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Abstract  

Area enclosure is emerging as one of the strategies to rehabilitate and restore degraded 

environments. In this study the roles of area enclosure investigated in comparison to an open 

adjacent site were assessed for vegetation, soil quality and local livelihoods in one of the highly 

degraded areas of the Southern wello, Kallu woreda. The main purpose of the stud was to 

analyze changes in plant diversity, density, soil fertility improvement as well as some of the 

benefits to local community as a result of area enclosure. Comparative assessment result of the 

vegetation analysis showed that the density of woody species in the enclosure and open site were 

5563 and 3862 individuals per hectare, respectively. A total of fifty woody species, representing 

27 families were recorded in the study site. Out of the fifty species, 47 were recorded in the 

enclosure while 37 were in the open site. A total of 13 species were recorded in the enclosure, 

which were absent in the open site. Similarly 3 species were recorded in the open site, which 

were not present in the enclosure. Diversity and density comparison of vegetation is found to be 

significantly better in the enclosure than in the open site. The soil variable results also revealed 

that soil organic matter, CECs, exchangeable Ca, soil moisture were significantly improved as a 

result of the enclosure. Apart from the biodiversity and soil quality improvement, local 

community has benefited from the enclosure in the form of forage for livestock by cut-and-carry 

system and farmland protection from clotting with silt and mud from the upper catchments.  This 

has developed a positive attitude by the local community towards enclosure development. This 

study generally shows that area enclosure is a promising strategy to rehabilitate degraded 

environments as it is fast, cheap and lenient. However, local community is complaining about the 

management system, access to resources and benefits. Hence, area enclosure establishment 

should be done in consultation with local communities from the inception through out its 

development for sustainability.  

 

 

Key words: Area enclosure; Livelihoods; Soil quality; Southern Wello (Kallu); Diversity; Woody 

species; Cut-and-carry.            
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1. INTRODUCTION  

 

1.1. Back ground and justification  

 

Ethiopia has to struggle with myriads of socio-economic and environmental challenges to achieve 

sustainable development. The principal environmental problem in Ethiopia challenging rapid and 

sustainable development is land degradation in the form of soil erosion and loss of soil fertility that 

are attributed to the large scale deforestation. Deforestation in Ethiopia has been taking place 

unrestrained for centuries. The annual rate of deforestation ranges from 100,000 to 200,000 hectares 

(EFAP, 1994). As a result land degradation is a typical phenomenon in many areas, which is caused 

by over exploitation of the woodlands and farming of fragile hill slopes. The expansion of 

agriculture, especially towards the steeper slopes due to ever-growing population, has accelerated 

soil erosion.  

 

The natural vegetation has been and still the major sources of wood for fuel and construction 

materials in Ethiopia. More than 80 percent of Ethiopians live in the country's highlands, where 

population densities are very high. The over-population has contributed to land degradation, soil 

erosion, and deforestation, which are widespread problems all over the country (Million Bekele, 

2001a). 

 

Cognizant of the widespread and deep socio-economic and environmental consequences of 

deforestation and land degradation, several land rehabilitation measures have been implemented in 

Ethiopia to avert the problem and restore the lost vegetation resources. Among the measures taken, 

the most prominent are establishment of fast growing plantations of exotic species and area 

enclosures (Alemneh Dejene, 1992; Mulugeta Lemenih, 2004). Area enclosure is simply as 

excluding human and livestock populations from degraded lands to activate natural succession and 

rehabilitation, is assumed to reverse environmental degradation and loss of biodiversity (Million 

Bekele, 2001a). Area enclosure can be used as a strategy for biodiversity conservation, reduction of 

soil erosion and minimizing flooding hazards. It improves soil quality and productivity by enriching 

soil nutrients through nutrient recycling, built soil organic matter and reducing loss of nutrients from 

a site. Area enclosure ensure ecological sustainability, amelioration of microclimate of an area, 

increase biomass production, support local livelihoods, contribute to carbon sequestration and 
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combat climate change, and fight desertification (Emiru Birhane, 2002; Tefera Mengistu et al., 

2005).  

 

Several area enclosure projects have already been launched in the various regional states of Ethiopia 

by both GOs and NGOs. Studies conducted on these enclosures (e.g. Kidane Giday, 2002; Tefera 

Mengistu et al., 2005) have reported the effectiveness of area enclosures on restoration of native 

plants diversity. However, rate and extents of vegetation and soil dynamics following enclosures are 

influenced by several biophysical conditions such as pre-enclosure site history, vegetation status in 

the vicinity of enclosures, management of the enclosures, climatic and edaphic factors as well as 

socio-economic conditions prevailing around the sites (Kidane Giday, 2002). Thus, before scaling 

up the strategy to national/regional scale there still remains a need for in-depth understanding of the 

effectiveness of the strategy under diverse biophysical and socio-economic conditions. Such 

understandings of the vegetation and soil dynamics and the process of rehabilitation of the degraded 

areas after enclosure under various settings will contribute to developing ideas for designing 

management and technical guidelines for other restoration projects in the country. Data from 

enclosures in combination with habitat and species information can be used as inputs to fill gaps in 

biodiversity protection, decision making and prioritization of conservation actions (Kebrom Tekle, 

1998; Tefera Mengistu et al., 2005). Regarding to area coverage and their impacts the previous 

established enclosures are not documented in the consolidated form in the Amhara regional state in 

particular and the country in general. Consequently, this study which is conducted in Southern 

Wello, intends to generate additional knowledge as inputs during establishment and management 

processes of enclosures to assist policy makers, environmentalists, NGOs and natural resource 

managers to make informed decision on future ecological rehabilitation, restoration and other related 

operations.  
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1.2. Objectives of the study 

1.2.1. Main objective 

 

To study the effectiveness of area enclosure in restoring native woody plant species and improving 

soil quality as well as evaluating its contribution to livelihood of the local communities.  

1.2.2. Specific objectives 

 

� To assess woody plant species diversity, density and structure in the enclosure and adjacent in 

the open site. 

� To investigate the impact of area enclosure on soil quality.    

� To assess the perception of local community on area enclosure and its contribution to their 

livelihoods. 
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2. LITERATURE REVIEW  

 

2.1. Forest and its functions 

  

Forests and related renewable natural resources include the organisms, soil, water, and air associated 

with timberlands as well as forest-related rangelands, grasslands, bush lands, wetlands and swamps, 

alpine lands and tundra, deserts, wildlife habitat, and watersheds (NAP, 1990). The benefits of 

forests to human society are both direct and indirect. Forests directly provide such industrial 

products as fibers, resins, oils, pulp and paper, pharmaceuticals, building and other construction 

materials, fodder, and fuelwood. Annual wood production alone from the world's forests is 1.5 

billion m
3
, more than half of the wood used each year becomes fuel for heating or cooking (NAP, 

1991).  

 

The indirect benefits of forests include ecosystem protection, amenity, climate amelioration, nutrient 

cycling, hydrological cycle, water and waste purification, and social and cultural values. Generally, 

depending on the characteristics of land and vegetation the potential to realize economic benefits 

differs with the mix of products and services offered by forest ecosystems. For example, some 

species-rich tropical rain forests may be commercially less valuable, while the biodiversity and 

environmental services they provide could be significant. Similarly, vast tracts of woodlands in the 

dry tropics are important to local communities despite low levels of wood production and economic 

returns (FAO, 2005a). Forests also contribute to developing and maintaining soil structure and 

fertility. Forests hold soil against erosion, and their degradation or removal has exacerbated such 

problems as flash flooding and sedimentation in reservoirs (NAP, 1991). 

 

Forest performs two basic functions. “Source” or production functions support the livelihood the 

people who depend upon forest resources. As “Sink” absorption and cleansing functions help 

support human health and wellbeing by naturally purifying air and water. Forests provide a number 

of these functions, including buffering soil erosion and land degradation, protecting the biological 

diversity in delicate and fragile ecosystems, and regulating climatic variability (De Souza et al., 

2003).  
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2.2. Extent, causes and effects of vegetation cover reduction in Ethiopia 

 

2.2.1. Deforestation and its extent 

 

Deforestation is here taken to mean the large-scale removal or partial removal of trees from forested 

areas, which may be deliberate or due to natural causes (AGI, 2007). The Ethiopian forests are being 

depleted at an alarming rate. At the turn of the last century, around the year 1900, the forest cover in 

Ethiopia was 40 %, and in 1989 estimated put it at only 2.3 % of the land mass (EFAP, 1994). This 

figure is expected to be much lower at present. Especially, most of the natural forest in Ethiopia has 

been lost during the past three to four decades and the major reason for this has been the lack of 

proper policies for forests, land-use and population pressure (Million Bekele, 2001a). Recent study 

indicated since several decades, there has been progressive degradation of forest resources in 

Ethiopia. Between 1990 and 2000, 141,000 ha of forest were lost every year, which equals an 

average annual deforestation rate of 0.93 %. Then, between 2000 and 2005, the rate of deforestation 

increased by 10.4 % to 1.03 % per year, which totals to 14 % (around 2,114,000 hectares) of forest 

cover loss in the 15 years between 1990 and 2005 (FAO, 2007). 

 

In Ethiopia, the loss of forest cover in the country's highlands is not a recent phenomenon. 

Archaeological and palynological studies conducted in the northern highlands indicate that there was 

already a major clearing of forests about 2,000 years ago (Eshetu Yirdaw, 2002). The existing 

natural high forests include different types of montane forests in the less populated southern and 

western parts of the country. The northern and central parts are almost completely deforested 

(PGRC, 1995). The quality of much of the remaining forests is declining rapidly by illegal forests 

users.  

 

The national policy in place now devotes high forests primarily for protection and conservation use. 

Present forest management practices, however, have consistently failed to achieve these policy 

objectives (Medihin Zewdu, 2002). In the Amhara National Regional State, excess removal of 

forests is contributing to land degradation. The natural forests of the region is heavily depleted and 

degraded by intensive human interferences, mainly for agricultural purpose and energy (fuelwood) 

production. Currently less than 10 % of the total estimated forest area is considered to be natural 

forest in the region. The rest is scattered wood lots (planted by individual farmers on different land 

use types) and planted forests (those that have been planted for different purposes). Generally forest 
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and bush land covers 2,510,054 hectares which accounts about 14 % of total land cover of the region 

(EEPCO and UEAP, 2006). For example, based on population growth (demand) and forest 

increment (supply), the region recorded a deficit of about 16.6 million m
3
 of wood for fuel and 

construction in 1996 alone (BoA, 1997). About 20 thousands hectares of the forest are harvested 

annually in the Amhara Region for fuel wood, logging and construction purposes.  

 

Since the harvested trees are not replaced adequately by tree planting, soils are exposed  to high 

intensity of rainfall and about 1.9 to 3.5 billion tones of fertile topsoil are washed away annually into 

rivers and lakes due to deforestation alone (BoA, 1997). Soil erosion is the major environmental 

degradation problem of the region. Soil of the region has the high erodibility compared to other parts 

of the country. Soil loss due to soil erosion Amhara regional state accounts 58 % of the total annual 

soil loss of the country in general (EEPCO and UEAP, 2006). The Wello highlands are currently 

undergoing considerable sheet, rill and gully erosion. Because of accelerated erosion the soils on 

most of the slopes have been reducing their soil depths (Hurni, 1988). In Southern Wello, soil 

became shallower through time; large parts of the area covered with less than 20cm soil depth 

(Hurni, 1993). 

2.2.2. Major cause of deforestation in Ethiopia 

 

Forest loss is partly due to the subsistence-oriented farmers' unsustainable resource-use practices 

including clearing up of steep lands of vegetative cover in the quest of fuel wood and croplands 

(Berry, 2003). Inappropriate land-use systems and land-tenure policies enhance deforestation and 

loss of agro-biodiversity. Utilization of dung and crop residues for fuel and other uses disturbs the 

sustainability of forest resources. The supply of inputs such as fertilizer, farm machinery and credits 

are very low. The balance between crop, livestock, and forest production is disturbed, and the farmer 

is forced to put more forest lands into crop production (Girma Tadesse, 2004). On the other hand, 

introducing more animals, create conditions which are likely to lead to deforestation and land 

degradation (Barnard et al., 2000).  

 

2.2.2.1. Expansion of agricultural lands 

 

The primary cause of deforestation is cutting trees in order to open up new farmland to feed the 

ever-growing population. Widespread use of wood as fuel has also contributed to the deforestation 
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(Mulat Demeke et al., 2004). Land degradation manifests itself in many ways. Vegetation, which 

may provide fuel and fodder, becomes increasingly scarce. Water courses dry up. Thorny weeds 

predominate in once-rich pastures. Footpaths grow into gullies. Soils become thin and stony. All of 

these manifestations have potentially severe impacts for land users and for people who rely for their 

living on the products from a healthy landscape (Berry, 2003). Training in and development of 

methods for the nondestructive harvesting of trees are insufficient to inhibit the steady destruction of 

the forest ecosystem (NAP, 1991).  

 

Accelerated water and wind erosion occur wherever the soil surface is bare of vegetation, and where 

rainfall or wind events can be very intense. Human-induced erosion occurs either as a result of 

clearing vegetation (by wholesale clearance of woody vegetation, and by bare-soil cultivation) or by 

overgrazing stock, leading to soil surface exposure (Hamblin, 2001). The fact is that tree cover no 

longer dominates many forest landscapes of Ethiopia. In some areas, the 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. Often, the effects of 

landscape degradation are felt further downstream siltation loads increase and water quality declines 

(Maginnis and Jackson, 2003). Conventional farming widely practiced the highlands of Ethiopia. 

This practice exposed soil to water and wind erosions that deteriorate soil productivity. Due to this 

reason farmers are prepare additional farmland by clearing the remaining fragmented forest in 

steeply slopes and remote areas. 

 

The greatest threat to the remaining natural forests and woodlands of Ethiopia is man made clearing 

for the expansion of agricultural land at the peasant level, the clearing of forests by investors for 

coffee and tea plantations, and in practice the uncontrolled exploitation of the timber and fuel-wood 

in the remaining woody vegetation. These threats are well recognized by the forestry sector and are 

highlighted as major threats in the environmental policy of the country (Edwards and Ensermu 

Kelbesa, 1999). This increasing demand for more food and farmland remains point of conflict 

between agricultural development and sustainable forest management. The core of the conflict is that 

agricultural areas have to expand to increase the production of food and farmers are continuously 

looking for land to clear for agriculture. The result of this is that farmers clear vast areas of forest 

every year (Million Bekele, 2001a).  
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According to Mulugeta Lemenih (2004) the rapid degradation and depletion of the forest resource 

base is already finding its expression in the different sectors of the economy such as agriculture, 

water resources, energy and biodiversity. Agriculture is the sector most affected by the deteriorating 

natural resource base. With a decline in the availability of firewood, animal dung and crop residues 

are increasingly required for use as household fuel instead of serving as natural fertilizers for the 

soil, thereby further depressing agricultural yields (Badege Bishaw and Abdu Abdelkadir, 2003; 

Mulugeta Lemenih, 2004). The rapid population growth coupled with accelerated land degradation 

has lead to an increasing demand for agricultural land. However, the horizontal expansion of the 

existing croplands into fertile forests to increase agricultural production is no longer an option as the 

few remaining forests are located in very inaccessible areas (Mulugeta Lemenih, 2004). 

 

2.2.2.2. Fuelwood and charcoal making  

 

Traditional fuels such as firewood and biomass fill the energy needs of millions of people in less 

developed countries. These fuels often are collected from common or publicly shared resources such 

as open land and woodlands. The collection and burning of these fuels create their own 

environmental problems, including soil erosion, loss of watershed areas, and emission of particulates 

and other pollutants (De Souza et al., 2003). Firewood gathering and charcoal making have 

contributed significantly to forest destruction and land degradation. Despite the cooking advantages 

of charcoal and charcoal’s ranking on the cooking ladder, charcoal may be far more damaging to the 

environment than the less preferable biomass fuels, biomass residues and firewood (Kammen and 

Lew, 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 most developing nations more than 80 % of wood extracted are being used for fuel 

(Union of Myanmar, 2000).  

 

Felling of tree 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). Charcoal making and selling is a major non-farm employment along the main 

roads of the country (Mulat Demeke et al., 2004). Ninety-four percent of the Ethiopian population 

relies on wood-based and biomass fuel for household energy. Scarcity of firewood has become acute 

in many parts of the country causing a continuous rise in prices, and thus increasing the economic 
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burden on the household budget. 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 ). In Ethiopia the size of commercial energy 

consumption is low, others source of energy is more of traditional in nature. At present, the country 

is excessively dependent on traditional fuels, consisting mainly of wood, crop residues and animal 

waste. Traditional fuels (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, if not the highest, in the world (Milliom Bekele, 2001a).  

 

The most significant implications of using traditional fuels association to deforestation and tree 

stock decline. The consumption of fuel-wood energy by households in Ethiopia is typically 10 times 

the total consumption of commercial energy for all purposes. The annual rate of consumption has 

reached the point where it is estimated to exceed the mean annual incremental growth of local tree 

stocks and forest reserves by 150 percent in Ethiopia (Anderson, 1986). The situation with energy 

use is one of the most critical land degradation issues in Ethiopia. Estimates of current demand for 

fuelwood approach 55 million m
3
 per year with an estimated sustainable production of 13 million 

cubic meters per year (Berry, 2003). Most households depends almost exclusively depend on wood 

to meet their energy needs with average daily per capita consumption of fuelwood varying from 7 kg 

in the biomass rich regions to 0.8 kg in the arid areas. More than 50 % of primary energy used in 

Ethiopia for baking ''injera''. This energy intensive activity accounts for more than 75 % of the total 

energy consumed in Ethiopian households. Natural forests and woodlands are the most important 

sources of woody biomass resources. An estimate of 38 m
3
 tones of woods was consumed in 

1995/1996 (Thomas and Million Bekele, 2002). 

 

2.2.2.3. Rapid population growth  

 

The major cause of deforestation is rapid population growth, which leads to an increase in the 

demand for crop and grazing land, wood for fuel and construction. Lack of viable land use policy 

and corresponding law also aggravated the rate of deforestation. New settlements in forests are 

increasing from time to time and hence resulted in the conversion of forested land into agricultural 

and other land use systems (Million Bekele, 2001b). The consequences of unplanned and 
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unsustainable use of natural resources, alterations to the climate and natural ecological processes, 

have been extensive land degradation and loss of habitat together with the loss of valuable genetic 

reserves (Teshome Ashine, 1990). Despite the growing public concern about forests, the increases in 

population and pressures for social and economic development continue to drive the trend towards 

more forest clearance. This problem is further increased by the domination of short-term economic 

and market forces over environmental considerations, which frequently results in the acceptance of 

unsustainable activities (Million Bekele, 2001a). Absorbing excess labor in the rural sector is also 

formidable challenge facing Ethiopia (FAO, 2003a).  

 

Poor rural families are more likely to support themselves with subsistence agriculture; use forest 

products as fuel, fodder, and building materials and live in ecologically fragile zones. In poor rural 

communities, the continuing need for family labor supports high fertility and rapid population 

growth that places additional strain on natural vegetations (De Souza et al., 2003). Unchecked 

population growth, coupled with overstocking, has brought about the encroachment of marginal 

areas as steep slopes and ecologically precarious lands to meet the need for food, fuel and grazing. 

The subsequent removal of natural vegetation and the improper land use practice have resulted in the 

degradation of the land and eventually conversion into wastelands (Medihin Zewdu, 2002).  

 

A very high population growth rate is a typical feature of rural Ethiopia. The total population more 

than doubled during the past three decades, from 29.1million in 1972 to 67.2 million in 2002 (Mulat 

Demeke et al., 2006).
 

Particularly the highlands of Ethiopia are the area of most intense population 

density, the area of greatest livestock density and the area of greatest land degradation (Berry, 2003). 

The Ethiopian population is about 77.4 million in 2007 (CSA, 2007). It is expected to go up to 130 

million by 2030 and the majority of this population will make their livelihood in lands that are 

currently classified as to severely degraded areas (mainly in Ethiopian Highlands) (FAO, 2003b). 

For example the population size of Kallu Woreda was 170,523 (85,326 male and 85,197 female) in 

1994 (CSA, 1994). According CSA (2007) Woreda has population size of 239,482 (118,917 male 

and 120,565 female). The population of the Woreda has increased by 40 % in 2007 from 1994. 

 

2.2.2.4. Overgrazing and fodder collection    
 

 

Overgrazing of herbage in the woodlands is another important cause of vegetation degradation. 

Overgrazing in these areas is mainly due to large herds of cattle arising from unwillingness among 
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livestock owners to de-stock and the fact that most of the forests /woodlands are open access (not 

reserved). The consequences of overgrazing have been land degradation (soil compaction, broken 

soil crust and erosion) as well as reduced species diversity and density of vegetations (Chamshama 

and Nduwayezu, 2002).  

 

Overgrazing destroys the most palatable and useful species in the plant mixture and reduces the 

density of the plant cover, thereby increasing the erosion hazard and reducing the nutritive value and 

the carrying capacity of the land (Hamblin, 2001; FAO, 2005b). Ethiopia has the first largest 

population of livestock in Africa, thus grazing pressure has increased the rate at which tree and 

shrubs species are becoming scarcer (Azene Bekele et al., 1993). As overstocking decreases 

vegetation cover and leading to wind and water erosion, reduced soil depth, soil organic matter and 

soil fertility that hurt the land's future productivity (Hamblin, 2001). 

   

2.2.2.5. Poverty and local livelihoods 

 

Poverty affect more than half of the inhabitants of Ethiopia and this situation is probability 

responsible to many activities contributing to deforestation and land degradation in the country 

(Thomas and Million Bekele, 2002). Nearly all drylands are at risk of land degradation as result of 

deforestation, climate change, increasing human population, land over-use and poverty. This 

represents a threat to food security and survival of the people living in these areas as well as 

vegetation conservation which can be the result of more likely to arise from human activity (FAO, 

2003b). Prevailing deforestation in Ethiopia has resulted in serious ecological degradation and loss 

of socio-economic welfare (Hurni, 1988). The prolonged degradation of dry-land areas continues to 

affect the productivity and genetic diversity of forest, woodland and bush-land resources (Tefera 

Mengistu et al., 2004).  

 

Poverty-led environmental degradation is responsible for much of the degradation of marginal lands, 

deforestation, overgrazing of fragile rangelands, cultivation of steep slopes, consequently affect 

majority of the rural poor rely heavily on forests and woodlands for income and subsistence 

(Chamshama and Nduwayezu, 2002). Declining of the standard of living of the farming 

communities lead to close dependant on forests and woodlands like clearing forests for subsistence 

farming and cutting of trees and shrubs for fuelwood, charcoal making, construction materials and 

overgrazing. As biotic disturbances generally have caused substantial reduction of vegetation cover 
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which has lead to a serious ecological disasters such as soil erosion, loss of fertility and violent 

floods in the adjacent plains (Singh and Singh, 1992). The loss of forests and woodlands reduced the 

opportunities of local people, increase disasters and led local communities to absolute poverty. 

 

Poverty and under-nutrition are very severe in Amhara, especially in drought-prone lower 

agricultural potential parts of the region. A study in South Wello revealed that 91 % of farmers did 

not produce enough food to last them throughout the year while the remaining 9 % produced just 

enough to last them through the year without any surplus for sale (FAO, 1998). The main cases of 

poverty of the region believed to be deforestation and soil erosion. Studies indicated that poverty is 

viewed as a cause of environmental degradation and its consequences push the rural poor people to 

live in fragile ecosystems (Shyamsundar, 2002). 

 

2.2.3. Effects of deforestation  

 

Whenever mountain ecosystems are degraded by overexploitation forest resources, costs to 

businesses and communities are high. As vegetation is removed, aquifers and wells run drier. 

Siltation reduces the sustainability of hydropower and irrigation reservoirs. The clotted with silt and 

mud of ''Borkena'' River irrigation structures which is near by the study site pointed out the side 

effect of deforestation and soil erosion of the watershed, may irrigation experts estimate that  the 

cost of  silt excavation in this irrigation dam and ditches not less the cost to rebuild the structures 

which needs further scientific study. Agricultural run-off spoils the purity of renewable sources of 

freshwater. In deforested mountain ranges, floods may become uncontrollable after heavy rain 

(Casado, 1992). Now a day's Ethiopian forest has been rapidly depleted by conversion of forest areas 

to agricultural lands, by a high demand for timber and fuel-wood. This deforestation has induced an 

immediate loss of biodiversity. In Ethiopia, a leading cause of degradation of marginal forest land is 

caused by poor farmers and landless people clear trees in order to grow crops and the abject of 

poverty of rural populations. The people, in their struggle for survival, are driven to practices that 

damage the environment and, in the process, undermine their own future food security. This waste 

cycle is repeated endlessly, accelerating the environment degradation and adding to rural hunger and 

poverty (FAO and MoARD, 2006).  
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The Ministry of Agriculture (MoA) is interested in expanding farming lands and as a result change 

forests and shrubs into crop cultivation areas and grazing grounds, a fact that led to unredeemable 

loss of forest resources in many areas (Bekele Mekete, 2006). Hence forests have always been 

viewed as potential agricultural land; land-hungry farmers do not hesitate to clear a site for cropping 

if need be. At this rate of depletion, it will only take 15 years from now to exhaust all the forest 

covers (Mulat Demeke et al., 2004). Forest decline has many effects on the gene reservoir that is 

represented within forest trees. Unless immediate rescue measures are taken, many valuable 

components of forest including medicinal plants are disappearing very fast (Medhin Zewdu, 2002). 

The unsustainable use of forest resources leads to their overexploitation and degradation, which 

increases the vulnerability of the users to disasters (UNDP and ISDR, 2004). 

 

In rural Ethiopia, food security is affected by a combination of socio-economic factors and 

increasing fragility of local ecosystems (erosion and deforestation in particular), together with 

increasing population pressure has seriously affected agriculture productivity in many areas, and has 

caused serious disturbance of natural ecosystems. Among the complex environmental problems the 

country faces today, soil erosion and deforestation are the most serious ones that are believed to be 

the root causes of the recurring food shortage and famine (FAO, 1999). Soil erosion is the most 

dangerous ecological process observed in the country, degrading the precious soil resources which 

are the basis of agricultural productivity and food for the people (Hurni, 1995). Loss of the fertile 

soil reduced production and the per capita income, which further impoverished the 'resource-poor' 

subsistence farmers (Mekuria Argaw, 2005). 

 

The depletion of tree stocks would in turn cause changes the ecology of rural areas, mainly carrying 

capacity or fertility of the soil. Losses of top soils, greater surface evaporation, reduced soil moisture 

content and greater surface run-off adversely change water tables, reduction in the recycling of soil 

nutrients are already observed across many parts of Ethiopia (Wagayehu Bekele, 2003). As 

increased fragile environment translates into increased susceptibility to drought and food insecurity 

as a main media, the soils, becomes shallower and less fertile. Land degradation affects and drags 

livelihoods downward which results reduced access to sufficient and safe water, increase work loads 

for women and children (fetching water and collecting firewood takes longer time), more reliance on 

the negative coping strategies (encroachment, fuel dung collection, charcoal making, etc.), loss of 

biodiversity, lower yields and flooding (WFP, 2005). In addition, loss of fertile soil because of 
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deforestation various forest products (both timber and non-timber forest products) are no longer 

easily available. Their price has escalated. This has the greatest impact on rural communities, which 

depend primarily on forest resources for construction materials, farm implements, energy, medicinal 

use, forest food and fodder needs. Since more than 85 % of the population of Ethiopia lives in rural 

areas, and more than 90 % of the energy requirement of the country comes from fuel-wood (EFAP, 

1994). 

 

2.3. Major forest rehabilitation and restoration practices in Ethiopia  

 

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 

diversifications and renew economic opportunities, rejuvenate traditional cultural practices and 

growth the confidence of local communities (SERI, 2004). Proper conservation of genetic resources 

in country like Ethiopia can only be achieved through a well established system, under which 

biological resources are sustainably exploited for immediate use and species continue to evolve with 

the dynamic force of their habitat. Despite limitation in resources to achieve immediate solutions for 

minimizing the rate of the loss of biological resources, Ethiopia is making efforts to conserve soil 

and water, and rehabilitating degraded lands by natural means (enclosure) and human intervention ( 

tree planting on degraded land that lost its productivity). Strategies are designed to effect 

conservation for domesticated and wild flora and fauna within natural and human managed 

ecosystems, to conserve the genetic variation within and among species (PGRC, 1995). Forest 

landscape restoration incorporates both biophysical and socioeconomic values; that is, ecosystem 

restoration as well as the changes in human well-being associated with it. The main focus of forest 

restoration considers the social and economic impacts of forest restoration initiatives, particularly 

the effects on people living in or near the restored areas (Lamb and Gilmour, 2003). 

 

2.3.1. Tree planting on degraded areas  

 

Not all regrowth or secondary forests have high levels of biological diversity. Many degraded areas 

have been disturbed for along period times in the past that only a small number of relatively 

common species remain, in this case supplement plantation as enrichment is very important to 
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hasten restoration of biological diversity of the areas. The establishment of forest plantations can 

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

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

employment (FAO, 1999). Increased involvement of people in forests through community-based 

management programs has in many cases proven to benefit the environment (soil erosion reduction, 

water supply and biological diversity) and reducing  local poverty (Salim, 1999). Plantations of 

indigenous tree species are not the only way to rehabilitate degraded landscapes. Monocultures of 

exotic tree species may be useful at severely degraded sites, when these are the only species able to 

tolerate existing site conditions which is widely done in the northern and central parts of the country. 

In some restoration sites soil fertility improvement using an exotic nitrogen-fixing species such as 

Acacia species before or together with native species plantations widely practice in severely 

degraded lands (Mulugeta Lemenih, 2004). 

 

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

GOs and NGOs in Southern Wello before planting indigenous trees and other exotic species that do 

not tolerate the environmental stresses like water shortage and poor soil condition of degraded areas. 

In these cases introducing such species help to hasten the process of natural recovery that would find 

it difficult to reestablish under the passive restoration approach. The presence of Acacia species 

improves soil quality and facilitates the quick increment of the population of other plant species that 

provide income plus protection of the watersheds. According to Maginnis and Jackson (2003) tree 

planting contribute to conservation of biological diversity, both at the site and landscape level, 

extensive reforestation with plantation species can help ameliorate long-term environmental 

degradation in badly eroded landscapes, restoring not only ecological functionality but also site 

productivity.  

 

Sustainable conservation and utilization of the remaining dryland vegetation resources and 

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

benefits (Tefera Mengistu et al., 2004). In many parts of Ethiopia, degraded lands that almost have 

no production potential are set aside for natural rehabilitation. These are called area enclosure. In 

addition to these enclosure areas, hillsides where no farming is practiced, and livestock grazing is 

not productive are set aside for communal plantation or forested areas. In some places in Ethiopia 

these communal plantations or forests are being distributed among young people who do not have 
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land to farm. These areas have high potential for agro-forestry, especially with cash earning products 

like fuel-wood, fruits, honey and milk production (Kindeya Gebrehiwot, 2004). 

 

2.3.2. Area enclosure   

 

Historically the motivation for protecting natural areas has ranged from the religious to resource or 

species management including initiatives such as designating sacred groves and limiting or 

prohibiting the exploitation of particular species in certain areas (Grove, 1995). Setting aside natural 

areas to maintain their intrinsic values is not a recent phenomenon. Study by Alemayehu Wasie 

(2002) confirmed that in Ethiopia protecting natural forests and rehabilitating vegetation around 

churches, mosques and graveyards has been practiced as parts of human endeavor for millennia. 

Ecological restoration of degraded habitats is now regarded as an effective response to check and 

reverse the negative effects of habitat loss, degradation, and fragmentation on native biological 

diversity and ecological processes (Shankar-Raman and Mudappa, 2006). 

  

The area enclosure is the process of restoration and rehabilitation of degraded ecosystems by natural 

means. The context and definition of area enclosure vary from country to country, but Betru Nedessa 

et al., (2005) stated area enclosures in the Ethiopian context as the degraded land that has been 

excluded from human and livestock interference for rehabilitation. Primarily, human and animal 

interference is restricted in the area enclosures to encourage natural regeneration. In practice, 

however, cattle are allowed to free graze in several of the enclosures especially five years later from 

its establishment. Cutting grass and collection of fuel wood from dead trees and bee keeping is also 

allowed. In some areas, soil and water conservation activities are also being undertaken. 

 
Establishing enclosures is considered advantageous since it is a quick, cheap and lenient method for 

the rehabilitation of degraded lands (Bendz, 1986). As a result rehabilitation of degraded lands 

through enclosure recently received attention in many parts of the Ethiopian especially northern and 

central highlands. In Tigray region alone a total of 262,000 ha have been enclosed so far, this figure 

included degraded land which has some remaining forest species and forest land enclosed by the 

government. In Trigray region no ''Kebele'' is found with out enclosure(s). Likewise in Amhara 

regional state many hectares of degraded lands rehabilitated though enclosures although their acres 

are not available in consolidated form (Betru Nedessa et al., 2005). The reason for such interest 
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include dwindling or disappearance of forest cover, environmental problems, scarcity of forest 

products, pressures on remaining natural forests, languishing productivity of once fertile land. Other 

initiatives for enclosure establishment arise  from decreased infiltration rate and water retention 

capacity of soil, increased runoff, shallow soil depth and disrupted hydrological cycles (floods and 

water shortages), increased sediment transport and water pollution, siltation of dams and destruction 

of other infrastructures which lead to poverty, hunger, social unrest and famine (Hurni,1995).  

 

The regeneration of natural grasslands and forest areas increase biomass production and improve the 

plant species diversity, resulting in more diverse soil biota and other associated beneficial 

organisms. Which is may be more reliable where land is not productive (FAO, 2005b). Study of  

Kebrom Tekle (1998) in Southern Wello pointed out that  establishment of enclosure to 

rehabilitation  degrade areas with in short period of time by avoiding human and animal disturbances 

were improved composition, density, richness, and diversity of woody species in comparison to open 

adjacent sites. 

 

Among the various way of overcoming environmental degradation, loss of biodiversity and 

deforestation problem of the country, enclosure is the most crucial and determinant way of 

rehabilitating severely exploited vegetation and degraded dryland environment (Million Bekele, 

2001a). Moreover, natural vegetation rehabilitation is also essential to improve biodiversity and 

microclimate of the areas. Besides, it is also recognized for its multipurpose benefits like fuelwood, 

animal fodder, fiber, medicinal species, restoration of soil fertility (Acacia albida and other 

leguminous species) and habitats for various beneficial species (pollinators and biological control) 

and wildlife (FAO, 2005b). Establishing conservation areas and rehabilitating degraded lands are 

also conducive to promoting agricultural growth, because they protect watersheds and stabilize local 

and regional climate and hydrological systems. If the rate of agricultural intensification can be 

increased, the constraining impact of expanding to protected areas for crop land expansion can be 

offset and conservation will be fully reliable with agricultural growth. Protection of rural 

environments also ensures the sustainable provision of crucial forest products and environmental 

services (Cleaver and Schreiber, 1994). 
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2.3.2.1. Environmental benefits of area enclosure 

     

2.3.2.1.1. Soil erosion protection and enhancing productivity   

    

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

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

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

prevented, but also that it is not deposited in river bottoms, lakes and dams (FAO, 2001). Restoration 

evolves returning native species to an area, stabilizing soil and reducing soil erosion. The influence 

of trees in soil physical properties is also very important in augmenting the overall capacity of the 

land to be productive. 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). 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). As the bare land covered with vegetations largely influences the infiltration 

rate, followed by the permeability and structure of the underlying soil. 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). Vegetations can also act to control landslides and other forms of mass movement of the land 

surface (UNESCAP, 1997).  

 

Promoting integrated watershed development through area enclosure or plantation program with 

effective participation of local people is a key to preventing further ecological imbalance. Since an 

integrated approach is needed for conserving, upgrading and using the natural resource base of land, 

water, plant, animal and human resources (Gidane Giday, 2002). In the past, efforts to contain the 

problem of land degradation have been made at several levels. Two of the main activities have been 

done were soil and water conservation works and the establishment of area enclosures (Betru 

Nedessa, 2003). Soil and water conservation and establishment of area enclosures promoting 

alternative livelihood opportunities, particularly through development of employment schemes that 
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increase the productive bases, will have a significant role in improving the standard of living among 

the large rural population living in mountainous ecosystems (FAO, 2003c). In Ethiopia 

establishment of area enclosures have been an important strategy for the rehabilitation of degraded 

hillsides. This practice has become very common, especially in the highlands, due to the remarkable 

improvement of productivity and reduction in soil erosion in the areas enclosed in the early 1980s 

(WFP and MoA, 2002). 

 

Maintaining adequate vegetative groundcover is the first defense against soil erosion (George et al., 

2004). When trying to stabilize the slope by restoring vegetation it is necessarily reduced the erosion 

caused by raindrop impact on bare soils, and to establish a penetrating root system to inhibit gully 

erosion and soil mass movements. Vegetation stabilizes a slope by physically increasing frictional 

forces and by removing the soil water through transpiration which results in lower pore water 

pressures and reduced weight of the soil mass (Brooks et al., 1991). Where as, the less the soil is 

covered with vegetation the more the soil is exposed to the impact of raindrops due to less organic 

matter accumulation in the soil (FAO, 2005b). Vegetative filter strips do more than just help stop 

erosion. If properly maintained, these filter strips of grasses, shrubs, and trees provide food and 

cover for a number of wildlife species (ACES, 1995).  

 

Maintaining vegetation covers reduce soil loss and enhance soil equality. The presence of trees and 

shrubs deposited litters on the soil. The addition of litter built up under the tree increased cations 

(inorganic nutrients) through the active release of them from the accumulated litter (Skarpe, 1991). 

Furthermore, trees and shrubs area bring back leached nutrients from deep soil to the aerial parts of 

trees like stems and canopies. Nutrients taken up by plants are deposited on the soil surface in litter, 

through-fall also known as leaf wash, in stem flow (Sachs, 1999). The drops of barks and leaves 

made available soil nutrients with in shallow soil depth. There is a positive correction between 

organic matter and exchangeable cations as soil organic matter increase available cations increase 

too (Wild, 1993). Clay and organic matter in the soil have negative charge; naturally it attracts 

positively charged nutrients and repels negatively charged nutrients (easily leached away). The 

active fraction of soil organic matter (SOM) has been most closely associated with nutrient supply. 

However, the stable soil organic matter pool also improves soil fertility by holding plant nutrients 

and preventing them from leach into the subsoil. Since SOM has a net negative charge, nutrients 

such as calcium, magnesium, potassium and ammonium (called cations) because of their positive 



 20 

charge they can easily attracted and held by soil organic matter (Cooperband, 2002). Organic matter 

may provide nearly all of the CECs and pH buffering in soils (Wild, 1993; Bot and Benites, 2005). 

Trees contribute to the sustainability of land productivity by contributing to the formation, structure, 

and fertility of soil in many ways (Tate, 1987).  

 

As vegetation coverage of area enclosure increased the amount of soil organic matter accumulation 

also increased. The presence of organic matter also affects both the chemical and physical properties 

of the soil and its overall health. Soil properties influenced by organic matter include; soil structure, 

moisture holding capacity; diversity and activity of soil organisms (Bot and Benites, 2005). 

According to Hudson (1994) for each 1 percent increase in soil organic matter, the available water 

holding capacity in the soil increased by 3.7 percent. The availability of soil organic matter is very 

important soil component and it helps to improve soil's physical conditions, increase water 

infiltration, and water holding capacity, decreased soil erosion losses, supply available plant 

nutrients and augment soil's cation exchange capacity (Bandel et al., 2002). Basically organic matter 

reacts in the soil like a tiny, spongy solid with a large amount of negative charge. Because of it 

complex and open structure, the ability of humus to pull water from the surrounding saturated 

atmosphere of the soils approaches 80 to 90 % of its weight, as compared to 15 or 20 % for soil 

clays (Bot and Benites, 2005). Soil organic matter is distinguished by its high moisture retention, 

low plasticity, low cohesion, and the dark color it imparts to the soil. These in turn lead to the 

favorable physical properties such as high water holding capacity, more stable structure, improved 

tilth, and more rapid water infiltration associated with mineral soils having significant organic matter 

content (Hodges and Plank, 1988).  

 

2.3.2.1.2. Biodiversity conservations 

  

Restoration of degraded lands reduces the loss of biodiversity. As biodiversity, which plays a critical 

role in overall sustainable development and poverty eradication, is essential to the human well-being 

and to the livelihood and cultural integrity of people. In Tigray region area enclosure establishment 

used as means to maintain biodiversity (Kindeya Gebrehiwot, 1997). High levels of biodiversity of 

species in ecosystem typically characterized that ecosystem as healthy, robust and integrity. Since a 

loss of biodiversity can significantly affects the functioning of the ecosystems (Darwin and Wallace, 

1858). 
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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 can promote 

sustainable development and ecosystem health through reduced erosion, increased biological 

productivity, water and soil quality (Aradottir et al., 2000). Ecological restoration has also been able 

to renew economic opportunities, rejuvenate traditional cultural practices and refocus the aspirations 

of local communities (SERI, 2004). 

 

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

 

These days, efforts are underway to replenish the denuded vegetation of Northern Ethiopia in line 

with the need to supply livestock fodder and other tree products. To realize those effects, enclosing 

areas has been helpful towards the major goal; achieving conservation based sustainable agriculture 

(Emiru Birhane, 2002). The successful colonization of many of the native species in many of the 

degraded lands, underline their potential in wasteland reclamation. These would serve as sources of 

fuel-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). Sustainable management of resorted and 

planted forests for non-timber products is essential to achieving sustainable development as well as a 

critical means to eradicate poverty, significantly reduce deforestation unlike timber harvesting. 

Those secondary forest products halt the loss of forest biodiversity and resource degradation; 

improve food security and access to safe drinking water and affordable energy. 

 

In Ethiopian agriculture is heavily dependant on animals where forage and browse for all the 

animals comes from natural vegetation and crop residues. The Ethiopian flora is rich in grass and 

legume forage species. Although the magnitude of the diversity in the indigenous forage crops is not 

well studied, recent observations indicated that Ethiopia is a centre of diversity for Trifolium where 

of its twenty six indigenous species, ten are found to be endemic (PGRC, 1995). The variety and the 

abundance of secondary forest products have injected new hope in the quest the strengthening of 

local economies in different parts of the countries (e.g. in Tigrey and Amhara regions).  
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2.3.2.1.4 Community livelihood improvement 

 

The main contributions of area enclosure is that provide forest products including trees that can 

make to the livelihoods of the rural poor though increasing incomes, improving food security, 

reducing vulnerability and enhancing well-being (FAO, 2001). Rehabilitation of mountain supports 

livelihoods by increasing productivity and biodiversity of fragile ecosystems. Further more 

establishment of area enclosure reduced the risks of flooding and drought in vulnerable ecosystems 

and improved land use planning of the watershed. Promotions of hillside enclosure establishments 

also help enhance the sustainable utilization of agricultural land down streams. In addition it protect 

downstream areas from flood hazard and clotting with silt concomitantly  improving infiltration and 

ground water conditions besides replenishing springs and providing water for longer periods of time 

for down stream communities (Mitiku Haile and Kindeya Gebrehiwot, 1997). 

 

Poverty reduction and alleviation remain central to livelihoods perspectives and efforts to reduce 

poverty focus on strengthening people's command of assets, expanding their opportunities to pursue 

different livelihoods strategies, and enhancing resilience in the face of risks, stresses and shocks. In 

this sense, establishments of area enclosure has contribute a lot improve livelihoods of local 

communities by ensuring their wellbeing and capabilities (Emiru Birhane, 2002). Here in times of 

crisis, the “safety net” role of forests and trees becomes more pronounced. Poor people often live 

precariously with no cushion against adversity. In times of special hardship, and in the absence of a 

welfare state, the poor often look to the nearby forests and trees for the means to keep going. 

Although not as important overall as the goods that those families can produce from farming, trees 

and forests help families through the “lean season” between the end of one harvest and the next 

when food is short, or through periods of seasonal unemployment (Shimizu, 2006). 

 

Community livelihood can be improved by utilizing natural resources in a more sustainable way. 

Options like common pool resources, then, are extremely important in preventing people from 

slipping further into poverty. As soil erosion is the main cause of poverty of the country, protecting 

soil at the site is by the presence of vegetation cover can effectively disconnect the coarse sediment 

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

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

Resource restoration (e.g. hillside vegetations) help maintain valuable ecosystem services, reduces 
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flood damage, provides further benefits, and reinforced as a key building block of development 

support of the rural communities (GACGCS, 2005). 
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3. MATERIALS AND METHODS 

3.1. Study area description 

 

3.1.1. Location 

 

The study was conducted at Addis Mender of the Kallu Woreda in Southern Wello Zone, the 

Amhara Regional State. The Woreda shares common border with Dessie Zuria and Tehuledarie 

Woredas to the north, Oromiya zone to the east, Oromiya zone to the South and Dessie Zuria 

Woreda to the west. The Woreda has a total area of 1,152.59 km
2
 (CSA, 2007). The enclosure and 

open sites are geographically located within 586281 and 584561 E, and 1208736 and 1211850 N 

grids. The study site covers 253 hectares. Out of which 102 ha covers by the enclosure while the 

remaining 151 ha by the open adjacent site (Figure 1). 

  

Figure 1: Location of the study area. 
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3.1.2. Climate 

 

The Kallu Woreda agro-climatic zone is predominantly dry mid highland/ Weina Dega (90.2 %), 

highland/ Dega (9.2 %) and lowland/ Kola (0.6 %). The rainfall distribution is bimodal; Kiremt, 

which is the main rainy season, accounting for 80 % of the total annual rainfall, occurring between 

July to September and Belg, which is the small rainy season (erratic and unpredictable) occurring 

from the end of March to May. There is a long dry period from the end of September to February, 

and a short dry spell in June. The two rainy seasons allow two growing seasons for meteorological 

records show that the mean annual rainfall of the area ranges between 800 mm to 1200 mm. The 

mean annual temperature also ranges from 15 
0
C to 25 

0 
C (ENMA, 2007).   

 

3.1.3. Topography 

 

The Kallu Woreda topography is dominated by mountainous (55.5 %), terrain and hills (23.5 %), 

incised valley (18 %), escarpments and plateau (3 %) which is undulating topography and mixed 

gentle and steep slopes (MPED, 1993). The study site is parts of Kallu Woreda which is seriously 

affected by land degradation through deforestation and soil erosion. The study site (Addis Mender 

area) was initiated nine years ago, by the World Food Program (WFP) with its conservation program 

in collaboration with the government and local communities. The two sites (enclosure and open 

adjacent site) are in the same altitude range of 1500 m to 1950 m asl above sea level. The slopes of 

the sites also range between 2 to 54 % and the 5 to 63 % for the enclosure and open site, 

respectively. Both sites were similarly managed before the inception of enclosure.   

  

3.1.4. Geology and Soil  

 

Large parts of Southern Wello including Kallu Woreda covered by volcanic rocks mainly basalts of 

tertiary age. Due to excessive erosion, large areas are covered by shallow soils which include 

Lithosols, Arenosols, Vertisols and Cambisols as the major soil types of Woreda (EMA, 1988). The 

area has soil depth less than 20 cm leading to low soil productivity and low water retention capacity 

during the period of irregular rainfall (Hurni, 1988). 

 

3.1.5. Major land use system 

  

The predominant land use types of Woreda are subsistence mixed farming (rain fed crop production 

with animal rearing). The major annual crops grown in the Woreda includes; sorghum, tef, maize, 
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chickpea, finger millet, maize and haricot bean (newly introduced cash crop locally called "Masho"). 

Currently population growth increased demand for ecosystem services and energy are the most 

important drivers' changes in land use of the Woreda which often lead to plant diversity reduction. 

Cutting of trees for fire wood and charcoal making, clearing of the remaining vegetation for 

additional agricultural land and overgrazing are widely practiced phenomena of the Woreda 

(Kebrom Tekle, 1998). 

    

3.1.6. Population 

 

The present population of the Woreda is about 239,482 (118,917 male and 120,565 female) (CSA, 

2007). In 1994 the Woreda population was 170, 523 (85,326 male and 85,197 female) (CSA, 1994). 

The population increased by 40 % in between 1994 to 2007, population density of the Woreda is 

207.80 people km
-2 

(CSA, 2007). The increment of population pressure had imposed on the natural 

vegetation reduction. Since 90 % of the people lived in rural areas are engaged in rain fed crop 

production and animal husbandry (Hurni, 1988). Population growth has led to deforestation and 

conversion of pastureland to crop lands, leading to overstocking and further degradation of the 

remaining vegetation of the Woreda (Jabbar et al., 2002). In the Woreda the population pressure 

produced land-hungry farmers' fervent farmlands from steep slope and ecologically fragile 

landscapes. 

 

3.1.7. Vegetation  

 

The original forest vegetation of the Woreda assumed to have been Afromontane forests of 

Ethiopian highlands (Friis, 1992). The vegetation in the Woreda has been categorized under 

Juniperus/Olea forest with in Wello dry Juniperus forest Seed Zone (Aalbaek, 1993). Most of the 

remaining original forests are observed only in the protected sites which covers 2048 ha, and around 

sacred areas such as churches, Mosques and graveyards locally called ''Wujib''. Broad-leaved species 

dominate the vegetation formation of the Woreda. Particularly in the study site Fabaceae family is a 

significant contributor to the biomass and species diversity. The Acacia species (Acacia brevispica, 

A. nilotica, A. seyal, and A. tortilis) and Dichrostachys cinerea from family Fabaceae, Galiniera 

saxifraga from family Rubiaceae and Euclea racemosa subsp schimperi from family Ebenaceae are 

most dominant in the area. Rhus natalensis from family Anacardiaceae, Carissa spinarum from 

family Apocynaceae cover considerable portion of the study site. Tiliaceae, Lamiaceae, Oleaceae, 
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Boraginaceae, Polygonaceae, and other families are represented with one or more species though 

out the study site (Kebrom Tekle, 1998). 

 

3.2. Study design 

 

The study was designed in such a way that data could be gathered on biophysical (vegetation and 

soil) in the enclosure and in the open site. Community perception towards enclosure development 

was assessed. A reconnaissance survey was made before the actual survey operation in order to 

obtain a general picture about the enclosure and the open site. Details of both biophysical and 

community perception evaluation surveys were conducted after the preliminary survey. For all 

parameters data were collected in between 1
st
 May to the end of June, 2007.  

 

Biophysical surveys were systematically laid in the enclosure and in the open site. Locations of the 

plots were marked by GPS / both altitudes and coordinates were recorded/, straight forward direction 

in a given line transect and the turning points' at end of each line transect was kept at right angle 

using compass, and slope along transects were measured using clinometers. The plot shape for 

vegetation survey was circular, for the advantage of easily laid sample plots in the field and which 

could minimize the number of border trees /reducing edge effects /because of smallest 

circumference to area ratio, in comparison to square and rectangular quadrants/.   

 

3.2.1. Vegetation survey  

 

A total of six line transects each with an average length of 500 m were laid at a distance of 250 m 

between them both in the enclosure and in the open site. To avoid the effect of disturbances the first 

and the last line transects were laid at a distance of 100 m from the edges (Figure 2). On each line 

transect, six circular sample plots (10 m radii) were laid at every 100 m along the line transect. In 

each plot all woody tree species with a diameter at breast height/ DBH > 5.00 cm and height > 3.00 

m were considered as trees and they were measured for DBH and height. Within each sample plot a 

nested samples were carried out for saplings, shrubs and seedling each a radius of 6 m and 2 m 

radius, respectively. In the study tree species saplings were considered with a DBH < 5 cm and DBH 

> 2.00 cm, and 0.50 m to 3.00 m height. Similarly seedlings were considered as those stems with 

DBH < 2.00 cm and height < 0.50 m (Tefera Mengistu et al., 2005). Here the difference between 

trees and shrubs were; trees are woody, perennial plants that have one central stem, are generally 
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more than 3 m in height and normally have a distinct head, while shrubs are woody, perennial plants 

that have number of stems usually produced from near the soil line of the plant. Shrubs are generally 

less than 3 m in height.  

 

All tree species at the sizes of tree and sapling were measured. Heights and DBHs (trees and sapling) 

were measured and recorded. Diameters and heights were measured using diameter tape and 

graduated wooden rod, respectively. Within each circular sample plot, the number of individual 

seedlings of different species was directly counted. During counting chalk was used to mark trees 

and shrubs as they had counted, to ensure that they were not missed, or double counted.  

 

All woody plants with in the sample plots were identified and recorded. The woody plant species 

encountered in the plots were identified on spot based on own experience supported by plant 

knowledge of local elders, Flora of Ethiopia and Ertirea: Plant nomenclature follows: Cufodontis 

(1953-1972), Hedberg and Edwards (1989), Friis (1992), Edwards et al., (1995, 1997, 2000), 

Hedberg et al., (1995) and Hedberg et al., (2006). Additionally, Honeybee Flora of Ethiopia (Fichtl 

and Admasu Adi, 1994), Useful trees and shrubs in Ethiopia (Azene Bekele et al., 1993), and Trees 

and Shrubs from some Hillside Closures in Wello (Mesfin Tadesse et al., 1987) were used though 

out the process of identifications. For plants which could not be identified in the field, specimens 

were collected, properly dry in plant press, and identified at the National Herbarium in Addis Ababa 

University were voucher specimens are available. 
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Figure 2: Layout of vegetation sample plots 

 

3.2.2. Soil sampling   

 

Soil samples were collected from line transects which were laid along the contour. In each site four 

line transects were laid a distance of 180 m between them. On each line transect four sampling 

points were laid at a distance of 450 m from each point. To avoid the effect of disturbances the first 

and the last line transects were laid at ad distance of 80 m from the edges   (Figure 3). 

 

At each sampling point five sub-samples were collected using soil auger at depth of 20 cm. The five 

soil samples were mixed and 1 kg of composite soil sample was drawn. Finally composite soil put in 

plastic bag and labeled for each sample point. Assumption was that analytical results from 

composite sampling provide average values for the sampled site. Samples from the two areas 

(enclosure and open site) were separately handled in sacks. 

 

The soil variables for analytical laboratory were soil texture, pH, soil organic matter (SOM), total 

nitrogen (total N), exchangeable Phosphorus (P), exchangeable cations; Potassium (K), Calcium 
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(Ca), Magnesium (Mg), and Sodium (Na)], cation exchange capacity (CECs) and soil moisture 

(SM). 

 

Figure 3: Layout of soil sample plots. 

 

3.2.3. Socio-economic survey 

 

Socio-economic survey was carried to assess perception of community towards area enclosure and 

benefits acquired. All households in close premise to the enclosure were interviewed. Socio-

economic survey was collected by government development agents (DAs). The interview was 

conducted either in home or farmland. In this survey a total of 84 households were interviewed. 

Households were interviewed using formal structured questionnaires.  
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3.3. Laboratory analysis of soil samples   

 
The soil samples were air-dried by spreading the soil in a clean, warm and dry area, and left for three 

days, after three days the samples were analyzed at International Livestock Research Institute 

(ILRI)-Ethiopia Analytical Services Laboratory.  

 

Soil texture was determined by the hydrometer method (Gee and Baunder, 1986). The determination 

of soil organic matter follows Walkley and Black (1934). Soil pH was determined potentiometrically 

in water (Jackson, 1973). Total N was determined following Kjeldahl digestion (Kjeldahl, 1883). 

Exchangeable P was determined by using Bray No-II (Bray and Kurtz, 1945). An ammonium acetate 

extractant method was used to analyses exchangeable (K, Ca, Mg, and Na) (Schollenberger and 

Simon, 1945) and for analysis of soil CEC was determined by ammonium acetate extractant 

(Schollenberger and Simon, 1945). Moisture content was determined through drying the soil 

samples in an oven at 105
0 

c over night (Jackson, 1973). 

 

3.4. Data analysis 

3.4.1. Vegetation data analysis  

3.4.1.1. Species diversity   

 

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

evenness. Indices that combine both richness and evenness (heterogeneity) in to a single value are 

diversity indices. Species diversity indices were analyzed using software PAST (Hammer et al., 

2001). The total number of species in a community is referred to as species richness while species 

evenness or equitability explains as to how species abundance is distributed among species. 

Diversity has emerged as the most widely used criterion to assess the conservation potential and 

ecological value of a site (Magurran, 1988). 

 

a. Shannon Wiener's diversity index 
 

Shannon diversity index accounts for both the diversity and evenness of the species present in a 

community. This index takes in to consideration of species composition and evenness with in the 

given land or community. 
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Shannon diversity index, H = i

s

i

i pp ln
1

∑
=

−  …………………………………………………….. (1) 

Where:   

           H= species diversity index; 

           ln= natural logarithm   

            Pi=n/N is the proportion of individuals found in the i
th

 species  

           (ranges 0 to 1); and  

            n=number of individuals of a given species; N = total number of individuals found (Shannon 

and Wiener, 1949). 

 

Shannon diversity index (H) is taking in to account the number of individuals as well as the number 

of species. Shannon diversity Varies from 0 for a community with only a single species to a high 

value for a community with many species, each with few individuals. It increases with number of 

species in a community and in theory can reach very large values. But in practice for biological 

communities H does not exceed 5.0 (Krebs, 1999). The results are summed across the species and 

multiply by -1. Shannon diversity index high when it is above 3.0, medium when it is between 2.0 

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

Larrazabal, 2004).  

 

Evenness (Equitability): J = 
MaxH

H
   = -Σ pi ln� )

ln s

pi  ………………..…….…………..……. (2) 

Where:  

ln= natural logarithm; 

s = the number of species. 

Species Evenness (measure of species balance) is a measure of the relative abundance of the 

different species making up the richness of an area. Species evenness; as a measure of species 

diversity which is the relative abundance in which each species is represented in an area. An 

ecosystem where all the species are represented by the same number of individuals has high species 

evenness. An ecosystem where some species are represented by many individuals, and other species 

are represented by very few individuals has low species evenness (Lecointre and Guyader, 2001; 

Harrison et al., 2004). Evenness compares the similarity of the population size of each of the species 

present that means it is a measure of the relative abundance of the different species making up the 
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richness of an area. Complete evenness, only when the same number of individuals represents all the 

species, always equal to one that means. On the other hand, zero only and only if there is one species 

in the samples. A high value of evenness indicates that all the species in the community have rather 

similar abundance (Wilson et al., 1996).  

 

  A low equitability value means that there is dominance of one or more species in the community. 

While high equitability means that there is a uniform distribution among the species in samples, 

demonstrating that individuals are well-distributed (Cavalcanti and Larrazabal, 2004). 

 

b. Simpson's index (D) 

Simpson's Index, D= 2

1

)(∑
=

S

i

ip …………………………………..…….………..………………… (3) 

Where: 

      S = total number of species in sample;  

      Pi = the proportion of individuals found in the i
th

 species (ranges 0 to 1) (Simpson, 1949). 

Simpson dominance (D) ranges from 0 (all species are present) to 1 (one species dominates the 

community completely).  

 

Simpson's Diversity Index is often used to quantify the biodiversity of a habitat (measures the 

evenness of species from 0 to 1). The greater value of (1-D) is the greater evenness. Its value 

increases with the increase in the number of species and the distribution of the individuals among the 

species becomes even. The Simpson (1-D) is zero only and only if there is one species in the sample 

and maximum only when the same number of individuals represents all the species. 

 

3.4.1.2. Density, Basal area, regeneration status and similarity 

  

The quantitative structure analysis was made using data from density, abundance, frequency of 

distribution of each species in the study sites. The population structural analysis was the data from 

diameter class distribution referred to as size class distribution. The purpose of using size class 

distributions in diameter at breast height (DBH) was to enable to investigate the regeneration status 

of the woody plant species (Peters, 1996). Populations structure of all tree species in all the sample 

plots were analyzed using the data of the stem with DBH ≥ 2 cm. The frequency tabulars were 

constructed for each species taking the size obtained in to consederation. The population structure 
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bargraph used to discuss the different patterns of population structure in the enclosure and in the 

open site. 

 

Population structure was analyzed using bar graphs, tree species density per hectare, basal area per 

hectare (m
2
 ha

-1
) and abundance were constructed in frequency diagram.  

 

a. Species density was determined by counting the number of individuals in the sample plots and 

converting the count into hectare basis. 

 

 Density of all species = 
hectarein  size Sample

      speciesallofsindividualofNumberTotal
 

 Density of a species =  
hectareinsizeSample

speciesaofsindividualofNumberTotal

   

      
 

b. Basal Area (BA) was calculated from tree plants with diameter ≥ 2cm by using the formula:  

Basal area (BA) =∑
4

2
D

π ...…………………………..………................................................. (4) 

Where: 

          D= Diameter  

As the enclosure is young basal areas were computed for individuals with RCD ≥ 2cm, to evaluate 

the change in vegetation coverage and regeneration status of vegetation (Curtis and McIntosh, 

1951). 

  

c. Species frequency = 
surveyedplotssampleTotal

occuredspeciesawhichinplotsampleofNumber

   

   tree      
*100 

 

d. The Importance Value Index (IVI) was calculated after (Curtis and McIntosh, 1951);   

IVI = RD + RF + Rd……...................................................................................................(5)                                       

 

Relative frequency values were summed up to represent the IVI (Curtis and McIntosh, 1951). 

Relative frequency values were computed on hectare base as the follows:  

 

Relative Density (RD) = 100*
   

 

 speciestree allofindividulsof number Tota

speciestree a of sindividual of Number
;  
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Relative frequency (RF) = 100*
  

  tree    

 speciestreeall of occurancesfrequency Total

 speciesaofoccurenceoffrequency
; and                

Relative Dominance (Rd) = 100*
 minD

min

 speciestree all ofanceo

 speciestree a of anceDo
. 

Where:  Dominance = is mean basal area per tree times the number of tree species.   

 

e. Coefficient of Jaccard (Sj) is expressed as follows:  

 

To measure the similarity of enclosure and open site in species composition, the binary similarity 

coefficient employs presence and absence of species data in a community was used. The Sj gives the 

percentage of similarity of woody species between two communities. In this study coefficient of 

Jaccard, which is one of the most commonly used binary similarity coefficient was employed 

(Krebs, 1999).  

Sj = 100*)(
cba

c

−+

……………………………….............................................................. (6) 

Where:  

          a= total number of species in enclosure site; 

          b= total number of species in open site; and  

          c= the number of species common in the enclosure and in the open site. 

The range of all similarity coefficient for binary data is supposed to be from 0 (no similarity) to 1 

(complete similarity).  

 

3.4.2. Soil data analysis 

 

Soil physical and chemical variables results of soil texture, soil pH, and soil organic matter (SOM), 

total nitrogen (total N), available Phosphorus (P), exchangeable cations [ potassium (K), Calcium 

(Ca) Magnesium (Mg), Sodium (Na) ], cation exchange capacity (CEC) and soil moisture (SM) were 

fed to SPSS and analyzed  using  paired Samples t-Test statistics at 5 % level of significant. Since 

three grades of mineral particles met in soils, it was possible to indicate the proportions and 

determined the soil texture classes of both sites (Brade-Birks, 1947). 

 

3.4.3. Socio-economic data analysis 

 

The socio-economic data were fed into SPSS and analyzed using descriptive statistics.  
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4. RESULTS AND DISCUSSION 

 
4.1. Woody vegetation restoration 

 

4.1.1. Species composition and diversity 
 

The total numbers of woody plant species recorded in the enclosure and in the open site were fifty. 

They belong to 27 plant families. The numbers of families in the enclosure were 26, whereas in the 

open site 21 families were represented. In the enclosure site a total of 47 woody species were 

recorded of which 14 were tree species. Similarly, in the open site a total of 37 woody species were 

recorded of which 13 were tree species. Out of the woody species encountered at the enclosure site, 

30 % were trees and 70 % where shrubs (Table 2; Appendix 1). Among the species recorded in the 

open site, 35 % were trees, while 65 % were shrubs (Table 2; Appendix 2). In the enclosure site 

family Fabaceae was the most diverse family in species number that comprised eight (17 %) 

followed by family Tiliaceae comprised six (13 %). Similarly, in the open site, the family Fabaceae 

comprised eight species (22 %) was diverse and followed by the Tiliaceae represented by five 

species (14 %). Family Lamiaceae was represented by 3 and 2 species in the enclosure and open 

site, respectively (Appendix 3). 

 

The remaining 24 families were represented by 30 species in the enclosure and 22 species in the 

open site. In the enclosure family Asclepaidaceae, Boraginaceae, Euphorbiaceae, Oleaeceae, 

Rhamnaceae, Rubiaceae and Verbaceae were represented with two species. In the open site 

Borginaceae, Euphorbiaceae, Oleaceae and Rhamnaceae each family represented with two species. 

From the family Acantaceae no species recorded in the enclosure while in family Apiaceae, 

Olacaceae, Malvaceae, Pittosporaceae, Sterculiaceae, and Verbaceae no species recorded in the 

open site. The remaining families in both sites were represented by one species. Generally, the 

proportions of family to species were higher in the enclosure than in the open site (Appendix 3). 

  

4.1.1.1. Diversity of woody plant species  

 

Comparison of total tree and shrub species richness in both sites showed more species presented in 

the enclosure site. This confirmed that more species were severely affected by disturbances in the 

open site, but it can be restored when disturbances reduced (Table 2). Higher numbers of woody 
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plant species were encountered in the enclosure site than in the open site (Table 2). In the enclosure 

the number of species recorded per plot varies from 6 species (plot-5) (minimum) to 20 species 

(plot-33) (maximum) (Appendix 1). Similarly, in the open site the number of species recorded per 

plot varies from 3 species (plot-10, 14, 24, 25, 26) (minimum) to 15 species (plot-15) (maximum) 

(Appendix 2).  

 

The dominant families that contributed to over all species richness in both sites were Fabaceae and 

Tiliaceae. Species richness as a measure on its own takes no account of the number of individuals of 

a given species present. It gives as much weight to those species which have very few individuals as 

to those which have many individuals. Thus, Premna schimperi, which account one individual out of 

36 sample plots of the enclosure site has as much influence on the richness of enclosure site as 

Eculea racemosa subsp schimperi which account 466 individuals of the same number of plots 

(Appendix 1). The more species in a given area is the more its richness apart from the number of 

individuals in a given species.   

 

The diversity indices [Shannon and Simpson index of diversity (1-D)] for woody plant species are 

relatively higher in the enclosure (2.767 and 0.8917) than in the open site (2.334 and 0.8163), 

respectively while the concentration of dominance (D) is a bit stronger in the open site. Relatively 

higher diversity indices of Shannon and Simpson indicate that there is better species diversity in the 

enclosure than in the open site. The Simpson index of diversity (1-D) value higher in the enclosure 

site which indicates the enclosure is more diverse in species than the open site. Whereas, Simpson 

(D) value is lower in the enclosure and higher in the open site, indicating that few species were 

dominant in the site. Since Simpson index (D) is higher for the open site compare to enclosure. This 

indicates better interaction among the species in the enclosure due to higher species diversity.  

 

Species evenness in the enclosure (0.3386) is slightly higher than in the open site (0.279). The 

protection of the site from human and livestock disturbances helps each species to have better 

abundance of its individuals unlike the open site. Conversely, open site where some species are 

represented by many individuals, and other more species are represented by very few individuals has 

low species evenness. As evenness compares the similarity of the population size of each of the 

species present that means it is a measure of the relative abundance of the different species making 

up the richness of an area. A low value of evenness indicates that the one or a few species are highly 
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dominant, while others are present with few individuals (Wilson et al., 1996). Hence dominance 

inversely related to evenness and richness, open site was therefore considered to be less diverse than 

enclosure. 

 

A community with many equally distributed species is considered to be high in species diversity, is 

usually indicates a complex community because the greater variety of species allows more species 

interactions among the species in the given community. Since species richness (S), equitability (J) 

and diversity (H) are positively correlated (Krebs, 1999), still the enclosure has better uniformity of 

species distribution through out the site then in the open site.  

 

Table 1: Comparisons of various diversity indices of woody plant species in the enclosure and in the 

open site 

 

Diversity  Indices Enclosure Open site 

Shannon_(H) 2.767 2.334 

Simpson diversity index _(1-D) 0.892 0.816 

Evenness (J) 0.339 0.279 

Species richness (S) 47.00 37.00 

 

The species presented in the enclosure site were large in number than the open site. Majority of 

woody species present in the enclosure site have better distribution in their individuals than in the 

open site. In the open site, out of 37 woody plant species the entire site is dominated by four species 

namely; Galiniera saxifraga, Eculea racemosa subsp shimperi, Carissa spinorum and Romex 

nervosus, 61.48 % of the individuals belong to those four species. On the other hand, the same 

species in the enclosure site made up about 40.09 % of the individuals. In the enclosure site 63.47 % 

of the total individuals attributed to seven species which included the above four species and other 

three species which had highest number of individuals among the species (Acacia brevispica, 

Dichrostachys cinerea and Rhus natalensis) recorded in the enclosure (table 2). The level of 

disturbance had effects on woody species diversity and vividly indicates the contributions of 

enclosure to maintain species diversity. On the other hand, species which were less palatable to 

domestic animals, less calorific values and/or resist environmental degradations were dominated the 

open site. Species like Romex nervosus commonly grow in degraded and overgrazed areas on 

mountain slopes and rocky hillsides (Fichtl and Admasu Adi, 1994). Further more studies in 
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Southern Wello pointed out that the rise of Rumex indicated the conversion of forest to bushland and 

grassland (Darbyshire et al., 2003; Sebsebe Demissew, 1998). 

 

In general woody species diversity in the enclosure is better conditions than in the open site. As 

levels of species richness in ecosystem typically characterized that ecosystem as healthy and robust. 

In comparison enclosure and open sites, enclosure site is healthier than the open site. Since a loss of 

biodiversity can significantly affects the functioning different species in the ecosystems by reducing 

the interactions (Darwin and Wallace, 1858). The protection and restoration of degraded lands can 

significantly improve the functioning of the ecosystem though increasing the diversity of species and 

their interactions in the protected areas. The study by Aradottir et al., (2000) confirmed that 

reclamation of degraded land can promote sustainable development and ecosystem health through 

reduced erosion, increased biological productivity, and water and soil quality. 

 

4.1.1.2. Density, frequency and similarity of wood species  

 

The density of tree and shrub, and woody climber species in enclosure and open sites were 5563 and 

3862 individuals/hectare, respectively. In the enclosure, Eculea racemosa subsp. shimperi is the 

most dense species with 1146 individuals ha
-1

, followed by Dichrostachys cinera (637 individuals 

ha
-1

), Carissa spinarum (590 individuals ha
-1

), Acacia brevispica (418 individuals ha
-1

), Rumex 

nervosus (307 individuals ha
-1

), Rhus natalensis (265 individuals ha
-1

) and Jasminum grandiflorum 

(167 individuals ha
-1

). On the other hand, in the open site Galiniera saxifraga is the most dominant 

woody species with 1015 individuals ha
-1

, followed by Eculea racemosa subsp. schimperi (860 

individuals ha
-1

), Carissa spinarum (275 individuals ha
-1

), Grewia trichocarpa (267 individuals     

ha
-1 

), Rumex nervosus (258 individuals ha
-1

), Dichrostachys cinera (157 individuals ha
-1

) and Rhus 

natalensis (108 individuals ha
-1

). In the open site the first two species were recorded 49 % the value 

of total density per hectare out of 37 species (Table 2); most of the species in the open site have very 

few individuals as a result of continuous disturbances. In the enclosure site a total of 47 woody plant 

species were recorded. Among the woody species the highest density (1146 plant ha
-1

) was recorded 

for Eculea racemosa subsp. schimperi in the enclosure site and the highest value of density (1015 

plant ha
-1

) was recorded for Galiniera saxifraga in the open site (Table 2).  
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Most frequently occurred woody species in the study plots was Eculea subsp. schimperi, its 

frequency was 92 % and 89 % in the enclosure and open site, respectively. The second highly 

distributed species in enclosure site was Rhus natalensis (81 %), followed by Carissa spinarum (70 

%), Acacia brevispica (64 %), Dichrostachys cinerea (61 %) and Rumex nervosus (47 %). Likewise, 

in the open site second highly distributed species was Carissa spinarum (61 %), followed by Rumex 

nervosus (56 %), Galiniera saxifraga (56 %), Dichrostachys cinerea (44 %) and Rhus natalensis      

(44 %) (Table 2). 

 

Table 2: List of woody species recorded in the enclosure and in the open site with their densities and 

frequencies 
 

Enclosure Open site 

Plant nomenclature Family  

  

Life-form 

Densit

y/ha 

Freque

ncy 

(%)   

Densit

y/ha 

Freq

uenc

y 

(%)  

Ocimum lamiifolium Hochst. 

exBenth. Lamiaceae  Shrub 12 8 5 3 

Acacia brevispica Harms. Fabaceae  

Shrub/slender 

tree 415 64 29 19 

Calpurnia aurea (Ait.) Benth. Fabaceae Shrub/small tree 103 42 69 36 

Capparis tomentosa Capparidaceae  Scrambling shrub  17 11 10 8 

Carissa spinarum L.  Apocynaceae  Climbing shrub  590 70 275 61 

Clerodendrum myricoides 

(Hochst.) Vatke Lamiaceae  Shrub 15 11 5 6 

Clutia abyssinica Jaub. & Spach. Euphorbiaceae Shrub/small tree 5 6 10 2 

Dichrostachys cinerea (L.) Wight 

& Am. Fabaceae  Shrub 637 61 157 44 

Grewia mollis Juss. Tiliaceae Shrub/Tree 2 3 25 17 

Dodonaea  angustifolia L. f. Sapindaceae  Shrub 136 14 7 8 

Dombeya torrida (J. F. Gmel.) P. 

Bamps. Sterculiaceae  Shrub/ tree 32 8 - - 

Eculea racemosa subsp.  

schimperi Ebenaceae Shrub/ small tree 1146 92 860 89 

Grewia bicolor Juss.  Tiliaceae Shrub/small tree 18 8 - - 

Grewia flavescens Juss. Tiliaceae Climbing shrub 47 22 2 3 

Grewia villosa Willd. Tiliaceae Branching shrub 40 20 13 8 

Justicia schimperiana (Hochst. 

Ex Nees/ T.Anders. Acanthaceae  Shrub - - 5 6 

Lantana camara L. Verbenaceae  Shrub 39 20 - - 

Mytenus senegalensis (Lam.) 

Exell. Celastraceae  Shrub/ liana 34 14 10 11 

Flueggea virosa (Willd.) Voigt. Euphorbiaceae  Shrub/small tree 37 31 39 25 

Lantana trifolia L.  Verbenaceae  Shrub 27 5 - - 

Ximenia americana L. Olacaceae  Shrub/Tree 15 5 - - 
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Grewia ferruginea Hochst. Ex A. 

Rich. Tiliaceae  

Straggling Shrub/ 

tree 108 20 39 25 

Osyris quadripartita Decn. Santalaceae Shrub/tree 15 14 2 3 

Premna schimperi Engl. Lamiaceae   Shrub/tree 2 3 - - 

Pterollobium stellatum (Forssk.) 

Brenan. Fabaceae  Climbing shrub  98 36 29 14 

Rhus natalensis Krauss.  Anacardiaceae 

Branching 

shrub/small tree 265 81 108 44 

Abutilon angulatum (Guill. & 

Perr.) Mast. Malvaceae Shrub 17 6 - - 

Rumex nervosus Vahl. Polygonaceae  Shrub 307 47 258 58 

Hetromorpha arborescens 

(Spreng.) Cham. & Schltdl. Apiaceae  Shrub/tree 5 6 - - 

Calotropis procera (Ait) Ait. f.  Asclepiadaceae   Succulent shrub 15 14 5 6 

Asparagus africanus Lam.  Asparagaceae   Climbing shrub  57 22 7 6 

Jasminum grandiflorum L. Subsp. 

floribundum  Oleaceae  Woody climber  167 44 54 31 

Jasminum abyssinicum Hochst. ex 

DC. Oleaceae  Woody climber  34 14 - - 

Dregea rubicunda K. Schum.  Asclepiadaceae  Woody climber  25 11 - - 

Acacia seyal Del. Fabaceae  Tree 65 31 56 20 

Acacia nilotica (L..) Willd. ex 

Del. Fabaceae  Tree 45 25 29 6 

Acacia tortilis (Forssk.) Hayne.  Fabaceae  Tree 15 17 71 11 

Acacia mellifera (Vahl) Benth. Fabaceae  Tree/shrub - - 22 3 

Grewia trichocarpa Hochst. Ex A. 

Rich. Tiliaceae Tree/shrub 141 42 267 28 

Commiphora habessinica (Berg) 

Engl. Bruseraceae  Tree/shrub 72 11 22 3 

Terminalia schimperiana Hochst. Combretaceae Tree 95 17 88 8 

Galiniera saxifraga (Hochst.) 

Bridson Rubiaceae  Tree/shrub 315 34 1015 56 

Ziziphus mucronata Willd.  Rhamnaceae  Tree/shrub 140 17 22 3 

Ziziphus spina-christi (L.) Desf. Rhamnaceae  Tree/shrub 24 6 88 8 

Ehretia cymosa Thonn.  Boraginaceae  Tree/ shrub 32 11 133 14 

Cordia monoica Roxb. Boraginaceae Tree/ shrub 72 11 24 6 

Olea europpaea L. subsp. 

cuspidata  Oleaceae  Tree - - 2 3 

Canthium lactescens Hierna.  Rubiaceae  Tree/shrub 46 6 - - 

Pittosporium viridiflorum Sims.  Pittosporaceae  Tree/shrub 16 14 - - 

Pterocarpus lucens Guill.& Perr. Fabaceae Tree 3 3 - - 

Total      5563   3862   

 

Plant nomenclature follows: Cufodontis (1953-1972);  Hedberg and Edwards (1989); Friis  ( 1992), 

Edwards et al., (1995, 1997, 2000); Hedberg et al., (1995); Hedberg et al., (2006); Fichtl and 

Admasu Adi, (1994); Azene Bekele et al., (1993)  

Density/ha= the number of individuals/hectare 

Frequency= the proportion of sample plots (%) in which species is occurred; "-"= absent in the sample plot 
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The number of species and families common in both sites were 34 and 20, respectively. A total of 13 

species were recorded in the enclosure which was not recorded in the open site. Similarly three 

species were recorded in the open site but not in the enclosure. Out of 27 families, only Acanthaceae 

not recorded in the enclosure while six families are absent in the open site which is present in the 

enclosure site, namely; Apiaceae, Olacaceae, Malvaceae, Pittosporaceae, Sterculiaceae and 

Verbaceae (Table 2).  

 

Table 3: Number of species, plant families, total density (individuals /ha) and basal area (m
2
/ha)       

Site Species  Families Density  Basal area 

Enclosure 47 26 5563 0.2421 

Open  site  37 21 3862 0.0296 

 

The similarity index indicates there is similarly between the two sites. The Coefficient of Jaccard 

(Sj) = 68 %. The species similarity index of the enclosure and the open site indicate that two sites are 

moderately similar.  

 

4.1.1.3. Population structure of woody species 

  

Of the total density of tree species, the proportion of seedlings, saplings, and trees in the enclosure 

site were 82 %, 16 % and 2 %, respectively. On the other hand, out of the total density of tree 

species, the proportions of seedlings, saplings and trees in the open site were 97 %, 3 % and 0 %, 

respectively (Table 4). In both sites the proportions of individuals at seedling stage exhibited highest 

number that confirms potentials of regenerations of the sites if there is protection of the site from 

different disturbances. Proportions of individuals at sapling stage in the enclosure site were higher 

than the open site. The proportions of tree individuals were few in number in the enclosure site, but 

still better than open site where there is no tree individuals recorded in open site (Table 4). 

 

Even though the regenerations potential exists in both sites, the development of seedlings to saplings 

then trees were higher in the enclosure site than in open site (Table 4). Density and abundance of 

woody plant species were higher in the enclosure and decreased in the open site (Table 2). The 

difference observed in sapling and tree size stages between the two sites showed the positive effect 

of area enclosure on woody plant species restoration. The reduction of sapling number and absence 
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of tree individuals in the open site is indication of increased vulnerability of seedlings damage by 

animal and/or human at their early stage. Those individuals in the open site are either cut at their 

early age for various purposes by the local inhabitants and/or their domestic animals and/or unable 

to resist water shortage during dry season and/or frost and/or sun scorch since unavailability of 

shade from mother trees.  

 

Most woody species from the Fabaceae family commonly are preferred as fuelwood sources 

because of their high calorific values, and also used as sources of fodder for cattle and other 

domestic animals especially during dry seasons (Kindeya Gebrehiwot, 2004). Open access expose 

regenerates to overgrazing that destroys palatable species in the plant mix and reduces the density of 

the plant cover and hampers the natural regeneration including young seedlings (Bot and Benites, 

2005). 

Table 4: Density of seedlings, saplings and trees per hectare in the enclosure and in the open site 

Enclosure Open site Species Name  

Seedling 

 

Sapling 

  

Tree 

  

Seedling 

  

Sapling 

  

Tree  

Acacia seyal  44 15 6 44 12 - 

Acacia nilotica   22 20 3 22 7 - 

Acacia tortilis   0 10 5 66 5 - 

Acacia mellifera 0 0 0 22 0 - 

Grewia trichocarpa  111 27 3 265 2 - 

Commiphora habessinica  66 5 1 22 0 - 

Terminalia schimperiana 88 7 0 88 0 - 

Galiniera saxifraga 265 49 1 995 20 - 

Ziziphus mucronata 133 5 2 22 0 - 

Ziziphus spina-christi  22 2 0 88 0 - 

Ehretia cymosa 22 10 0 133 0 - 

Cordia monoica 66 5 1 22 2 - 

Olea europpaea  0 0 0 0 2 - 

Canthium lactescens 44 2 0 0 0 - 

 Pittosporium 

viridiflorum 

0 15 1 0 0 - 

Pterocarpus lucens 0 2 1 0 0 - 

Total 883 174 24 1789 50 - 

 

"-" = absent in sample plot 

 

The higher density and diameter of some tree species like Acacia seyal, A. tortilis and A. nilotica, 

Grewia trichocarpa and Cordia monoica in the enclosure site indicate effects of protection against 

fuel-wood collection, farm implement cutting, free grazing and other disturbances. In the open site 
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those species are few in number and lower in diameter classes instead the site dominated by 

Galiniera saxifraga, Eculea racemosa subsp. shimperi, Carissa spinarum and Romex nervosus. 

These four species are known to be of less preferred for fuelwood use and lower palatability to most 

domestic animals unlike Acacia species (Figure 4). 

Structure and composition differences of the two sites emerge from human and/or livestock 

disturbances (in the open site) and absences (in the enclosure). The results show that protecting of 

degraded site from human and animal disturbances promotes woody plant species regenerations and 

productivity. Diameter class distributions of common tree species in both sites also shown depict 

this fact (Figure 4). 
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Population structure of woody tree species in the enclosure and open site  
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5. Grewia trichocarpa
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7. Terminalia schimperiana
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6. Commiphora habessinica
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8. Galinieria saxfraga 
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9. Ziziphus mucronata 
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10. Ziziphus spina-christi
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11. Ehretia cymosa 
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12. Cordia monoica
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Figure 4: Population structure of woody tree species (seedling, sapling and tree) in the enclosure and in the open site (Diameter 

classes: 1 = <2 cm; 2=2–5 cm; 3=5–7.5 cm; 4=7.5–10 cm; 5=10–12.5 cm; 6=12.5–15 cm; and 7= >15 cm). 
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14. Canthium lactescens
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15. Pittosporium viridiflorum
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16. 
Pterocarpus lucens 
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4.1.4. Importance Value Index (IVI) 

 

The importance value index (IVI) gives a more realistic figure of dominance from the structural 

stand points (Curtis and McIntosh, 1951). The importance value index for the tree species in the 

enclosure and in the open site is given below in table 5. Three tree species which showed highest 

IVIs are namely; Acacia seyal (38), Grewia trichocarpa (44) and Galiniera saxifraga (56) in the 

enclosure and the same species comprised 37, 36 and 120 IVIs in open site, respectively. In both 

sites much of the IVIs' values were attributed to few tree species. For example the IVIs of Acacia 

seyal in both sites highly attributed to their dominances and distributions. The IVI of Grewia 

trichocarpa in the enclosure site was influenced by its dominance, density and distribution. The 

same species in open site had high IVI attributed to density and distribution rather than 

dominance. The IVIs of Galiniera saxifraga were very much attributed on densities rather than 

dominances and distributions in the enclosure and in the open site (Table 5). Out of the 13 tree 

species recorded in the open site, six species have no individuals which DBH ≥ 2 cm namely; 

Acacia mellifera, Commiphora habessinica, Terminiera schimperiana, Ziziphus mucronata, 

Ziziphus spina-christi and Ehretia cymosa, while in the enclosure site from the recorded 14 tree 

species, all have one or more individuals which DBH ≥ 2 cm. Generally majority of the 

individuals in the open site were in the seedling stage and some other in the sapling stage (Table 

4; Table 5). 

 

 

 

 

 

 

 

 

 

 

 

 



 50 

Table 5: IVIs of the tree species recorded in the enclosure and in the open site    
 

Enclosure  Open site  

Relative  Relative Relative  Relative  Relative  

Species  Name 

Relative 

dominance  Density  Frequency IVI dominance  Density  Frequency  IVI 

Acacia seyal  20.17 6.015 12.653 38.838 22.16 3.0451 11.834 37.0391 

Acacia nilotica  11.709 4.163 10.204 26.076 20.4 1.577 3.55 25.527 

Acacia tortilis  18.396 1.388 6.939 26.723 16.623 3.862 6.509 26.994 

Acacia mellifera - - -  0 1.196 1.775 2.971 

Grewia trichocarpa  13.409 13.043 17.143 43.595 4.495 14.519 16.568 35.582 
Commiphora 

habessinica 2.56 6.66 4.49 13.71 0 1.196 1.775 2.971 

Terminalia 

schimperiana 1.688 8.788 6.939 17.415 0 4.785 4.735 9.52 

Galiniera saxifragea 13.08 29.14 13.878 56.098 31.738 55.193 33.136 120.067 

Ziziphus mucronata  3.87 12.951 6.938 23.759 0 1.196 1.775 2.971 
Ziziphus spina-

christi 0.482 2.22 2.449 5.151 0 4.785 4.734 9.519 

Ehretia cymosa  1.572 2.96 4.49 9.022 0 7.232 8.284 15.516 

Cordia monoica  2.749 6.66 4.49 13.899 2.705 1.305 3.55 7.56 

Olea europpaea  - - -  1.879 0.109 1.775 3.763 

Canthium lactescens 0.482 4.255 2.449 7.186 - - - - 

Pittosporium 

viridiflorum  7.144 1.48 5.714 14.338 - - - - 

Pterocarpus lucens 2.689 0.277 1.224 4.19 - - - - 

Total  100.000 100.000 100.000 300.000 100.000 100.000 100.00 300.000 

 

''IVI'' = Importance Value Index; "-" =   absent in sample plot  

 

 

4.2. Soil quality improvement 

  
Among the soil parameters investigated, the variables that showed significant differences were 

soil organic matter, soil CECs, soil moisture and exchangeable Ca
2+

 (Table 6). There was higher 

organic matter content in the soils taken from the enclosure than the open site. The reason for soil 

organic matter accumulation in the enclosure site could be the higher vegetation coverage of 

enclosure which results in higher litter input and thus higher accumulation of organic matter in 

the soil (Sachs, 1999; Bot and Benites, 2005). In fact the higher clay content of the soil of the 

enclosure site might have also contributed to a higher accumulation of organic matter in the soils 

of the enclosure site.  

 

Several studies have proved that the positive correlation between organic matter and clay content, 

and this depends on two mechanisms. First, bonds between the surface of clay particles and 

organic matter retard the decomposition process. Second, soils with higher clay content increase 
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the potential for aggregate formation; physically protect organic matter molecules from further 

mineralization caused by microbial attack (Wild, 1993; Rice, 2002). The improvement in organic 

matter content following the enclosure is an important sign of soil restoration. This is because 

presence of organic matter improves both the chemical and physical properties of the soil and its 

overall quality. For example some of the soil properties influenced by organic matter include soil 

structure, moisture holding capacity, diversity and activity of soil organisms (Max et al., 1996). 

According to Hudson (1994) for each 1 percent increase in soil organic matter, the available 

water holding capacity in the soil increased by 3.7 percent. 

 

Similarly, the soil in the enclosure site showed higher in CEC than the soil in the open site. This 

could be attributed to the higher soil organic matter and clay percentage of the soil in the 

enclosure site (Table 6). Soil CEC is associated with clay and organic matter colloids, and 

especially organic matter renders soils a better CEC (Wild, 1993; Max et al., 1996). Thus, slight 

difference in organic matter can make a big difference in soil CEC as observed in this study. 

There was also a significant different in soil moisture content between the two sites. Soil 

moisture percentage is higher in enclosure than in the open site. Higher moisture percentage in 

enclosure site could also be attributed to the higher organic matter accumulation in the enclosure. 

Besides, the higher clay percentage of the soil in the enclosure might have contributed to the 

higher moisture retention of the soil in the enclosure site than in the open site. Exchangeable Ca
2+

 

has significant difference between the two sites. Higher exchangeable Ca
2+

 in the enclosure could 

be attributed to higher OM content and/or clay content (Table 6). 
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Table 6: Comparisons (t-Test) physical and chemical variables of soil between the enclosure and 

the open site 

 

'' *'' = means significant difference at P<0.05; ''ns'' = is not significant at <0.05 

 

Organic matter accumulation means more nutrients recycling as shown for the significantly 

higher available Ca
2+

 in the soils of enclosure site. Soil with high organic matter and clay has 

more exchange sites and high CEC (Sachs, 1999). Soil pH in both sites grouped in neutral pH 

scale. The neutrality of pH of the soil in the enclosure may be attributed to lower break down of 

the soil organic matter due to higher clay percentage. There is no significant difference in the 

soils in the soil pH except in the slight variation between the two sites. The total nitrogen (total 

N), available P, exchangeable K, exchangeable Mg, and clay percentage were relatively higher in 

the enclosure site. The higher values of total N and exchangeable cations could be attributed to 

the nutrient cycling role of increased biomass in the enclosure site (Wild, 1993), as well as 

improved organic matter content (Hodges and Plank, 1988). In fact, the two colloidal substances 

(clay and OM) are essentially the cations' warehouse or reservoir of the soil and are very 

important because they improve the nutrient and water holding capacity of the soil (Sachs, 1999).  

 

Regarding to textural classes soil containing 20 % to 30 % clay are clay loams i.e. clay loam 

(From 20 % to 50 % silt and 20 % to 50 % sand) (Brade-Birks 1947). Based on the percentages 

of clay, silt and sand compositions, the textural classes of the soils of the two sites belongs to 

clay loam. However, clay percentage in the enclosure site was higher than in the open site, 

whereas silt and sand percentages were higher in the open site than in the enclosure. These 

Soil variable Unit Enclosure Open site P. value 

Soil Organic matter  % 3.13±0.24 2.46±0.22 0.04* 

Total N  % 0.16±0.02 0.15±0.02 0.73
ns

 

Available P  ppm 103.17±13.59 94.13±9.41 0.64
ns

 

Exchangeable  Na
+
  meq/100g  0.04±0.01 0.01±0.00 7.35048E-05* 

Exchangeable  K
+
 meq/100g 0.34±0.04 0.28±0.05 0.40

ns
 

Exchangeable Ca
2+ 

 meq/100g 36.06±3.01 27.65±1.05 3.72624E-05* 

Exchangeable  Mg
2+

 meq/100g 8.06±0.69 7.39±0.61 0.44
ns

 

pH H2O (1:2.5)  6.82±0.05 6.78±0.02 0.33
ns

 

Soil CECs  meq/100g 47.12±0.71 38.02±1.41 0.0001* 

Sand  % 38.09±3.20 43.97±2.62 0.21
ns

 

Silt  % 28.95±1.21 29.12±0.95 0.90
ns

 

Clay % 32.78±2.70 27.08±2.32 0.18
ns

 

Soil Moisture  % 11.75±0.51 9.63±0.45 0.007* 
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textural differences may reflect the difference in soil erosion rate between the two sites. The 

higher clay content in the enclosure means that there is relatively low soil erosion in the site, 

while the lower clay in the open means there is relatively higher soil erosion (particularly sheet 

erosion) at the open site, which may reflect the differences in their vegetation cover. The 

presence of good vegetation covers reduce erosion through various mechanisms such as addition 

of organic matter and surface litter, and thus improve soil coherence, soil anchoring through root 

system, and physical blockage, and thus reduction of kinetic energy of surface run off (Skarpe, 

1991). 

 

4.3. Socio-economic impacts 

4.3.1. Perception of farmers on land degradation 

 

All of the respondents indicated that disappearance of vegetation cover at the hillside was due to 

human population increment, unemployment and overgrazing caused by high livestock pressure. 

But the disappearance of vegetation cover was aggravated during the ‘lawlessness’ following the 

downfall of the previous regime and transition to the present government. The farmers indicated 

that deployed ex-soldiers of the previous regime lived on by collecting and selling of fuelwood 

for long that caused greater vegetation degradation in the area. 

 

The majority of the farmers (98 %) agree that there is a significant increase in the vegetation 

coverage of enclosure. However, they expressed concerns over shrubs and trees as they are 

becoming dominant vegetation in the enclosure. The succession to shrubs and trees has reduces 

availability of grass as feed for their livestock through cut-and-carry system. Harvesting of 

grasses for livestock feed and sale was the primary benefit that locals claimed from the enclosure. 

 

Farmers do not seem to be clear about the ultimate benefits from the enclosure, especially with 

respect to access to woody vegetation. In fact, they are generating several indirect benefits from 

the enclosure such as reduction of flood hazards to their farmlands at the down hill areas. Similar 

study of enclosures by Betru Nedessa et al. (2005) in different parts of the country pointed out 

that communities do not know whether the trees belong to them or to the government. They are 

not sure whether the trees can be harvested for use or not. Because of the lack of defined 

use/access right and lack of management plans, communities interest to participate in the 
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management is low. This is seriously affecting the production of grass, as managements like 

clearing and thinning of thorny and bushy encroachments in the enclosure are not allowed at 

farmer level. Grass production is relatively more important for the communities in comparison to 

other products (e.g. firewood and timber) from the enclosure. 

 

4. 3. 2. Farmers' attitude on enclosures 

 

More than 96 % of the interviewed farmers expressed a positive attitude towards the enclosure, 

and indicated that the enclosure has contributed to their livelihood. The benefits are in the form 

of grass fodder, wood and grasses for construction. Almost all the respondents explained that 

flooding was serious problem before area enclosure establishment, and many farmers had been 

displaced from their farmland because of silt load from the upper bare catchments. At present, 

according to 95 % of the respondents indicated the flood risk has been significantly reduced. 

They also explained that crop productivity has been increased year by year after the protection of 

the hillside. The majority (94 %) expressed their desire to protect additional degraded lands in the 

form of enclosure.  

 

4.3.3. Ownership and sharing of benefits from the enclosure 

 

The majority (96 %) of the respondents strongly support the establishment of enclosure in the 

form of private pieces, which makes the benefit collection easy. However, they have explained 

their concern on the sustainability of ownership. Farmers (55 %) that indicated that management 

of the enclosure should be the responsibility of each individual in the community, whereas about 

33 % suggest the management to be by committee. The remaining (12 %) need the supports of 

local administrators.   

 

4.3.3.1. Major benefits from the enclosure  

 

Fodder 

Many of the interviewed farmers had agreed that animal fodder has increased after area enclosure 

establishment (89 %). The rest 11 % of them pointed out that fodder supply has been reduced in 

the area. The forage supply as cut- and -carry system from the enclosure site was higher during 
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the first five years. After five years, the enclosure showed gradual reduction of availability of 

grasses supply because of closure of canopies of thorny species from family Fabaceae.  

 

Fuelwood 

Before the establishment of the enclosure, community members (36 %) were using crop residues 

as source of fuel-wood for their domestic consumptions. About 21 % of the interviewed 

households had been collected fuelwood from the site which changed to enclosure. Few farmers 

(18 %) in the past were used the mix of fuel-wood collected from the previous open land and the 

existing enclosure and crop residues. Some others, 25 % used from private wood lots as source of 

fuel-wood. Over 89 % of the individuals interviewed agreed that the availability of fuel food in 

the enclosure site was increased. The respondents explained that Euclea species was usually 

collected as fuelwood by children and old women due to non-thorn nature of the species and it is 

comparatively abundance species in the nearby open sites.  

 

From the vegetation analyses, density of Acacia species was lower in the adjacent open site than 

the enclosure site (Table 2). Many of the community members, 51 % believed that Acacia 

species were the best preferred fuelwood sources in the form of charcoal and firewood for market 

purpose. According to Kindeya Gebrehiwot (2004), Acacia species have been indicated to have 

high calorific value and meet most of the requirements of a fuelwood species. The trees will be 

managed on short-rotation basis in order to supply fuel-wood in areas where there is severe 

shortage. Because of community preference Acacia species were remained fewer in number and 

lower size in the open site than the enclosure site. After enclosure establishment only 31 % of the 

respondents depend on crop residues and cow dung as their source of fuelwood. For about 61 % 

of respondents using crop residues, cow dung and private woodlots are the main sources of 

fuelwood.  The remaining 8 % are collecting fuelwood from the open site. 

 

The majority of community members do not used fuel saving stoves in their home. Only 12 % 

have been using improved stove or modified stoves. The rest have not used either because of lack 

of awareness and/or the high cost of the improved stoves. Improved stoves were provided by the 

government, NGOs and some made by them. A good number of them (89 %) showed their 

interest to use fuel saving stoves. Because of its high price, the rest 11 % haven't showed their 

willingness to use improved stoves.  
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Apiculture 

From the interviewed farmers, only 7 % of the respondents had beehives in the enclosure. 

Majority farmers did not participate in beekeeping. In the future, as the vegetation coverage and 

diversity of flowering plants increase, apiculture could make the enclosure a highly suitable for 

sustaining large numbers of bee colonies and promoting beekeeping practices as an option for its 

management. 
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5. CONCLUSION AND RECOMMENDATIONS  

5.1. Conclusion 

  

This study demonstrated that area enclosure can contribute to rehabilitation of degraded areas in 

a relatively short period of time. Such enclosures can achieve the rehabilitation of both 

vegetation coverage and soil quality, while also contributing to improved livelihoods. The 

comparison made between area enclosure and adjacent open site showed that composition, 

density, richness, diversity of woody species and structure difference were improved in the 

enclosure. Soil quality like soil organic matter, soil CEC, soil moisture and exchangeable Ca 

were significantly higher in the enclosure just within nine years. This shows that the vast 

degraded areas in the highlands of Ethiopia can quickly and cheaply be rehabilitated if the 

degrading agents such as human and animal disturbances are managed.  

 

However, for sustainability of area enclosure based management, careful design of management 

strategy that integrate local needs and ecological recovery are needed. As observed in this study, 

the local people started to complain about the progressive reduction of grass yield due to 

successional overtake by the woody vegetation of trees and shrubs. At this point, it is also 

important to mention that area enclosures should be established in close participation with the 

local community through out management, access to the resources and benefits emerging from 

the system. Unless the existence of clear access/ownership rights, such ventures appear less 

sustainable.   
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5.2. Recommendations 

  

 Before enclosure establishment, communities should be capacitated through awareness 

creation, training and advocacy on natural resource use and management in a sustainable 

way.  
 

 Incorporation of integrated farming practices with enclosure development including off-farm 

activities e.g. apiculture is very crucial. Further more, working in consultation with local 

communities commencing from the inception to planning, implementing, monitoring and 

evaluation of enclosure is a base for sustainability of the enclosures. 

 

 The enclosure can't be managed independently from agricultural lands because both 

supporting each other to meet similar basic needs of the communities therefore emphasis 

must be given to the overall context of sustainable use.  

 

 Enclosure management will only succeed if all stakeholders are fully aware of own impact on 

its and are held accountable for their actions.  

 

 As enclosure is a natural/passive rehabilitation conservation measure, it takes a long period of 

time before it starts giving returns, so based on further scientific study and community 

interest; integration of productive species in the form of enrichment planting is helpful to 

diversify income sources of local communities. 

 

 Forage supply of enclosure through cut-and-carry system is reducing year by year due to 

closure of the growing canopy, thus it would be important to integrate the introduction of 

productive forage species with soil and water conservation measures.  
 

 Setting clear ownership rights for local communities on enclosures help for sustainable 

utilization and management.  

 

 As much of the wood products harvested from the area is consumed as fuelwood, promotion 

of fuel saving stoves among rural and nearby town communities would contribute to the 

sustainability of enclosure.  

 Further study on enclosure areas in other parts of the country, consolidation and better 

documentation of   the available information on the current status of the enclosures is crucial 

for the increment of their contribution to the environment and livelihoods of communities. 
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7. APPENDICES  
Appendix 1. Tree and shrub species per sample plots in the enclosure 

Plot Number  

 

Total  Species name  

 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 31 32 33 34 35 36  
Acacia brevispica   0 10 6 21 0 4 5 14 8 5 0 0 16 15 1 0 5 15 9 1 10 0 3 11 1 0 6 0 0 0 1 0 0 0 2 0 169 
Calpurnia aurea   0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 3 0 1 3 1 5 1 0 0 0 0 1 2 5 3 2 1 1 8 0 42 
Capparis tomentosa   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 1 0 0 0 0 2 0 0 0 0 7 

Carissa spinarum   14 6 12 0 5 0 1 0 11 6 12 12 0 7 0 5 0 0 27 6 10 0 0 4 1 5 4 7 8 19 10 0 12 18 18 0 240 
Clerodendrum 

myricoides 

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 6 

Clutia abyssinica   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 0 0 0 0 0 0 2 
Dichrostachys cinera   4 5 12 2 7 11 6 0 5 0 13 9 0 0 0 0 0 0 12 62 22 25 2 11 15 0 5 11 4 0 0 0 6 0 0 10 259 
Grewia mollis 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 0 0 0 0 0 0 0 0 0 1 
Dodonaea angustifolia   0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 1 45 0 0 55 
Dombeya torrida   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 13 
Eculea racemosa subsp 

schimperi 

 11 6 21 3 28 20 13 5 6 6 16 17 13 12 0 7 15 0 13 8 28 12 20 0 10 10 6 19 17 15 17 17 14 30 26 5 466 

Grewia bicolor   0 2 0 0 0 0 0 2 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 0 0 7 
Grewia flavescens   0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 8 2 0 0 1 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 19 
Grewia villosa   0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 8 16 
Justicia schimperiana  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 0 0 0 0 0 0 0 0 
Lantana camara   1 3 2 0 0 0 0 0 0 0 1 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 16 
Maytenus 

senegalensis  

 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 0 1 1 0 2 9 0 0 14 

Flueggea virosa 1 0 0 0 0 0 0 0 0 1 1 1 2 0 1 0 0 0 0 0 0 2 2 0 0 0 0 1 0 1 1 0 1 0 0 0 15 
Lantana trifolia    0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 11 
Ximenia americana   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 4 0 0 0 0 2 0 6 
Grewia ferruginea  0 0 0 0 0 0 0 0 2 0 0 0 7 5 0 0 0 8 0 0 0 0 0 8 0 0 0 0 0 0 0 0 9 0 5 0 44 
Osyris quadripartita  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 6 
Premna schimperi  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 0 0 0 0 0 0 0 1 
Pterollobium stellatum  4 1 2 0 0 0 0 0 0 0 0 0 0 0 2 5 3 0 1 0 0 0 0 0 0 0 0 0 1 10 5 2 2 2 0 0 40 
Rhus natalensis   2 1 9 1 2 3 2 2 5 3 4 5 0 1 0 1 1 0 4 0 9 4 7 0 0 3 0 2 1 7 3 3 6 9 7 1 108 
Abutilon angulatum   0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 
Rumex nervosus   7 8 0 5 5 1 2 6 15 4 0 0 0 6 20 0 0 15 0 0 0 1 0 1 0 0 0 7 0 0 0 0 0 0 12 10 125 
Heteromorpha 

arborescens 

0 0 0 0 0 0 1 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 2 

Calotropis Procera   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 1 0 0 0 0 0 0 0 1 0 6 

Asparagus africanus  0 2 4 0 0 2 4 0 0 0 0 3 0 4 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 23 
Jasminum grandiflorum 4 5 3 0 0 5 0 0 0 0 0 5 0 0 3 0 0 0 0 0 0 4 5 0 0 5 3 0 2 6 4 2 5 7 0 0 68 
Jasminum abyssinicum 0 0 0 0 0 0 0 0 0 0 0 0 5 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 3 0 14 
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Appendix 1. Continued  
Dregea rubicunda   0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
Acacia seyal   0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 1 1 0 2 1 0 0 3 0 1 15 
Acacia nilotica    0 0 1 1 1 0 0 0 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2 1 0 12 
Acacia tortilis    0 0 1 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 10 
Acacia mellifera  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 0 0 0 0 0 0 0 0 
Grewia trichocarpa   0 1 1 1 0 0 0 1 0 1 0 0 2 1 0 0 0 2 1 0 1 1 0 0 0 0 1 0 0 1 1 0 1 0 2 0 19 
 Commiphora 

habessinica  

 0 0 0 0 0 0 0 2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 6 

Terminalia schimperiana 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 2 0 7 
Galiniera saxifraga  0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 4 10 2 3 0 1 0 0 0 0 1 0 0 0 0 1 2 4 0 3 0 33 
Ziziphus mucronata  0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 4 0 9 
 Ziziphus spina-christi   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 0 0 0 1 0 1 0 2 
 Ehretia cymosa  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 0 1 1 0 0 2 0 0 0 5 
 Cordia monoica  0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
Olea eurppaea   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 0 0 0 0 0 0 0 0 
Canthium lactescens 0 0 0 0 0 0 0 0 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 1 0 0 3 
 Pittosporium viridiflorum 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 2 0 0 0 0 0 1 2 0 0 7 
Ptrocarpus lucens   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 0 0 2 0 0 0 0 2 
Ocimum lamiifolium  1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 5 
Numbers of individuals                                      1959 
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Appendix 2. Tree and shrub species per sample plots in open site  

Plot Number 

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 31 32 33 34 35 36 Total 
Species  name  

  

Acacia brevispica  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 2 0 0 0 0 0 1 0 3 0 2 0 0 0 2 12 

Calpurnia aurea  1 2 2 0 0 1 2 2 0 0 1 0 1 0 0 0 7 0 0 2 4 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 28 

Capparis tomentosa  0 0 0 0 0 1 2 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 0 0 4 

Carissa spinarum  2 8 0 1 7 5 2 4 0 3 0 0 1 0 0 0 1 0 1 2 9 2 0 0 0 0 0 5 3 5 25 16 6 3 1 0 112 

Clerodendrum 

myricoides 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 0 0 1 1 0 0 0 2 

Clutia abyssinica  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 0 0 0 4 0 0 0 4 

Dichrostachys cinerea  1 3 0 6 8 3 4 7 3 2 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 7 12 4 1 0 0 64 

Grewia mollis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 1 0 0 0 3 0 0 1 0 0 0 0 0 1 10 

Dodonaea angustifolia  0 0 1 0 1 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 0 3 

Dombeya torrida  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 0 0 0 0 0 0 0 0 

Eculea racemosa subsp 

schimperi 23 8 1 0 10 0 13 30 12 37 20 4 15 2 6 17 13 15 7 11 10 1 6 0 0 1 3 10 14 7 3 6 12 17 12 4 350 

Grewia bicolor  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 0 0 0 0 0 0 0 0 

Grewia flavescens  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 0 0 0 0 0 0 1 

Grewia villosa 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 5 

Justicia schimperiana  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 0 0 0 0 0 0 0 0 0 2 

Lantana camara  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 0 0 0 0 0 0 0 0 

Maytenus 

senegalensis 0 0 0 1 0 1 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 0 1 0 4 

Flueggea virosa 2 1 2 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 1 0 16 

Lantana trifolia  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 0 0 0 0 0 0 0 

Ximenia americana  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 0 0 0 0 0 0 0 0 

Grewia ferruginea  0 2 1 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 2 0 0 1 0 1 0 0 0 0 16 

Osyris quadripartita 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 0 0 0 0 0 0 0 0 0 1 

Premna schimperi 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 0 0 0 0 0 0 0 0 

Pterollobium stellatum  0 0 0 0 0 1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 0 0 0 12 

Rhus natalensis  1 1 10 0 1 1 7 0 3 0 3 2 0 0 0 0 0 5 2 1 0 0 1 0 0 0 0 0 0 0 3 1 0 2 0 0 44 

Abuliton angulatum  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 0 0 0 0 0 0 0 0 

Rumex nervosus  0 3 1 0 0 0 0 1 0 0 12 5 0 2 7 3 1 1 3 0 0 0 10 7 9 1 0 5 0 3 0 0 5 3 4 19 105 

Heteromorpha 

arborescens 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 0 0 0 0 0 0 0 0 

Calotropis Procera  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 1 0 0 0 0 0 0 0 0 0 2 

Asparagus africanus  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 0 2 0 0 0 3 
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Appendix 2. Continued  
Jasminum 

grandiflorum 0 1 3 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 3 0 0 0 2 0 1 0 4 3 0 0 2 0 0 22 

Jasminum abyssinicum 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 0 0 0 0 0 0 0 0 

Dregea rubicunda  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 0 0 0 0 0 0 0 0 

Acacia seyal  1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 7 

Acacia nilotica   0 0 0 3 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 0 0 0 0 0 0 4 

Acacia tortilis   1 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 5 

Acacia mellifera 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 0 0 0 0 0 0 0 0 0 1 

Grewia trichocarpa  0 0 3 0 0 2 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 2 1 0 0 0 0 0 0 0 1 0 0 0 1 0 13 

 Commiphora 

habessinica  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 0 0 0 0 0 0 1 

Treminalia 

schimperiana  0 2 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 0 0 1 0 0 0 0 0 0 4 

Galiniera saxifraga  0 2 4 0 0 3 3 0 0 0 1 1 2 0 0 5 0 2 1 4 4 0 4 2 0 0 2 4 1 3 0 0 1 0 3 0 53 

Ziziphus mucronata 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 0 0 0 0 0 0 0 0 0 0 1 

 Ziziphus spina-christi  0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 

 Ehretia cymosa 0 0 1 0 1 0 2 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 6 

 Cordia monoica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

Olea europpaea  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 0 0 0 0 0 0 1 

Canthium lactescens 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 0 0 0 0 0 0 0 0 

 Pittosporium 

viridiflorum 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 0 0 0 0 0 0 0 0 

Pterocarpus lucens 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 0 0 0 0 0 0 0 0 

Ocimum lamiifolium 0 0 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 0 0 0 0 0 2 

Number of 

Individuals                                                                          926 
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Appendix 3 . Species number per family in the enclosure and in the open site 
 

Species Number per family  

Family name  Enclosure Site  Open Site  Total  

Acanthaceae  0 1 1 

Anacardaceae  1 1 1 

Apiaceae  1 0 1 

Apocynaceae  1 1 1 

Asclepaidaceae 2 1 2 

Asparagaceae 1 1 1 

Boraginaceae  2 2 2 

Bruseraceae  1 1 1 

Combretaceae  1 1 1 

Capparidaceae  1 1 1 

Celastaceae  1 1 1 

Ebenaceae  1 1 1 

Euphorbiaceae  2 2 2 

Fabaceae  8 8 9 

Lamianceae  3 2 3 

Oleaceae  2 2 3 

Olacaceae 1 0 1 

Malvaceae  1 0 1 

Pittosporaceae 1 0 1 

Polygonaceae  1 1 1 

Rhamnaceae  2 2 2 

Rubiaceae  2 1 2 

Santalaceae  1 1 1 

Sapindaceae  1 1 1 

Sterculiaceae  1 0 1 

Tiliaceae  6 5 6 

Verbaceae  2 0 2 

Total  47 37 50 
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Appendix 4. Tree basal area of enclosure and open site  

 

 

 

Tree species dominance    

Enclosure Site  Open Site  

Tree species               m
2
ha

1−

 

Relative 

dominance   % 

                                     

m
2
 ha

1−

 

Relative 

dominance % 

Acacia seyal 0.048835096 20.17 0.006556476 22.16 

Acacia tortilis  0.044541666 18.396 0.00491817 16.623 

Acacia nilotica  0.028349242 11.709 0.006035827 20.4 

Galiniera saxifraga 0.031668319 13.08 0.00939026 31.738 

Grewia trichocarpa  0.032467262 13.409 1.33E-03 4.495 

Cordia monoica 0.006656944 2.749 8.00E-04 2.705 

Olea europpaea 0 0 5.56E-04 1.879 

Commephora habessinica 0.006197222 2.56 0 0 

Ziziphus mucronata 0.009369792 3.87 0 0 

Ziziphus spina-chirsti 0.001167728 0.482 0 0 

Ehretia cymosa 0.003807293 1.572 0 0 

Terminalia schimperiana 0.004086574 1.688 0 0 

Canthium lactescens 0.001167728 0.482 0 0 

Pittospordium viridiflorum 0.017296825 7.144 0 0 

Pterocarpus lucens 0.006510417 2.689 0 0 

Total  0.242 100 0.030 100 
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          Appendix 5. Density of tree species in the enclosure and in the open site 

 

Tree Species density   

       Enclosure Site Open Site 

Individuals Relative      Individuals Relative  

Tree species  

                                 

ha
1−

             density  

                               

ha
1−

 Density  

Acacia seyal  65 6.015 56 3.0451 

Acacia nilotica   45 4.163 29 1.577 

Acacia tortilis   15 1.388 71 3.862 

Acacia mellifera 0 0 22 1.196 

Grewia trichocarpa  141 13.043 267 14.519 

Commiphora habessinica 72 6.66 22 1.196 

Terminalia schimperiana 95 8.788 88 4.785 

Galiniera saxifraga 315 29.14 1015 55.193 

Ziziphus mucronata 140 12.951 22 1.196 

Ziziphus spina-christi  24 2.22 88 4.785 

Ehretia cymosa 32 2.96 133 7.232 

Cordia monoica 72 6.66 24 1.305 

Olea europpaea  0 0 2 0.109 

Canthium lactescens 46 4.255 0 0 

 Pittosporium viridiflorum 16 1.48 0 0 

Pterocarpus lucens 3 0.277 0 0 

Total  1081 100.00 1839 100.00 
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Appendix 6. Relative frequency of tree species in the enclosure and in the open site  

 

 

 

 

 

Enclosure site  open site 

Species Name  Occurrence  

Relative  

Frequency  Occurrence 

Relative 

Frequency  

Acacia seyal     0.31 12.653 0.2 11.834 

Acacia nilotica  0.25 10.204 0.06 3.550 

Acacia tortilis  0.17 6.939 0.11 6.509 

Acacia mellifera 0 0 0.03 1.775 

Grewia trichocarpa  0.42 17.143 0.28 16.568 

Commiphora habessinica 0.11 4.490 0.03 1.775 

Terminalia 

schimperiana 0.17 6.939 0.08 4.734 

Galiniera saxifraga 0.34 13.878 0.56 33.136 

Ziziphus mucronata  0.17 6.939 0.03 1.775 

Ziziphus spina-christi 0.06 2.449 0.08 4.734 

Ehretia cymosa  0.11 4.490 0.14 8.284 

Cordia monoica 0.11 4.490 0.06 3.550 

Olea eurppaea  0 0 0.03 1.775 

Canthium lactescens 0.06 2.449 0 0 

Pittosporium 

viridiflorum  0.14 5.714 0 0 

Pterocarpus lucens 0.03 1.224 0 0 

Total  2.45 100 1.69 100 
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Appendix 7. Soil physical and chemical variables in the enclosure and open site 
 

SOM TN Exchangeable  P  Exchangeable  Na Exchangeable K Exchangeable  Ca Exchangeable Mg Plot 

No Transect (%)C (%)NC (%)C (%)NC (ppm)C (ppm)NC (meq/100g)C (meq/100g)NC (meq/100g)C (meq/100g)NC (meq/100g)C (meq/100g)NC (meq/100g)C (meq/100g)NC 

1st 1 3.41 1.95 0.07 0.09 85.99 102.69 0.05 0.03 0.25 0.39 39.72 23.58 5.35 8.33 

2nd 1 2.66 3.03 0.13 0.18 174.10 83.59 0.05 0.02 0.53 0.71 29.65 30.59 6.18 5.44 

3rd 1 2.15 1.85 0.11 0.09 226.99 57.67 0.06 0.02 0.18 0.46 36.73 19.29 4.58 9.13 

4th 1 1.75 3.03 0.08 0.17 192.10 88.16 0.05 0.01 0.31 0.18 38.84 29.19 6.05 6.45 

5th 2 4.05 2.92 0.20 0.16 90.73 45.37 0.08 0.01 0.41 0.19 39.64 23.16 4.66 3.36 

6th 2 2.47 1.85 0.16 0.11 112.53 115.82 0.10 0.02 0.16 0.15 34.57 37.65 8.29 9.19 

7th 2 2.86 1.41 0.14 0.06 87.47 136.77 0.01 0.03 0.16 0.15 36.10 26.53 12.31 5.47 

8th 2 2.91 1.18 0.16 0.05 91.11 147.48 0.04 0.01 0.12 0.31 43.40 31.43 7.57 3.26 

9th 3 4.71 3.40 0.23 0.25 86.60 91.87 0.01 0.01 0.44 0.29 37.42 25.12 6.06 7.84 

10th 3 3.70 2.66 0.22 0.16 49.75 86.37 0.04 0.02 0.34 0.48 35.37 29.07 7.87 8.12 

11th 3 4.12 2.80 0.20 0.17 100.83 63.20 0.07 0.01 0.28 0.20 36.98 28.87 6.76 11.13 

12th 3 4.91 1.82 0.29 0.09 54.31 154.81 0.03 0.01 0.29 0.55 35.26 27.45 7.11 7.23 

13th 4 2.24 3.77 0.11 0.21 100.27 105.79 0.07 0.01 0.59 0.08 33.46 30.12 10.45 6.90 

14th 4 2.32 3.70 0.12 0.17 97.55 88.42 0.05 0.01 0.77 0.10 30.92 26.58 11.40 7.19 

15th 4 3.66 2.89 0.22 0.14 5.76 124.20 0.04 0.01 0.31 0.22 35.24 29.44 12.63 6.87 

16th 4 2.32 1.15 0.11 0.30 94.67 13.93 0.04 0.01 0.37 0.12 33.81 24.38 11.79 12.45 
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Appendix 7. Continued 

 

pH H20 1:2.5 CEC  Texture Soil Moisture  

Plot No Transect pH C pH NC (meq/100g)C (meq/100g)NC Sand(%)C Sand(%)NC Silt(%)C Silt(%)NC Caly(%)C 

clay 

(%)NC (%)C (%)NC 

1st 1 6.95 6.75 49.96 34.68 36.72 44.72 26 28 35.28 29.28 11.61 8.34 

2nd 1 6.78 6.71 41.96 38.20 28.72 33.12 33.44 28 43.28 33.44 10.01 9.53 

3rd 1 6.94 6.78 49.72 24.98 28.72 66.72 20 28 43.28 13.28 12.36 6.84 

4th 1 7.02 6.86 49.72 36.62 36.72 50.72 32 26 37.28 17.28 11.86 8.46 

5th 2 6.58 6.77 45.84 30.56 40.72 37.12 37.44 30 29.28 25.44 9.65 6.61 

6th 2 6.92 6.88 46.81 47.05 36.72 39.12 29.44 32 31.28 31.44 11.87 12.99 

7th 2 6.79 6.89 45.71 40.74 66.72 48.72 32 24 9.28 19.28 8.58 9.05 

8th 2 7.00 6.71 47.53 44.14 58.72 30.72 26 24 17.28 43.28 14.42 10.38 

9th 3 6.80 6.79 48.75 36.26 24.72 36.72 34 28 47.28 29.28 12.74 10.13 

10th 3 6.76 6.68 48.87 37.95 32.72 32.72 26 32 35.28 41.28 13.64 11.86 

11th 3 7.05 6.77 52.02 36.62 24.72 38.72 36 38 37.28 25.28 10.74 10.50 

12th 3 6.34 6.64 45.11 35.65 58.72 36.72 26 26 15.28 37.28 8.34 12.61 

13th 4 6.69 6.86 45.23 41.11 34.72 55.12 27.44 30 35.28 17.44 12.23 9.05 

14th 4 6.95 6.80 41.47 39.89 34.72 49.12 29.44 26 39.28 21.44 12.74 9.17 

15th 4 6.85 6.82 47.05 47.17 40.72 42.72 24 32 27.28 33.28 16.01 8.81 

16th 4 6.81 6.85 48.26 36.74 24.72 60.72 24 34 41.28 15.28 11.36 9.89 

''C''= enclosure; ''NC'''= open site 
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Appendix 8. The enclosure beneficiary socio- economic survey questionnaire 

Questionnaire No: _____________  

UTM location of HH: ___________ 

Survey area: Region: ______ Zone: ______ Woreda: ____PA:_______Gott: __________  

Date of interview: _____________ Name of interviewer: ______________________  

Name of head of household: ______ Age: ____ Sex_________ Religion     

Respondent’s name (if different from the head):________ Age: _____ Sex: ______. 

Part-I Household income  

1. Do have you farming land? 1) Yes   2) No;   if no, how do you earn? _________               

 

2. What is your main occupation? 

1) Farming    2) Off farm activity     3 Farming and off farm activity     4) other ___  

3. If you live on farming, how many temad do you have? 

1) >8      2) 4     3)  2        4)1        5) <1 

4. What types of crops do you grow? 1) Sorghum   2) Maize 3) Tef      4) other 

 

5. Farming status  

No Crop types  Area (temad) Yield (Quintal) Remarks  

1 Sorghum    

2 Maize     

3 Teff    

4 Oil crops    

5 Spice    

6 Other    
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6. Animal Wealth 

S/No Domestic animal Unit Quantity Remarks 

1 Cattle    

2 Sheep    

3 Goat    

4 Donkey    

5 Equines    

6 Camel    

7 Hen    

8 Other     

 

7. Are there other crops introduced in your area in the past five years? If yes specify name__ 

8. Household profile   

No  Name Sex  Age education Relationship     Main occupation  

       

       

       

 

9. Do you have activity other than farming?  

   1) petty trade 2) fuel wood selling   3) handcraft 4) weaving 5) blacksmith 6) other  

 

10. Do you get training on off farm activities?  1) yes 2) No 

11. If yes where you got training.  1) Government    2) NGOs   3) peer training    4) others___ 

12. How did you get the income generating scheme? 

1) Attractive 2) Fair 3) Not good 4) No change  

13. Have you got micro-credit service?          1) Yes      2) No  

14. If yes, where do you get?  1) Government   2) NGOs    3) Local institution    4) Others  

 

15. When was the area closure established? _________ Year 

 

16. Who initiate establishing the area closure?  

 

1) Government       2) NGOs    3) Community   4) Participatory  
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17. What was your feeling during establishment?    1) Good   2) Terrible     3) Difference 

 

18. Is there attitude change after area closure establishment?  

  1) Yes                     2) No.  If yes, specify________    if no, specify____________ 

19. The vegetation coverage of enclosure is. 1) Increasing 2) decreasing      3) No change 

20. How is area enclosure managed? 

    1) Committee      2) PA administrator    3) Community    4) NGO        5) Others  

21. Are all community member involved?                  1) Yes    2) No      If no why______  

 Fuel wood  

22. Where do you get fuel wood, before area closure establishment? 

1) from the area now  it is protected     2) crop residues   3) Animal dung   4) Buying fuel wood     

5) Private Wood lots     6) Open site   7) Mix 1and 2          8) 3 and 5 

23. What about now? 

  1) From enclosure 2) Crop residues 3) Cow dung   4) Animal dung and crop residue                       

   5) Buying fuel wood 6) Wood lots   7) Open site 8) Animal dung, crop residues, private woodlots 

and    

   from the open site    

 

24. Which species is used most for fuel wood consumption in your area? 

       1) Acacia species 2) Euclea species 3) Ziziphus species 4) Galiniera species 

 

25. After area closure establishment, is fuel food availability (accessibility)  

  1) Increase     2) Decrease       3) No change  

26. What about fuel-wood supply? 1) Increase      2) Decrease           3) No change  

27. Do you use fuel saving stove in your home? 1) Yes         2) No 

29. If yes, when you start use up it?  1) Before enclosure establishment 2) After establishment  

28. Where did you get? 1) Government     2) NGOs  3) Buy by your self   4) Modification by local 

materials 5) Others_____ 

 

29. How do you get fuel wood saving stove? 1) Attractive   2) The same with traditional   3) Not good 

 

30. Do you use it in the future?  1) Yes 2) No    If yes, why _____ If no, why_______ 

Animal feed 

  

31. Where do you get fodder for your animals? 
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1) Cut-and-carry system from enclosure 2) Grazing on open site 3) Crop residues 

4) Move cattle to other places  5) others______ 

  

32. Do you feel the availability of fodder has increased or decreased after area closure? 

1) Increased          2) decreased      3) non change  

  

33. How do you infer that the availability of fodder has?  

1) Increased   2) decrease    3) no change.    Explain____ 

 

Health care 

 

34. Where do you get health care? 

1) Clinic 2) medicinal herbs 3) Medicinal herb from market.   4) Other  

 

35. Is the availability of medicinal herbs?     1) Increased       2) Decreased           3) No change.           

Specify why________ 

36. How you extract medicinal herbs from enclosure? 

1) Individuals    2) family          3) in groups          4) others 

 

Construction materials 

37. Where do you get grass for house construction?  1) Enclosure 2) from open site 3) buying 4) other  

 

38. The availability of grass. 1) Increased 2) Decreased 3) No change. Specify why_________ 

 

39. How do you collect grass and use among the community? 

1) Individual              2)Groups                         3) Commonly 

40. Do you have fence around your house?    1) Yes      2) No  

41. If you fence is not live, where you collect construction materials? 

1) area closure              2) non closed area      3)Woodlots     4)Buying  

Beekeeping  

42. Do you have beehives?      1) Yes                               2) No  

43. If yes what types of beehives you have? 1) Traditional 2) Modern 4) Kenya topbar     5) Mixed 

44. If you have, yield per beehive is.  1) Increased   2) decreased   3) No change. Specify why ___ 

 

Wild life 
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45. Is there wild life in your area?   List them      ______________________  

  

46. Have you seen new wild animals after area closure establishment? List them ______  

 

47. How did the enclosure contribute to the livelihood? (Increase animal feed, animal products, 

Increase income etc…) ____________________ 

 

Natural Hazards 

 

48. Have you witness about landslide in your area?    1) Yes                 2) No 

49. What is you opinion about landslide after area closure. 

 1) Increased         2) Increased           3) No change 

50. Was there flood problem before the enclosure?       1) Yes       2) No 

 

51. If yes is it. 1) Increased   2) decreased    3) no change. Specify why______________  

 

 52. How was the degree of soil erosion in your area? 

1) Severe ( gully and George    2) Moderate (gully and rill)     3) Minimum(rill and sheet) 

 

53. What about the degree of soil erosion in the closure area? 

1) Increasing       2) Decreasing           3) No change.          State why__________ 

 

Benefit sharing 

54. What are the different ways by which you support the t Area closure? 

 

55. How you share benefits from Area closure? 1) Commonly 2) in group 4) individually  

56. Generally how do you get area closure contribution for your livelihood improvement? 

57. What are the major benefits of area closure to the community?  

1) Fuel wood              2) Animal fodder              3) Medicinal herbs           4) All 

5) 1and 2                  6) 2 and 3                                     7) 1and 3            8) others 

 

 

External Support  

58. What was the role of government during area closure establishment? 

 

59. What about now? 
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60. Is there NGO in your area?       1) Yes        2) No.      List them_____________ 

 

61. What are their activities (NGOs)? 

 

62. Are there NGO interventions of in your area closure? 

63. By what means they assist you? 

64. Do you have bylaw to manage area closure?      1) Yes              2) No 

 

65. Does the bylaw punish illegal users?      1) Yes                 2) No 

   If yes, how the manage the inputs collected from the illegal users?  

  

Ownership 

66. Who is the owner of the enclosure? 1) Community 2) NGOs 3) government    4) all 

 

67. Who is primary responsible area closure protection?  

1) Community      2) NGOs       3) government    4) all 

 

68. How to manage area closure ownership?  

1) By Individual   2) By groups    3) by common 4) Local administrators.  State why  

 

Adjacent non-closed area 

69. For what purpose do you use adjacent non-closed area? 

1) Fuel wood collection          2) grazing       3) 1 and 2        4) not used for any  

70. What should be done in the adjacent non-closed area? 

1) No change     2) Introduce area closure     3) Others. Please specify why_________  

 

 71. Are you willing to protect further additional area closure in the future? 

      1) Yes          2) No        If yes, why______ if no, and why___________  

72. Have your or your family members received any kind of trainings about enclosure? 

      1) Yes     2) No   

73.  Suggestion towards conservation and sustainable development area closure? 

74. Do you have suggestion on the existing developmental intervention of enclosure?        

       Management approaches?      

75. What to be done in the future by:  

From Community______     Government sectors______ NGOs ____
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Appendix 9. Altitudes and coordinates of vegetation and soil sample plots of the enclosure and the open site  

 

Enclosure site  Open site  

Vegetation  Sample Plot Soil sample plots Vegetation  Sample Plot Soil sample plots 

Coordinates  Coordinates  Coordinates  Coordinates  Plot 

Number Altitude  X Y Altitude X Y Altitude  X Y Altitude X Y 

1 1640 585778 1209062 1540 585086 1209154 1665 585269 1210752 1540 585269 1210752 

2 1661 585841 1209075 1540 585032 1209352 1690 585341 1210767 1540 585302 1211011 

3 1683 585900 1209088 1540 585670 1209794 1705 585394 1210775 1540 585186 1211082 

4 1722 585964 1209104 1540 585503 1209906 1730 585448 1210824 1540 585215 1211313 

5 1750 586039 1209127 1620 585349 1210777 1645 585493 1210864 1620 585270 1211196 

6 1775 586105 1209145 1620 585444 1209765 1760 585516 1210962 1620 585722 1201623 

7 1760 586049 1209318 1620 585910 1209312 1746 585447 1210939 1620 585241 1210948 

8 1746 585973 1209303 1620 585591 1209005 1730 585388 1210903 1620 585437 1210801 

9 1719 585904 1209306 1700 585835 1209076 1713 585335 1210881 1700 585281 1210911 

10 1707 585831 1209291 1700 585529 1209578 1688 585276 1210914 1700 585192 1211004 

11 1697 585758 1209277 1700 585631 1209611 1657 585228 1210951 1700 585176 1211117 

12 1680 585686 1209262 1700 585647 1209971 1637 585192 1210997 1700 585092 1211293 

13 1614 585595 1209385 1780 585780 1209809 1639 585186 1211080 1780 585433 1211305 

14 1623 585667 1209407 1780 585765 1209811 1660 585230 1211040 1780 585450 1211147 

15 1617 585736 1209429 1780 585935 1209519 1673 585288 1211023 1780 585496 1211023 

16 1668 585808 1209451 1780 585988 1209109 1695 585504 1211057 1780 585377 1210893 

17 1650 585868 1209473      1710 585429 1211027    

18 1630 585938 1209509    1730 585380 1211028    

19 1734 585841 1209665    1743 585483 1211144    

19 1744 585771 1209636    1729 585423 1211122    

21 1725 585701 1209619    1728 585355 1211106    

22 1706 585627 1209606    1693 585264 1211000    

23 1689 585562 1209583    1670 585242 1211112    

24 1664 585500 1209572    1637 585173 1211117    

25 1635 585451 1209757    1645 585076 1211094    

26 1660 585520 1209762    1652 585141 1211141    

27 1686 585588 1209771    1662 585220 1211174    

28 1692 585656 1209785    1665 585270 1211196    

29 1711 585731 1209799    1714 585364 1211247    

30 1719 585801 1209809    1755 585433 1211305    

31 1677 585757 1209984    1770 585345 1211375    

32 1668 585687 1209965    1760 585279 1211349    

33 1647 585625 1209928    1755 585215 1211313    

34 1644 585554 1209907    1744 585146 1211291    

35 1636 585481 1209912    1720 585082 1211292    

36 1612      585440 1209889    1688 585011 1211302    

 




