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Abstract 

 

Land degradation, which includes degradation of vegetation cover, soil degradation and 
nutrient depletion, is a major ecological problem generally in Ethiopia and particularly 
in the study area. As a response of the ever expanding land degradation, rehabilitation of 
degraded lands through enclosure of areas has been practiced in the study area. Despite 
these efforts, there are no studies in the area, which would provide information on impact 
of enclosed areas to consider as one strategy to help prevent decline of soil degradation, 
improve soil quality and thereby increase agricultural productivity. The enclosure which 
was seven year old, and has a total area of 20 hectares was compared with adjacent free 
grazing land in similar landscape position. This study focuses on the impact of area 
enclosure establishment on soil quality, and assesses local farmers’ perceptions on the 
enclosure and benefits gained from it. The socioeconomic survey was carried out on the 
basis of a semi-structured questionnaire survey and focus group discussion.  Farmers 
around the enclosure area were randomly selected for the interview. The impact of area 
enclosure on soil quality was assessed using soil physicochemical parameters such as 
soil organic matter, cation exchange capacity, total nitrogen, available potassium, 
available phosphorous, pH, electrical conductivity, texture and bulk density. Twelve soil 
samples were taken randomly from the two sites (6 from each), and analyzed. Soil 
laboratory analysis result revealed that the enclosure had significantly (p <0.05) higher 
levels for OM, CEC, TN and AvK compared to free grazing land. However, there was no 
statistically significant difference on the available phosphorous, pH and EC values 
between the two land uses. Regarding the soil physical properties, the enclosure area 
showed higher values of clay (%) while free grazing land showed higher values of sand 
(%) and bulk density than the enclosure area. This was probably due to the higher 
compaction effect of the grazing in the grazing land than the enclosure area. 
Socioeconomic survey result showed that the majority of the local farmers have a positive 
attitude towards enclosure and feel that they have gained benefits from it, especially in 
terms of fodder availability for their livestock. But they think that the benefit (fodder) is 
not satisfactory. The overall output from the research showed that chemical and physical 
soil properties in the enclosure are improving because of the establishment of the 
enclosure. The grazing land adjacent to the enclosure area is being degraded due to loss 
of top soil by erosion, and if immediate interventions are not implemented in the free 
grazing land, the degradation extent would be higher and reversing the process would 
become difficult. 
 
Keywords: area enclosure, farmers’ perception, free grazing, soil degradation, soil 
quality 
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1. INTRODUCTION 
1.1.  Background 

 

In Ethiopia land degradation in the form of soil erosion and declining fertility is serious 

challenges to agricultural productivity and economic growth (Mulugeta Lemenh, 2004). 

Soil erosion by water is by far the greatest land degradation problem by selectively 

removing organic matter and clay. Water erosion not only removes nutrients but also may 

reduce soil chemical quality to retain added nutrients. Erosion reduces the thickness and 

the volume of soil available for water storage and root expansion for plants. 

 

Most forms of the environmental problems are directly or indirectly attributable to the 

rapid dwindling of forest resources. The clearing of forest land for agricultural use, the 

cutting of trees for fuel, timber, construction materials and agricultural implements, the 

burning of bushes and woodlands, and overgrazing have led to the loss of the nation‟s 

forest cover at an alarming rate. Severe shortages of fuel wood have rendered rural 

communities increasingly dependent on animal dung for fuel, contributing to the problem 

of declining soil fertility (Girma Taddese, 2001). To combat these severe resource 

degradation problems national level environmental conservation and rehabilitation efforts 

were started in the1970s, with particular focus on the fast deteriorating highland areas of 

the country (Campbell, 1991; Hoben, 1995). In this regard, the practice of establishing 

enclosures has emerged as a promising practice in different parts of Ethiopia (Bendz, 

1986), namely in Tigray (Mitiku Haile and Kindeya Gebrehiwot, 2001), Welo and Shewa 

(Tefera Mengistu, 2001). 

 

Similarly, among other soil conservation practices, area enclosures are also one of the 

land rehabilitation mechanisms in the degraded lands of Shashogo Woreda, Hadiya Zone 

particularly in Tachignaw Gimbichu PA. Enclosures are areas selected for natural 

regeneration of the native flora as a means of land reclamation through protection of the 

areas from human and animal interference (Bendz, 1986). Since the objective of most 

enclosures is for site rehabilitation/reclamation, they are usually established in steep, 
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eroded and degraded areas used for grazing and crop production in the past (Bendz, 1986, 

Emiru Birhane, 2002).  

 

The major objective behind establishing enclosure areas is to halt and reverse land 

degradation to check the adverse effects of runoff improve the microclimate and create 

conducive atmosphere for humans and livestock by maintaining environmental stability. 

It is method for land reclamation and re-vegetation by protecting the area from human 

and animal interference for limited period of time depending on the revegetation capacity 

of the area. Enclosure areas are becoming pertinent strategies and planning in dry lands 

where plantations are unsuccessful due to many reasons. Establishing area enclosure is 

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

 

1.2. Statement of the Problem 
Enclosed area, which is a type of land management implemented on degraded, generally 

open access land, is a mechanism for environmental rehabilitation with a clear 

biophysical impact on degraded commons. In closed areas, it is generally believed that 

the land resources will be protected from degradation. Increasing soil cover and better 

soil management increases the amount of water that enters the soil (infiltration) and 

decreases the moisture loss through runoff and evaporation thereby improving soil 

quality of a given area (Brooks et al., 1997). 

 

Most of the communal grazing lands in Shashogo Woreda, particularly in Tachignaw 

Gimbichu PA, are degraded and unproductive due to the deterioration of the physical, 

chemical and biological properties of the soil, mainly due to accelerated rate of soil 

erosion and poor management practices.  To mitigate the problem, LVIA (Lay Volunteers 

International Association) in collaboration with Shashogo woreda Agriculture Office 

began to practice area enclosure, as a viable strategy to rehabilitate degraded lands in 

Tachignaw Gimbichu PA.   

 

Although the restoration ecology and buffering effect of closed areas have been well 

studied (Aerts et al., 2001; Descheemaeker et al., 2005), there are relatively few studies 
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in the country, which would provide a measure of the success of closed areas as one 

strategy to help prevent decline of soil fertility and improving soil quality thereby 

increasing agricultural productivity. Furthermore, there are no enough quantitative 

studies that analyze the impact of area enclosure on soil quality in the country, 

particularly in this study area. Therefore, this study was aimed to assess the potential 

contribution of enclosed area in improving soil quality in Tachignaw Gimbichu PA. 

 

1.3. Objectives of the study 

1.3.1. General objective 
The general objective of this study is to investigate the impact of area enclosure on soil 

quality in closed area at Tachignaw Gimbichu PA in comparison with the adjacent non-

closed free communal grazing land. 

 

1.3.2. Specific objectives 
 To assess the changes in the physico-chemical properties of soils under area 

closure in comparison with the adjacent non-closed free communal grazing land, 

 To examine the perception of local farmers on area enclosure, 

 To assess the contribution of area enclosure for local livelihood improvement, and 

 To forward recommendations that would assist in the further development and 

management for utilization of enclosure. 
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2. LITERATURE REVIEW 

 

2.1. Soil Degradation in Ethiopia 
The rampant land degradation and decline of its productivity is among the underlying 

reasons for poverty, food and „human needs insecurity‟ and increased vulnerability to the 

recurrent drought in Ethiopia. The rapid population growth further escalates the pressure 

on land and other natural resources. Consequently, per capita landholding is continuously 

decreasing with the current average of only 1.1 ha per household, average household size 

being 7. The problem of degradation is particularly escalating in the highlands, where 

over 88% of human and 77% of the livestock populations are accommodated (Teklu 

Erkossa, 2005). 

 

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

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

With steady growth in population, clearing of woodland for agriculture has been a 

continuous process at an estimated rate of 150,000 ha a year; methods of cereal 

production are conducive to soil loss, besides to these dung & crop residues are needed 

for fuel, reducing their use as fertilizers (Berry, 2003). And among these multiple 

interacting forces, which have caused and are causing land degradation in Ethiopia, the 

major causes include clearing of woodlands and forests, unsustainable arable land 

farming techniques, the use of dung and crop residues for fuel and overstocking of 

grazing lands.  

 

Land degradation, especially in the highlands, has been identified as the most serious 

environmental problem in Ethiopia (Aune et. al., 2001). In 1986, it was estimated that as 

much as half of the highlands (270 000 km2) were significantly eroded (FAO, 1986). The 

rate of deforestation of high forests, for example, has been estimated to range from 

150,000 to 200,000 hectares per year (EFAP, 1994). The estimated rates of soil loss from 

highland Ethiopia ranges from 1.0 to 3.0 thousand million tons of top soil per year (Wood 

and Adrian, 1991). The Ethiopian highland reclamation study  report FAO (1984) 

estimates show an average soil depth loss of more than 2cm/year, while under normal 
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conditions soil 2.5 cm per 200 to 1000 years (Pimental, 1987). FAO (1984) reported that 

on two million ha of cultivated land, the soil depth is so reduced that the land is no longer 

able to support any vegetative cover. The Hararghae highlands in Eastern Ethiopia, 

Tigrai, Wollo, and Semen Shoa highlands in the North and the Gamo-Gofa highlands and 

the Bilate River Basin, which starts in Eastern slopes of Gurage highlands and stretches 

through Eastern Hadiya and Kembatta highlands (includes this study area) are some of 

the seriously eroded land surfaces in Ethiopia (Woldaregay Berehe, 1996). 

 

Land degradation is a broad term, reflecting the fact that land itself is a broad term, 

including more than just the soil. The U.N. Convention to Combat Desertification defines 

land as “the terrestrial bio-productive system that comprises soil, vegetation, other biota, 

and the ecological and hydrological processes that operate within the system”, and land 

degradation as “reduction or loss of the biological or economic productivity and 

complexity of rainfed cropland, irrigated cropland, or range, pasture, forest and 

woodlands resulting from processes such as soil erosion caused by wind and/or water; 

deterioration of the physical, biological or economic properties of the soil; and long-term 

loss of natural vegetation” (Pagiola, 1999).  

 

Soil degradation is a narrower term for declining soil quality, encompassing the 

deterioration in physical, chemical and biological attributes of the soil (Enters, 1998). 

Soil erosion is a particular physical process that causes land and soil degradation, and 

refers to the wearing away of the land surface by water and/or wind as well as to the 

reduction in soil productivity due to physical loss of topsoil, reduction in rooting depth, 

removal of plant nutrients, and loss of water. Other forms of soil degradation include 

other types of physical degradation, such as compaction, surface sealing and crusting, and 

water logging; chemical degradation, including depletion of soil nutrients, acidification, 

salinization, and pollution; and biological degradation, including loss of soil organic 

matter (which also affects physical and chemical properties of the soil), flora and fauna 

populations or species in the soil (e.g., earthworms, termites and microorganisms). Soil 

fertility is the capacity of the soil to support the growth of plants, on a sustained basis, 
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under given conditions of climate and other relevant properties of the land (Young, 

1989).  

 

FAO (1994) defines soil fertility decline as loss of nutrients and/or lowering of soil 

organic matter. More precisely, it is the combined effect of lowering of soil organic 

matter, deterioration of physical properties, lowering of nutrient content, and, in some 

cases acidification that is commonly referred to as decline in soil fertility (Young, 1989). 

According to FAO (1994), the major evidence for soil fertility decline includes soil 

organic matter depletion, with associated decline in soil biological activity negative 

nutrient balances (imbalances between nutrient input and output flows), reduction in 

availability of major nutrients (N/P/K) and micronutrient deficiencies, soil degradation of 

physical properties (structure, aeration water holding capacity, etc) as brought about by 

reduced organic matter. The principal adverse effect of erosion is lowering of fertility, 

through removal of organic matter and nutrients (Young, 1989). 

 

2.2.  Physical soil degradation 
Physical degradation includes those processes such as poor cultivation practices, which 

adversely affect soil physical properties such as infiltration rate, structural stability, root 

penetrability, and permeability (compaction), and crusting (FAO, 1984). Soil erosion may 

be considered part of this category because it physically reduces soil depth 

 

2.2.1. Bulk Density 
Bulk density is the weight of the soil solids per unit weight of total soil. One of the 

properties of soil whereby physical land degradation can be observed and studied in this 

research work is bulk density. Bulk density is a measure of the mass of soil per unit 

volume. When soil particles are pushed close together, increasing the mass per unit 

volume, the soil is compacted. Soil compaction is an increase in bulk density due to 

external load leading to the degradation of physical soil properties such as root 

penetration, hydraulic conductivity and aeration (Mitiku et al., 2006). The dominant soil 

factor influencing compaction is the soil water content at the time the soil is loaded. As 

the soil water content increases, the density of the compacted soil increases up to a 
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maximum and then decreases. Dry soil particles do not readily slide or roll over one 

another. Water reduces friction and enhances movement. This does not continue beyond a 

maximum because water cannot be compressed; it takes up space. At water content near 

saturation, the particles are pushed completely apart by the positive pore water pressure, 

causing the soil to lose strength completely. We can tell a lot from single bulk density 

value; it is inversely related to porosity, and gives us an insight about soil texture. For 

clayey soils it can range from 1.1 to 1.6 g/cm3, for sandy soils it can be as high as 1.8 

g/cm3. Bulk density is also affected by the soil structure, the degree of looseness or 

degree of compaction, and the shrinkage and swelling characteristics of clay (Troeh and 

Thompson, 1993).  

 

The bulk density of the „A‟ horizon of mineral soils is usually between 1.0 and 1.6g/cm3. 

Organic matter decrease bulk density in two ways. First organic matter is much lighter in 

weight than a corresponding volume of mineral matter; second, organic matter gives 

increased aggregate stability to a soil (Troeh and Thompson, 1993). Average soil bulk 

density for clayey soils can range from 1.1 to 1.6 g/cm3, for sandy soils it can be as high 

as 1.8 g/cm3. Bulk density is also affected by the soil structure, the degree of looseness or 

degree of compaction, and the shrinkage and swelling characteristics of clay.  

 

2.2.2. Texture 
Soil texture refers to the relative proportion of stone, gravel, sand, silt and clay in a 

specified quantity of soil. Sand particles are 2.00-0.05 mm in diameter, silt 0.050- 

0.002mm and clay <0.002mm. Soil texture determines soil workability, water-holding 

capacity, soil structure and nutrient retention. Compared to sandy soils, clay soils hold 

more water and retain nutrients. Clay particles are lighter than sand particles, and once 

detached by erosion they are easily transported. Therefore unchecked erosion leads to a 

loss of soil productivity (Gachene and Kimaru, 2003). 
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2.3. Chemical soil degradation 
 

Chemical degradation of a soil is a change in soils chemical properties that regulate 

nutrient activity and capacity; or which maintain a favorable balance among principal 

nutrient elements (Lal et al., 1989). Major chemical properties of soil include cation 

exchange capacity, organic matter content, pH, soil salinity and soil acidity. These 

chemical parameters of soil are the ones, which determine the quality of a given soil in 

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

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

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

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

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

the study of chemical property or chemical degradation of a given land use type requires 

selecting an appropriate and inclusive parameter. Among the chemical properties that 

indicate the level of degradation of a given site, organic matter content and cation 

exchange capacity are assumed to be fundamental (Brady, 1984).  

 

2.3.1. Organic Matter 
Soil organic matter is the organic fraction of soil derived from the decayed tissue of 

plants and animals, and from animal excreta, particularly urine. Generally, soils with 

comparatively higher organic matter content are considered more fertile than soils low in 

organic matter content. Soil OM reduces compaction by promoting soil aggregation and 

increasing porosity (Teklu Erkossa, 2005). 

 

 The most significant chemical and physical changes in soil parameters as a result of 

forest plantation occur at or near the surface and are related to the supply of organic 

matter from litter. In quantitative determination of soil organic matter, it is customary to 

measure the organic carbon content, not the total carbon content of soils. The soil organic 

matter is then obtained by multiplying the organic carbon content by a factor of 1.724.  
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Organic matter (humus) contained in the surface layer of a mineral soil usually varies 

between 1 and 10 %, depending on climatic and drainage conditions (Ilaco, 1985). 

 

Table 1: Rating of organic matter and its categories 

Rating Total Organic matter (%) 

Very low 

Low 

Medium 

High 

Very high 

<1 

1.0 - 2.0 

2.1 - 4.2 

4.3 – 6.0 

>6.0 

 Source: (Tan, 1996) 

The organic matter content in a soil affects the activities of microbes, which in turn have 

vital role in making nutrients available for plants. It supplies energy and cell building 

constituents for most microorganisms and is a critical factor in soil fertility (Brady, 

1984). Moreover, organic matter content strongly affects the physical properties of soil 

including soil structure, bulk density, percent pore space and water infiltration capacity. 

Soil organic matter has tremendous advantages in the improvement of soil physical, 

chemical and biological properties. Soil organic matter stabilizes soil structure, improves 

water holding capacity, lowers bulk density, increases CEC, acts as a pH buffer, ties up 

metals, supplies energy and body building constituents for soil organisms, increases 

microbial population and their activities. 

 

2.3.2.  Cation Exchange Capacity (CEC) 
Cation Exchange Capacity (CEC) is the other parameter used in the analysis of the 

chemical properties of soils. The ability of a soil to retain cations (positively charged 

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

magnesium (Mg++) in a form that is available to plants is known as cation exchange 

capacity (CEC). These cations are in the soil solution and are in dynamic equilibrium 

with the cations adsorbed on the surface of clay and organic matter. The negative charge 

on the very large external surfaces of clay and humus attract positive charged ions. As a 

result, these ions are loosely adsorbed at the surface of the solid phase (Ilaco, 1985). CEC 
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is expressed in meq/100g of air-dried soil or Cmol/kg (Cooper, 2006). CEC is an 

important parameter of soil because it gives an indication of the type of clay mineral 

present in the soil and its capacity to retain nutrients against leaching (Sahlemedhin 

Sertsu and Taye Bekele, 2000). Soils high in organic matter and clay content tend to have 

higher CEC's than those low in clay and organic matter. Thus, the higher the CEC, the 

higher the negative charge and the more cations that can be held, the more nutrients the 

soil can supply. There is a fairly constant equilibrium between adsorbed cations and those 

moving freely in the soil moisture. When the equilibrium is disturbed, ion exchange 

between the solid and liquid soil phases occur, resulting in either adsorption or release of 

cations.  

 

Cation concentration in the soil moisture may diminish as a result of leaching or due to 

adsorption by plant roots; a concentration increase may be caused by fertilizer application 

or losses of soil moisture by evaporation. Organic matter has higher CEC. This is because 

highly decomposed organic matter, known as humus, has very high surface area (greater 

than clay). It develops negative charge due to release of H+ ions from its functional 

groups. Clay also is important source of CEC through isomorphic substitution. For 

example substitution of Al3+ for Si4+ give rise to overall one net minus charge. This 

increases the negative charge on the soil and consequently the CEC of the soil (Ilaco, 

1985).  

 

In general, Cation exchange capacity is crucial in the determination of soil fertility for 

two fundamental reasons. The first reason is that the total quantities of nutrients available 

to plants as exchangeable cations depend on it. The second reason is that it can influence 

the degree to which hydrogen and aluminum ions occupy the exchange complex, and thus 

affects the pH of soils (Olaitan et al., 1996 cited in Girum Woldegiorgis). 
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2.3.3.  Soil pH 
The availability of most plant essential elements depends on soil pH; it is an indication of 

relative availability of plant nutrients. Thus, soil pH is generally both a symptom of a 

soil‟s condition and a cause of many of the reactions that occur in soil. Most soils have 

pH values between four and eight; nearly all soils with pH values above eight have a 

higher percentage of Na+ ions on their cation exchange sites. Most soils with pH values 

below four contain sulfuric acid. By strict definition, any pH below 7.0 is acid and any 

pH above 7.0 is alkaline. More practically, a small zone near 7.0 may be considered 

neutral (Foth and Ellis, 1997). Soil pH depends on a variety of factors including the 

season of the year, cropping practices, the soil horizon sampled, the water content at the 

sampling time and the way the pH is determined (Troeh and Thompson, 1993). 

 

Table 2: Rating of soil Acidity 

pH Values 

Extremely acidic <4                        

Very strong acid  4.5-5.0 

Strongly acidic  5.1-5.5 

Moderately acidic 5.6-6.0 

Slightly acid  6.1-6.5 

Neutral 6.6-7.3 

Slightly alkaline 7.4-7.8 

Moderately alkaline 7.9-8.4 

Strongly alkaline 8.5-9.0 

Very strongly alkaline                    >9.1 

Source: Foth and Ellis (1997). 

 

Acidity is related to CEC of the soil. Most plants grow best in soils with slightly acid 

reaction. In this pH range, nearly all plant nutrients are available in optimum amounts for 

plant growth. Soils with a pH less than 6.0 are more likely to be deficient in some 

available nutrients. Because of this, soil pH is perhaps the most important determinant of 

soil chemical properties. 
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2.3.4.  Total Nitrogen 
Nitrogen is one of the major nutrients required for the nutrition of plants. Of the total 

amount of nitrogen present in soils, nearly 95-99% is in the organic form and 1-5% in the 

inorganic form as ammonium and nitrates (Buruah and Barthakur, 1997). Total nitrogen 

is merely an indicator of the soil potential for the element, but not the measure in which it 

becomes available to the plant. Nitrogen contents of soils are also needed for the 

evaluation of C:N ratios of soils, which give an indication of the processes of 

transformations of organic nitrogen to available nitrogen like ammonical nitrite (Buruah 

and Barthakur, 1997). Soil can be classified from low to high based on TN (Table 3). 

 

Table 3: Classification of Soil based on Total Nitrogen content 

Total nitrogen (%) Classes 

< 0.03 Low 

0.03 – 0.06 Medium 

>0.06 High 

Source: Buruah (1998) 

 

2.3.5. Available potassium 
Potassium (K+) is an element that contains a positive electrical charge known as a cation. 

Potassium that is dissolved in soil water (water soluble) plus that held on the exchange 

sites on clay particles is considered readily available for plant growth. The exchange sites 

are found on the surface of clay particles. Plants readily absorb the K dissolved in the soil 

water (Rehm and Schmitt, 2002). 

 

 Potassium is an essential nutrient for plant growth. Potassium is involved in many plant 

metabolism reactions, ranging from lignin and cellulose used for formation of cellular 

structural components, to regulation of photosynthesis and production of plant sugars that 

are used for various plant metabolic needs. It controls water loss from plants and is 

involved in overall plant health. Soils that have adequate potassium allow plants to 

develop rapidly and outgrow plant disease, insect damage and protect against winter 
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freeze damage. Potassium is important for a plant's ability to withstand extreme cold and 

hot temperatures, drought and pests. 

 

Potassium in solution is in equilibrium with that found in the slowly available. As plants 

take up potassium from the soil solution it is restocked from the slowly available pool of 

potassium and the equilibrium is re-established. Available potassium is estimated by 

measuring the solution and exchangeable potassium in the soil. 

 

2.3.6. Available Phosphorous 
The term available phosphorous (P) refers to the inorganic form, occurring in soil 

solution, which is almost exclusively, orthophosphate. This orthophosphate occurs in 

several forms and combinations, and only a small fraction of the total amount present 

may be available to plants, which is of direct relevance in assessing the P fertility level. 

Soluble P may be adoptively retained at the surface of colloidal particles. In most soils, 

the main source of orthophosphate is organic matter (Buruah and Barthakur, 1997).       

 

2.3.7. Electrical Conductivity (EC)   
Soil electrical conductivity (EC) is a property of soil that is determined by standardized 

measures of soil conductance (resistance-1) by the distance and cross sectional area 

through which a current travels. EC estimates the amount of total dissolved salts or the 

total amount of dissolved ions in soils (Hartsock et al., 2000). 

                                       

2.4. Causes of Soil Degradation 

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

the higher ground and teff, sorghum and maize in the lower elevations. All these crops 

leave bare areas of soil during some of the growing season exposing soil to erosion. 

Twenty percent of the cultivated area is in perennial crops including coffee, enset (Ensete 

ventricosum), oil seeds, fruit trees and cotton. Pulses occupy the remaining ten percent. 
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Enset in particular provides good ground cover, needs manure, and is a good crop to 

maintain fertility (Berry, 2003). Average soil removal all over the country was estimated 

to be about two billion tons per year (FAO, 1986). Among the land use types in which 

erosion occurs, the most serious one occurs on cultivation fields. Hurni (1993) reported 

that the rate of soil loss from cultivation fields was estimated to be 42 tons per hectare per 

year on average. The same source also showed that by assuming an average soil depth of 

60 cm, it is predicted that most of the area of cultivated slopes in the Ethiopian highlands 

would be entirely stripped of the soil mantle within 150 years. 

 

2.4.2. Overgrazing 
Ethiopia has the second largest livestock population in Africa with over 30 million cattle 

and 42 million sheep and goats (Alemneh Dejene, 2003), thus grazing pressure has 

increased the rate at which tree and shrubs species are becoming scarcer (Azene Bekele et 

al., 1993). 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 (FAO, 2005). 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. 

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). 

 

2.4.3. Deforestation 
Deforestation has been a major national problem in Ethiopia for many years. At the close 

of the twentieth century, the country found itself experiencing very rapid deforestation 

through forest clearance for crop cultivation, unsustainable wood exploitation for lumber 

and wood-fuel, overgrazing and also wars and civil unrest. The severely degraded lands 

are typically characterized by heavily eroded or nutrient deficient soils, hydrological 

instability, reduced primary productivity and low biological diversity (Verma et al., 1999 

cited in Dominic et al., 2004) and these are common phenomena in the dry areas of 

Ethiopia. Most of these degraded areas have been under great pressure for a long time, to 
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the extent that they have been changed into wastelands. According to FAO (1999), the 

total area of natural forests in 1990 was estimated at 13.9 million hectares and later 

reduced to 13.6 million hectares in 1995 with an annual rate of depletion of 62,000 

hectares. This is due to conversion of the forest land to other land uses and due to the 

degradation of forests to wooded land. Remnant forests, woodlands or shrub lands have 

become restricted to inaccessible areas such as hillsides, mountain tops and around 

churches, monasteries, mosques or graveyards, particularly in the northern parts of the 

country (EFAP, 1994). 

 

Because of rapid population growth, large forest and crop areas are required to satisfy the 

needs of the nation. Short-term increase in agricultural production is often obtained 

through increased pressure on the land, i.e. reduced fallowing, removal of vegetation 

between cropland, conversion of forest and woodlands on steep slopes into rangeland and 

marginal arable land. Thus the use of the land as a mine rather than as a source of 

renewable sources has led to severe degradation problems (Tewolde Berhan Gebre 

Egziabher, 1989). Destruction of forests has made the land more susceptible to wind and 

water erosion. Vegetative regeneration has decreased to where farmers can not get forest 

resources for construction, fuelwood, and other uses. Unbalanced utilization of forest 

resources for any use may lead to total degradation of the land in the year 2010 (Kebrom 

Tekle, 1999).  

 

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

caused intense land use conflicts, particularly between the agricultural and the forestry 

sectors in Ethiopia. To compensate for the low agricultural productivity, deforestation for 

arable land expansion has been the principal land use change employed in Ethiopia for 

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

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

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

woodland covers, but this was reduced to 40 % by 1950, 5.6 % by 1980 and 2.4 % by 

1990 (Sayer et al., 1992) and 3.56 % in 2004 (WBISPP, 2004). Deforestation rate per 

annum for Ethiopian highlands is described in Table 4. 
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Table 4: Deforestation rates for the Ethiopian highlands 

Year Forest area (sq. Km) Deforestation Loss per 

annum (sq Km) 

1990 

1950 

1965 

1986 

530,000 

210,000 

90,000 

35,000 

-- 

6,400 

8,000 

2,750 

 

Source: Sayer et al. (1992)  

 

2.4.4. Dung and crop residues consumption 
Land degradation in Ethiopia is also exacerbated by soil nutrient depletion arising from 

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

absence of adequate soil nutrient saving and recycling technologies (Bojo and Cassels, 

1995). And as fuelwood supply is getting scarce in Ethiopia due to the dwindling effect 

of the supply source, it will be substituted by other forms of biomass fuels like dung, 

branches/leaves and agricultural residues. The alternative use of dung and crop residues 

as fuel instead of organic fertilizers affects crop productivity significantly when most 

farmers cannot afford to buy inorganic fertilizer. 

 

2.4.5. Soil erosion  

Erosion is defined as “the amount of soil delivered to the top of the slope where either 

deposition begins or where runoff becomes concentrated” (Dissmeyer and Foster, 1984). 

Water erosion is a generalized problem in nearly all tropical mountains. Findings from a 

project of the United Nations Environmental Program on Global Assessment indicated 

that 40% of the world‟s agricultural land has been adversely affected by soil degradation, 

soil erosion being a major cause (Lal, 2004). 

 

In the Ethiopian highlands soil erosion is the main cause of deterioration for soil 

productivity (NCS, 1994). It was estimated that in 1990 alone, 57,000 to 128,000 tons of 

grain production was lost due to reduced top soil depth caused by soil erosion (Demel 
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Teketay, 2001). Although it is a natural geologic process, soil erosion is accelerated by 

human activities. Fuelled by the combined effects of anthropogenic activities like poor 

farming practices, overgrazing, deforestation, soil erosion, salinity and alkalinity, and the 

use of livestock manure and crop residues as fuel, land degradation in Ethiopia is 

hastening desertification (Cesen, 1986). Consequently, about 72% of the total land area 

of the country falls within the UNEP‟s definition of desertification (Tamirie Hawando, 

1995).  

 

The potential for soil erosion increases as the amount of bare soil and the percent slope 

increase. In forests it is possible to have virtually no surface runoff when there is 100% 

ground cover, assuming that soils and litter are not saturated before the event occurs. 

Soils are particularly susceptible to raindrop splash in areas with sparse vegetation 

(Brooks et al., 1997).  

 

Annual soil loss in Ethiopia is estimated at 1.5 and 3 billion tons. About 50 % of the total 

area of the country is under the threat of soil degradation and the impact of this is causing 

decline in food production by one to two percent per annum (NCS, 1994). The EHRS has 

estimated that in the Ethiopian Highlands over 1.5 million tones of soil are lost every 

year. The extent of erosion is massive affecting about half the area of the highlands; some 

27 million hectare is significantly eroded and over 25% (14 million hectares) is seriously 

eroded. Over 2 million hectares of farmlands have reached a point where economic crop 

production could not be sustained. Only 20% of the area (10 million hectare) can be said 

to be free from serious erosion risks. This alarming situation can be eased through 

protection of existing vegetation and more importantly through different intervention 

mechanisms (Million Bekele, 2001). 

 

2.5. Efforts to halt the problem of Soil degradation 
To combat the land degradation problem, the Ethiopian government launched a massive 

soil conservation programme in the middle of 1970‟s. The following physical and 

biological conservation measures were carried out between 1976 and 1992 (Tamirie 

Hawando, 1995; EFAP, 1994). 
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2.5.1. Soil conservation strategies in Ethiopia 
Ethiopia is a country where soil degradation is prevalent at a tragic rate. The average 

annual rate of soil loss in the country is estimated to be 12 tons/ hectare/ year, and it can 

be even higher on steep slopes and on places where the vegetation cover is low. The 

amount of yield reduction as a result of the loss of topsoil each year is increasing 

substantially. This makes the issue of soil conservation not only necessary but also a vital 

concern if the country wants to achieve sustainable development of its agricultural sector 

and its economy at large (Tamirie Hawando, 1995). 

 

As a response to the problem of land degradation due to soil erosion, Ethiopia is engaged 

in a massive soil and water conservation activities in many degraded parts of the 

highlands since the 1970s. Prior to 1974, very little effort was made to combat 

degradation of the Ethiopian highlands. The drought of early 1970s, coupled with the 

new political approach to the country‟s problems, gave birth to increase interest in SWC. 

The food resources that were made available to Ethiopia, mainly through the world food 

programme (WFP) food- for- work (FFW) programme, played a significant role in the 

development of soil conservation programme.  To stop further land degradation, the 

government of Ethiopia has initiated a number of projects including soil and water 

conservation works and the establishment of Area Enclosures (AEs) with the financial 

assistance of international donors, mainly the World Food Program (Emiru Birhane, 

2002). 

 

2.5.2. Tree planting 
In hillsides where no farming is practiced, and livestock grazing is not productive are set 

aside for communal plantation or forested areas. Different NGO‟s GO‟s were involved in 

plantation programmes to tackle the problem of land degradations in many parts of the 

country. Many NGO‟s were involved in afforestation activities around this study site in 

Shashogo woreda around 1980‟s. For instance, there were some trees planted around 

Bilate River by World Food Program (WFP/ FHI). Recently, LVIA had also involved in 

plantation programmes in Shashogo woreda. In some parts of the country, soil fertility 

improvement using an exotic nitrogen-fixing species such as Acacia species before or 
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together with native species plantations were widely practice in severely degraded lands 

(Mulugeta Lemenh, 2004). In some places in Ethiopia these communal plantations or 

forests are being distributed among young people who do not have land to farm (Kindeya 

Gebrehiwot, 2004). 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. 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.  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). 

 

 
2.5.3. Area Enclosures  

In addition to tree plantations, in many parts of Ethiopia, degraded lands that almost have 

no production potential are set aside for natural rehabilitation. This practice is called Area 

closure. Establishment of area closure has been an important strategy for the 

rehabilitation of degraded hillsides. Forest restoration in protected closures has become a 

common practice to fight land degradation in the highlands of Ethiopia.  

 

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 (Kibret Mamo, 

2008). In some areas, soil and water conservation activities are also being undertaken. 
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Having realized the seriousness of the problem, the government and the people in 

Ethiopia are trying to rehabilitate degraded land in an effort to reverse the problem, to do 

this several approaches have been tried. Among the various ways of overcoming 

environmental degradation, loss of biodiversity and deforestation problem of the country, 

area enclosure is the most crucial one because it is specially the determinant way of 

rehabilitating severely exploited vegetation and degraded dry land environment (Ediyo 

Mieso, 2005 cited in Abiy Tsetargachew, 2008). It is generally believed that the land 

resources such as, soil, wild flora and fauna or water will be protected from degradation 

through area enclosure. The main objective of establishing such enclosures is to improve 

the overall ecological conditions of degraded areas so that they can provide better socio-

economic benefits and environmental services to the local communities. In this regard, it 

has become a common phenomenon to observe change on soil quality and increase of 

plant as well as animal biodiversity with time after the establishment of enclosures.  

 

2.5.3.1.1. Environmental benefits of area enclosures 
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 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 also play an important role in conserving remaining soil resources and 

improving soil fertility. They improve soil fertility by adding soil nutrients from 

decomposed plant remains. Enclosures also reduce 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). 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 
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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). 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 increases cations (inorganic nutrients) 

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

 

Enclosures also improve the hydrology and soil inside the forested land in several ways: 

they prevent physical soil loss, maintain or increase soil water holding capacity, protect 

or increase top soil depth, prevent the loss of soil nutrient content and increase soil 

organic matter. These functions of enclosures improve soil quality (productivity) within 

the forested land itself (Descheemaeker et al., 2005). An increase in soil quality within 

enclosures has a number of biophysical and socioeconomic implications. As a result of 

improved soil quality and soil water content the total amount of biomass production will 

increase with its subsequent ecological and economic benefits. In general, establishing 

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

the rehabilitation of degraded lands (Bendz, 1986). 
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3. MATERIALS AND METHODS 

3.1. Description of the study area 

3.1.1. Location 

The study site is located in Shashogo woreda of Hadiya zone, SNNPR between latitudes 

819750m - 82560m N and between longitudes 398010m - 402800m E. The woreda 

covers a total area of 32,310 ha. With a total population of 116,287 people (CSA, 2007), 

Shashogo woreda is one of the densely populated woreda in Hadiya zone. The woreda 

has a total of 36 PAs, and Tachignaw Gimbichu is the PA where the study site is located. 

 

 
Fig. 1: Map of the study area.  
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3.1.2. Climate 
There is no meteorological station in the study site. The rainfall and temperature data 

collected by the Ethiopian Meteorological Service Agency (NMSA) from Alaba Kulito 

Station, which is about 17 km southeast of the study site, was used to describe the climate 

of the study area. 

 

3.1.2.1.  Rainfall 
The rainfall has a bimodal nature in which the months from March to May and June to 

September are marked by relatively higher rainfall records; while months from 

November to February are dry (Fig 2). The long rainy season in the area is between June 

to September, during which crop cultivation takes place in the area. Monthly rainfall data 

was available for the years from 1985 to 2006. The total annual rainfall ranges 1005.1 

mm (Fig. 2). 

 

 
Fig. 2: Mean monthly rainfall of the study area 

 

3.1.2.2. Temperature 
Temperature data within the time frame considered in this study i.e., between 1989 to 

2006 shows that the highest mean maximum monthly temperature was generally 

observed during the dry season. The mean maximum temperature was 21.6 o
C, occurred 
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during February; while the mean minimum temperature was 18.5 o
C occurred during July 

(Fig. 3). 

 
Fig. 3: Mean monthly temperature of the study area 
 

3.1.3. Topography  
The altitude ranges from 1876m to 2257 m.a.s.l. The woreda has an agriculturally 

suitable land in terms of topography. Flood is a series problem in the flat topography 

areas. 

 

3.1.4. Soil  
According to FAO classification system, the most dominant soil in the area is Vitric 

andosol covering the whole Woreda (UNDP/FAO, 1984). 

 

3.1.5. Water resources  
The Woreda has four rivers such as Bilate, Guder, Metenchose, and Meranche. All rivers 

(except, Bilate) are seasonal. Bilate is a perennial river, even though the volume of water 

decreases substantially during the dry season. Recent studies have indicated that the 

water table of the Shashogo Woreda is shallow. There is also Boyo swamp covering 

about 3,210 hectares. 
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3.1.6. Natural vegetation 
The spatial distribution of natural vegetation depends on many factors among which, 

climate, drainage pattern and soil types play a pivotal role. In Ethiopia, temperature and 

rainfall, which largely are altitude dependent, determine the type and density of 

vegetation (Tewolde-Berhan Gebre-Egziabeher, 1991). The commonly observed remnant 

tree species in the area are Acacia species, Cordia africana, and Eucalyptus species. 

These tree species are observed throughout the Woreda mostly scattered in the cultivated 

landscape. Because of long history of agriculture and high population in the area, 

vegetation cover is very low. Consequently, erosion hazards on the steep slope areas are 

enormous. Huge gullies are observed towards the southern end of the Woreda and around 

Bilate River, where soils are totally removed beyond recovery.  

 

3.1.7. Agriculture 
In the study area agriculture is the dominant economic activity, which includes crop 

farming and livestock production. Cropping patterns in the area follow rainfall. Maize, 

tef, wheat, pepper, haricot bean, sorghum and millet are the dominant crops with regard 

to area coverage. Other than these crops, many other crops are also grown, but 

economically less important. In most cases, maize is grown in more than 50% of the 

cultivable land in the woreda, while all other crops account for the remaining 50% of the 

area. Pepper is the main cash crop in the area.  

 

Shashogo Woreda being one of the commonly drought affected areas in SNNPR, 

livestock production is poor. Grazing lands are converted into farmlands due to human 

population pressure, and hence crop residues are important feed resources.  

 

3.1.8. LULCC between 1973 and 2005 
In 1973, the total amount of cultivated land in the woreda was 4,516.92 hectares but it 

increased to 20,872 hectares. This figure indicates that cultivation has a leading cause for 

the LULC change in the study area.  
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Recent studies have indicated that the LULC of cultivated land and bare land were 

increasing while wet grass land, bush land and grazing lands were decreasing during the 

period 1973-2005 (Fig. 4). The cultivated land increased with the highest magnitude 

while bush land decreased with the highest magnitude in the same period. 

 

 
Fig. 4: Land use - land cover maps of the woreda in 1973 and 2005. (Source: Loppiso, 

2010) 

 

LULCC can affect biodiversity, biogeochemical cycles, soil fertility, hydrological cycles, 

energy balance, land productivity and the sustainability of environmental services 

provision (Lambin and Ehrlich, 1997). Apart from these, it may directly have serious 

impacts on future food security. 
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3.2. Study design 

 

3.2.1. Reconnaissance survey 
A preliminary field survey has been conducted to get a general view on the physical 

condition of the area such as the vegetation cover, land use type, and topography of the 

study area.  

 

3.2.2. Sampling strategy 

3.2.3.  Soil sample collection 
In order to assess and investigate soil fertility status through the analysis of some physical 

and chemical soil properties, soil samples were taken from the two sites (free grazing 

land and the area enclosure) at a depth of 0-20 cm. The grazing land was severely 

degraded and lost almost its top soil due to erosion. This made soil sample collection 

from the grazing land difficult. And because of this severe erosion (disturbance), samples 

were taken randomly from small remnant plots left after the erosion in the grazing land. 

Similarly, samples were randomly taken from the enclosure area. Generally, a total of 

twelve soil samples were taken from both sites (six samples from each). Furthermore, 11 

soil core samples (undisturbed) were also collected for soil bulk density analysis from 

both sites.   

 

3.2.4.  Household survey  
Socioeconomic data were collected from the sampled households through a semi-

structured questionnaire (Appendix 2). Data and information about their perception on 

the area closure benefits, management problems were collected from selected PA 

representatives through focus group discussion. Sample households were randomly 

selected from a list of registered peasants obtained from the PA‟s administration office. 

The number of sample households selected for the questionnaire was determined using 

the formula developed by Cochran (1977). The survey was conducted from 24th January 

to 29th January. Interviews were conducted by the student and trained development agents 

from the PA. A test survey was conducted with 5 farmers to evaluate the questionnaire, 
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and based on the responses some minor modifications were made prior to conducting the 

full survey. 

                                     

          

        
   

                                      Where, n= sample size 

                                           N= total population of households in both sites 

                                           Z= confidence interval (1.96)  

                                            d= margin of error  

                                             p= proportion of population (0.5)                                

                                             q= 1- p                                                      

Assumption: d= 0.05 and q= 0.5                                       

                                               

                                                                                Cochran (1977) 

 

Following the above formula, 113 farmers were sampled for the interview using an error 

margin of 5%, and the probability of the sample size has confidence interval of 95 %. 

 

3.2.5. Laboratory analysis 
The soil physical and chemical analysis was carried out at the JIJE LABOGLASS PLC. 

laboratory (Addis Ababa), according to the standard soil analysis procedures provided by 

Sahlemedhin Sertsu and Taye Bekele (2000). The soil samples were air dried, mixed well 

and passed through a 2 mm sieve for analysis of selected soil chemical and physical 

properties. Soil pH was analyzed in a 1:2.5 soil-water suspension. The Walkley and 

Black (1934) wet digestion method was used to determine soil carbon content and 

percent soil organic matter was obtained by multiplying percent soil organic carbon by a 

factor of 1.724 following the assumptions that organic matter is composed of 58% 

carbon. Total nitrogen was analyzed using the Kjeldahl digestion, distillation and titration 

method as described by Black (1965) by oxidizing the organic matter in concentrated 

sulfuric acid solution (0.1N H2SO4). Available phosphorous of soil samples was 

determined following the Olsen et al. (1954). Cation exchange capacity was analyzed 

using Ammonium acetate method (Chapman, 1965).  
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Available potassium analyzed using flame photometer (Chapman, 1965). Soil particle 

size distribution was determined by the Boycouos hydrometric method (Bouyoucos, 

1962) after destroying organic matter using hydrogen peroxide (H2O2) and dispersing the 

soils with sodium hexameta phosphate (NaPO3). Soil bulk density was determined by the 

undisturbed core sampling method after drying the soil samples in an oven at 105 oC to 

constant weights, while particle density was measured by the pycnometer method (Black, 

1965). 

 

3.2.6. Data analysis 
The soil chemical and physical properties were subjected to analysis of variance using 

statistical Package for Social Science Students (SPSS v.16) software program. The mean 

values after results of one-way ANOVA of soil parameters under the two sites (free 

grazing land and the area enclosure) were found significant at P < 0.05. Moreover, the 

mean values of each soil parameters were compared against the standard set by other 

authors.  

 

The distribution and frequency of the farmers‟ response were analyzed using excel 

software. 
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4. RESULTS AND DISCUSSION 

 

4.1. The Impact of Area enclosure on soil quality 

4.1.1. Bulk density 
The mean values of bulk density for the grazing land and the enclosure were 1.14 and 

1.06 (g cc-1), respectively. The ANOVA revealed that there was statistically significant 

difference in bulk density (p= 0.010) between the grazing land and the area enclosure 

considered at 0.05 level (Table 8). Higher value of bulk density of the grazing land is due 

to the higher compaction effect of the grazing and erosion of the top soil because of 

absence of vegetation cover. The compaction in grazing land may also be due to direct 

impact of rain drops. 

 

4.1.2. Texture 
Texture of soil samples for the closure and degraded grazing land was generally 

classified as clay and clay loam, respectively (Table 5). 

 

Table 5: Soil texture of the studied sites. 

Sites Field Id. Sand (%) Silt (%) Clay (%) Soil class 
Free grazing land A1 30 28 42 Clay  

A2 44 28 28 Clay loam 

A3 48 32 20 Loam 
A4 38 22 40 Clay loam 
A5 40 20 40 Clay loam 
A6 32 26 42 Clay 

Area enclosure A7 30 28 42 Clay 

A8 44 28 28 Clay  
A9 48 32 20 Loam 
A10 38 22 40 Clay 
A11 40 20 40 Clay  
A12 32 26 42 Clay 
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The percentage of silt under free grazing land was greater than that of the enclosure. The 

ANOVA showed that statistically, there was no significant difference (p> 0.05) on the silt 

fraction between the grazing land and the area enclosure.   

 

The sand fraction values were statistically significant ((P=0.001)) for the two land uses.  

The percentage of sand under free grazing land was greater than the enclosure. This is 

probably attributed to the selective removal of clay particles leaving the sand particles in 

the free grazing land. Under sparser vegetation covers the clay fractions are likely to be 

lost to processes of erosion and migration down the soil profile (Woldamlak Bewket, 

2003).  

 

 

 
            Fig. 5: The average Silt (%) and sand (%) of the GL and AE. 

 

The percentage of clay was lower in free grazing land than the enclosure (Fig. 6). The 

clay content values for the two sites were statistically significant (P< 0.05). The low 

organic matter, the trampling effect of livestock and the sparse vegetation aggravate soil 

erosion which selectively removes clay from the free grazing land. 
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Fig. 6: The average Clay (%) for the two land uses. 

 

These 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 free grazing land means there is relatively 

higher soil erosion (particularly sheet erosion) at the free grazing land, which may reflect 

the differences in their vegetation cover. The presence of good vegetation cover in the 

area enclosure reduced erosion through addition of organic matter and surface litter 

(Skarpe, 1991).  

 
Fig.7: Partial view of severely eroded and degraded GL adjacent to the AE (photo by 

Abinet Tadesse, 2010) 
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Under sparser vegetation covers the clay fractions are likely to be lost to processes of 

erosion and migration down the soil profile (Woldamlak Beweket, 2003).  

 

Generally, clay percentage in the enclosure site was higher than in the free grazing land, 

whereas silt and sand percentages were higher in the free grazing land than in the 

enclosure. 

 

4.1.3. Total Nitrogen 
The total nitrogen in free grazing land was less than that of the enclosure.  Total nitrogen 

content of the soils under the grazing land and the enclosure were categorized as low and 

medium, respectively (Buruah, 1998). This finding is in agreement with work done by 

other researchers. According to the study by Abiy Tsetargachew (2008), there was 

significant difference on total nitrogen between the grazing land and enclosure in Kelala 

Dalacha (Oromia Region of Ethiopia).   

 
Fig. 8: The difference in mean TN values of the two sites. 

 

The total nitrogen was significantly different (P< 0.05) for the two land use types (Table 

8). The significant difference on total nitrogen in the free grazing land and the enclosure 

is due to difference in soil organic content and intensities of soil erosion. This indirectly 
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suggested that the biophysical conservation measures on enclosures have contributed to 

the sustainable management of land through replenishing soil nutrients. 

 

Table 6: Mean values (±) SE of soil parameters for the two sites (n=6 per field) 

Soil parameter Site 

Free grazing land  Area enclosure  

pH 7.26 ± 0.508 a 6.98 ±0.156 a 

EC 0.52 ± 0.228 a 0.04 ±0.002 a 

CEC 9.58 ±1.406 a 18.76 ±3.1 b 

Av. K (mg/kg) 0.85 ± 0.154 a 1.52 ± 0.152 b 

Av. P (mg/kg) 5.31 ± 1.06 a 4.65 ± 0.22 a 

TN (%) 0.07 ± 0.02 a 0.14± 0.018 b 

OC (%) 0.85 ± 0.23 a 1.60 ± 0.21 b 

OM (%) 1.47 ± 0.40 a 2.76 ± 0.37 b 

Sand (%) 38.67 ± 2.81 a 25.33 ± 1.20 b 

Silt (%) 26.00 ± 1.79 a 25.33 ± 0.95 a 

Clay (%) 35.33 ± 3.75 a 49.33 ± 1.116 b 

BD(g cc-1) 1.14 ± 0.016 a 1.06 ± 0.019 b 
a,b Different superscript letters shown in rows indicate significant difference at α= 0.05 

 

4.1.4. Available Phosphorous 
Phosphorus is also an essential plant nutrient and is taken up by plants in the form of 

inorganic ions. The mean value of available Phosphorous for the free grazing land is 

higher than that of the enclosure but difference was statistically insignificant (P> 0.05) 

(Table 7). The low available Phosphorous in the enclosure could be due to the presence 

of Phosphorous in its unavailable forms. From this we can conclude that the 

establishment of area closure did not bring a significant change on availability of 

Phosphorous. A similar finding (i.e. lower available phosphorous level in closed area 

than in free grazing land) was also reported by Abiy Tsetargachew (2008).  
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4.1.5. Available Potassium 
The mean values of available potassium values for the grazing land and the area 

enclosure were 0.85 and 1.60 (mg/Kg), respectively. The available Potassium values (0-

20 cm) were significantly different (P= 0.011) for the two sites (Table 7). 

 

 
Fig. 9: The average Available Potassium (mg/Kg) of the two sites. 

 

Free grazing land had lower available Potassium (mg/Kg) than the closed area. This is 

probably due to the selective removal of this vital macro-nutrient from grazing land by 

accelerated erosion.  Because of its high mobility in the soil, Potassium is most 

susceptible to leaching losses (Alfaro et al., 2004 cited in Mekuria Argaw, 2005), which 

might be the reason for the decline of this vital micronutrient in free grazing land. 

Therefore, probably the higher soil leaching rates in the grazing land caused lower 

potassium content.  

 

4.1.6. Electrical conductivity 
The mean values (Table 6) of electrical conductivity were   0.52 and 0.04 unit for the free 

grazing land and the area enclosure, respectively. There was no significant difference on 

the mean values of electrical conductivity (p= 0.062) at 0.05 significant level.  

 

0.85

1.52

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

GL AE

m
g/

kg

sites

Av.K (mg/kg)



36 
 

4.1.7. Soil pH 
The mean values of pH stand at 7.26 and 6.98 for the grazing land and enclosure, 

respectively. Soil of the enclosure area showed a little bit lower pH value than that of the 

grazing land. The low pH value of soil in the enclosed area may be due to the 

accumulation and decomposition of leaf litter. However, the ANOVA revealed that there 

was no significant difference (p= 0.612) in mean pH values between the soils of the free 

grazing land and the enclosure area at 0.05 significant level. This is probably attributed to 

similarity in climatic conditions, especially rainfall. Rainfall is the most determinant 

factor for pH in soils. According to Foth and Ellis(1997), soils under both sites can be 

categorized as neutral (see table 2).  

 

4.1.8. Organic matter  
There was higher organic matter content in the soils taken from the enclosure than the 

free grazing land. One way analysis of variance for organic matter content for the two 

sites indicated that there was significant difference (p = 0.040) in mean Organic matter 

(%) between the two sites at 0.05 level (Table 8). The reason for soil organic matter 

accumulation in the enclosure site could be the higher vegetation coverage of enclosure 

which resulted in higher litter input and thus higher accumulation of organic matter in the 

soil (Sachs, 1999; Bot and Benites, 2005). 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. According to the classification by Tan (1996), the soil 

under the area enclosure was regarded as medium while that of the free grazing land was 

low. The improvement in organic matter content following the enclosure is an important 

sign of soil restoration. The higher OM contents in closed areas compared to that of free 

grazing land can be explained by the difference in soil erosion and biomass return. 

Reduced erosion is expected to occur in well developed closed areas because the canopy 

formed by the mature shrubs and under-story vegetation shields the soil from the erosive 

energy of the falling raindrops and thereby protects it from splash erosion and surface or 

sheet erosion. This finding is in agreement with work done elsewhere (Abiy 

Tsetargachew, 2008, Kibret Mamo, 2008, Wolde Mekuria and Edzo Veldkamp (2005) 

cited in Abiy Tsetargachew (2008). They reported as the soils of free grazing lands and 
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closed areas differed considerably in content of soil organic matter, with significantly 

higher (p < 0.05) OM values found in closed areas than in free grazing lands.  

Descheemaeker et al. (2005) also suggests that enclosures improve the hydrology and 

soil inside the forested land in several ways: they prevent physical soil loss, maintain or 

increase soil water holding capacity, protect or increase top soil depth, prevent the loss of 

soil nutrient content and increase soil organic matter. 

 

4.1.9. Cation Exchange Capacity 
Soil in the enclosure site showed higher in CEC than the soil in the grazing land. The 

mean values of CEC for the two sites (open grazing and the closed area) were 9.58 and 

18.76, respectively. There was significant difference (P= 0.023) in mean values of CEC. 

at 0.05 level (Table 7). This could be attributed to the higher soil organic matter and clay 

percentage of the soil in the enclosure site.  

 

Table 7: Results of one-way ANOVA of soil parameters of the two sites 

Soil parameters            p 

pH 0.612 

EC 0.062 

CEC 0.023* 

Av. K 0.011* 

Av. P 0.56 

TN 0.039* 

OC 0.04* 

OM 0.04* 

sand 0.001* 

silt 0.749 

clay 0.005* 

BD  0.010* 

 * The mean difference is significant at 0.05 level. 
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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 cited in Kibret Mamo, 

2008). Thus, slight difference in organic matter can make a big difference in soil CEC as 

observed in this study. Similar findings were reported by other researchers (Kibret 

Mamo, 2008; Abiy Tsetargachew, 2008). They reported higher mean value of CEC in 

enclosure than free grazing lands adjacent to the enclosures.  

 

According to Landon (1991), the top soils of the free grazing land and the closed area are 

classified as low and medium status of CEC, respectively. Higher clay (%) because of 

reduced leaching effect would probably caused higher CEC value in the enclosed area.  

 

4.2. Local farmers’ participation and perception on the Area 

Enclosure 
The respondents‟ attitude towards the existence of area closure in their locality is positive 

(96%). The reason for that is that they are getting benefit, especially fodder from the 

enclosure area. Fodder is the major benefit for the households for maintaining their 

livestock. All the farmers interviewed told that they have seen change on soil quality 

within the enclosure because of the enclosure and soil conservation structures done in the 

enclosure.  

 

Table 8: Respondents‟ reaction towards questions on participation and perception 

(N=113) 

Questions Freq. (%) 

1. Who initiated the establishment of the AE?           Gov‟t 

                                                                                 NGO 

                                                                                Community 

                                                                                Participatory 

2. Why was the AE established?  

                                to restrict the local community from accessing land    

                                to rehabilitate degraded land         

                                other 

57 

0 

14 

42 

 

0 

113 

0 

51 

0 

12 

37 

 

0 

100 

0 
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38.05 

61.95 

3. What was your feeling during establishment?           positive     

                                                                                    negative  

                                                                                    neither  

4. Is there attitude change after establishment of AE?         Yes   

                                                                                       No 

5. How is the AE managed?                                               Committee 

                                                                                        PA administrators      

                                                                                        community     

                                                                                        Idir 

                                                                                        other                  

6. Does the entire community member participate in the management of the 

AE?                                                                                                       Yes 

                                                                                                         No 

7. Who own the enclosed area?                                   Government     

                                                                                   Associations  

                                                                                   Community    

                                                                                    NGO   

8. Is there any change on soil quality in the closed area after its 

establishment?                                                                  Increased    

                                                                                          Decreased   

                                                                                          No change   

                                                                                           I don‟t know 

65 

32 

16 

 

113 

0 

 

0 

 

 

0 

 

 

 

 

113 

 

0 

 

9 

0 

104 

 

0 

 

113 

 

0 

0 

 

0 

58 

28 

14 

 

100 

0 

 

0 

 

 

0 

 
 

 

 

 

100 

 

 

8 

0 

 

 

0 

 

 

 

0 

0 

 

0 

113 

9 

0 

0 

43 

92 

70 

0 

100 

104 

100 
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All farmers responded that the soil quality as well as the natural vegetation cover within 

the closure is increased due to the closure of the area. They are also experiencing run of 

reduction and gully rehabilitation in their locality, near to the enclosure area. Farmers 

were asked about their feeling during the establishment of the enclosure. Only few 

farmers (28 %) responded that they had negative attitude towards the establishment of the 

area enclosure in their locality. But the majority of the farmers (58%) responded that they 

had positive attitude towards the enclosure area at the time of establishment.  

 

The majority had accepted the establishment of the enclosure of the area probably due to 

presence of stakeholders meeting prior to the actual establishment of the enclosure. The 

community members participated from planning stage to implementation stage. After 

establishment of the enclosure, looking the change brought on the locality, and the 

benefit that the enclosure have given to them, some changes on perception have seen on 

those farmers who had negative attitude during establishment of the enclosure. Farmers 

were asked why the enclosure is established in their locality. All of them responded that 

the objective was rehabilitation of degraded lands besides to tackling of further 

environmental degradation in their locality. All of the respondents showed interest on 

further conservation and establishment of enclosures as the main option to tackle the 

problem of land degradation in the area. 

 

To understand their perceptions (feelings) regarding ownership, farmers were also asked 

some questions. The majority (92%) responded that the area enclosure belongs to the 

community while only few (8%) of them think that the owner of the enclosure is the 

government.  

 

The majority of local farmers considered the closure area as their own property. Social 

acceptance of a given project or work is one of the criteria for its sustainability.  From 

this, it can be predicted that the local community accepted, and probably cooperates on 

the management of the area enclosure in this PA. 
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4.3. Contribution of Area closure to local livelihood improvement 
The contribution of area enclosure for livelihood improvement in Tachignaw Gimbichu 

PA is minimal. The only area closure product that communities are allowed to harvest is 

grass for livestock feed (once in a year). Livestock are not allowed to enter the enclosure. 

But the local farmers are allowed to cut-and-carry once in a year (with charge).  

Harvesting other products like dead branches and trees for domestic purpose is not 

allowed.  

 
Fig. 10: Grass in the AE (photo by Abinet Tadesse, 2010) 

 

Fodder is the major area enclosure product needed by the households for maintaining 

their livestock. The immediate livelihood impact of the area enclosure in Tachignaw 

gimbichu PA has been felt with regard to the availability of fodder from the enclosure 

area. Participants in the focus group discussion also revealed that the area enclosure 

provides ecosystem services such as regulation and maintenance of microclimatic 

conditions, and soil conservation of the area.  

 

Farmers were also asked about the benefits obtained from the enclosure in quality and 

quantity. 43.36% of farmers responded that the benefit was low while 35.4% responded 

that the benefit was medium. According to information obtain from key informants 

discussion, grass from the area closure has also used for purposes like nursery mulching 

and making part payment of the wages of watchmen of the enclosure area.  
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4.3.1. Gaps in maximizing the benefits of area enclosure 

Local farmers are complaining that the benefit obtained from the enclosure product 

(fodder) is not satisfactory; they are allowed to access only once in a year. But the 

community can benefit more through introduction of improved fodder species (like 

Rhodes grass spp.). The area enclosure lacks a clear and well defined operational manual. 

The community also complained that the woreda agricultural office gave little attention to 

the enclosure with respect to strengthening the management.  

 

Community members were also asked to specify key management problems. According 

to them the existing system was too weak to effectively prevent illegal harvesters, 

especially from neighboring PAs. Participants in group discussion also informed that PA 

administrators were improperly utilizing the income obtained from sale of grass and  

punishment of illegal users. The PA administrators were also asked to explain how they 

were managing income (money) generated from the grass. As they explained there was 

no clear operational manual for them so that they were using the money for different 

purposes like purchase of stationeries, invitation of guests from woreda or zone.  

 

Little provisions for the watchmen and weak rules were also mentioned as major 

challenges that have been barriers to fully benefit from the enclosure. Eventhough Idir 

was assigned to manage the enclosed area, both Idir and PA administrators were 

managing the enclosure. Both bodies are preventing and punishing illegal users, but they 

are not in collaboration. They are working individually, and presence of these two bodies 

in management of the enclosure posed great problem in the system and created some 

confusion on the local farmers. Therefore, single body is required for effective 

management of the enclosure area.  
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5. CONCLUSION AND RECOMMENDATIONS 

 

5.1.  Conclusion 
When compared to the closed area, grazing land is poor in soil quality and it is being 

deteriorating. This may be due to the less biomass return to the free grazing land because 

major part of above ground biomass was removed by livestock grazing which in turn 

negatively affect the availability of many soil nutrients. Besides the trampling and 

compaction effect on the soil due to free livestock grazing, soil erosion problem has a 

role to play in physical soil degradation of the free grazing land. 

 

This study came up with the evidence that establishment of area enclosure could improve 

soil quality of degraded lands of the study area. Based on the improved soil conditions of 

the enclosure, increased vegetation cover within the enclosure and the benefits that the 

local community obtained, it is possible to conclude that the establishment of area 

enclosures in the degraded lands is a viable option for soil quality improvement, 

biodiversity conservation and local livelihood improvement. The revenue from the thatch 

and reduced rate of erosion on and offsite of the enclosure due to the increment of the 

vegetation cover provides evidence that local communities around the enclosure are 

gaining both economic and ecological benefits. Participants in focus group discussion 

also explained that large gullies have been stabilized within and around the enclosure 

area due to increased vegetation cover. However, management needs attention from all 

concerned bodies. Inadequate benefit gain from the enclosure products, the fragmented 

farm and grazing land size, population size increment, lack of concern from the 

government, and other similar factors might force the community not to keep the site 

sustainably in the future. 

 

The establishment of enclosures is very advantageous over other methods since it is a 

fast, cheap and lenient method for the rehabilitation of degraded lands, and generally one 

can conclude that, the biological conservation measures of area closure contributed to the 

improvement of quality of soil under the enclosure. 
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5.2.  Recommendations 
 

 The study area is already degraded and frequently affected by drought. Therefore, 

area enclosure with other SWC activities should be undertaken. Both 

governmental and non-governmental organizations should give emphasis to 

reverse the alarming environmental degradation in the area.  

 

 In the free grazing land where erosion is severe, proper SWC effort should be 

required. There should be alternative livestock management systems like 

tethering, instead of letting livestock to move freely. This will reduce overgrazing 

and increase biomass productivity 

 

 To increase fodder for livestock, introduction of adequate forage plantations (like 

Rhodes grass) is needed in the area enclosure. 

 
 To increase the benefit obtained from the enclosure, management and 

conservation activities should be strengthened in the future. 

 
 There should be one focal body to manage the enclosure area. Since Idir is linked 

with social values, it could be the right body for the management of the enclosure 

area. 

 
 The enclosure should have also clear and well organized operational manual in 

order to manage effectively the enclosure area.  
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Appendices 
 
 
Appendix I: Result of soil laboratory analysis 

Where,  A1-A6  = Samples from free grazing land 
             A7-A12 = Samples from enclosure area 

Lab. Number 
Field 
Id. PH EC CEC 

Av. 
Potas. 

Av. 
Phosp TN OC OM sand(%) Silt(%) Clay(%) BD 

 
J-S-0181/2010 A1 6.51 0.17 9.65 0.75 3.92 0.07 0.79 1.36 30 28 42 1.12 
J-S-0182/2010 

A2 5.27 0.23 10.14 0.58 3.44 0.06 0.71 1.22 44 28 28 1.16 
J-S-0183/2010 

A3 7.12 1.01 11.13 1.21 3.36 0.01 0.12 0.21 48 32 20 . 
J-S-0184/2010 

A4 8.05 1.43 14.19 0.58 10 0.07 0.79 1.36 38 22 40 1.14 
J-S-0185/2010 

A5 7.92 0.1 3.7 0.54 6.64 0.16 1.88 3.24 40 20 40 1.1 
J-S-0186/2010 

A6 8.72 0.17 8.7 1.43 4.48 0.07 0.84 1.45 32 26 42 1.19 
J-S-0187/2010 

A7 7.24 0.04 12.06 1.61 4 0.13 1.45 2.5 27 27 46 1.01 
J-S-0188/2010 

A8 7.27 0.04 21.4 1.84 4.88 0.08 0.96 1.66 21 25 54 1.1 
J-S-0189/2010 

A9 6.59 0.04 13.06 1.77 5.6 0.19 2.18 3.76 27 23 50 1.01 
J-S-0190/2010 

A10 6.82 0.04 26.64 1.06 4.64 0.17 2.01 3.47 25 25 50 1.04 
J-S-0191/2010 

A11 6.55 0.03 28.06 1.04 4.4 0.17 1.96 3.38 29 23 48 1.12 
J-S-0192/2010 

A12 7.45 0.04 11.32 1.81 4.4 0.09 1.04 1.79 23 29 48 1.08 
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Appendix II: Semi-structured Questionnaire for the household survey 
 
 

Addis Ababa University 
School of Graduate Studies 

Environmental Science program, Science Faculty 

 
Semi-structured Household Questionnaire 

Name of Enumerator……………………………………… HH Serial.No………………. 
Date of Enumeration………………….  
Respondent‟s Name (if different from the head): ………………………… Age ……. 
Sex……… 
 

I. Personal information and household data 

1. Name of the household head…………………………………… 
2. Marital Status 1) Married 2) Not married 3) Divorced 4) Separated 5) Widowed 

Family size(in number) Male……… Female…………. Total……………. 
Name sex Educn‟l status remarks 
 
 
 
 
 
 
 
 

   

 
3. Educational Status 1) Non-literate 2) Read and write 3) Grades 1-4    4) Grades 5-8  

5) 9-12 
4. Land holding size( in Hectares) …………………… 

 
II. Perception and involvement of community on area closure management 

5. When was the area enclosure established? ……………………Yr. 

6. Who established the enclosure?            1) Government  2) Community 3) NGO 

7. Why was the area closure established?       1) to restrict the local community from 
accessing land    2) to rehabilitate degraded area        3) other (specify) 

8. Who initiated establishing the Area closure?         1) Government    2) Community    
3) NGO  4) Participatory 

9. What was your feeling during establishment?  1) positive  2)  negative  3) neither  

10. Is there attitude change after establishment of Area closure?    
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1) yes  2) no  if yes/no, specify………………….. 
11. How is the area closure managed?  

       1) Committee    2) PA administrators    3) community    4) Idir    5) others 
12. Are all community members involved in the management?   1) yes  2) no  if no, 

why?...................................... 

13. Is there any change on soil quality in the closed area after its establishment?   

1) increased   2) decreased  3) no change  4) I don‟t know 
14. Is there any change on  vegetation cover after the establishment of the enclosure? 

1) increased   2) decreased  3) no change  4) I don‟t know 
15. Have you seen new wild animals after area closure establishment? List them 

16. Who own the enclosed area?   1) Government    2) Associations related with the area 
closure  3) Community   4) NGO 

17. What do you think giving of such an area to investors?   1) positive  2) negative  3) I 
don‟t care 

18. Do you think that giving to investors has negative impact(effect) on  1)  environment  
2) society  3) both         4) other  5) no negative impact at all , justify ………………. 

19. What are the key management problems of Area closure? List………………… 

III. Livelihood related information 

A. Fuel resources  
20. What are the main sources of fuel?  1) Wood  2) cow dung  3) crop residue.  
21.  Where are the main sources of fuel wood?  1) Homestead  2) collecting from open  
       forest access,  3) homestead and open forest access.  

B. Animal Resource  
22.  How many livestock do you posses?  
Types of livestock number 
 
 
 
 
 
 
 

 
 

 
23. From where do you get fodder for your animals?   1) cut-and carry system from  
      enclosure   2) grazing on open field 3) crop residue  4) move cattle to   other places      
      5) other(specify)……………………. 
24. What are the main feed sources for livestock?  1) From grazing land  2) Feeding hay  
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      3) Cut &carry,  4)Crop residue, 5) other (specify) 
 
3.1 Land resource 

25. Do you have access to land for agricultural use?  1) yes  2) No 
26. If yes, how did you get access to it? (multiple responses are possible)  1) Through 

land redistribution  2)Shared with relatives  3) Inherited from parents  4) purchased  
5) Other (specify) 

27. What are the total sizes of the following land types that you use? 

 
28. Is your agricultural land adjacent to closed area? 1) yes  2) No 
29. If yes, when did you start to use the land adjacent to area closure?  1) before 1 year 2) 

before 2 years 3) before 3 years 4) before 4 years 
30. What was the status of your agricultural land before the establishment of area 

closure?  1) very bad  2) bad  3) moderate  4) good  5) others (specify) 
31. What is the condition of the fertility of your adjacent farm land now?  1) very fertile  

2) fertile  3) moderate  4) declining  5) no change 
32. What did you observe about crop yields on your adjacent farmland after closure?  1) 

increased  2) decreased  3) no change  
33. If increased, what do you think is the reason?  1) since the adjacent area is closed, 

erosion minimized 2) because of use of other inputs like fertilizers  3) others 
(specify)………………………… 

 
34. Does the area closure give any benefits for the community?  1) yes  2) no 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Land type  Unit in local measure 
(Timad) 

Hectare 

Cultivated land   
Fallow land   
Grazing land   
Others   

1. what products do 
you harvest from 
closed area as of last 
year(2002 E.C)? Tick 
infront of products 

2. How often do you 
harvest 
products?year? 
1=once, 
2=twice, 
3=three times, 
4= four times 

4. How much 
is the current 
market price 
per unit( in 
Birr)? 

6. How much is 
the total amount 
of income 
generated 
Annually? 

Human food    
Feed for livestock    

Construction materials    

Other(specify)    
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35. Generally how do you express the benefits you gain from area closure in quality and 
quantity?  1) High  2) Low  3) Moderate  4) Below expectation  5) Other (specify) 

 

Checklist for Focus Group Discussions and Key Informants 

 

1. What were the major causes that necessitate the establishment of area closure in 
your locality? 

2. Who was assigned to select the site for the establishment of the closure in the PA.? 
3. What were the purposes/objectives of establishment of the closure? 
4. Are you involved in the process?(planning, implementation) 
5. How do you describe area enclosure? 
6. What are the major uses of area enclosure? 
7. Can you list some of the major management problems in the 

enclosure?................................................................................................................... .
.....................................................................................................................................
............................................................................................... 

8. What do you think should be done to maximize the benefit obtained from the 
enclosure?.................................................................................................................... 
………………………………………………………………………………………. 
………………………………………………………………………………………. 
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Appendix III: Descriptive statistics of the soil samples 

 
 
 
 
 
 
 
 
 

Descriptives

6 7.2650 1.24365 .50772 5.9599 8.5701 5.27 8.72
6 6.9867 .38339 .15652 6.5843 7.3890 6.55 7.45

12 7.1258 .88937 .25674 6.5608 7.6909 5.27 8.72
6 .5180 .55907 .22824 -.0687 1.1047 .10 1.43
6 .0388 .00531 .00217 .0333 .0444 .03 .04

12 .2784 .45244 .13061 -.0091 .5659 .03 1.43
6 9.5850 3.44447 1.40620 5.9703 13.1997 3.70 14.19
6 18.7567 7.59325 3.09993 10.7880 26.7253 11.32 28.06

12 14.1708 7.38529 2.13195 9.4784 18.8632 3.70 28.06
6 .8483 .37892 .15469 .4507 1.2460 .54 1.43
6 1.5217 .37392 .15265 1.1293 1.9141 1.04 1.84

12 1.1850 .50246 .14505 .8658 1.5042 .54 1.84
6 5.3067 2.59559 1.05964 2.5828 8.0306 3.36 10.00
6 4.6533 .54826 .22383 4.0780 5.2287 4.00 5.60

12 4.9800 1.82081 .52562 3.8231 6.1369 3.36 10.00
6 .0735 .04916 .02007 .0219 .1251 .01 .16
6 .1380 .04513 .01842 .0906 .1854 .08 .19

12 .1058 .05620 .01622 .0700 .1415 .01 .19
6 .8550 .56931 .23242 .2575 1.4525 .12 1.88
6 1.6000 .52532 .21446 1.0487 2.1513 .96 2.18

12 1.2275 .65125 .18800 .8137 1.6413 .12 2.18
6 1.4733 .98056 .40031 .4443 2.5024 .21 3.24
6 2.7600 .90631 .37000 1.8089 3.7111 1.66 3.76

12 2.1167 1.12335 .32428 1.4029 2.8304 .21 3.76
6 38.67 6.890 2.813 31.44 45.90 30 48
6 25.33 2.944 1.202 22.24 28.42 21 29

12 32.00 8.602 2.483 26.53 37.47 21 48
6 26.00 4.382 1.789 21.40 30.60 20 32
6 25.33 2.338 .955 22.88 27.79 23 29

12 25.67 3.367 .972 23.53 27.81 20 32
6 35.33 9.180 3.748 25.70 44.97 20 42
6 49.33 2.733 1.116 46.47 52.20 46 54

12 42.33 9.755 2.816 36.14 48.53 20 54
5 1.1420 .03493 .01562 1.0986 1.1854 1.10 1.19
6 1.0600 .04690 .01915 1.0108 1.1092 1.01 1.12

11 1.0973 .05850 .01764 1.0580 1.1366 1.01 1.19

1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total
1
2
Total

pH

EC

CEC

Av K

Av P

TN

OC

OM

Sand

Silt

Clay

BD

N Mean Std.  Dev iation Std.  Error Lower Bound Upper Bound

95% Conf idence Interv al for
Mean

Minimum Maximum
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Appendix IV: Results of one-way ANOVA of soil parameters  

 
 

ANOVA

.232 1 .232 .274 .612
8.468 10 .847
8.701 11
.689 1 .689 4.407 .062

1.563 10 .156
2.252 11

252.358 1 252.358 7.260 .023
347.609 10 34.761
599.968 11

1.360 1 1.360 9.599 .011
1.417 10 .142
2.777 11
1.281 1 1.281 .364 .560

35.188 10 3.519
36.469 11

.012 1 .012 5.605 .039

.022 10 .002

.035 11
1.665 1 1.665 5.550 .040
3.000 10 .300
4.665 11
4.967 1 4.967 5.571 .040
8.915 10 .891

13.881 11
533.333 1 533.333 19.002 .001
280.667 10 28.067
814.000 11

1.333 1 1.333 .108 .749
123.333 10 12.333
124.667 11
588.000 1 588.000 12.820 .005
458.667 10 45.867

1046.667 11
.018 1 .018 10.393 .010
.016 9 .002
.034 10

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

pH

EC

CEC

Av K

Av P

TN

OC

OM

Sand

Silt

Clay

BD

Sum of
Squares df Mean Square F Sig.


