I 

computed the Bonferroni correction by dividing 0.05 to 21 which is equal to 0.002. This is because 

Bonferroni correction is a safeguard against multiple tests of statistical significance on the same 

data falsely giving the appearance of significance (Morzillo, 2007). All the analyses were 

conducted using Statistical Package for Social Sciences (SPSS) version 20. 
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4. RESULTS AND DISCUSSION 

                           4.1. Composition and Diversity of Woody Vegetation 

          4.1.1. Composition 

The total number of woody species recorded in the ex-closure and open grazing land were 48. 

They belonged to 28 families. The total number of woody species encountered in the ex-closure 

site was 42, represented under 25 families of which Fabaceae (32%) was the dominant family 

followed by Anacardiaceae (16%), Apocynaceae, Cupressaceae, Lamiaceae, Tiliaceae, 

Sapindaceae, Rhamnaceae, and Oleaceae where each 8%. Similarly, in the open grazing site, the 

total number of woody species was 28, representing 19 families, where Anacardiaceae and 

Fabaceae (21.05%) were the dominant families followed by Euphorbiaceae, Boraginaceae, and 

Apocynaceae each with 10.53%. The remaining family in both sites were represented by only one 

species. Euclea schimperi, Carissa edulis, Rhus natalensis, Leucaena leucocephala, and 

Dichrostachys cinerea were the dominant species in the ex-closure site. In the same manner; 

Euclea schimperi, Croton macrostachyus, Rhus natalensis, Carissa edulis, and Ziziphus 

mauritiana were the dominant species in the open grazing site. The species composition of highly 

palatable woody plants decreased under continuous and increased grazing pressure; however, the 

unpalatable plant species increased and became dominant in the open grazing site. For example, 

according to Tefera Mengistu et al. (2005) and Tesefaye Desalew (2008), resulting from 

continuous grazing pressure, the species composition significantly changed from highly palatable 

to unpalatable ones.   

The number of woody species and family commonly shared between the two sites were 22 and 16, 

respectively. The most dominant families were Anacardiaceae, Fabaceae, and Apocynaceae 

represented by 25%, 25%, and 12.5%, respectively. The remaining 13 families were represented 

each by 6.25%. Under the families Polygonaceae, Combretaceae, and Santalaceae, no species was 

recorded in the area ex-closure. On the other hand, no species was recorded in the open grazing 

site representing the families Acanthaceae, Capparidaceae, Flacourtiaceae, Lamiaceae, Olacaceae, 

Oleaceae, Proteaceae, Rosaceae, and Sterculiaceae. Generally, the numbers of families and woody 

species composition in the ex-closure site were higher than that of the open grazing site. This 

suggested that ex-closure has a key positive effect to restore the woody plant species. According 

to previous studies including Wondie Mebret et al. (2014), the reduction of woody species 
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composition and diversity in the open grazing site could be resulted from individual species either 

harvested at their early growth stage by the local inhabitants or domestic animals and/or unable to 

persist the harsh environmental conditions including soil water shortage and chronic soil 

degradation.   

4.1.2. Species Richness, Evenness, and Diversity  

Comparison of total species richness in ex-closure versus open grazing site showed that more 

number of species encountered in the ex-closure. This revealed that ex-closure had a positive effect 

on woody plant regeneration through reducing anthropogenic disturbances. According to Wolde 

Mekuria and Mestewal Yami (2013), all ex-closures displayed higher plant species richness, 

diversity, and above ground standing biomass as compared to communal grazing land. Ex-closure 

had twice the plant species richness and diversity value compared to communal grazing land after 

22 years of ex-closure establishment (Tefera Mengistu et al., 2005). Similarly Mulbrhan Hailu et 

al. (2006) stated that the higher mean value of species diversity was recorded in ten years enclosed 

land. On the other hand, in the open site, more number of species were severely affected by 

disturbances, but they could be restored if the disturbances are minimized. Higher number of 

woody plant species encountered in the ex-closure (42 species) than open site (28 species) 

indicates the prevailing of more interferences in the open site. In the open site, out of the total 28 

woody plant species, most of the entire area is dominated by four species: Euclea schimperi, Rhus 

natalensis, Crissa edulis, and Calpurnia aurea. For instance, only those four woody species 

comprised of 79.50% of the relative abundance of the total species identified in the open site. On 

the other hand, those four woody species in the ex-closure accounted for 37.40% of the total woody 

species identified in the site. This suggests that there is a big difference in species relative 

abundance and diversity between the ex-closure versus the open site. The domination of the open 

site by small number of woody species could be resulted from the prevalence of high disturbance, 

the tolerance level of those woody species to environmental calamities, and their unpalatablity 

(example, Euclea schimperi) for livestock. This is because high grazing tends to reduce the 

presence of palatable species and consequently became dominated by other herbaceous plant or 

bush (De Haan et al., 1997). So, the difference in species abundance and distribution in non-closed 

areas could be attributed to the excessive disturbance, over grazing, and special palatable 

characteristic of a species (Emru Birhane et al., 2006).  
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Figure 7: Comparisons of species richness, frequencies, dominances, and densities between the 

ex-closure versus the open grazing sites. The bars show mean + SE. Bars labeled with different 

letters were significantly differed at 95% confidence level.    
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Table 1: Comparison of diversity indices for woody plant species in ex-closure versus open grazing 

site. 

Diversity indices Ex-closure Open 

Species richness (S)  42 28 

Shannon diversity index (H`) 2.81 1.98 

Hmax (lnS) 3.74 3.33 

Evenness (J) 0.75 0.59 

Simpson diversity index (1-D) 0.92 0.76 

 Source: survey data   

Based on the Shannon (H`) diversity index the calculated value of diversity and evenness in ex-

closure were 2.81 and 0.75, respectively. According to Kent and Coker (1992) cited in Wondie 

Mebret et al. (2014), the value of Shannon-Wiener index varies between 1.5 and 3.5 rarely exceeds 

4. Thus, the result of the present study showed that the ex-closure had greater diversity. This result 

in agreement with Wondie Mebret et al. (2014) in West Belessa district, Getachew Mulugeta, 

(2014) in Gonder Zuria district, and Demel Teketay et al. (2018) in Northern Botswana; but oppose 

with the result of Emiru Birhane et al., (2007) in eastern Tigray. On the other hand, in the open 

site, the value of Shannon-Wiener and evenness indices were 1.98 and 0.59, respectively. This 

indicates lower species diversity in the open site as compared to ex-closure. This was due to the 

repeated vegetation disturbance by human and/or their livestock. Similarly, the higher Simpson 

diversity index (1-D) in the ex-closure site revealed that there is higher species diversity in the ex-

closure than in open site. The value of evenness is also more or less greater in the ex-closure than   

the open site (Table 1). This showed that protection of vegetation from the interferences of human 

and livestock led to better regeneration and abundance. Simpson diversity index (D) value lower 

(0.08) in ex-closure and greater (0.24) in open site, indicating that a few species dominate in the 

open site, whereas higher value in the ex-closure indicates that better interaction between the 

species and higher diversity to exist in the site. 

The comparison of the diversity indices for the woody species growth form (i.e. seedlings versus 

Saplings versus trees) is presented in Table 2. Accordingly, the mean diversity indices of three 

growth forms in the ex-closure versus the open grazing site were 2.53 and 1.89, respectively. The 

maximum and minimum diversity indices computed in the two sites were 2.78 (for Saplings) and 
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2.12 (for seedlings) in the ex-closure, but 1.97 each (for trees and seedlings) and 1.72 (for Saplings) 

in open grazing site. In the two sites, saplings had the highest diversity and evenness followed by 

trees and seedlings in the ex-closure. However, in the open site, the lowest diversity and evenness 

were computed for sapling. This finding suggested that more number of species were found in the 

ex-closure which could be resulted from the positive effect of the protection of woody plant species 

against the negative impacts of livestock free-grazing and human exploitations.                                              

Table 2: Comparison of diversity, evenness, and richness between ex-closure versus open site 

using Shannon diversity index for the three growth forms.  

Community  Ex-closure Open 

Seedlings Saplings Trees Seedlings Saplings Trees 

Diversity  2.12 2.78 2.70 1.97 1.72 1.97 

Evenness  0.73 0.81 0.77 0.79 0.55 0.89 

Richness  18 32 34 12 22 9 

Source: survey data            

                               4.2. Structure of the Woody Vegetation   

4.2.1. Population; Size Class Distribution  

Woody plants structure, characterized by the presences of sufficient populations of seedlings, 

saplings and trees, suggests the successful regeneration of woody plant species in an area over 

time. The proportions of seedlings, Saplings, and trees in the ex-closure were 12.96%, 29.11%, 

and 57.93%, respectively. On the other hand, in the open grazing site, the proportions of seedlings, 

saplings, and trees were 7.70%, 85%, and 6.72%, respectively. However, in the ex-closure site, 

the proportion of individuals at the tree stage was the most dominant suggesting that the probability 

of regeneration and fitness to adult stage in the site might be benefited from the protection of the 

woody plant species from different human and livestock induced disturbances. Previous studies 

also noted that the number of tree species increased with the increase in the age of the ex-closure 

(Wolde Mekuria and Mastewal Yami, 2013). In contrast, in the open grazing land, the proportion 

of sapling was the greatest suggesting that the growth of woody plant species to the tree stage 

could be negatively affected by anthropogenic impacts including human interference, free-range 

livestock grazing, and less nutrient and moisture availability. Compared to the proportions of trees 
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and sapling, the proportion of seedlings was the least in ex-closure, but its proportion was twice 

that of the seedlings existing in the open grazing site. Bot and Benites (2005) also noted that over 

grazing in the open sites could destroy palatable species and reduce the density of the woody plants 

cover through over trampling the natural regenerations.  

Table 3:  Abundance of seedlings, saplings, and trees of common woody plant species in ex-closure 

and open grazing sites. The abundance for each growth form was obtained by summing all the 

individuals counted for each species in the 30 sample plots as per the land use type.   

 

  Species Name 

Ex-closure Open 

Seedling Sapling Tree Seedling Sapling Tree 

Acacia lahai 0 3 36 1 1 3 

Acokanthera schimeri   0 1 0 0 20 0 

Calpurnia aurea 23 25 34 18 22 0 

Carissa edulis 3 65 114 2 70 0 

Celtis africana 0 4 3 0 1 0 

Dichrostachys cinerea 25 33 115 0 1 0 

Dodonaea viscosa 27 41 19 1 14 0 

Ehretia cymosa  2 3 15 3 0 0 

Ekebergia capensis 4 16 53 1 1 0 

Entada abyssinica 0 9 11 0 1 0 

Euclea schimperi 19 83 116 11 250 1 

Grewia ferruginea 17 35 79 1 0 0 

Juniperus procera 0 0 6 0 2 0 

Maytenus arbutifolia 0 12 0 2 3 0 

Myrsine africana 0 9 3 0 1 0 

Nuxia congesta 0 3 0 0 1 0 

Rhus glutinosa 0 1 6 0 1 0 

Rhus natalensis 11 30 126 2 100 9 

Rhus retinorrhoea 0 5 5 0 11 5 

Rhus vulgaris 0 2 8 0 4 0 
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Securinega virosa 1 11 9 2 5 0 

Ziziphus mauritiana 0 2 6 0 0 5 

Total  132 393 764 44 509 23 

Examining population structures of woody plants, either height or diameter class can be used to 

provide a clue about the regeneration status of woody plants (Emru Birhane et al., 2006). For this 

study, comparative population structure analysis of woody plants based on the diameter class of 

some representative species which are common to both ex-closure and open grazing sites were 

shown in Figure 8. 

In the ex-closure, most of the woody plant species were found in the lower DBH class suggesting 

that there is high regeneration status. For example, woody plant species, such as Euclea schimperi, 

Rhus natalensis, Dichrostachys cinerea, and Ziziphus mauritiana had the highest abundance of 

regeneration in the first diameter class so that they had an inverted “J” shape distribution curve. 

On the other hand, the diameter classes of Acacia lahai and Ekebergia capensis showed zigzag 

and irregular distribution curves, respectively. Even though the age of ex-closure was old enough 

(i.e. almost 33 years), there were no woody plant species in large diameter class distribution. This 

suggested that there is hidden illegal cutting of trees by the local people in the study site. Generally, 

majority of the individuals of the woody plant species in the ex-closure were found in the lowest 

diameter class, but only a few of them existed in the higher class (Emiru Birhane et al., 2007 and 

Mastewal Yami et al., 2006).  
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 Figure: 8 Diameter at breast height (DBH) class distribution for some woody plant species in ex-

closure versus open grazing sites. (1 = < 5cm; 2 = 5.1-10 cm; 3 = 10.1-15cm; 4 =15.1-20cm; 5 = 

20.1-25cm; 6 = 25.1-30cm; 7 = >30.1) 

                                 4.2.2. Densities and Abundance Structure   

The densities and abundance of woody plant species in the ex-closure and the open grazing sites 

varied as shown in Tables 4 and 5 below. The total densities of all woody plant species encountered 

in the ex-closure and the open grazing sites were 7790 and 2819 individuals ha-1, respectively. In 

the ex-closure site, Leucaeanal leucocephala had the greatest density of 2391 individuals ha-1 

followed by Dichrostachys cinerea 940 individuals ha-1, Euclea schimperi 868 individuals ha-1, 

Calpurnia aurea 713 individuals ha-1, Grewia ferruginea 634 individuals ha-1, Rhus natalensis 512 

individuals ha-1, and Carissa edulis 427 individuals ha-1. Whereas, in open grazing land, Eucela 

schimpri had the highest density valuing 1028 individuals ha-1 followed by Calpurnia aurea 539 

individuals ha-1, Rhus natalensis 357 individual ha-1, Carissa edulis 259 indviduals ha-1, Rumex 

nervosus 108 individuals ha-1, and Ehretia cymosa 79 individuals ha-1 (Table 5). 
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Table 4: Total abundance of trees, saplings, and seedlings in ex-closure versus open grazing sites.  

Site Seedling Sapling Tree/(ha) Total 

Ex-closure 227 510 1017 1754 

Open grazing land 47 522 41 610 

Source: survey data   

The difference in the abundance of woody species in the two land use types was due to the positive 

effect of the ex-closure to enhance regenerations. Similarly, Wondie Mebret et al. (2014) noted 

that the protection of the enclosed vegetation from human and animal induced disturbances helps 

individual plant species to have more regenerations and abundances than open site where there are 

high human and animal interferences. On the other hand, in the open grazing site, few individuals 

were found. This suggests that there is frequent and intensive exploitation of the woody plant 

species by the local inhabitants and their livestock. For example, the total densities of woody 

species were by far greater in the ex-closure (7790 individuals ha-1) than the open grazing site 

(2819 individuals ha-1) (Table 5). Similarly, Demel Teketay et al. (2018) in Northern Botswana 

reported that the densities of woody species in the closure were seven times greater than that of 

unprotected area.  

The most frequently occurred woody species in the study site was Euclea schimperi, whose 

frequencies were 83% and 93% in ex-closure and open grazing sites, respectively. The other most 

abundant woody species in the ex-closure was Grewia ferruginea (83%) followed by Carissa 

edulis (77%), Dichrostachys cinerea (73%), and Rhus natalensis (73%).  On the other hand, in the 

open grazing site, the second most frequent woody species was Rhus natalensis (90%) succeeded 

by Carissa edulis (63%), and Calpurnia aurea (30%) (Table 5). 
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Table 5: List of woody species in the ex-closure versus open grazing sites with their respective 

growth form, densities, and frequencies. 

 

Scientific names 

 

 

Family names 

Growth form Ex-closure Open site 

Ex-closure 

site 

Open site Density 

/ha 

Freq

uenc

y 

(%) 

Densit

y/ha 

Freq

uenc

y (%) 

Acacia abyssinica Fabaceae Tree - 121 50 - - 

Acacia brevispica Fabaceae Tree - 4 3 - - 

Acacia lahai Fabaceae Tree Tree 43 40 32    13  

Acacia seyal Fabaceae Tree - 14    7 - - 

Acokanthera schimeri   Apocynaceae Sapling Sapling 3 3 59 23 

Adhatoda schimperiana Acanthaceae shrub - 91  1  - - 

Allophylus abyssinicus Sapindaceae Tree  - 3  3  - - 

Calpurnia aurea Fabaceae Sapling & 

tree 

Sapling  713  53  539  30 

Capparis tomentosa Capparidaceae Seedling - 79   7 - - 

Carissa edulis Apocynaceae Shrub & 

Climber  

Shrub  427  77 259  63  

Celtis africana Ulmaceae Tree  Sapling  15   7  3 3  

Clerodendrum alatum Lamiaceae Seedling  - 26  3  - - 

Cordia africana Boraginaceae - Tree - - 1  3  

Croton macrostachyus Euphorbiaceae - Tree  - - 14  23  

Cupressus lusitanica Cupressaceae Tree  - 2 3  - - 

Dichrostachys cinerea Fabaceae  Tree  Shrub  940  73   3 3  

Dodonaea viscosa Sapindaceae   Tree Shrub  141  30 68 13  

Dombeya torrida Sterculiaceae Tree  - 36  7 - - 

Dovyalis abyssinica Flacourtiaceae Tree  - 3  3  - - 

Ehretia cymosa Boraginaceae Shrub & tree  Seedling  34  33  79   7 
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Ekebergia capensis Meliaceae Sapling & 

tree 

Sapling  209  53  29   7 

Entada abyssinica Fabaceae Sapling & 

tree 

Sapling 38  27  3 3  

Eucalyptus dtriodora Myrtaceae Tree  - 5 3  - - 

Eucalyptus grandis Myrtaceae - Tree  - - 5  3  

Euclea schimperi Ebenaceae Shrub & tree Shrub & 

tree 

868  83  1028  93  

Grewia ferruginea Tiliaceae Shrub & tree   Seedling  634  83  26  3 

Grewia  mollis Tiliaceae Tree    - 10  13  - - 

Grevillea robusta Proteaceae Tree    - 13   7 - - 

Jasminum abyssinicum Oleaceae Shrub  - 24  10 - - 

Juniperus procera Cupressaceae Tree  Shrub  6  13   6  7 

Leucaena leucocephala Fabaceae Sapling & 

tree  

- 2391  70 - - 

Maytenus arbutifolia Celastraceae Shrub  Shrub  35  13  61  17 

Myrsine africana Myrsinaceae Shrub  Shrub  30  10  3 3  

Nuxia congesta Buddleiaceae Sapling  Sapling 9  3   3 3  

Ocimum lamiifolium Lamiaceae Shrub  - 88  13  - - 

Olea  africana Oleaceae Tree  - 10   7 - - 

Osyris compressa Santalaceae - Shrub  - -  6  7 

Prunus africanus Rosaceae Sapling & 

tree 

- 30  13  - - 

Rhus glutinosa Anacardiaceae Sapling & 

tree  

Sapling 9  10  3 3  

Rhus natalensis Anacardiaceae Sapling & 

tree 

Sapling 

& tree 

512  73  357  90 

Rhus retinorrhoea Anacardiaceae Sapling & 

tree 

Sapling  20  3  38  23  

Rhus vulgaris Anacardiaceae Sapling & 

tree 

Sapling 

& tree 

14  10 12  10 
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Rumex nervosus Polygonaceae - Shrub  - - 108  17 

Securinega virosa Euphorbiaceae Sapling & 

tree 

Sapling 68  43  67  20 

Terminalia brownii Combretaceae - Tree  - - 2  3  

Ximenia americana Olacaceae Tree  - 7   7 - - 

Ziziphus mauritiana Rhamnaceae Tree  Tree  10  13 5   7 

Zizyphus mucronata Rhamnaceae Tree  - 55 30 - - 

Total                                                                                                                           7790                      2819         

 Source: survey data    

“-” = Absent in the sample plot 

                                    4.2.3. Species Similarity  

The number of woody plant species and families encountered as common in both ex-closure and 

open sites were 22 and 16, respectively. Out of the total 48 woody species recorded during the 

vegetation inventory, 21 of the woody species were only recorded in ex-closure. However, 6 

wooded species were exclusively recorded in the open site. Out of the 16 families common to both 

sites, Anacardiaceae and Fabaceae were the most dominant families. Of the 28 families recorded 

during the field inventory, nine of them were not totally recorded in open site: Acanthaceae, 

Capparidaceae, Flacourtiaceae, Lamiaceae, Olacaceae, Oleaceae, Proteaceae, Rosaceae, and 

Sterculiaceae. However, Combretaceae, Polygonaceae, and Santalaceae were only recorded in 

open site. 

Table 6: Number of plant species, plant family, and density in both sites. 

Site  Specie Family Density 

Ex-closure 42 25 7790 

Open  28 19 2819 

   Source: survey data  

Generally, the findings revealed that ex-closure site had higher numbers in terms of species, 

family, and density as compared to the open site. This could be attributed to the management of 

ex-closure from frequent and intensive disturbances.  
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Table 7: Sorensen’s similarity coefficient (SSC) between ex-closure versus open grazing sites. 

 Open grazing Ex-closure 

Open grazing  1 0.61 

Ex-closure  0.61 1 

  Source: survey data  

Based on the computed value of Sorensen’s similarity coefficient, the two study sites have a 

similarity of 61%. This suggested that there was only 39% difference in species composition 

between the two sites. The higher similarity in species composition between the two sites could be 

attributed to the similarity in historical, biophysical, and socio-economic settings though it may 

need further studies in the future.  However, the dissimilarity between the two sites could be 

resulted from the human intervention in managing and protecting the ex-closure from external 

disturbances as opposed to the open site. The present result was supported by previous studies 

conducted by Meron Tekalign (2010) and Tefera Mengistu et al. (2005), where both of them 

reported that ex-closure and open grazing land significantly differed in floristic composition due 

to variation in the management of land. 

                              4.2.4. Important Value Index  

The total important value index (IVI) of woody species ranged between 59.61 and 0.38% in ex-

closure, but 97.42 and 0.73% for the open grazing land (Table 8). The important value index gives 

the realistic value of dominance of a specie (Emru Birhane et al., 2006). So, woody species with 

highest IVI in ex-closure were found for Leucaena leucocephala, Euclea schimperi, Dichrostachys 

cinerea, and Acacia abyssinica each with 59.61, 28.85, 28.31, and 23.23%, respectively. On the 

other hand, Euclea schimperi (97.42 %), Rhus natalensis (71.09%), Carissa edulis (31.99%), and 

Calpurnia aurea (27.17%) were computed as the highest IVI in the open grazing land. The higher 

density, frequency, and dominance of a species has higher important value index (Demel Teketay 

et al., 2016). 
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Table 8: Comparison of importance value indices (IVI) between ex-closure versus open grazing 

sites.  

 

 

Scientific names 

Land use type 

Ex-closure Open grazing 

Relative 

Density 

Relative 

frequency 

Relative 

Dominance 

IVI of a 

specie 

Relative 

Density 

Relative 

frequency 

Relative 

Dominance 

IVI of a 

specie 

Acacia abyssinica 1.41 4.87 16.95 23.23 - - - - 

Acacia brevispica 0.05 0.32 0.08 0.45 - - - - 

Acacia lahai 0.50 3.90 5.31 9.71 1.15 2.65 0.08 3.88 

Acacia seyal 0.17 0.65 0.88 1.70 - - - - 

Acokanthera schimeri   0.03 0.32 0.01 0.36 2.09 4.64 0.73 7.45 

Adhatoda schimperiana 1.06 0.97 0.07 2.10 - - - - 

Allophylus abyssinicus 0.04 0.32 0.07 0.43 - - - - 

Calpurnia aurea 8.33 5.19 0.88 14.40 19.10 5.96 2.11 27.17 

Capparis tomentosa 0.92 0.65 0.00 1.57 - - - - 

Carissa edulis 4.98 7.47 5.91 18.36 9.19 12.58 10.22 31.99  

Celtis africana 0.18 0.65 0.14 0.97 0.10 0.66 0.02 0.79 

Clerodendrum alatum 0.31 0.32 0.00 0.63 - - - - 

Cordia africana - - - - 0.04 0.66 0.03 0.73 

Croton macrostachyus - - - - 0.48 4.64 0.69 5.80 

Cupressus lusitanica 0.02 0.32 0.03 0.38 - - - - 

Dichrostachys cinerea 10.98 7.14 10.18 28.31 0.10 0.66 0.02 0.79 

Dodonaea viscosa 9.95 2.92 1.22 14.09 2.40 2.65 0.60 5.65 

Dombeya torrida 0.42 0.65 0.16 1.23 - - - - 

Dovyalis abyssinica 0.04 0.32 0.05 0.41 - - - - 

Ehretia cymosa 1.01 3.25 0.47 4.73 2.80 1.32 0.00 4.12 

Ekebergia capensis 2.44 5.19 1.65 9.28 1.04 1.32 0.01 2.34 

Entada abyssinica 0.45 2.60 0.30 3.35 0.10 0.66 0.00 0.77 

Eucalyptus dtriodora 0.06 0.32 0.14 0.52 - - - - 

Eucalyptus grandis - - - - 0.19 0.66 0.20 1.05 

Euclea schimperi 10.14 8.12 10.59 28.85 36.45 18.54 42.31 97.42 

Grewia ferruginea 7.41 8.12 4.28 19.81 0.93 0.66 0.00 1.60 

Grewia  mollis 0.12 1.30 0.38 1.80 - - - - 

Grevillea robusta 0.15 0.65 0.07 0.87 - - - - 

Jasminum abyssinicum 0.28 0.97 0.04 1.29 - - - - 

Juniperus procera 0.07 1.30 0.30 1.67 0.21 1.32 0.06 1.60 
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Leucaena leucocephala 27.94 6.82 24.85 59.61 - - - - 

Maytenus arbutifolia 0.41 1.30 0.02 1.73 2.18 3.31 0.10 5.59 

Myrsine africana 0.35 0.97 0.08 1.40 0.10 0.66 0.03 0.77 

Nuxia congesta 0.10 0.32 0.03 0.46 0.10 0.66 0.09 0.85 

Ocimum lamiifolium 1.03 1.30 0.05 2.38 - - - - 

Olea  africana 0.12 0.65 0.08 0.85 - - - - 

Osyris compressa - - - - 0.21 1.32 0.02 1.55 

Prunus africanus 0.36 1.30 3.99 5.65 - - - - 

Rhus glutinosa 0.11 0.97 0.23 1.31 0.10 0.66 0.02 0.78 

Rhus natalensis 5.98 7.14 8.49 21.62 12.66 17.88 40.55 71.09 

Rhus retinorrhoea 0.23 0.32 0.04 0.60 1.34 4.64 0.22 6.19 

Rhus vulgaris 0.17 0.97 0.49 1.63 0.42 1.99 0.05 2.45 

Rumex nervosus - - - - 3.85 3.31 1.20 8.36 

Securinega virosa 0.80 4.22 0.22 5.24 2.39 3.97 0.13 6.49 

Terminalia brownii - - - - 0.09 0.66 0.06 0.77 

Ximenia americana 0.09 0.65 0.35 1.09 - - - - 

Ziziphus mauritiana 0.14 1.30 0.09 1.56 0.19 1.32 0.45 1.96 

Zizyphus mucronata 0.64 2.92 0.83 4.37 - - - - 

             Total 100 100 100 300 100 100 100 300 

                       4.2. Physico Chemical Characteristics of Soil   

                                           4.2.1. Physical Property of Soil   

The soil particle size fractions, which are percentages of sand, silt, and clay have significantly 

varied with land use type (Table 9). The overall mean of sand fraction (59.87±3.62) in the open 

grazing land is significantly higher than in the ex-closure (39.66±2.13) while, silt and clay soil 

fractions were significantly higher (25.33±0.66, 35.00±1.90, respectively) in the ex-closure than 

in the open grazing land (21.20±1.14, 18.93±2.62, respectively) (Table 9). This is due to the 

removal of clay and silt soils from the open grazing land through the process of soil erosion, as 

opposed to the ex-closure, resulting from the absence or scarcity of vegetation cover.  According 

to Fantaw Yimer et al. (2015), the dominance of sand size fraction might have resulted from 

selective transportation of fine fraction which is attributed to the effect of particle size. In another 

study, open grazing land was found to have high degree of erosion, due to the reduction in 

vegetation cover resulting from over grazing and cutting of fuel wood (Valckx et al., 2002). 
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Both bulk density and moisture content of the soils significantly varied with the management 

difference. From the result showed that there was significant deference in bulk density between 

open grazing and ex-closure at 0.05 confidence level (Table 9). The higher soil bulk density was 

found in the open grazing land (1.22±0.03) than in the ex-closure (0.97±0.02). The probable reason 

was suggested to be the compaction of the soils due to trampling by livestock and also less 

vegetation cover leads to low organic matter content. A previous study also noted that soil crusting 

and sealing are higher in the open land because of lack of vegetation cover which led to higher 

bulk density (Tizita Endale, 2016).      

There was also significant difference in soil moisture content in the two land use types. For 

example, higher moisture content was found in the ex-closure than in the open grazing land. One 

of the possible reasons could be due to the higher density of vegetation cover and also the increase 

in organic matter through the decomposition of litter fall. For instance, organic matter improves 

soil structure and aggregate stability, which in turn results in an increase in pore size and also 

ultimately leads to an increase in infiltration rate of water through the soil aggregates. Moreover, 

the presence of higher percentage of clay soil and organic carbon in the ex-closure is another 

possible factor for the increase in moisture content of the soil. The higher organic carbon increase 

soil moisture content through improvement in structure (Kevin et al., 2011). Nevertheless, the 

open grazing land had higher erosion rate as a consequence of livestock over grazing and 

trampling, which also affect the watershed property by altering the plant cover. Previous studies 

also noted that reduction in the vegetation cover may increase the impact of rain drop, decrease 

soil organic matter and soil aggregates, increase surface crust and reduced soil water content 

(Mwendera et al., 1997).   

                                        4.2.2. Chemical Property of the Soil  

There was variation in soil pH between the two land use types. For example the soil pH in the area 

ex-closure (7.46±0.04) significantly higher than in the open grazing land (7.11±0.03). This 

variation was due to the accumulation of exchangeable cation in area ex-closure. Moreover, the 

moisture content in the ex-closure was significantly higher, and also higher infiltration and 

leaching implies low value of pH. However, the mean value of the pH of the soil in the ex-closure 

was significantly higher as compared to that of the open grazing site. This could happen due to the 
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accumulation of organic matter which in turn results in higher base cation. Similarly, previous 

studies noted that the accumulation of organic matter might reduce soil erosion resulting in higher 

soluble base cation (Ca2+, Mg2+) that in turn reduce H+ responsible for acidity and increase pH in 

the soil (Fantaw Yimer et al., 2015).   

                                     4.2.3. Exchangeable Cation  

Among the exchangeable cation of soil variables that showed significant variation between land 

use types at a depth of 20 cm were exchangeable Ca2+, exchangeable Mg2+, and exchangeable K+ 

where all of them were higher in the ex-closure than in open grazing land (Table 9). This was the 

result of higher accumulation of organic matter from the decomposition of plant materials, which 

is largely responsible for much of the physical and chemical fertility of the soil (Charman and 

Roper, 2007). From the two land use types, ex-closure showed higher overall mean of 

exchangeable Na+ and significant difference in total N, available P, cation-exchange capacity, 

organic carbon, and organic matter. The present study revealed that the mean values of the 

aforementioned soil variables varied between 0.14±0.01 to 0.35±0.02 for total N, 8.25±0.60 to 

12.85±1.14 for available P, 38.18±0.86 to 44.44±0.67 for cation- exchange capacity, 1.55±0.12 to 

3.02±0.12 for organic C, and 2.67±0.21 to 5.19±0.20 for organic matter. Previous studies also 

stated that the mean values of total soil N stocks, available P stocks, and CEC have increased after 

the conversion of the open grazing land to area ex-closure so that they were positively correlated 

with woody biomass, vegetation canopy cover, clay content, and age of ex-closure, but inversely 

correlated with bulk density (Wolde Mekuria and Aynekulu Ermias, 2011). Similarly, Chen & Xu 

(2010) reported that the conversion of natural land scape in to grazing system cause decline in soil 

organic matter and reduce the nutrient content of soil through reduce litter production and increase 

erosion rate of soil.  Grazing land in northern Ethiopia have shown lower total soil nitrogen (N), 

available phosphorus (P), and cation exchange capacity (CEC) compared to ex-closure (Wolde 

Mekuria et al., 2011)  similar report  in tropical pasture (Ajorlo et al., 2011). 
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Table 9: Comparisons of the physical and chemical properties of soils between ex-closure versus 

open grazing sites.  

Soil Variable Unit Ex-closure Open F-value P-Value 

Moisture content  % 16.38±0.49a 12.69±0.71b 18.38 0.000 

Bulk Density  g/cm3 0.97±0.02 a 1.22±0.03b 54.57 0.000 

Soil pH(1:2.5)  7.46±0.04 a 7.11±0.03b 40.17 0.000 

Soil Cation- Exchange 

Capacity  

meq/100g 44.44±0.67 a 38.18±0.86b 33.46 0.000 

Exchangeable Na+ meq/100g 0.76±0.06 a 0.67±0.05 a  1.42 0.239 

Exchangeable K+ meq/100g 1.24±0.10 a 0.57±0.06 b  33.16 0.000 

Exchangeable Ca2+ meq/100g 27.58±0.65 a 24.91±0.68 b 10.79 0.002 

Exchangeable Mg2+ meq/100g 10.66±0.35 a 7.94±0.31 b  33.43 0.000 

Available P ppm 12.85±1.14 a 8.25±0.60 b 12.65 0.001 

Total N % 0.35±0.02 a 0.14±0.01 b 55.63 0.000 

Organic C % 3.02±0.12 a 1.55±0.12 b 75.21 0.000 

Soil Organic Matter  % 5.19±0.20 a 2.67±0.21 b 74.97 0.000 

Sand  % 39.66±2.13 a 59.87±3.62 b 22.56 0.000 

Silt % 25.33±0.66 a 21.20±1.14 b  9.83 0.003 

Clay % 35.00±1.90 a 18. 93±2.62 b  24.12 0.000 

C /N  8.63 11.07   

Texture  Clay loam Sandy loam   

The number labeled with different letters at ex-closure and open land use type were significantly 

differed at p < 0.05 level significant.  

                 4.3. Socio-economic Influence  

                               4.3.1. Perception of local peoples on area ex-closure  

A total of 89 households responded to the questionnaire survey. Majority of the respondents (about 

71.9 %) were males, and the average age of the respondents was about 50 years with a standard 

deviation of 11.80. The average family size in a household was about 5 persons. A majority of the 

respondents (about 88 %) engaged in mixed farming, and the average annual income of the 

respondents was about 12,629.21 Ethiopian Birr (ETB). The largest percentage (about 88.8%) of 

the respondents had livestock. However, most of the respondents (73%) complained that they did 

not have enough grazing land. On average, household had lived in the area for about 29 years. 

Regarding the history of settlement, almost half of the respondents (46.1%) noted that they had 
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inherited land from their ancestors. Similarly, about 91% and 92.1% of the respondents planned to 

stay in the area in the future and noted that they had their own private lands, respectively. 

Perception of local people on natural resources management is one of the important factors for 

effective natural resource conservation interventions. The majority of respondents (about 76.4%) 

had knowledge on the establishment of area closure and more than half of the respondents (about 

62.9%) noted that the trend of the regeneration of plant biodiversity after the establishment of the 

ex-closure increasing. Former studies also noted that ex-closure contributed to the regeneration of 

plant biodiversity (Wolde Mekuria and Aynekulu Ermias, 2011; Mastewal Yami et al., 2006). For 

example, about 83.15% and 40.45% of the respondents argued that the introduction of community-

based participatory biodiversity conservation, and strict law enforcement and punishment of those 

people who committed illegal encroachment of biodiversity in the boundary of ex-closure were 

the two major reasons for the increment in the trend of the plant biodiversity after the establishment 

of the ex-closure, respectively. In addition, local bylaws had major contrition for the protection of 

biodiversity in the compound of ex-closure (Mastewal Yami et al., 2012). From the total 

respondents, about 76.4% had knowledge on the presence of local bylaws that were formulated 

based on the agreement among local people. Based on this, respondents reported that anyone who 

is found while driving his/her livestock illegally within the boundary of the ex-closure will be 

punished (i.e. 50 birr per sheep or goat, 100 birr per ox or donkey, and 200 birr per camel). The 

money collected through the penalty will be used to pay the monthly salary of the guards who are 

encharge of protecting the ex-closure from human and livestock induced disturbances. In addition 

to their monthly salaries, the guards allowed to graze one camel without any time of limitation and 

also to collect dead branches at any time. In the study site, the guards are selected from the 

community themselves to protect the ex-closure. Collection of fuel wood, cutting trees, and 

harvesting of grass inside the ex-closure is not allowed based on the bylaws set by the local people. 

About 74.16% of respondents argued that the local bylaws were effective. However, there are 

problems including unequal distribution of resources from the ex-closure (i.e. grass and fuel wood) 

and illegal interference into the ex-closure including cutting trees, free-range livestock grazing, 

and collection of fuel wood are the main management problems threatening the ex-closure. Similar 

studies conducted by Meron Tekalign (2010) stated that low incentive for guards, weak rule, and 

ineffective monitoring are challenges in ex-closures to get full benefits. Based on the responses 

obtained from the household survey, the local people complained that ex-closure have negative 
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impacts on the expansion of farm land (4.49%), prevent free access of fuel wood (20.22%), and  

compete with grazing land (47.19%) (Appendix 8). 

                         4.3.2. Socio economic Factors that Affect Perception of Local Community  

The multiple linear regression model revealed that several socioeconomic variables significantly 

affected the perception of local peoples towards the ‘ex-closure’. As revealed from their 

coefficients, those who were  older in age (ß = 0.23), more educated (ß = 0. 25), lived in the area 

for long time (ß = 0.19),  knew flood hazard before the establishment of the ex-closure (ß = 0.20), 

knew the establishment of the ex-closure (ß = 0.18), knew the regeneration of plant species used 

for medicinal or fodder purpose after the establishment of the ex-closure (ß = 0.21) and knew the 

presence of local bylaws (ß = 0.18) as well as private land ownership (ß =  0.27) significantly had 

positive perception towards ‘ex-closures ’. In contrast, those who were females (ß = -0.18) and 

daily laborers (ß = -0.23) significantly had negative perception towards the ‘ex-closure’. Overall, 

the multiple linear regression model revealed that socioeconomic variables had significant effects 

on the dependent variable, i.e., perception towards the ‘ex-closure’ (29% variance explained) 

(Table 10). 

 According to the study of Solomon Ayele and Demel Teketay (2017) around Tarmaber District 

of North Shewa Zone, found that socio-economic variables significantly affected the perception 

of local people towards the concept of participatory forest management. Generally, local people 

had greater positive perception toward ex-closure. For example, a greater percentage of 

respondents had agreed (68.54%), strongly agreed (24.72%) rather than disagreed (6.74%) toward 

the present of ex-closure. The greater positive perception of local people toward ex-closure may 

be connected with the ample indigenous knowledge about ex-closure and the perceived benefits 

(e.g. employment opportunities, infrastructure development, wood products, source of fodder for 

livestock through cut and carry system, etc.) and values (e.g.  Aesthetic and medicinal values) that 

the local people expect from the ex-closure in the study areas. Tessema et al. (2007) stated that the 

local communities viewing of ex-closure and the associated vegetation diversity and their value 

make them more excited than anything else. Similarly, Roskaft et al. (2007) noted that people who 

feel enjoyment at the prospect of watching large coverage of vegetation.  
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Table 10: Multiple linear regression model to predict Perception towards the ‘ex-closure’ + 

indicates a positive change in Perception and - a negative change in Perception. 

Standardized coefficients were reported; *represents significance at the 95% confidence level; 

Adj. R2 = 0.29, df = 20; F = 3.19, P < 0.001. 

Variable 

Perception  towards the  

ex-closure 

ß t 

P 

value 

Intercept - +28.57 0.000 

Sex (Male = 1; Female = 2) -0.18 -1.98* 0.002 

Age +0.23 +2.21* 0.002 

Family size per household -0.15 -1.49 0.141 

Level of education +0.25 +2.41* 0.001 

Occupation -0.23 -2.21* 0.002 

Annual Income +0.09 +0.85 0.398 

Lived in the area +0.19 +2.13* 0.002 

History of settlement +0.02 +0.16 0.881 

Had a plan to stay in the area in the future(Yes = 3; No = 1) -0.04 -0.36 0.722 

Livestock ownership(Yes = 3; No = 1) +0.09 +0.90 0.373 

Want to keep more livestock in the future(Yes =3; No = 1) +0.06 +0.59 0.562 

Had enough grazing land (Yes = 3; No =1) +0.16 +1.57 0.121 

Had private land (Yes = 3; No = 1) +0.27 +2.60* 0.001 

Knew the flood hazard before the establishment of the area 

closure(Yes = 3; Unsure =2; No = 1) 

+0.20 +2.23* 0.002 

Knew the increment of crop yield after the establishment of the area 

closure(Yes = 3; Unsure =2; No = 1) 

+0.01 +0.06 0.951 

Had farmland adjacent to grazing area (Yes = 3; No =1) +0.14 +1.39 0.172 

Knew the establishment of area closure(Yes = 3; Unsure =2; No = 1) +0.18 +2.13* 0.002 

Knew the presence of local bylaw(Yes = 3; Unsure =2; No = 1) +0.18 +2.72* 0.001 

Knew the accessibility of fuel wood after the establishment of the 

area closure(Yes = 3; Unsure =2; No = 1) 

-0.04 -0.33 0.743 

Benefited from area closure(Yes = 3; No = 1) +0.01 +0.09 0.93 

Had knowledge on the regeneration of plant species used for 

medicinal or fodder purpose after the establishment of the area 

closure(Yes = 3; Unsure =2; No = 1) 

+0.21 +2.34*  0.002 
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                                 4.3.3. Benefit of area ex-closure to local Community 

Most of the respondents (89.9%) confirmed that they got benefits from the ex-closure. Among the 

most prominent perceived benefits to the local people due to the presence of the ex-closure include 

aesthetic and recreational value, employment opportunities, wood products (e.g. fuel wood and 

construction materials), source of fodder for livestock through cut and carry system, source of 

medicinal plants, traditional beehive keeping (started with recent year) and source of honey as 

direct use, reduced soil erosion and save downstream from sedimentation and also source of water 

from stream flow as indirect use. According to the information obtained from the expert at the 

office of rural development and agriculture, the beehive technology was very recently introduced 

in the area so that it does not have yet started providing satisfactory results due to lack of proper 

management and also less attention given by the local people. Among all respondents, about 

93.26% argued that the trend of flood hazard decreased after the establishment of the area ex-

closure. This thought was also supported by Abera Tilahun et al. (2016), who studied around East 

Shewa Zone, Adami Tulu Jido Kombolcha District and stated that the establishment of ex-closure 

has benefits to reduce flood hazards and also change the local weather through microclimate 

regulation.  

According to the sample households, the production of fodder obtained from the ex-closure for 

thatching reduced with an increase in the age of the ex-closure. This is due to the increase in the 

over shading effect of trees and shrubs on under growth including grasses used for thatching. This 

result was also in line with the study by Kibret Mamo (2008), in Kallu District, Southern Wello 

and characterized as after five years, ex-closure showed reduction in the availability of grass 

production due to canopy cover of plant species especially thorny species of family Fabaceae. The 

primary aim of ex-closure is to tackle land degradation and rehabilitation of degraded land. From 

the sampled household 76.40% and 73.03% of respondents argued that the primary reason for the 

establishment of ex-closure in the study site was to rehabilitate the degraded land and also to reduce 

soil erosion, respectively. Most of the respondents (91.01%) agreed that the primary responsible 

body to ex-closure is the local people because they consider that the ex-closure is their own 

common property. However, only 8.99% of the respondents appealed that it is not only the 

responsibility of the local people, but also the government is expected to contribute its own part 

towards the protection and management of the ex-closure. 
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5. CONCLUSION AND RECOMMENDATIONS 

                  5.1. Conclusion 

This study provided evidence about the role of ex-closure for biodiversity conservation and soil 

quality improvement and also investigated its contributions to the benefits of the local community. 

The study revealed that the densities and species diversities of woody plants and soil nutrient in 

the ex-closure are significantly improved compared to the adjacent open grazing site. For example, 

the total density of woody species in the ex-closure was more than twice compered to in the open 

grazing site. The most frequently occurred species in the study site was Euclea schimperi; 

specifically it highly dominated the open grazing site which might be resulted from its 

unpalatablity to livestock.  Soil nutrients, such as exchangeable (Ca, Mg, and K), CEC, total N, 

available P, soil organic matter, and organic C were all significantly greater in the ex-closure than 

in the open grazing site. This suggested that reducing human and livestock interferences through 

the implementation of ex-closure enhances of the rehabilitation of degraded area, and thereby 

restores natural vegetation, increases woody plant species composition and also improves soil 

quality. Increasing vegetation coverage through the intervention of ex-closure also reduces soil 

erosion and flood hazards in and around the study site.  

The multiple linear regression model revealed that several socio-economic variables, such as sex, 

age, level of education, occupation, length of residence in the area, livestock ownership, land 

ownership, knowledge on the presence of flood hazard before the establishment of the ex-closure 

significantly affected the perception of local people towards ex-closure. However, the findings of 

the present study suggested that knowledge, experience, and perception of the local people about 

the contributions of ex-closure to biodiversity conservation, soil quality improvement and socio-

economic development may change over time. The study also illustrated that illegal interferences 

by local people and their livestock were the major problems that challenge the ex-closure towards 

achieving its establishment goal, such as enhancing the vegetation diversity and improving the 

quality of the soils. Perception of local people towards ex-closure can be positively influenced by 

increasing their knowledge. Thus, informing the local communities about the different values of 

ex-closure (e.g. aesthetic, ecological, and economic values) through conservation education and 

advocating the need for sustainable utilization may improve the positive Perception and increase 

the support of local community in the conservation and management of ex-closure.  
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               5.2. Recommendations  

Based on the findings of the present study, the following points are recommended: 

 Effective management of woody plants diversity and improving soil quality in ex-closure 

depends on minimizing external disturbances by humans and their livestock should be 

emphasized. In addition, enrichment plantation can also help enhance the regeneration of 

woody plant species in the ex-closure.  

  The social survey revealed that illegal interference of local people in the ex-closure and the 

unfair distribution of resources were the major problems. So, introducing and advocating 

equitable benefit-sharing system with full participation of the local community in the 

conservation and management process could be helpful. 

 An integration of indigenous knowledge with modern conservation approaches in the planning 

and implementation phase is crucial to improve and promote local participation in the 

conservation and management of ex-closure. Local knowledge not only provides relevant 

information on the protection and use of the biodiversity resources, but also contributes 

valuable information on how to maintain and use of them.   

 Ex-closure management will be sustained if all local people including youth fairly involved in 

the protection and management of the ex-closure. Moreover, creating public awareness about 

ex-closure can help upgrade the active participation of the local stakeholders.  

 The development of alternative source of fuel wood for the local communities who largely 

depend on forest and forest products is critical issue for the conservation of the biodiversity 

and thereby reduce the pressure of the local people on the ex-closure. Hence, introducing 

alternative source of energy, such as energy saving stove should be promoted. 

 Although the ex-closure in the study site existed for the last three decades, the beekeeping 

technology was very recently introduced. Therefore, to magnify the benefits generated by the 

ex-closure, modern apiculture technology should be reinforced.   

 To increase the availability of grass in the ex-closure for cut and carry system as well as 

thatching, certain forest management practices, such as thinning, pruning and the likes should 

be properly designed and applied. This in turn increases the active participation of the local 

people in the protection and management of the ex-closure.   
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APPENDICES 

         Appendix 1. Woody plant species per sample plots in the open grazing site  

Species name  Sample plot  

 

Total 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Acacia lahai 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 2 5 

Acokanthera schimeri   0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 11 2 0 0 0 0 0 0 0 2 1 2 20 

Calpurnia aurea 11 0 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 2 0 0 0 0 0 0 5 2 40 

Carissa edulis 0 1 10 8 4 5 5 0 4 5 0 0 0 0 1 0 0 3 0 5 5 0 0 1 1 3 5 4 1 1 72 

Celtis africana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

Cordia africana 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Croton macrostachyus 0 0 0 0 0 0 0 0 0 0 1 1 2 2 2 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 11 

Dichrostachys cinerea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 

Dodonaea viscosa 0 0 0 0 0 0 2 8 0 1 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 15 

Ehretia cymosa 0 0  2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 

Ekebergia capensis 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

Entada abyssinica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 

Eucalyptus grandis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 

Euclea schimperi 10 12 25 24 21 23 6 6 0 9 1 2 3 0 2 13 2 11 16 12 16 2 7 2 6 12 4 2 8 5 262 

Grewia ferruginea 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Juniperus procera 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 

Maytenus arbutifolia 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 5 

Myrsine africana 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Nuxia congesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Osyris compressa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 

Rhus glutinosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Rhus natalensis 3 3 14 11 16 14 3 0 0 6 1 2 2 1 1 4 0 1 3 6 4 1 2 1 5 1 1 1 3 1 111 

Rhus retinorrhoea 0 0 0 0 0 0 6 4 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 16 

Rhus vulgaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 

Rumex nervosus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 3 1 0 2 0 0 0 0 0 4 0 0 2 0 0 0 13 

Securinega virosa 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 7 

Terminalia brownii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 

Ziziphus mauritiana 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 5 
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Appendix 2. Woody plant species per sample plots in the ex-closure 

Species name  Sample plot Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Acacia abyssinica 0 2 0 0 0 0 0 3 0 7 0 0 5 0 0 8 1 2 0 6 0 0 8 3 2 3 1 4 6 5 66 

Acacia brevispica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 

Acacia lahai 0 0 1 0 0 0 2 1 9 0 0 0 0 0 0 2 2 0 0 0 0 1 0 0 2 6 2 2 0 5 35 

Acacia seyal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 10 

Adhatoda schimperiana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 6 0 0 0 0 3 15 

Allophylus abyssinicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 

Acokanthera schimeri   1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Calpurnia aurea 6 0 0 0 3 5 0 3 0 0 5 10 2 6 0 0 11 9 9 0 0 1 0 1 2 5 0 0 2 0 80 

Capparis tomentosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 3 

Carissa edulis 5 2 3 0 0 0 3 3 0 5 3 9 10 3 8 7 3 0 0 6 7 3 22 0 8 20 7 8 17 29 191 

Celtis africana 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 7 

Clerodendrum alatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Cupressus lusitanica 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

Dichrostachys cinerea 4 0 0 0 6 8 3 0 12 1 0 0 1 0 13 3 11 10 9 13 3 2 10 0 13 3 12 20 4 2 166 

Dodonaea viscosa 6 0 0 0 0 0 7 1 0 0 0 0 0 0 0 0 0 0 3 0 26 29 12 2 0 0 1 0 0 0 87 

Dombeya torrida 0 0 0 1 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

Dovyalis abyssinica 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 

Ehretia cymosa 0 1 0 0 0 5 0 2 0 2 0 0 0 1 0 2 2 0 0 0 0 0 0 0 0 0 3 0 1 4 23 

Ekebergia capensis 2 8 11 0 4 0 2 3 0 0 4 0 0 0 5 0 3 0 0 0 7 2 10 3 1 0 6 2 0 0 73 

Entada abyssinica 0 0 0 0 2 0 0 0 0 1 2 0 3 2 0 0 0 0 0 4  0 3 0 0 3 0 0 0 0 20 

Eucalyptus dtriodora 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 

Euclea schimperi 0 2 1 4 7 3 4 0 7 5 11 8 7 13 14 0 0 0 5 26 12 8 5 20 12 12 8 3 12 9 218 

Grewia ferruginea 2 5 0 3 2 0 0 2 4 7 0 6 7 14 10 4 11 8 3 2 0 0 8 5 8 10 3 1 4 2 131 

Grewia  mollis 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 8 

Grevillea robusta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 7 

Jasminum abyssinicum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 2 0 0 0 0 0 0 8 

Juniperus procera 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 

Leucaena leucocephala 11 3 9 19 12 4 1 3 3 0 25 35 32 26 23 0 0 5 0 2 0 0 9 17 13 0 1 0 0 1 254 

Maytenus arbutifolia 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 2 0 0 0 0 0 12 

Myrsine africana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 3 0 3 0 0 0 0 0 0 12 

Nuxia congesta 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
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Ocimum lamiifolium 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 6 4 2 0 0 0 15 

Olea  africana 1 2 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 

Prunus africanus 0 0 0 0 4 0 0 0 0 0 0 0 0 4 0 0 0 0 7 0 0 0 0 0 0 0 1 0 0 2 18 

Rhus glutinosa 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 7 

Rhus natalensis 0 3 2 0 0 5 0 1 0 2 4 11 9 0 0 5 4 7 9 0 7 12 22 15 11 0 9 14 10 5 167 

Rhus retinorrhoea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 10 

Rhus vulgaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 10 

Securinega virosa 0 0 0 0 0 0 0 0 0 2 0 2 0 1 3 0 0 1 1 1 0 0 1 0 1 1 5 1 2 0 22 

Ximenia americana 0 0 0 5 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 

Ziziphus mauritiana 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 

Zizyphus mucronata 0 0 0 0 3 0 0 1 0 0 0 0 0 0 5 2 4 0 0 1 0 0 0 0 0 3 4 0 1 0 24 
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Appendix 3. Soil physical and chemical variable in the ex-closure and open site  

Plo

t 

No
. 

Trans

ect 

No. 

Soil moisture 

content (%) 

Soil bulk 

density (g/cm3) 

Soil pH(1 :25) Cation exchange 

capacity (CEC) 

(meq/100g)  

Exchangeable 

Na (meq/100g) 

Exchangeable K 

(meq/100g) 

Exchangeable Ca 

(meq/100g) 

Exchangeable Mg 

(meq/100g)  

closure open closure open closure open closure open closure open closure open closure open closure open 

1 1 14.43 19.11 1.01 1.25 7.53 7.57 47.06 42.16 1.35 1.02 1.92 0.46 25.95 21.26 11.88 8.20 

2 1 14.45 17.32 0.86 1.02 7.90 7.31 40.56 35.16 1.13 1.05 0.79 0.47 23.05 20.03 9.82 7.49 
3 1 17.29 17.77 0.96 1.11 7.20 7.16 39.56 46.62 0.91 0.54 0.69 1.04 22.59 28.05 12.23 12.91 

4 1 17.58 17.36 0.98 1.24 7.35 7.15 47.32 43.66 0.78 0.67 0.82 1.33 32.29 27.77 8.23 8.36 

5 1 20.75 14.69 0.89 1.09 7.15 6.94 48.50 35.20 0.67 0.50 1.25 1.33 26.21 23.89 10.53 6.15 

6 1 18.49 11.95 1.03 1.22 7.82 6.96 49.05 32.54 0.57 0.67 1.97 0.78 28.58 22.37 11.39 7.74 

7 1 17.61 11.92 1.09 1.36 7.50 6.74 41.30 34.52 0.61 0.58 0.96 0.04 29.67 23.48 9.67 6.00 

8 1 12.97 8.95 0.87 1.37 7.60 7.21 41.58 41.26 1.24 0.98 0.83 0.12 30.88 32.87 7.03 6.31 
9 1 19.5 7.63 0.98 1.25 7.50 6.92 46.31 36.80 0.83 0.61 1.13 0.13 26.99 24.56 13.58 8.29 

10 1 16.47 5.62 0.88 1.18 7.65 7.26 42.08 39.54 0.61 0.61 1.10 0.72 23.48 23.35 12.08 7.88 

11 2 21.59 16.96 0.97 1.31 7.36 7.48 41.40 40.50 0.38 0.27 1.29 0.95 25.63 21.63 12.58 8.60 
12 2 17.15 16.83 1.08 1.11 7.22 7.30 49.94 43.94 0.63 0.67 2.03 0.69 29.84 29.20 9.18 10.71 

13 2 12.14 12.76 0.87 1.12 7.40 7.10 38.23 41.96 0.35 0.20 1.48 0.78 23.92 28.93 8.63 8.56 
14 2 19.77 16.83 1.25 1.11 7.53 7.39 39.44 45.56 0.65 0.61 1.57 0.96 20.29 33.11 12.99 8.26 

15 2 18.99 20.44 1.06 1.12 7.39 6.81 45.84 42.56 0.43 0.46 2.00 0.74 30.48 29.58 10.58 9.79 

16 2 18.16 10.2 0.96 1.55 7.60 6.87 49.80 37.56 0.70 0.74 1.98 0.74 31.68 22.71 12.38 10.11 
17 2 14.46 8.06 0.89 1.52 7.79 6.85 44.98 29.60 0.67 0.59 1.88 0.27 28.69 19.57 11.06 6.72 

18 2 18.85 8.21 0.86 1.26 7.15 7.21 47.76 30.80 1.43 1.15 2.01 0.10 27.14 21.50 12.78 7.17 

19 2 18.65 11.06 1.01 1.07 7.28 6.90 40.92 38.56 1.46 1.22 1.61 0.22 21.51 25.87 9.07 7.34 

20 2 15.88 13.75 1.04 1.25 7.78 7.23 43.56 42.45 0.63 0.57 2.02 0.17 26.57 24.68 7.90 9.56 

21 3 11.38 12.58 1.1 1.08 7.31 7.20 39.36 35.10 0.70 0.65 0.54 0.45 23.24 26.59 12.63 6.30 

22 3 15.36 10.57 1 1.2 7. 32 6.99 44.14 34.50 0.65 0.46 0.73 0.26 32.59 22.18 8.65 6.24 
23 3 11.93 11.2 0.99 1.31 7.32 7.15 38.40 34.56 0.76 0.52 0.77 0.60 25.60 24.02 7.81 6.88 

24 3 14.28 12.99 1.03 1.37 7.69 6.97 44.80 30.40 0.39 0.32 1.25 0.49 28.36 21.65 12.42 5.61 

25 3 18.07 10.76 0.94 1.25 7.42 7.05 46.54 39.08 0.50 0.48 0.68 0.56 30.94 31.76 9.33 5.34 
26 3 13.94 7.85 1.1 1.38 7.03 6.97 46.84 36.74 0.43 0.52 0.52 0.18 30.10 21.73 11.76 6.63 

27 3 14.41 14.03 0.75 1.33 7.32 7.15 44.70 45.60 1.10 1.52 0.66 0.69 29.53 24.39 11.17 8.71 

28 3 14.74 7.63 0.72 0.98 7. 41 7.35 45.46 36.00 0.59 0.65 1.01 0.50 32.39 24.28 7.90 9.25 
29 3 17.41 14.23 1 1.15 7.60 7.00 50.56 34.40 0.93 0.52 0.82 0.78 32.72 23.69 12.99 7.39 

30 3 14.65 11.57 0.98 0.93 7.52 7.05 47.22 38.04 0.72 0.70 0.77 0.50 26.44 22.74 11.58 9.76 
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        Appendix 3. Continue    

Plot 

No. 

Transect 

No. 

Av.P(pmm) TN (%) OC (%) OM (%) Sand (%) Clay (%) Silt (%) 

closure open closure open closure open closure open closure open closure open closure open 

1 1 14.22 7.96 0.26 0.11 2.56 0.89 4.40 1.54 42 42 28 32 30 26 
2 1 20.44 9.41 0.24 0.10 2.21 1.02 3.81 1.76 62 58 18 20 20 22 

3 1 11.82 9.74 0.31 0.16 3.19 1.62 5.48 2.79 50 42 24 32 26 26 

4 1 6.38 9.41 0.33 0.25 2.93 2.95 5.04 5.08 46 66 30 14 24 20 
5 1 6.44 9.46 0.52 0.24 3.81 2.12 6.55 3.65 32 58 42 16 26 26 

6 1 6.83 4.80 0.53 0.04 3.90 1.25 6.71 2.14 30 84 42 0 28 16 

7 1 6.94 2.02 0.22 0.04 2.15 1.50 3.69 2.58 26 86 44 0 30 14 

8 1 14.90 4.17 0.23 0.15 2.58 1.24 4.44 2.14 58 74 20 10 22 16 

9 1 7.95 12.22 0.45 0.26 3.58 2.52 6.15 4.33 20 86 50 4 30 10 

10 1 12.70 8.56 0.38 0.05 3.36 2.04 5.78 3.50 30 68 44 18 26 14 
11 2 22.65 9.52 0.26 0.18 2.69 1.55 4.63 2.67 32 30 38 42 30 28 

12 2 19.04 6.55 0.32 0.18 3.41 1.04 5.86 1.80 24 30 48 44 28 26 

13 2 10.12 13.64 0.39 0.15 3.35 0.99 5.76 1.71 32 24 40 44 28 32 
14 2 19.78 15.62 0.31 0.16 2.79 1.21 4.79 2.08 34 34 40 40 26 26 

15 2 17.10 9.18 0.67 0.16 3.90 1.28 6.71 2.20 40 32 38 42 22 26 
16 2 18.23 8.88 0.43 0.16 3.78 0.89 6.51 1.53 32 76 44 8 24 16 

17 2 19.49 5.66 0.34 0.06 3.19 0.62 5.48 1.07 26 88 48 0 26 12 

18 2 23.38 7.17 0.50 0.07 3.75 1.18 6.45 2.02 24 80 52 6 24 14 
19 2 24.54 5.88 0.25 0.18 2.00 2.23 3.43 3.84 28 72 52 4 20 24 

20 2 21.31 9.80 0.26 0.07 2.06 1.54 3.55 2.65 52 86 30 2 18 12 

21 3 6.16 16.81 0.20 0.09 1.95 2.02 3.35 3.47 58 62 20 14 22 24 

22 3 8.02 7.39 0.35 0.29 3.48 2.77 5.99 4.77 48 54 32 20 20 26 

23 3 11.13 7.28 0.11 0.16 2.12 1.30 3.64 2.23 54 54 24 20 22 26 

24 3 9.41 10.30 0.30 0.05 2.66 0.54 4.58 0.92 46 90 26 0 28 10 
25 3 5.01 5.54 0.35 0.05 3.51 1.02 6.04 1.76 42 50 34 24 24 26 

26 3 4.50 3.21 0.20 0.14 2.24 0.84 3.85 1.44 50 66 22 16 28 18 

27 3 6.05 8.12 0.55 0.18 3.73 1.26 6.42 2.17 42 40 26 32 32 28 
28 3 12.52 6.78 0.31 0.19 3.64 2.64 6.27 4.55 52 62 26 16 22 22 

29 3 7.00 6.10 0.33 0.11 3.26 2.09 5.61 3.60 34 52 40 24 26 24 

30 3 11.57 6.44 0.61 0.30 2.72 2.31 4.69 3.98 44 50 28 24 28 26 

 

 

 

 

 

 

 

 

 



 

76 
 

Appendix 4. Parson correlation of soil variables   

          
 Moisture 

content 

(MC) 

Bulk 

Densit

y(ρb) 

Soil 

pH 

 CEC  Ex. 

(Na) 

Ex. 

(K) 

Ex.   

(Ca)   

 Ex. 

(Mg) 

Availab

le 

Phosph

orus 

(Av.P) 

Total 

Nitrogen 

(N) 

Organic 

Carbon 

(OC) 

Orga

nic 

Matt

er 

(OM) 

Sand Clay Silt 

Moisture content(MC) 1.00               

Bulk Density(ρb)  -.28* 1.00              

 Soil pH .38** -.29** 1.00             

Cation- Exchangeable Capacity 

(CEC) 

.61** -.28* .52** 1.00            

Exchangeable Sodium(Ex.Na) .03 -.03 .15 .15  1.00           

Exchangeable Potassium(Ex.K) .58** -.13 .52** .57** .03 1.00          

Exchangeable Calcium (Ex.Ca)  .28* -.25 .25 .69** -.08 .25 1.00         

Exchangeable Magnesium(Ex.Mg)  .53** -.07 .47** .64** .10 .48** .17 1.00        

Available Phosphorus(Av.P) .41** -.11 .43** .26* .02 .66** .03 .29* 1.00       

Total Nitrogen(T.N)  .49** -.17 .45** .64** .07 .59** .35** .59** .28* 1.00      

Organic Carbon(OC)  .42** -.29* .45** .59** .06 .57** .39** .53** .28* .85** 1.00     

Organic Matter(OM) .42** -.29* .46** .59** .06 .57** .40** .53** .28* .85** 1** 1.00    

Sand -.70** .32* -.50** -.68** -.01 -.64** -.38** -.58** -.38** -.57** -.48** -.48** 1.00   

Clay .71** -.29* .51** .69** .02 .68** .37** .56** .45** .56** .47** .47** -.98** 1.00  

Silt .52** -.32* .36** .52** -.02 .40** .32* .47** .11 .45** .38** .38** -.83** .70** 1.00 

** = Correlation is significant at the 0.01 level   

* = Correlation is significant at the 0.05 level   
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 Appendix 5. Parson correlation of socio-economic variable  

 

Sex 

(A) 

Age 

(B) 

Leve

l of 

educ
ation 

(C) 

Famil

y size 

per 
house

hold 

(D) 

Occ

upati

on 
(E) 

Annu

al 

Incom
e(F) 

Lived 

in the 

area(G) 

Hist

ory 

of 
settl

eme

nt 
(H) 

Plan to 

stay in 

the area 
in the 

future  

( I ) 

Livest

ock 

owner
ship  

( J ) 

Want 

to 

keep 
more 

livest

ock in 
the 

future 

(K) 

Enou

gh 

grazin
g land 

(L) 

Private 

land 

owners
hip (M) 

Knowl

edge on 

flood 
hazard 

before 

the 
establis

hment 

of the 
area 

closure 

(N) 

Knowledg

e on the 

increment 
of crop 

yield after 

the 
establish

ment of 

the area 
closure 

(O) 

Have 

farmland 

adjacent 
to 

grazing 

area (P) 

Knowled

ge on the 

establish
ment of 

area 

closure 
(Q) 

Knowled

ge on the 

presence 
of local 

bylaw 

(R) 

Knowl

edge on 

the 
accessi

bility 

of fuel 
wood 

after 

the 
establis

hment 

of the 
area 

closure 

(S) 

Benefite

d from 

area 
closure 

(T) 

Has 

knowledge 

on the 
regeneratio

n of plant 

species 
used for 

medicinal 

or fodder 
purpose 

after the 

establishme
nt of the 

area 

closure(U) 

A 1.00 -0.40 0.15 -0.05  

 

0.13 -0.31 -0.18 -0.04 -0.03 -0.09 0.05 -0.04 -0.28 -0.13 0.04 -0.12 -0.18 -0.18 0.02 0.04 -0.13 

B  1.00 -0.46 0.07 -0.22 -0.10 0.27 -0.11 -0.01 -0.08 -0.20 -0.00 0.42 0.26 0.04 0.12 0.12 0.12 0.15 -0.17 0.18 

C   1.00 0.00 0.15 0.09 -0.21 -0.05 -0.00 0.29 0.30 0.10 -0.16 0.06 0.19 -0.01 0.10 0.10 0.08 0.04 -0.23 

D    1.00 -0.12 -0.07 -0.07 0.07 -0.13 -0.06 0.05 0.09 0.04 0.15 0.00 0.18 0.12 0.12 0.08 -0.15 -0.13 

E     1.00 0.07 -0.04 0.21 -0.06 0.56 0.15 0.13 -0.19 -0.06 -0.04 -0.07 -0.03 -0.03 -0.04 0.39 -0.24 

F      1.00 0.13 0.00 0.03 0.29 -0.05 -0.24 0.13 0.22 0.17 0.15 0.18 0.18 -0.09 0.18 0.08 

G       1.00 0.07 0.13 0.07 -0.08 0.01 0.14 0.22 0.01 -0.01 0.05 0.05 0.05 0.06 0.25 

H        1.00 0.14 -0.05 0.02 0.06 -0.04 0.03 -0.16 -0.01 0.05 0.05 0.16 0.10 -0.06 

I         1.00 -0.11 -0.04 0.09 -0.09 0.09 0.03 0.17 -0.02 -0.02 -0.05 -0.10 0.02 

J          1.00 0.27 0.22 0.03 0.19 0.09 0.07 0.05 0.05 0.08 0.35 -0.16 

K           1.00 0.18 -0.04 -0.08 0.04 -0.09 0.14 0.14 -0.01 0.02 0.03 

L            1.00 -0.29 -0.04 -0.02 0.01 -0.20 -0.20 -0.10- 0.05 0.06 

M             1.00 0.42 0.06 0.21 0.53 0.53 0.16 0.40 0.07 

N              1.00 0.25 0.18 0.27 0.27 0.23 0.06 0.05 

O               1.00 -0.17 0.08 0.08 -0.03 0.12 -0.09 

P                1.00 0.18 0.18 0.03 -0.12 0.07 

Q                 1.00 1.00 0.09 0.08 -0.04 

R                  1.00 0.09 0.08 -0.04 

S                   1.00 -0.02 -0.08 

T                    1.00 0.06 

U                     1.00 

Remarks: The same letters represent the same variables in the rows versus columns 
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Appendix 6. Altitudes and coordination of vegetation and soil sample plots of the ex-closure and 

the open site. 

Ex-closure Site  Open Site 

    

Plot 

No. 

X-

coordinate 

Y-

coordinate 

  

Elevation 

X-

coordinate 

Y-

coordinate 

 

Elevation 

1 584061 1181898 1876 584446 1180676 1810 

2 584126 1181947 1858 584492 1180692 1797 

3 584178 1181993 1833 584536 1180708 1787 

4 584222 1182026 1811 584579 1180722 1767 

5 584268 1182061 1788 584628 1180748 1767 

6 584311 1182092 1766 584670 1180769 1769 

7 584353 1182126 1744 584714 1180792 1755 

8 584396 1182150 1727 584754 1180817 1736 

9 584435 1182182 1711 584792 1180851 1726 

10 584479 1182218 1697 584835 1180868 1703 

11 584131 1181818 1873 584466 1180577 1817 

12 584171 1181853 1845 584514 1180585 1798 

13 584217 1181890 1833 584558 1180606 1786 

14 584263 1181918 1792 584603 1180629 1773 

15 584313 1181956 1773 584643 1180658 1759 

16 584371 1182006 1757 584690 1180677 1743 

17 584415 1182039 1740 584734 1180695 1762 

18 584459 1182073 1729 584777 1180715 1738 

19 584507 1182110 1712 584819 1180734 1725 

20 584548 1182141 1698 584861 1180743 1689 

21 584167 1181710 1863 584551 1180452 1812 

22 584211 1181746 1839 584584 1180473 1778 

23 584264 1181786 1811 584624 1180504 1750 

24 584315 1181823 1784 584683 1180539 1759 

25 584364 1181856 1760 584723 1180565 1739 

26 584411 1181894 1741 584766 1180590 1734 

27 584460 1181934 1726 584808 1180614 1716 

28 584506 1181973 1714 584855 1180644 1712 

29 584548 1182009 1707 584893 1180675 1718 

30 584597 1182046 1711 584932 1180687 1708 

  

 

 



 

79 
 

Appendix 7. Socio- economic survey questioner  

 Date of interview: ___________ 

Questionnaire No: ___________ 

Region: __________________; Zone: _____________________; District: _________________;  

Gott: ______ 

 

I. Personal information  

1. Sex:        Male                Female  

2. Age:____________ (Years)           

3. Level of education:         Literate         Primary education           Secondary Education                   

Diploma holder           Degree holder         Others (specify):______________________ 

4. Marital status:        Single           Married          Divorced (separated)           Widow  

5. Occupation:        Crop production         Livestock rearing         Mixed activity           

Others (specify):_________________________________________________________ 

6. Annual income (in ETB): __________________________________________________ 

II. History of settlement   

1. Place of settlement:          Inside the area closure    

      Outside the area closure   (i.e. in the adjacent peasant association or village)     

2. How long have you been here (in years)? _____________ 

3. How did you settle here?          Inherited land from my ancestor            Bought land  

Settled by my own interest in search of land           Settled by the state  

Other (Please specify): ___________________________________________________ 

4. Will you plan to stay here in the future?          Yes             Unsure           No 

III. Livestock ownership 

1. Do you have livestock?         Yes         No 

2. If you say yes to question No 1, how many livestock do you have? Cattle: ______;  

     Horse: _____;   Donkey: _____; Mule: _______; Sheep: ______; Goat: ______; Camel____;   

     Other (specify): ________________________________________   

3.  Do you want to keep more livestock than you have at present?          Yes          No  

4.  If you say yes to question No 3, why do you want to keep more number of livestock? 

           Prestige         Insurance during crop failure           Enough grazing land 

     Other (specify): ___________________________________________________ 
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5.  Do you have enough grazing land for your livestock?          Yes            No 

6.  If your answer is No to question No 5, how do you manage to satisfy the forage requirement 

for your livestock?

          Free-range grazing                 

          Cut and carry system 

          Crop residue                     

          Purchasing additional fodder  

          Transhumance 

          Other (Please specify): ___________

7. Do you get fodder from area closure?        Yes            No  

8. If you say yes to question no. 7, how do you access it? 

          Cut and carry system  

          Free-grazing  

         Both cut and carry system and free-             

grazing  

         Other (specify) __________________

9. If you say through cut and carry system, how frequently do you use per year? 

           Once  

           Twice 

           Three times 

 Four times 

Other (specify) ______________ 

10. What do you feel about the availability of fodder after the establishment of the area closure? 

         Increasing    

         Decreasing  

       Stable  

         Unsure

IV. Land Ownership 

1. Do you have farmland         Yes            No         

2. If say yes for question number “1”, how did you get it?         Inherited from my parents 

Through land redistribution             Through land rent  

     Other (specify) __________________________________________________________ 

3. If you say yes for question number “1”how much is the size of your farmland? ____ (ha) 

4. Which types of crops do you grow?       Teff         Maize         Barely         Wheat         

Bean           Others (specify): _______________________________________________ 

5. Crop production status of 2009/2010 E.C 

No. Types of crop Area (ha) Quantity (quintals) Remark 

1 Teff    
2 Maize    

3 Barely    

4 Wheat    

5 Bean    
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6 Lentil    

7 Others     

     
6. Was there flood problem before the establishment of the area closure?         Yes            Unsure             

No   

7. If you say yes to question No 6, how is the trend of flood hazard after the establishment of 

the area closure?          Increasing           Decreasing          Stable          Unsure   

8. Did you observe any increment in crop yield after the establishment of the closure?                                                 

Yes              Unsure          No 

9. If you say yes to question No 8, what do you think about the reason for the yield 

increment? 

 Area closures minimize soil erosion  

 Area closures help in the rehabilitation of gullies 

 Due to the application of inorganic fertilizer 

 Due to the application of compost / green manure 

 Others (specify) ___________________________________________________    

10. Do you have any farmland adjacent to the grazing land?        Yes                No  

11. If you say yes to question No 13, how do you compare your agricultural land productivity 

with agricultural land adjacent to the closed area?  

       Bad         Moderate         Better         Other (specify) __________________________    

12. For what purpose do you use the non-closed areas in your locality?  

                For free-range livestock grazing  

                For crop production  

              For growing fuel wood production 

               Other specify ______________ 

V. Perception of the local community towards the area ex-closures  

1. When was the area ex-closures established? ____________(years) 

  

2. Who established the area ex-closure in your locality?  

                Community        Government           NGOs         Other __________________________ 

3.   What was the main reason for the establishment of the area ex-closures in your locality?  

                   To rehabilitate the degraded land  

                   To restrict individuals or local communities from freely accessing the land 

                   To reduce soil erosion  



 

82 
 

                   To increase land productivity  

                Other (specify) _____________________________________________________    

4. Who is the primary responsible for the protection of the area ex-closure? 

      Local community           Government          NGO         All     Other_______________ 

5. What types of area closure ownership exist in your area? 

     Individual         PA administrator          Community         Government     

     Others (specify) _______________________________________________________ 

6. What is your perception towards area closure after its establishment in your locality?  

       Strongly agree         Agree          Unsure         Disagree         Strongly disagree 

7. What do you believe about the negative impacts of area closure in your locality? 

It competes with farmland  

It prevents from accessing firewood 

It competes with grazing land  

Other (specify) _______________________________________________________   

8. What are the main management problems that threaten the area closure in your locality? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

9. Are there any local bylaws to control illegal intruders into the area closure?  

     Yes           Unsure            No  

10. Do the local bylaws punish illegal users?        Yes         Unsure          No  

11. If your answer is “No” to question No 11, what is the reason behind? ________________ 

________________________________________________________________________ 

VI. Benefits obtained from area closure  

1. Do you get any benefit from the area closure in your locality 

      Yes         Unsure            No 

 

 

 

 

                             



 

83 
 

2. If you say yes to question No 1, please answer the followings: 

Perceived benefits to the local people due to the presence of the  area ex-

closures     

Yes Unsure   No 

Employment opportunities    

Infrastructure development (e.g. roads, clinics, schools, etc.)    

Wood products (e.g. fuel wood, construction materials, etc.)    

Source of medicinal plants     

Source of fodder for livestock through cut and carry system     

Traditional beehive keeping and source of honey      

Access to free-range livestock grazing especially during drought periods when 

there is a scarcity of fodder for livestock 

   

Source of income from visiting eco-tourists by providing guiding service, 

souvenir selling, horse renting, etc. 

   

Source of water from stream flows    

Aesthetic and recreational values    

Other (specify):    

3. How do you share the benefit from area closure? 

Individual  

In group 

In common 

Open-access              

VII. Vegetation  regeneration   

1. What is the trend of the natural vegetation in the area ex-closure during the last 33 year? 

It is increasing  

It is decreasing 

It is stable 

Unsure 

2. If you say increasing to question No 1, what is the reason for the increment in the trend 

of the vegetation biodiversity after the establishment of the area closure?          

Community-based participatory vegetation conservation           Strict law enforcement 

and punishment of those people who involve in illegal encroachment of vegetation 

biodiversity inside the area closure  

            Other (please specify):_____________________________________________ 

3. What do you suggest to be done in the future for the mutual benefits of the local people 

and the proper conservation and management of the area closure in your locality? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Appendix 8: Sample characteristics and descriptive results of the study area 

 

Variable Descriptive Results Proportion (%) 

(%) Total sample size (n) 89 households  

Sex Male 71.9  
Female 28.1  

Age  Mean = 50.37 years; SD =  11.80  
Family size Mean =  5  persons; SD =1.92  
Level of education  Literate 46.1  

Primary education  43.8 
Secondary school 10.1  

 

Occupation type  

Crop cultivation  9.0  
Livestock rearing  0.0 
Mixed farming 88.0  
Daily laborer 2.2  

Annual income Mean = 12,629.21 ETB; SD = 5,057.36 

5,5’10,425.36 

 

Length of living  in the area 

(years) 

 

Mean = 29 Year; SD = 16.15  

Place of settlement  Inside the  area ex-closure - 

Outside the  area ex-closure 100 

History of settlement Inherited land from my ancestor 46.1 

Settled by my own interest in search of 

land 

 25.8 

Settled by the state 7.9 
Bought land 19.1 
Rent  1.1 

Had the plan to stay in the area 

in the future 

Yes  91.0 
Unsure   2.2 

No  6.7 
Livestock ownership  Yes 88.8  

No  11.2 
Had enough grazing land 

 

Yes 27.0  
No 73.0  

Wanted to keep more livestock 

than had at present 

 

Yes 36.0  
No 64.0  

Had private land   Yes 92.1 
No  7.9 

Knew flood hazard before the 

establishment of the area 

closure 

Yes  93.3 

Unsure   6.7  
No -  

Knew the increment of crop 

yield after the establishment of 

the area closure 

Yes 63.0  

Unsure 30.3 
No  6.7 

Had farmland adjacent to 

grazing area 

Yes 49.4  

No 50.6  
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Benefited from area closure Yes 89.9 

No 10.1   

Knew the establishment of area 

closure 

Yes 76.4  
 No 23.6  

Knew the presence of local 

bylaw 

Yes  76.4  

Unsure -  
No 23.6  

Knew the accessibility of fuel 

wood after the establishment of 

the area closure 

 Yes 58.4  

 Unsure - 

No  41.6 

Had knowledge on the 

regeneration of plant species 

used for medicinal or fodder 

purpose after the establishment 

of the area closure 

Yes 62.9  

Unsure 21.3  

No 

 

 

 

 15.7 
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Open grazing area (a) 

 

 

 

 

 

 

 

 

 

 

 

Ex-closure area (b) 
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