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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 
closed areas has been practiced in the study area. Despite this concern, there are relatively few 
studies in the study area, which would provide a measure of usefulness of closed areas as one 
strategy to help prevent decline of soil degradation and thereby increase agricultural 
productivity. A field study was conducted in the Busuqi and Gubesay Peasant Association of 
Adaa'a wereda, Eastern Shewa zone, Oromia Region of Ethiopia to assess the effects of area 
closure on soil nutrients and on gully and sheet erosion. To this end enclosure sites are compared 
with other land use types (free grazing land) in similar landscape positions for soil fertility 
buildup, sheet erosion, and gully erosion. Soil samples were collected accross two parallel 
transects from the three land use types. Status of degradation of different land use types; young 
Kelala enclosure, free grazing land and old Biyo enclosure, was assessed using SOM, CEC, TN, 
PH, AP, AK, BD, gully parameters and sheet erosion rate . Degradation Indices were computed 
for young Kelala enclosure and free grazing land through comparison with the old Biyo 
enclosure. The rate of soil loss through sheet in the study area was determined using erosion 
Pins. Five and twenty one year closed areas had significantly (p < 0.05) higher levels for SOM, 
CEC, TN and AK compared to free grazing lands. The soil physical properties such as bulk 
density, showed notable variations, particularly due to different land use system. The highest bulk 
was recorded in the free grazing land, whereas the lowest was in old Biyo enclosure. AK was the 
most deteriorated soil parameter with values of � 35.25 (%) and �47.31(%) for young Kelala 
enclosure and free grazing land respectively. SOM was the next deteriorated soil parameter with 
values of � 44.05 for free grazing land. TN was the next deteriorated soil parameter with values 
of �26.92 (%). Among the two land use types selected to be studied, free grazing land  was the 
most degraded one with a degradation index of -150.95% with respect to the old Biyo enclosure. 
The calculated soil loss using Pin method indicated that there is significant difference (p < 0.05) 
between Kelala Dalacha closed areas and adjoining free grazing land. Gully density of 14m/ha 
was recorded in the enclosed side and 28m/ha in the free grazing side, which implies that the 
sampled farm land bellow enclosure area was severely degraded and sampled farm land bellow 
free grazing land was very severely degraded. The soil loss by sheet erosion was 0.37 mm /yr and 
1.68 mm /yr for young Kelala enclosure and free grazing land respectively. The overall output 
from the research showed that chemical and physical soil properties in enclosure areas with 
restoring vegetation are improving that enclosures act as important sinks of water and reduce 
soil erosion and as such contribute to soil and water conservation. If appropriate interventions 
are not carried out in the free grazing land for the future, the soil nutrient deplition extent and 
soil erosion rate would escalate and reversing the process would become difficult 
 
Keywords: land use, closed areas, free grazing land, soil nutrients, erosion, Pin, gully density.
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1. INTRODUCTION 

 

1.1 Background and Justification 

 

The term �dryland� refers to ecosystems with productivity constrained by insufficient and 

erratic rainfall (Swaine 1992; Lyaruu 1998) and covers arid, semi-arid and dry sub-humid 

areas known to be susceptible to degradation. These account for 1/3 of the earth�s 

surface, and African dry lands comprise 1/3 of the world�s total dry lands (UNEP, 1991). 

The present estimated dry land area of Ethiopia is over 75 million ha (EFAP, 1994; 

EARO, 2000). However, dry land vegetation regions in the country are facing serious 

problems of degradation. 

 
 It can be said that land degradation remains the main threat in these areas. The pressure 

of growing population in these areas has forced landless farmers to cultivate soils on 

slopes that cannot be cultivated safely without effective soil and water conservation 

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

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

changed to farmland as population grew over time (Tewolde Berhan Gebre Egziabher, 

1989). The dominant man induced causes of land degradation in the dry lands of Ethiopia 

are poor farming practices, population pressure, overgrazing, soil erosion, deforestation, 

salinity and alkalinity problems, and the use of livestock manure and crop residue for fuel 

as energy resource of the rural households (Cesen, 1986, World Bank ,1984). 

 

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  
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cultivation fields were 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.  

 

Exposure of soil to raindrops impact and run- off (due to deforestation over grazing, 

etc...) facilitate soil erosion. The magnitude of soil erosion is determined by rainfall, soil 

erodibility, topography, soil cover and land management (Moragn, 1979). Soil erosion 

decreases soil fertility. Soils with low fertility are unable to allow sufficient crop cover 

and to project the soil from further erosion. Moreover, erosion and low humans content of 

such soils decrease infiltration and the moisture- holding capacity of soils. In addition to 

the on- site damages effected by the loss of nutrient- rich top soil and the vulnerability of 

the remaining to further loss, the suspended and transported soil particles create off- site 

damages in the form of water pollution, poor drainage and damages on water reservoirs 

(Guppy, 1984 ). 

 

One of the reasons for the decline of land productivity in many areas is the removal of 

forest and vegetation cover due to increased human population pressure (Kindeya 

Gebrehiwot, 1998). It is also documented that at the end of 1980s the total land area 

covered by forests was less than 2.7% of the country and an estimated 150,000 � 200,000 

ha of high forest is lost annually (Demel Teketay, 2001). 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 Teketay, 2001). However, in dry lands livestock rearing, 

which is the major stay of the economy also, bear a particular force in hastening the 

degradation process (Kindeya Gebrehiwot, 1998). This is because; traditional practices of 

animal husbandry are based on keeping large number of stock and free access to arable 

lands after each crop harvest. This continuous grazing with the animal number more than 

the carrying the capacity of the land strips-off the ground cover plant and thus, leaves soil 

bare. Hence, the soil will be easily vulnerable to the prevailing erosive winds and 

torrential rains (Agrawala, 1989).  
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 In Ethiopia land degradation in the form of soil erosion and declining fertility is serious 

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

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

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

reduce the soils chemicals capacity to retain added nutrients. Erosion reduces the 

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

 

Due to the inherent interrelationships existing among the various physical factors, erosion 

has effects on the environment that are more extensive than the direct damages in the 

specific area where soils have been lost. Hence, understanding and quantifying the 

factors, processes, forms and consequences of erosion are crucial for predicting potential 

hazards, onsite and offsite impacts, and developing preventive or corrective counter 

measures (Samir et al., 1980). 

 

Most forms of the nation�s environmental problems are directly or indirectly attributable 

to the rapid dwindling of its 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 (Tefera Mengistu, 2001) and Shewa (Tefera Mengistu, 2001). 

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/ 
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reclamation, they are usually established in steep, eroded and degraded areas used for 

grazing and crop production in the past (Bendz, 1986). 

 

The major objective behind establishing closure 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 

in the trees, shrubs herbs herbs and grass REST (1995) most crucial method of 

rehabilitations lands through natural regeneration. It is method for land reclamation and 

revegetation by protecting the area from human and animal interference for limited 

period of time depending on the revegetation capacity of the area. It is usually applied on 

steep, eroded and degraded area (Emiru Birhane, 2002), closure areas are becoming 

pertinent strategies and planning in dry lands where plantations are unsuccessful due to 

many reasons.  

 

1.2 Statement of the Problem 

 

The closed areas, which are a type of land management implemented on degraded, 

generally open access land, are a mechanism for environmental rehabilitation with a clear 

biophysical impact on large parts of the formerly degraded commons. In closed areas, it 

is generally believed that the land resources such as soil, wild flora and fauna, or water 

will be protected from degradation. Although the restoration ecology and buffering effect 

of closed areas have been well studied (Aerts et al., 2004; Descheemaeker et al., 2005), 

there are relatively few studies in the country, which would provide a measure of the 

success or failure of closed areas as one strategy to help prevent decline of soil fertility 

and adverse effect of water erosion, thereby increasing agricultural productivity. Above 

all there are no enough quantitative studies that analyze the effectiveness of closed areas 

in improving soil fertility and decreasing sheet erosion, and gully erosion. Therefore, the 

objective of this study was to asses the potential contribution of closed areas in improving 

soil quality and decreasing sheet and gully erosion. 
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1.3 Objectives of the Study 

 

1.3.1 General objective 

 
The general objective of this study is to investigate the potential contribution of area 

closure for soil fertility buildup and in reducing sheet and gully erosion in dry land areas.  

 

1.3.2 Specific objectives 

 
 To assess the changes brought on physical and chemical property of soils 

under area closures in comparison with the adjoining non-closed free 

communal gazing land. 

 

 To empirically quantify the effect of rehabilitating upslope hillside through 

area closure on the down slope farmlands by comparing soil loss by gully 

erosion under farmland below the enclosed/non-enclosed areas. 

 

 To empirically quantify the effect of rehabilitating hillsides through area 

closure on sheet erosion in comparison with the adjoining non-closed free 

communal gazing land.  

 

 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 The Magnitude of Soil Degradation in Ethiopia 

 

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 km 2) 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, 1990). The Ethiopian highland reclamation study (EHRS) report (1984) estimates 

show an average soil depth loss of more than 2cm/year while under normal 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 Bila-te River basin, which starts in Eastern slopes of 

Gurage highlands and stretches through Eastern Hadiya and Kembatta highlands, are 

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

 

Soil conservation research project (SCRP; Hurni, 1988) and National Conservation 

Strategy (1992) claim that soil losses may have been severely over-estimated by FAO 

(1984). The figures for the soil loss by erosion from 6 SCRP sites range from 18�214.8 

tons per ha per year (Table 1). 
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Table 1: Soil erosion loss on 6 SCRP sites in various parts of Ethiopia 

 

Site Soil loss (tons/ha/year) 

South Wollo 

Sidamo 

Harar 

North Showa 

Gojam 

Illubabur 

36.5-53.8 

41.2-49.5 

25.5-27.8 

152.4-214.8 

40.2-199.2 

18.0-135.3 

Source: Woldaregay Berehe (1996) 

 

2.2 Causes of Soil Degradation 

 

2.2 .1 Unsustainable arable land management  

 

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

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

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

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

to banana), oil seeds, fruit trees and cotton. Pulses occupy the remaining ten percent. 

Enset in particular provides good ground cover, needs manure, and is a good crop to 

maintain fertility (Berry, 2003).  

 

2.2.2 - Overstocking and overgrazing of grazing lands  

 

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

and 42 million sheep and goats (Alemneh Dejene, 2003). This large population size is 
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assumed to be significantly important for the country's GDP. Production from cattle has 

been estimated to be 620,000 tons of milk, 244,000 tons of meat, 24 million tons of 

manure, and 2.4 million hides annually (CSE, 1997 cited in Kahsay Berehea, 2004). The 

same source also clarified that livestock contributes about 30 - 35 % of agricultural GDP, 

about 13 - 16 % of total GDP and more than 85 % of farm cash income.  

 

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

degradation in one way or another. Many types of grassland historically have supported 

native grasses, originally dominated by perennial grasses. These grasses are useful for 

soil stabilization (they maintain cover of the ground year around and have extensive root 

systems), are quite productive, and also are very palatable to cattle. As the size of 

livestock herds increases, grass is overgrazed, trampled and soil is compacted. When 

grazing fields are heavily grazed (particularly at flowering and seed set times) they 

produce fewer seeds, decreasing recruitment of new individuals into the population. 

Moreover, compacted soil inhibits establishment of grasses.  

 

It has been estimated (Melese, 1992) that 20 percent of total soil erosion is from 

pasturelands, and livestock density data show that current stocking rates are well above 

optimum rates though in some areas (e.g. Tigray) improvements have occurred. The data 

in Table 2 is from 1993 and some densities may have increased since then.  

 

 Table 2: Current and Optimum Livestock Stocking Densities (hectre /TLU) 

 

Zone                             Stocking Rtes 

Current Optimum 

Highlands            1.427            2.057 

Lowlands            5.44            4.07 

 

Source : EFAP (1994). 
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2.2.3- Forest resources degradation  

According to FAO (2001), there is roughly 39 million km
2 

(29 percent) of the world's 

land surface under forest cover. The World Resources Institute (WRI, 1997) estimates 

that only one-fifth of the world's original forest cover remains, largely in blocks of 

undisturbed frontier forests in the Brazilian Amazon and boreal areas of Canada and 

Russia. Vegetation cover and dead plant biomass are known to reduce soil erosion by 

intercepting and dissipating raindrops and wind energy.  

 

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

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

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

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

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

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

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

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

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

annum for Ethiopian highlands is described in Table 3.  

 

  

   

Table 3: 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). 
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2.2.4- 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.   

 

2.2.5- Soil erosion and management problem  

 

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

productivity (NCS, 1994). 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). Annual soil loss in Ethiopia is estimated at 1.5 and 

3 billion tons. Of this, 50 % occur in croplands where soil loss may be as high as 296 

tons/ha/year on steep slopes (FAO, 1986 and Scoones et al., 1996). However different 

land use types have different soil loss rate (Table 4). The most severe degradation, 

however, is observed in the northern highlands. Soil fertility decline is mainly caused by 

intensification of agriculture on already fragile lands. This process steadily depletes 

nutrients and extreme soil fertility loss through erosion can be a precursor to 

desertification.  
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Table 4: Soil loss rates estimates made for different land cover/ land use in Ethiopia 

 

Land cover / land use area Percentage Soil loss( t/ha/yr) 

 

Crop land 

Perennial crops 

Currently uncultivated land 

Totally degraded landscape 

Grazing / browsing land 

Wood and bush land 

Forests 

Average 

13.10 

1.70 

18.70 

3.80 

51.00 

8.10 

3.60 

100.00 

42 

8 

5 

70 

5 

5 

1 

12 

Source: Hurni (1993) 

 

2.3 Soil Erosion Process 

 

�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). 

However, soil erosion is not necessarily synonymous with soil loss. Soil loss refers to 

material that is actually transported from a particular topographic position on a micro 

topographic scale. Soil loss is commonly less than total erosion due to on-site deposition 

caused by slope breaks, surface roughness, and litter accumulations (Toy and Foster, 

1998). 

 

In general, the potential for soil erosion increases as the amount of bare soil and the 

percent slope increase. As the amount of bare soil decreases, infiltration rates can exceed 

the rainfall intensity, which drastically reduces the erosion rate (Dissmeyer and Foster, 

1984). 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. 
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Soils are particularly susceptible to raindrop splash in areas with sparse vegetation 

(Brooks et al., 1997). During a large storm event there is enough energy released to 

splash more than 200 metric tons of soil into the air per hectare. The individual soil 

particles can be splashed more than 0.5 meters high and 1.5 meters sideways (Brooks et 

al., 1997). Heavier rainstorms may not only cause large amounts of erosion, but also 

compact the soil as the raindrops hit the bare ground. Soil particles can also become 

lodged in surface macro-pores and impede infiltration, further adding to the overland 

flow. 

 

After raindrop splash causes the detachment of soil particles upon impact, surface runoff 

causes rill and sheet erosion. Surface runoff occurs when the rate of rainfall exceeds the 

infiltration rate. The energy of runoff is dependent upon the velocity, depth of runoff, and 

the roughness of the surface. Increasing the steepness and length of a slope causes an 

increase in water velocity. As these conditions progress, eddies form on the soil surface 

and begin the soil erosion process attributed to runoff. An increase in velocity also 

increases the turbulence of the water causing additional soil detachment. 

 

Soil detachment leads to suspended sediment, which has an abrasive action on the soil 

surface, dislodging soil and adding to the sediment load. Additional increases to the 

sediment load are attributed to the impact of raindrops in shallow runoff, which increases 

the rate of erosion by increasing the turbulence of the flow. 

 

Once the process of soil detachment and transport begin rill erosion forms very small but 

well-defined, visible channels or streamlets where there is concentration of overland 

flow. Water also flows in between these channels in sheets, known as sheet erosion, 

although the channels are being formed and eroded almost as fast as they form. 

 

Sheet erosion is the most deceptive type of soil erosion because losses are more uniform 

and not readily visible. Sheet erosion is found most often on uniform slopes with evenly 

distributed surface runoff. 
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Gully erosion is the third type of surface erosion caused by water. Gullies generally form 

in highly erodible soils where human activity has removed the vegetation. As the runoff 

flows down hill, a concentrated area called a nick point is formed in areas where there is 

an abrupt change in slope and elevation. Once this process starts, the flowing water head 

cuts the hillside and eventually down cuts it, moving the gully in the down slope direction 

(Brooks et al., 1997).  

 

Table 5: Process of soil degradation 

 

Process Characteristics 

 Water  erosion  Splash , sheet  and Gully erosion. 

            Mass Movement 

 Wind erosion  Removal and deposition of soil by 

wind 

 Excess of salt  Salt accumulation in soil solution 

(Stalinization) and of exchangeable 

sodium on soil colloids. 

 Chemical degradation  Reduction in the concentration of 

bases and essential nutrients, often 

through leaching. 

Build up of base/ nutrient concentrations to 

toxic levels.  

 Physical  degradation  Adverse changes in properties such 

as porosity, permeability, bulk 

density and structural stability. 

 Biological  degradation  Increase in the rate of 

mineralization of humus without 

replishement of organic matter.  

Source: Stocking (1995) 
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2.4 Soil Fertility and Soil Degradation  

 

Soil fertility is the capacity of the soil to support the growth of plants, on a sustained 

basis, under given conditions of climate and other relevant properties of the land (Young, 

1989).  

 

Deckling soil fertility in tropical rain fed agriculture is becoming a serious problem for a 

growing number of people. 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 (1) soil organic matter depletion, with associated decline in soil 

biological activity (2) negative nutrient balances (imbalances between nutrient input and 

out put flows), (3) reduction in availability of major nutrients (N,P,K) and micronutrient 

deficiencies, (4) 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).  

Land degradation can be related to both natural and human induced processes. Lal and 

Stewart (1990) cited in Girma Urgecha (2005) define land degradation as an outcome of 

human activities and their interactions with the natural environment. They distinguished 

three types of degradation namely, biological, chemical, and physical. Physical land 

degradation includes degradation of soil structure, crusting, compaction, and erosion. 

Chemical degradation includes acidification, Salinization, and nutrient and fertility 

depletion. Biological degradation includes reduction of soil carbon and soil biodiversity 

processes. 
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2.4.1 Chemical degradation of soil 

 

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. 

 

2.4.1.1 Organic Matter 

 
Soil organic matter is the organic fraction of soil derived from living organisms. On a 

volume basis, a fertile loamy top soil has an average organic matter content of only 5% , 

while most soils have less than 5% organic materials by weight, but this has nevertheless 

has a profound impact on soil properties (Wild, 1996).  

 

Generally, soils with comparatively higher organic matter content are considered more 

fertile than soils low in organic matter content. The most significant chemical and 
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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 (FAO, 1980). 

 

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 (Baruach, 

1998). Soil organic matter may rate from V. high to V. low (Table 6) 

 

Table 6: Rating of organic matter and its categories 

 

              Rating                         Total Organic matter (%) 

V. High                                         >6.0 

High                                             4.3-6.0 

Medium                                        2.1-4.2 

Low                                              1.0-2.0                                               

VERY Low                                   <1.0                                     

 

Source: Tan (1996) 

 

2.4.1.2 Cation Exchange Capacity (CEC) 

 

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

chemical properties of soils. It is the total amount of exchangeable cations that can be 

held by a given soil mass/colloids. The amount is usually expressed in miliequivalents 

(me) per 100 g, its SI equivalent is cmol (+)/kg of soil. 
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2.4.1.3 Soil PH 

 

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 (Table 7). 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). 

 

Acidity is related to CEC of the soil (Tan, 1996). 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, as indicated by Tan (1996), soil PH is perhaps 

the most important determinant of soil chemical properties. 

 

Table 7: PH Values with Associated Soil Reactions 

 

       PH 

Values 

Acidity PH Values  Acidity 

      7.0-6.0   Slightly Acid 7.0-8.0 Slightly Alkaline 

      6.0-5.0 

      5.0-4.0 

Moderately Acidic 

Strongly Acidic 

8.0-9.0 

9.0-10.0 

Moderately Alkaline 

Strongly Alkaline 

      4.0-3.0 Very  Strongly  Acidic 10.0-11.0 Very Strongly Alkaline 

    

 

Source: Tan (1996) 
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2.4.1.4 Total Nitrogen 

 

Nitrogen (N) 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 N to available N like ammonical nitrite (Buruah and 

Barthakur, 1997). Soil can be classified from low to high based on TN (Table 8).   

 

Table 8: 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) 

 

2.4.1.5 Available phosphorus 

 
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). 
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Table 9: Classification of Soil Based on Available Phosphorus Content 

 

Sol Chemical rating Available Phosphorus (ppm) 

<5 Very Low 

5-10 Low 

10-25 Medium 

25-50 High 

>50 Very High 

Source: Barber (1984) 

 

2.4.2 Physical Degradation 

 

Physical degradation basically includes a negative impact on physical soil properties, 

such as structure, texture, aggregate stability, porosity, permeability (compaction), and 

crusting. Soil erosion may be considered part of this category because it physically 

reduces soil depth. Furthermore, soil compaction is an increase in bulk density due to 

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

penetration, and aeration (Mitiku Haile et al., 2006). 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. Some of these processes, which result in the exposure of the soil surface to 

rainfall, are closely related to sheet and rill erosion (Barber, 1984). 

 

Infiltration and water retention are very limited to hard-setting soils and plants cannot 

germinate or are seriously hampered. Crusting occurs due to several factors, e.g. the 

destruction of aggregates in the topsoil by rain, which is closely linked to soil erosion, an 

upward movement of water and soluble salts under semi-arid conditions. Crusting 

reduces infiltration and promotes water runoff. It inhibits germination and emergence of 
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seedlings. Lower infiltration rates reduce water retention capacity and aggravate drought 

stress (Mitiku Haile et al., 2006). 

 

2.4.2.1 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). 

 

2.4.2.2 Bulk Density 

 
Bulk density is the weight of the soil solids per unit weight of total soil. The pore space is 

part of the volume of soil measured for bulk density, but the water it contains is driven 

out by oven drying the soil before it is weighed. The bulk density of the A horizon of 

mineral soils is usually between 1.0 and 1.6g/cm3. The bulk density of any one soil varies 

according to its degree of compaction. 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/cm
3
, for sandy soils 

it can be as high as 1.8 g/cm
3
. 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 (Lab. Manual, 2003). Average soil bulk density of cultivated loam 
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is approximately 1.1 � 1.4 g/cm
3
. And for good plant growth, bulk densities should be 

below about 1.4 g/cm
3 

for clays and 1.6 g/cm
3 

for sand (Danhue, 1990).  

 

2.4.2.3 Formation of gullies 

 

Gullies are �relatively permanent steep-sided water courses which experience ephemeral 

flows during rainstorm� (Morgan, 1995). The size of the gullies varies from shallow 0.3-

1 meters deep gullies to over 20 meters deep ravines (Bergsma, 1996).  

 

A gully is a linear incision characterized by intense erosion episodes, already sufficiently 

large in cross-section to be a potential permanent feature of the landscape (Dino and 

Lorenzo, 2002). Gully erosion is one form of accelerated soil erosion and the occurrence 

of gullies often indicates an extreme form of land degradation warranting special 

attention. Gully erosion can generally be described as the most catastrophic and usually 

impressive form of rainfall-induced erosion (El-Swaify, 1983) and gullies are obvious 

features in a landscape, and may be very large causing the undermining of buildings, 

roads, and trees. Gully erosion is most prevalent type of water erosion as it dissects the 

fields, impede the tillage operations, damaging agriculture, residential and recreational 

land, and restrict free movement of animals and human beings. 

 

Gullies may be continuous or discontinuous; the latter occurs where the bed of the gully 

is at a lower angle slope than the overall land slope. Discontinuous gullies erode at the 

upslope head, but sediment themselves at the end of the discontinuity. Hence, several 

discontinuous gullies may occupy the same landscape depression, their shapes 

progressively moving upslope (Herweg, 1996).  Gully is caused by the action of water. 

Runoff is channeled into grooves, which deepen over time to form a distinct head with 

steep sides. The factors affecting gully formation can be categorized into two groups, 

man-made factors, and physical factors (Geyik, 1986). 
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Man made factors: - Improper land use, forest and grass fires, overgrazing, mining, road 

construction and destructive logging. 

 

Physical factors: - Precipitation, monthly distribution of rainfall, rainfall intensity and 

run-off, rapid snowmelts topography, shape and size of the catchment, length and 

gradient of the slope, soil properties and vegetative cover; 

 

Gully density (m/m2), gully texture (m2) and gully volume (m3) are important parameters 

that can describe a given gully (Graham, 1989). The severity of gullies is categorized 

based on gully density (Table 10). 

 

Table 10: Gully density category 

 

Gully density (m/100ha) Description 

<100 

10-100 

100-500 

500-1000 

1000-2500 

2500-5000 

>5000 

Non-applicable(minor) 

Minor to moderate 

Moderate 

Moderate to severe 

Severe 

Very severe 

Extreme 

 

Source: Graham (1989) 

 

 Gullies tend to form where land slopes are long and land use has resulted in loss of 

vegetation and exposure of the soil surface over a large area so that the land now 

produces more runoff (FAO, 1977). They are particularly prevalent in deep loamy to 

clayey materials, in unstable clays (e.g. sodic soils), on pediments immediately down 

slope of bare rock surfaces and on very steep slopes subject to seepage of water and to 

landslides.  
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It can be extremely difficult and costly to rehabilitate a gully once it has developed.  

Thus, much more attention needs to be given to developing effective procedures and low-

cost measures for gully control and reclamation. In particular, attention needs to be paid 

on the use of vegetation wherever possible. According to Geyik (1986) gully control 

structures can be classified as temporary or permanent. Temporary structures are intended 

to function until vegetation (permanent structures) becomes well established. They 

include brushwood check-dams, loose stone check-dams, Gabion box, gunny bags, arc 

wares, and other check-dams.  

 

The long-term success of gully stabilization work depends on establishing a good 

vegetative cover on the gully floor, which prevents further gulling and allows the gully 

floor to gradually silt up reducing the fall over the gully head. Vegetation provides 

protection against scouring and minimizes the erosion risk by reducing flow velocity. As 

velocity falls, sediment is deposited forming an ideal environment for new vegetative 

growth. FAO (2003) reported that indigenous species should be considered, especially in 

an area where it is not desirable to introduce exotic species. The role of vegetative cover 

is to intercept rainfall, to keep the soil covered with litter, to maintain soil structure and 

pore space, and to create openings and cavities by root penetration (FAO, 2003).  

 

2.5. Efforts to Contain the Problem of Soil Degradation 

 

2.5.1 Soil conservation strategies 

 

At present the necessity of conserving the soil as well as the other components of our life 

support system in this earth has been equated by advocate environmentalists and their 

advocates to the issue of survival of the human race in further years (Cook, 1988). Soil 

conservation will be understood as encompassing not only the control of the loss or soil 

material but also other forms of physical, chemical and biological degradation of soil 
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together with the maintenance of soil fertility, which is the primary objective (Cook, 

1988).  

 

Land degradation is a severe problem across sub-Saharan Africa, and Ethiopia is among 

the most affected countries. As a response to the problem of land degradation due to soil 

erosion, an enormous effort has been underway to implement soil and water conservation 

practices on farmers� fields. Several governmental and non-governmental organizations 

developed and implemented various projects. In most of the endeavors, standard 

technical practices were tried with more emphasis on physical soil conservation 

measures. 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). 

 

Ethiopia is engaged in a massive soil and water conservation activities in many degraded 

parts of the highlands since the 1970s, Hence between 1975 and 1989, around 980,000 ha 

of cropland were treated with various type of terraces, 310,000 ha of degraded grazing 

land were closed for natural regeneration 260,000 ha of hillsides terraces were 

constructed (NCS ,1990 cited in Krauger et al.,1997).  

 

2.5.1.1 Enclosures as Emerging Strategy for SWC in Ethiopia 

 

The Ethiopian Agricultural research organization, (EARO, 1990) identified among others 

the need for research on the diversity biology, ecology, silviculture and economic 

importance of trees and shrubs for rehabilitation of degraded lands. 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, and among these area enclosure, are the promising ones. 

 

    

pdfMachine  
Is a pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, if you can print from a windows application you can use pdfMachine.  

Get yours now! 

http://www.pdfmachine.com?cl


    

   25

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 (Edio Mieso, 2005). 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. 

 

2.5.2.1 What are Area Enclosures? 

 

The terms �exclosure� and �closed area� were chosen to denominate those areas set 

aside, where agriculture and grazing became forbidden and the natural vegetation could 

start to regenerate (Tenna Shitarek et a.,l 2001). Enclosures which are a type of land 

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

environmental rehabilitation with a clear biophysical impact on large parts of the 

formerly degraded commons (Tucker and Murphy, 1997). In principle, human and animal 

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

however, cattle are allowed to free graze in several of the AEs. Cutting grass and 

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

soil and water conservation activities are also being undertaken.  

 

2.5.2.2 The establishment objective of enclosures  

 

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

degradation to check the adverse effect of runoff, improve the micro climate and create 

conducive atmosphere for humans and livestock by maintaining environmental stability 

in the trees, shrubs, herbs and grasses (REST,1996 cited in Tefera Mengistu, 2001). Area 

closure is the most crucial method of rehabilitating lands through natural regeneration. It 

is method for land reclamation and re vegetation by protecting the area from human and 
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animals� interference for limited period of time depending on the re vegetation capacity 

of the area.  

 

2.5.2.3. Enclosures and woody biomass production 

 

Runoff production in enclosures, measured using runoff plots (Descheemaeker et al., 

2006), is significantly reduced when a degraded area is allowed to rehabilitate after 

closure. Though runoff depth is significantly correlated with event variables such as rain 

depth, rainfall intensity, storm duration and soil water content, total vegetation cover is 

the most important variable explaining about 80 % of the variation in runoff coefficients. 

Runoff was found to be negligible when the vegetation cover exceeds 65 % 

(Descheemaeker et al., 2006). 

 

Through water balance simulations (Descheemaeker, 2006), it was demonstrated that at a 

catchment scale, expanding the area under enclosure leads to decreased runoff and 

increased infiltration and evapotranspiration. Vegetation restoration is responsible for the 

high infiltration capacity of the enclosure areas, but as transpiration is not increased at the 

same rate, the surplus infiltration drains beyond the root zone and contributes to 

groundwater recharge. This explains the earlier reported phenomenon (Nyssen et al., 

2002) of improved spring discharge in lower parts of the landscape after degraded areas 

were turned into enclosures in Tigray. 

 

Besides these effects on enhanced infiltration, decreased sediment deposition and 

downstream flooding, enclosures provide ecosystem services such as growth of grass and 

trees, increase in wildlife and biodiversity, climate regulation, drought mitigation and 

carbon sequestration (Descheemaeker et al., 2006). 
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2.5.2.4 On-site and off-site SWC effects of exclosures 

 

Enclosures provide essential functions in terms of trapping incoming sediments and 

increasing water infiltration. They accelerate fertile soil build up and prevent important 

sediment loads leaving the catchment or silting downstream water reservoirs. 

Descheemaker et al. (2006) asserted that under the influence of vegetation and sediment 

deposition dark soils rich in organic matter develop on-site in the enclosures of the Tigray 

highlands. More generally, the soil and water conservation effects of enclosures may be 

described by classifying the effects into three categories on the basis of the locations 

where the actual or potential effects may occur. 

 

i) On-site effects: the enclosures itself 

 

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

forested land itself (Descheemaker et al., 2006). 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.  Different authors (Mitiku 

Haile and Kindeya Gebrehiwot, 1998, Wisborg et al., 2000) reported positive effects of 

enclosures. In all cases, the natural vegetation is regenerating. Observations of reduced 

runoff and sheet and rill erosion, land stabilization and increased soil water availability 

are reported by these authors for several enclosure sites. 
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ii) 0ff-site effects: nearby/adjacent land use types 

 

By improving the hydrology of a catchment, besides the forested land, enclosures also 

have effects on land adjacent to them. The reduction in surface runoff may decrease in 

the smothering of crops by sediments or reduce washing of the crop field by floods. Some 

insects and wild bees residing in enclosures may increase the pollination of crops. Of 

course, there may be some possibilities that enclosures may contribute negatively to the 

nearby land use types, such as harboring rodents and pests that can damage crops and 

increased pressure on the remaining pasture. But from the practical point of view 

enclosures can be considered as effective means of soil and water conservation measure 

(Descheemaeker, 2006). 

 

iii) 0ff-site effects: downstream locations 

 

By stabilizing the hydrological processes and regulating total water runoff and flooding, 

vegetation cover controls and/or reduces soil erosion and the problems of downstream 

sedimentation and siltation (Kramer et al., 1997). Besides its negative effects to the 

source area, erosion also has downstream off-site effects. The eroded sediments can be 

deposited in reservoirs and reduce hydroelectricity generation and water supplies for 

irrigation. The sediment can also reduce the operational efficiency of irrigation systems 

and impair the quality of drinking water. Because of their sediment trapping capacity, 

enclosures can prevent sediment loads from leaving the catchment and silting up water 

reservoirs. Vegetation restoration in enclosures also acts as a �sink� area where the 

incoming water infiltrates and/or deeply percolates beyond the root zones and contributes 

to the ground water recharge and induces new springs. 
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2.6 Factors affecting soil degradation 

  

2.6.1 Soil Site Factors on soil degradation 

 

Soil site factors are a combination of both physical and chemical soil properties as well as 

topography, soil type, climate, and vegetative cover. Soils vary in their resistance to 

erosion partly based on texture and amount of organic matter. The resistance also 

depends on soil condition and depth. Soils high in silt and low in clay and sand are highly 

erodible (Nill et al., 1996). The high erodibility of silty soils is explained by their weak 

structural stability. They rapidly form surface seals upon the impact of rain drops. 

Erosion is less on clayey soils due to better aggregation and on sandy soils due to the 

non-sealing surface. 

 

Horton (1949) found that the two most important general soil characteristics affecting 

erosion are those related to available soil moisture and those related to soil stability. The 

amount of available moisture is indicative of the infiltration rate of a soil. Factors 

affecting infiltration rates include organic matter content, soil texture, soil depth, degree 

of swelling of colloids, and pore space (Fisher and Binkley, 2000). Soil stability affects 

erosion by determining the degree of resistance of soil particles to the beating action of 

rain and runoff.  

 

2.6.2 Vegetative Effects on Soil Erosion 

 

Vegetation provides a protective cover between the atmosphere and soil. Rainfall induced 

erosion can be reduced a hundredfold by maintaining a dense cover of sod, grasses, or 

herbaceous vegetation (Gray and Sotir, 1996). Beneficial effects provided by woody and 
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herbaceous vegetation in preventing rainfall erosion include interception, soil restraint, 

soil retardation, and infiltration. 

 

Interception is the retention of precipitation by the aerial part of vegetation, which is then 

either evaporated or absorbed. Interception may not prevent all water from reaching the 

surface, eventually a portion reaches the surface through leaf drip or stem flow (Pritchett 

and Fisher, 1987). Interception reduces soil erosion because plant foliage captures a 

portion of the rainfall and absorbs the rainfall energy thereby reducing soil detachment. 

Soil restraint is caused by the physical binding of root systems, which restrain soil 

particles. An important feature of tree roots is their ability to not only bind the surface 

soil with their fine roots but also anchor the soil mantle to the substrate due to the 

penetration and strength of the larger roots (Swanson and Dyrness, 1973). 

 

Soil retardation is the decrease in the velocity of runoff caused by increasing slope 

surface roughness from vegetation stems and foliage (Gray and Sotir, 1996). Robinson et 

al. (1996) found that using 3 m wide grass filter strips helped reduce the runoff velocity 

as well as the sediment concentrations. 

 

Infiltration is the entry of water into the soil from the soil surface (Fisher and Binkley, 

2000). Infiltration rates are determined by the permeability of soils and sub soils, 

moisture content, internal characteristics of the soil, vegetative cover, intensity and 

duration of the rainfall, and the temperature of the soil and water (Novotney and Olem, 

1994). Litter from the surrounding vegetation helps maintain infiltration rates by storing a 

portion of the rainfall, increasing infiltration, reducing the impact of raindrops, 

preventing agitation of the mineral soil particles, and discouraging the formation of 

surface crusts (Wooldridge, 1970). 
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2.6.3 Soil and Litter 

 

In a vegetative community the litter layer forms a protective layer over the soil surface. 

The vegetative litter found on the soil surface consists of dead plant remains, which 

protect the soil surface from raindrop impact and surface runoff. In general, as the litter 

cover increases, soil loss decreases exponentially (Coppin and Richards, 1990). Gutierrez 

and Hernandez (1996) found that increases of surface organic matter lead to decreases in 

sheet erosion in arid to semi-arid rangelands 

 

Fisher and Binkley (2000), define a forest soil as "any soil that has developed under the 

influence of a forest cover." The upper horizons of a forest soil are usually composed of 

litter layers, decomposing organic material, and mineral soil. These layers are critical for 

many reasons, including erosion control. The litter found on the soil surface helps protect 

the soil surface from raindrop impact and surface runoff. 

 

Organic matter also accumulates in the soil mineral profile due to the death and regrowth 

(turn-over) of roots, particularly fine roots. Trees, shrubs, and herbaceous plants can have 

a greater annual turnover of organic matter below ground then above ground litter 

production (Kimmins, 1987).  

 

2.7 Soil Erosion Estimation, Measurements, and Solutions 

 

2.7.1 Estimation of Soil Erosion 

 

 Until 1954 soil erosion estimates were made with technologies based on local data. 

These small data sets made it difficult to accurately estimate soil erosion with any type of 

a national standard. In order to create a national standard, the National Runoff and Soil-

Loss Data Center was established in 1954 by the United States Department of 
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Agriculture, Agricultural Research Service (Toy et al. 1999). These efforts led to the 

development of the Universal Soil Loss Equation (USLE) released in 1965 and revised in 

1978 (Wischmeier and Smith 1965, 1978). The Universal Soil Loss Equation was 

adapted for forest land (Dissmeyer and Foster 1984). 

 

2.7.2 Soil Erosion Measurements 

 

Few field methods are usually employed to measure the amount of gross erosion which 

actually occurs from a small plot or watershed. A method commonly used, however, is to 

use erosion pins. Field measurement using erosion pins is appropriate over a short time 

scale of 1 - 10 years (Richards, 1982) and illustrates the final product of erosion and bank 

retreat. Erosion pin transects are typically used for measuring soil losses or gains on 

hillslopes. Small diameter (6 mm) pins are inserted into the soil, and the top of each pin 

serves as the measurement datum (FAO, 1993). 

 

 Erosion pins or iron rods were originally used by Ireland et al. (1939) to determine rates 

of plunge pool cutting at the head of gullies in South Carolina, USA. Wolman (1959) 

pioneered the use of pins to measure bank erosion rates on an actively migrating, 

meandering stream near Baltimore, USA. However, Hudson (1982) criticised the pin 

technique for measuring bank erosion and proposed a new method based on detailed bank 

profiling. Using this method, small pins or stakes are put into the ground to a depth that 

will prevent disturbance. The elevation of the top of the pin is surveyed and referenced to 

a permanent elevation. As erosion occurs the distance between the head of the pin and the 

soil increases .The difference between the top of the pin and the ground elevation below 

the pin is periodically surveyed to determine minute changes in elevation. Gross erosion 

that occurs from a sample plot can be estimated using measurements from several pins. 

Repeated measurements of water and sediment collected in permanently installed hill 

slope troughs can also be used to detect soil movement and storage over time. The typical 

length of the erosion pin is 300 mm with a width of 5 mm (Hudson, 1993). 
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3. MATERIALS AND METHODS 

 

3.1 General Description of the Study Area 

 

A. Location and Access  

The study site is found in the Busuqi and Gubesayo Peasant Association of Adaa'a 

wereda, Eastern Shewa zone, Oromia Region of Ethiopia . It is located at 8o35' � 8 o 40'N 

and 39 o 00' � 39 o 05'E and about 62 km east of Addis Ababa along the main highway 

Addis Ababa to Mojo town. 

  

 

 Figure 1: Map of study area in Eastern Shoa Zone of Ethiopia (RPSUD, 2007). 
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For the present study, three hilly areas, Biyo enclosure (64 ha), Kelala enclosure (24 ha) 

and Kelala free grazing land (39ha) were selected. Similar to hilly areas in other parts of 

the country, many decades of cutting woody plants and uncontrolled grazing left these 

hills devoid of vegetation. In 1979 E.C, Biyo hills was planted, as part of the plantation 

campaign launched by the Government, mainly with exotic trees, and protected 

(enclosed) against any disturbance by humans and livestock. Since then, Biyo hill 

(hereafter referred to as ��Old Biyo enclosure��), is under continuous protection while 

Kelala hill (hereafter referred to as ��Young Kelala enclosure��), was closed in 1995 E.C 

in cooperation with the community and from that time on ward it is under continuous 

protection. Kelala free grazing land was almost completely destroyed by grazing and 

cutting. Old Biyo enclosure lies 1 Km away from Young Kelala enclosure and Kelala 

free grazing is adjacent to Young Kelala enclosure. 

 

 

 Figure 2: The three hills of the study area 

Kelala Free 
Grazing Land 

Young 
Kelala 
Enclosure 

Old Biyo 
 Enclosue  
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B- Population and Socio-economic setting  

 

Population  

 

According to data obtained from the Ada�a Woreda Agricultural and Rural Development 

Office for the year 2006, the PA that contain Kelala enclosure has 167 households, with 

1,039 population size.  

 

Settlement pattern  

 

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

were established traditionally and, planned settlement established through former village 

development program. The planned settlement was observed bellow young Kelala 

enclosure and the free grazing land.  

 

Land tenure system  

 

Like any other part of the country, the ownership of land rests on the state. The people 

are endowed with the user right. Local arrangements, such as temporary leasing and 

sharecropping do exist.  

 

According to Kebede Ayele and Kideghesho (2004), there has not been land 

redistribution since the land reform of 1975 in the study area. Under the current land use 

and administration policy and proclamation, apart from certification of his holdings, the 

farmer has the right to transfer his/her land through inheritance and has the right to rent 

out up to half of the land under his holding.  

 

Land holding  

 

According to the Woreda�s Agricultural Office data, the average annual cropland holding 

is about 3.2 hectares per household. However, this size is diminishing from time to time. 
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The farmers are losing their lands to degradation, particularly gullies. The other important 

thing is that parents share their land with their sons when they get married. It is socially 

obligatory that the parents give plots of land on which their children establish house and 

also where they can grow something for subsistence. It is important to bear in mind that 

this is unofficial family arrangement, and thus the newly married ones are not registered 

as land owners by the kebele administration.  

 

Economic activities  

 

According to the Woreda�s Agricultural Office the livelihood of the people in the study 

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

include both crop production and animal husbandry, in which the latter plays 

complementary role. The farming system in the area is therefore, denoted by close 

interdependence & integration of crop cultivation and animal husbandry, where the 

production and productivity of one is not separated from the other. And according to data 

from the Woreda�s Agricultural Office, the major crops grown in the study area are 

cereals such as teff, wheat, maize, and barley. Teff is the most commonly and largely 

produced crop. Pulse crops such as bean, pea, lentil and cheek pea are also produced but, 

not in a large quantity. Vegetable production is also practiced by few farmers during the 

rainy season to supplement their income from field crops. And currently no irrigation is 

practiced due to absence of springs and perennial rivers. The main vegetable crops 

planted by farmers are potato, beet root, carrot, tomato, onion, cabbage and gesho 

(perennial cash crop used for making local alcohol drinks).  

 

Livestock have diverse function in the production system. It can provide highly nutritive 

food items (meat, milk product & egg), or source of cash income. The farmers in the 

study area keep cattle, equine, but small numbers of sheep & goats are kept by few 

farmers. Hillside areas are used as communal grazing land. There is high feed shortage 

throughout the year, being more acute in the dry season. There are no systematic grazing 

land management practices.  
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Landless youngsters who are above 18 years of age hand over the Kelala enclosurer from 

the community and are now actively  engaged in conservation and management of the 

enclosed area and annually sell grass from the enclosed area to the community for their 

livelihood by organizing themselves into groups.  

 

C- Biophysical information  

 

Climate  

 

The study area falls under the agro-ecological zone of �Dry Weyina Dega� with altitude 

ranging from 1880 to 1960m m.a.s.l with the slope ranging between 2 - 35%.. The area 

has a bi-modal rainfall with a short rainy season from March to May and with a long 

rainy season from June to September. There is no metrological station at Kelala site. 

However, Mojo (2 km away from the study site) receives an annual maximum and 

minimum rainfall of 1044mm and 604 mm, respectively. 

 

Average Monthly Rainfall Data(1997-2007)
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Figure 3: Average monthly rainfall for the study area (Metrological data of Mojo station, 

1997-2007). 

 

 The average minimum and maximum temperature of the area is 11
0
C and 29

0
C, 

respectively (Metrological data of Mojo station, 1997-2007). 
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Figure 4: Average monthly Max. and Min. Temp. for the study area (Metrological data of 

Mojo station, 1997-2007).  

 

Land Use and Land Cover  

 

In the study area, the land is mainly used for crop production, settlements, homestead 

gardening, and livestock grazing. Significant part of the study area is degraded and, 

therefore it is unused. A very small part is used for conservation purposes. These include 

areas where the community has enclosed. 

 

Even though the Land Use and Land Cover of the study area was not assessed and not 

available, according to the Ada�a Woreda Agricultural and Rural Development Office 

data, the current land use pattern is as follows: Grazing land shared about 6.4% while 

community, state and natural forests covered 7.4%. The remaining 34.8% was degraded 

and others. 

 

The large tract of land is affected by interim watercourse, and surface runoff. These areas 

are characterized by deep and active gullies, severe sheet erosion, rock outcrops, and 

small pockets of farmland. It is very common to see the highly productive lands affected 

by gullies. In addition to damaging the productive lands and affecting productivity, 
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accessibility to many of the villages is affected during the rainy seasons and many 

farmers complain about this issue. During rainy seasons, large amount of water is carried 

down the slope resulting in more runoff. These are causing enormous damage on the 

existing trails through the change of courses, silt deposition, increasing in width, depth 

and number of these gullies.  

 

 
 
Figure 5: Gully that interferes farming system in the study area 
 

The land cover is dominated by scattered trees and shrubs which are found around 

settlements, in farmlands, and shrubs, trees and grasses in enclosed areas.  The vegetation 

in the area has been categorized under the ��Semi-humid woodland with broad-leaved 

species�� (Aalbaek, 1993). This vegetation type is characterized by several species of 

Acacia (A. abyssinica, A. albida, A. seyal, A. tortilis, etc.), Balanites aegyptiaca, 

Combretum molle, Croton macrostachyus, Dodonaea angustifolia, Erythrina abyssinica, 

Euphorbia candelabrum, Olea europaea subsp. cuspidata, etc. (Aalbaek, 1993). 

 

Landform  

 

The landform is characterized by rolling to hilly and flat to undulating plain surface. The 

flat land dominates the relief patterns of the study area.  
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Soils and Geology  

 

The study area falls in the Rift Valley physiographic region, formed by quaternary of the 

rift floor and recasting deposits. The land form belongs to the volcanic lacustrine plains 

of the Rift Valley. Ash and pumice tuffs also exist in the floor of the valley. Flat to 

undulating plain areas are associated with hill fault scarp, which dissect steep and rough 

land terrain, predominantly covered with exposed rock surface (Seifu Kebede, 1999).. 

 

According to the Ada�a Woreda Agricultural and Rural Development Office data, the 

tropical and temperate agroclimatic zones cover 5% of the district each. The single major 

soil type of Ada�a Liben is Vertisol which covers about 60.8% of the district. Other soil 

types are Cambisols and Luvisols (23.5%) and Rendzinas and Phaeozems (14.7%). 

 

Water Resource  

 

The main source of water supply both for human and livestock is earthen pond. There are 

a number of ponds dug by the community. Although the water from these ponds is very 

dirty and unsafe for drinking, the people are using it for lack of any other alternative. 

When the ponds dry-up, farmers use water from deep wells. For majority of the people, 

the source of water is not clean, because both livestock and humans use the same source 

of water. 

 

3.2 Study Design 

 

For gathering information related to technical sustainability and improvement of area 

closure in the study area, soil parameters that were assumed to measure the physical and 

chemical characteristics were collected from the three land use types.  The study was 

carried out in three land use types namely Old Biyo enclosure, Young Kelala enclosure 

and Kelala free grazing land (see section 3.1.1) 

 

    

pdfMachine  
Is a pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, if you can print from a windows application you can use pdfMachine.  

Get yours now! 

http://www.pdfmachine.com?cl


    

   41

 

3.2.1 Soil quality assessment 

 

3.2.1.1 Soil sampling and soil property analyses 

 

Soil sampling 

 

Composite sampling was used in soil sample collection. Accordingly, eight composite 

samples from each sampling site (from young Kelala enclosure and Kelala free grazing 

land) was taken and analyzed for the selected physical and chemical soil attributes such 

as soil pH, organic matter content, Cation Exchange Capacity, essential nutrients (mainly 

total nitrogen, available phosphorus and available Potassium), exchangeable bases, soil 

texture and bulk density. For comparison purpose eight composite sample was also taken 

from the near by Old Biyo enclosure.  

 

Within each position in closed areas and free grazing land, two parallel transects were 

laid out and soil sampling points along transect were selected using systematic sampling. 

First distance from foot to peak of the hill was measured. Then two parallel transects 

were laid along contour lines systematically. The first transect was laid 50m from the foot 

of the hill and the second transect was laid 150m from the first transect. Then four 

composite soil samples were collected from each transect from each land use type i.e 

total of eight composite samples were taken from one land use type. The distance 

between two composite samples was 200m and 170m for the first transect and second 

transect respectively for young Kelala enclosure. The distance between two composite 

samples was 240m and 200m for the first transect and second transect respectively for 

free grazing land. The distance between two composite samples was 600m and 500m for 

the first transect and second transect respectively for old Biyo enclosure. The difference 

in distance between two composite samples among land use types is due to difference in 

area of the land use types. GPS reading was taken to correctly lay parallel transect. Auger 

sampler was used for taking individual samples to a depth of 15cm. Undisturbed soil 
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sample was also taken by core sampler for analysis of bulk density, one of the physical 

soil properties. 

 

Soil property analyses 

 

Soil properties were analyzed at the Water Works Design and Supervision Enterprise 

(WWDSE) Laboratory in Addis Ababa, according to the standard soil analysis 

procedures provided by Sahlemedhin Sertesu and Taye Bekele (2000): Soil PH in a 1:2.5 

soil-water suspension, organic carbon by oxidation with potassium dichromate (K2Cr2O7) 

in a sulfuric acid medium (Walkley and Black, 1934), total nitrogen by semi-micro 

Kjeldahl and available phosphorus by sodium bicarbonate (NaHCO3) extraction (Olsen) 

procedures. Available potassium extracted by sodium acetate method and measured by 

flame photometer, cation exchange capacity by ammonium acetate (1 N NH4OAc) 

extraction and, exchangeable calcium and magnesium by ammonium acetate extraction 

and measured by the atomic absorption spectrometry (AAS) method (Page et al., 1982). 

 

Physical degradation was assessed using bulk density and texture. Bulk density of 

undisturbed soil sample was determined using core sampler (cylindrical metal sampler) 

and determining the mass of solids and the water content of the core, by weighing the wet 

core, drying it to constant weight in an oven at 1050C for 24 hours and reweighing after 

cooling. Bulk density was then calculated from the measurement of the bulk volume, 

using the core length and the diameter of the cutting edge of the sampler. Soil texture was 

analyzed using Hydrometer method. 

 

3.2.1.2 Data analyses 

 

The data from soil laboratory were subjected to one-way analysis of variance (ANOVA). 

The Multiple Comparisons test using Least Significance Difference (LSD) was employed 

for mean separation for those properties that were found significantly different. The level 

of significance used was 0.05. Data were analyzed using the Statistical Package for 
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Social Sciences (SPSS) release 11 (Bryman and Cramer, 2001). The outcome of this 

result could be used for deducing the contribution of area closure for sustainable 

management of land. 

 

3.2.2 Computation of soil degradation Index (DI) 

 

A more descriptive approach to demonstrate whether overall soil attributes have changed 

due to shifts in land management may be to compute soil deterioration index (DI) 

following the procedure in Adejuwon and Ekanade (1988) and Islam and Wail (2000) as 

cited in Mulugeta Lemenih (2004). To compute DI, the difference between mean values 

of individual soil properties under young Kelala enclosure and free grazing land and the 

values of the same soil properties under old Biyo enclosure were computed and expressed 

as a percentage of the value under the old Biyo enclosure. These percentage changes 

were summed across all soil properties to compute the soil DI for each site, which was 

used as an index of soil degradation or improvement. 

 

3.2.3 Gully erosion measurement 

3.2.3.1 Gully sampling 

 

To empirically quantify the effect of rehabilitating upslope hillsides on the down slope 

farmlands and to compare soil loss by gully erosion under farmland below the enclosed 

and non-enclosed upslope hillsides , all gullies below the enclosed and non-enclosed  

hillsides were selected and measured for their dimensions of length, width at the mouth 

(MW) width at the bed (BW) and depth. 

 

3.2.3.2 Computation of gully parameters 

 
To describe the gully, soil loss by gully, gully density, gully surface area (gully texture), 

gully volume and plot to gully area ratio were computed using the relation described by 
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Woldeamlak Bewket (2003) for rill erosion and Kukal (2005) for gully erosion. To do 

these, gullies from the side of young Kelala enclosure and from the side of Kelala free 

grazing land were measured and computed as follows:-  

 

Dimensions of all gullies found in the study area were measured  

     1. Plot to gully area ratio = 
A

SA
n

i


 1  

     2. Gully density =
)(

  
2mArea

gulliesoflength
 

     3. Gully volume = 1/2xtxdx1 

     4. Gully texture = Length x Average width  

Where = SA = Surface area of all gullies in m2  

 A = Area of the sample plot in hectare  

 V = volume in m3  

 t = top width in m  

 d = depth in m  

 l= length in m  

 

3.2.4 Sheet erosion measurement 

 

3.2.4.1 Installation of erosion pins 

 

Erosion measurement devices (in this case Erosion pins) were installed before rainy 

season (in the early June) to determine and quantify sheet erosion rates for (free grazing 

land) and Kelala enclosed area. The location selection allowed rates to be extrapolated to 

similar areas of land use and land cover throughout the area as suggested by Young and 

Saunders (1986). The methodology for installation of erosion pins is as follows. 
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Three transects were laid out perpendicular to the contour  in enclosed and free grazing 

land. Then 10 x 10 m erosion pin plot was laid at 50m, 100m and 150m away from the 

foot of the hill on the first, second and third transects respectively. This is to represent the 

down slope, mid slope and up slope of the hill. The distance between consecutive plots 

was 300m and 350m for enclosed and free grazing land respectively.  

 

Five rows of three erosion pins running perpendicular to the slope were installed. Rows 

were 3.33 meters apart and pins within each row were 2 meter apart. In total 15 pins were 

installed into each plot (Figure 6). Pins consisted of metal (approximately 6 mm in 

diameter) and 30 cm long were driven into the ground and marked with dye above the 

ground used latter as a measurement datum.  

 

                                                      10m 

�      �       �       �       �   

 

�       �      �      �        � 

 

�       �      �       �        �              

 

Figure 6: Erosion pins layout on one plot 
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3.2.4.2 Computation of sheet erosion using erosion pins 

 

To determine the overall average movement occurring at a site for the sampling period, 

the change (+/-) in pin measurement height was calculated between visits (Figure 7).  

 

Figure 7: Measurement of Pins to the nearest millimeter.  

 

As erosion occurs the distance between the mark of the pin and the soil increases.The 

difference between the top of the pin and the ground elevation below the pin is 

periodically surveyed to determine sheet erosion. Positive values for change in pin height 

indicated deposition at the point, and negative values indicated erosion. The absolute 

values of the calculated change values were summed to indicate overall movement (sheet 

erosion) at the pin for the sampling period. The average movement rate of the site was 

computed by summing the overall movement (sheet erosion) obtained for each pin and 

dividing by the number of pins. Finally, precipitation data collected daily by Mojjo 

Meteorological Agency to extrapolate sampling period data and obtain an annual 

movement rate (sheet erosion) at each site. 
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To accomplish this, it is assumed that precipitation was the primary agent of sediment 

movement; thus, total movement (sheet erosion) at a site is the result of total precipitation 

occurring during the sampling period. Using this assumption, annual rates of movement 

(sheet erosion) were obtained by relating the precipitation that occurred during the 

sampling period to the average annual expected precipitation (annual average 

precipitation calculated from the average of annual precipitation values from 1997 to 

2007). The equation below illustrates the computation used to derive annual movement 

rates: 

 

 

          MA = (MSP/PPTSP) * PPTA 

 

Where  

MA - is the annual movement rate (mm/year);  

MSP - is the sampling period movement rate (mm/sampling period); 

 PPTSP -  is total precipitation for the sampling period (inches); and 

 PPTA -  is average annual precipitation (inches). 

 

According to Haig (1977) pins can be arranged in different placement pattern at different 

spacing within a plot and measured at different time interval depending on specific 

constrains and objectives.Data from pins on change in surface level are averaged to one 

data point per line or plot depending on what is being measured i.e total soil loss. The 

average change in distance can be converted to t ha -1.Soil lost, using mean bulk density 

of soil in the surface of each slope in the formula:- 

  

g of soil lost per plot = cm change in soil level on pins x plot area in cm2 x bulk 

                                       density in g/cm3.        
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4- RESULTS AND DISCUSSION 

  

4.1- Assessment of Soil Degradation through Chemical and Physical Parameters of 

Soil 

 

4.1.1- Chemical soil degradation  

 

 4.1.1.1 Organic matter (%) 

 

One of the soil attributes selected for evaluating the fertility level of soils under different 

land use was organic matter content. The organic carbon result from the laboratory 

should be converted to organic matter. As in most studies, organic matter of the sampled 

soils was estimated from the percent of organic carbon (Baruah, 1998). 

 

The mean values of organic matter for the three land use types stands at 4.09, 2.96 and 

5.29 percent for young Kelala enclosure free grazing land, and old Biyo enclosure 

respectively (Table 11). Based on this classification, the soil under young Kelala 

enclosure and old Biyo enclosure was regarded as  high while that of the free grazing 

land was medium (Tan, 1996). 
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Table 11: Mean values of soil properties (top 0- 15 cm) under the three land use types. 

Soil property YKE FGL OBE 

SOM (%) 

CEC (cmol)(+)Kg -1 

Ca+2 (meq.100g -1) 

PH 

Total N (%) 

Available P(mg/Kg) 

Available K(mg/Kg) 

BD ( g/cm3) 

Sand (%) 

Clay (%) 

Silt 

4.09 

32.04 

12.59 

6.09 

0.19 

11.5 

456.09 

1.41 

44.33 

20.29 

35.38 

2.96 

25.29 

12.03 

6.29 

0.18 

9.96 

366.27 

1.46 

45.11 

14.63 

40.39 

5.29 

33.18 

22.43 

5.76 

0.26 

9.33 

695.09 

1.39 

39.73 

24.02 

33.57 

 

(YKE = Young Kelala Enclosure, FGL = Free Grazing Land and OBE = Old Biyo 

Enclosure) 

There was significant difference (P = 0.000) in mean Organic matter (%) between the 

three land use types at 0.05 level (Table 12).  
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Table 12: Results of one- way analysis of variance of properties of the soils under the 

three land use types ( P < 0.005 indicates significant differences) 

Soil property 

 

SOM 

CEC 

Ca+2 

PH 

Total N 

Available P 

Available K 

BD 

Sand 

Clay 

Silt 

Land use  

F P 

23.798 

10.136 

13.677 

5.789 

6.238 

1.886 

34.947 

20.562 

5.079 

21.799 

6.939 

0.000 

0.001 

0.000 

0.010 

0.007 

0.177 

0.000 

0.000 

0.016 

0.000 

0.005 

 

 

The LSD result (Table 13) revealed that the mean difference between young Kelala 

enclosure and free grazing land was significant (P< 0.05). Mean difference between old 

Biyo enclosure to that of young Kelala enclosure and free grazing land was also 

significant (P< 0.05).The percentage of organic matter under young Kelala enclosure was 

significantly greater than the adjoining free grazing land. Similarly, it was significantly 

greater under old Biyo enclosure compared to both young Kelala enclosure and free 

grazing land (Table 13) 
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Table 13: Results for the LSD post hoc multiple comparisons test of properties of soils 

under the three land use types. 

Soil Property Significant contrast P 

SOM 

 

 

CEC 

 

Ca+2   

  

PH 

Total N 

 

Available K 

 

 

BD 

 

 

Sand 

 

Clay 

 

 

Silt 

 

YKE and FGL 

OBE and YKE 

OBE and FGL 

YKE and FGL 

OBE and FGL 

OBE and YKE 

OBE and FGL 

FGL and OBE 

OBE and YKE 

OBE and FGL 

YKE and FGL 

OBE and YKE 

OBE and FGL 

YKE and OBE 

FGL and YKE 

FGL and OBE 

YKE and OBE 

FGL and OBE 

YKE and FGL 

OBE and YKE 

OBE and FGL 

FGL and YKE 

FGL and OBE 

0.003 

0.002 

0.000 

0.002 

0.000 

0.000 

0.000 

0.003 

0.006 

0.006 

0.038 

0.000 

0.000 

0.031 

0.001 

0.000 

0.020 

0.008 

0.001 

0.015 

0.000 

0.015 

0.002 

 

* Only comparisons where differences are statically significant are given. ( YKE = 

Young Kelala Enclosure, FGL = Free Grazing Land and OBE = Old Biyo Enclosure) 
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The SOM content in old Biyo enclosure is the highest and the SOM content in free 

grazing land is the lowest.This finding is in agreement with work done elsewhere. For 

instance,Wolde Mekuria and Edzo Veldkamp (2005) reported as the soils of free grazing 

lands and closed areas differed considerably in content of soil organic matter (SOM), 

with significantly higher (p < 0.05) SOM values found in closed areas than in free 

grazing lands. Descheemaker et al., 2006 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.  

 

The higher SOM 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. 

Rainfall induced erosion can be reduced a hundredfold by maintaining a dense cover of 

sod, grasses, or herbaceous vegetation (Gray and Sotir, 1996). The other reason of 

increment in organic matter in enclosure sites is the accumulation of litter dominantly 

from grasses. In addition, less biomass return causes the reduction of SOM, TN and AP 

in free grazing lands (Mullar Harvey et al., 1985). The most evident impact of grazing on 

the ecosystem is removal of a major part of above ground biomass by livestock. 

Therefore the input of aboveground litter to the soil decreases.   The vegetative litter 

found on the soil surface consists of dead plant remains, which protect the soil surface 

from raindrop impact and surface runoff. In general, as the litters cover increases, soil 

loss decreases exponentially (Coppin and Richards, 1990). Also Woldeamlak Bewket & 

Stroosnijder (2003) claim in their paper, that many studies examining the effect of 

deforestation on soil nutrients concluded that after removal of forest vegetation, soils 

deteriorate in their chemical properties.  

    

pdfMachine  
Is a pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, if you can print from a windows application you can use pdfMachine.  

Get yours now! 

http://www.pdfmachine.com?cl


    

   53

 

4.2.1.2 Cation Exchange Capacity 

 
The mean values of CEC for the three land use types stands at 32.04, 25.29 and 

33.18(cmol) (+) kg-1 for young Kelala enclosure free grazing land, and old Biyo 

enclosure respectively (Table 11). 

There was significant difference (P = 0.001) in mean CEC (cmol) (+) kg-1 between the 

three land use types at 0.05 level (Table 12). The CEC (cmol) (+) kg-1 under young 

Kelala enclosure was significantly greater than the adjoining free grazing land. Similarly, 

it was significantly greater under old Biyo enclosure compared to free grazing land 

(Table 13). This finding is in agreement with work done elsewhere. For instance,Wolde 

Mekuria and Edzo Veldkamp (2005) reported as cation exchange capacity (CEC)  was 

significantly higher (p < 0.05) in closed areas than in free grazing lands. 

 

The higher CEC in closed areas (Table 11) compared to that of free grazing land can be 

explained by the difference in organic matter among the land use types. Most studies 

revealed that there is a direct relationship between organic matter and CEC. The CEC of 

soils is determined by their SOM content and the amount and type of clay minerals 

present, with the role of SOM far exceeding the role of clay. CEC is crucial in soil 

fertility for two fundamental reasons: (i) the total quantity of nutrients available to plants 

as exchangeable cations depends on it, and (ii) it influences the degree to which hydrogen 

and aluminum ions occupy the exchange complex, and thus affects the PH of soils 

(Olaitan et al., 1986 cited in Woldamlak Bewket, 2003). The overall mean value of CEC 

under young Kelala enclosure and old Biyo enclosure was in comply with the percent of 

organic matter level. 

4.2.1.3 Exchangeable cations 

 
The mean values of Ca 2+ (meq.100 g -1)  for the three land use types stands at 12.54, 

12.03 and 22.43 for young Kelala enclosure free grazing land, and old Biyo enclosure 

respectively (Table 11). 
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The Ca 2+ (meq.100 g -1) values were statically different (P< 0.05) for the different land 

use considered (Table 12). The Ca 2+ (meq.100 g -1) under old Biyo enclosure was 

significantly greater than that of young Kelala enclosure and free grazing land (Table 13). 

The Mg+2, K+1, and Na+1 content of the soils show statistically insignificant differences 

among the three land use types. This suggests that area closure did not bring any effect on 

these exchangeable bases. Saikh et al.,(1998) cited in Woldamlak Bewket, (2003) also 

reports a significant decrease in Ca 2+, but insignificant changes in, K+1 and Na+1  levels 

after conversion of forest to farm lands. 

 

4.2.1.4 Soil pH 

 

The other chemical parameter selected for assessing the improvements made as a result 

of natural resource management interventions was soil pH, which determines many of the 

soil reactions. The mean values of pH for the three land use types stands at 6.09, 6.29 and 

5.76 for young Kelala enclosure free grazing land, and old Biyo enclosure respectively 

(Table 11). Based on the classification of soil reaction by Tan (1996), the mean pH of 

young Kelala enclosure and free grazing land were categorized under the slightly acidic 

reaction, while the mean pH of old Biyo enclosure was categorized under moderately 

acidic reaction. 

   

The pH values (0-15cm) were significantly different (P< 0.05) for the different land use 

considered (Table 12). However the significant difference was only between free grazing 

land and old Biyo enclosure (Table 13). 

 

Mean pH value in old Biyo enclosure is lower than free grazing land (Table 11), because 

of leaching of bases down the soil profile (the vegetation cover of old Biyo enclosure is 

higher than that of the free grazing land in which infiltration is higher in the former land 

use which facilitates leaching of bases down the soil profile leaving the top soil acidic).  
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4.2.1.5 Total nitrogen 

The total N content of the soils showed variation among the land use types. It reached 

minimum of 0.18 in free grazing land and a maximum of 0.26 % in old Biyo enclosure 

(Table 11). . According to the classification by Baruach (1999), the soils under the three 

land use types were categorized as high in total nitrogen content.   

 

The total nitrogen content (%) was statically significant (P< 0.007) for the different land 

use considered (Table 12). The LSD result (Table 13) revealed that the mean difference 

of total nitrogen (%) between old Biyo enclosure to that of young Kelala enclosure and 

free grazing land was significant (P< 0.05). Mean difference between young Kelala 

enclosure and free grazing land was not significant (P> 0.05). The total nitrogen (%) 

under old Biyo enclosure was greater than that of young Kelala enclosure and free 

grazing land. This finding is in agreement with work done elsewhere. For instance,Wolde 

Mekuria and Edzo Veldkamp (2005) reported as total nitrogen (%) was significantly 

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

 

The significant difference of Total nitrogen between old Biyo enclosure to both young 

Kelala enclosure and free grazing land is due to differences in SOM content, intensities 

of soil erosion. Reduction in organic matter content of a soil is an obvious reason to 

expect relatively low nitrogen content in the free grazing land.  This indirectly suggested 

that the biophysical conservation measures on enclosures have contributed to the 

sustainable management of land through replenishing soil nutrients 

 

4.2.1.6 Available Phosphorous 

 

Like nitrogen, phosphorus is also an essential plant nutrient and is taken up by plants in 

the form of inorganic ions. It was one of the soil attributes selected to evaluate the 

changes brought as a result of the past land management efforts. 
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The mean values of available Phosphorous (mg/Kg) for the three land use types stands 

at11.5, 9.96 and 9.33 (cmol) (+) kg-1 for young Kelala enclosure free grazing land, and 

old Biyo enclosure respectively (Table 11). 

 

There was no significant difference (P> 0.05) in the three land use types in terms of their 

available Phosphorous (mg/Kg) at 0.05 level.  

 

Available Phosphorous levels were lower in soils of old Biyo enclosure than the free 

grazing lands, despite the higher SOM contents of the old Biyo enclosure. The low 

available P in the old Biyo enclosure could be due to the presence of P in its unavailable 

forms. Generally, the pattern of distribution of available Phosphorous among the land use 

types suggests that the establishment of area closure did not bring a significant change on 

availability of this vital nutrient. A similar finding � that is, insignificant change in 

available Phosphorous following deforestation � was reported by a study in tropical India 

(Saikh et al., 1998a cited in Woldamlak Bewket, 2003). 

  

4.2.1.7 Available Potassium 

 

The available Potassium (mg/Kg) values (0-15cm) were significantly different (P< 0.05) 

for the different land use considered (Table 12). 

 

The LSD result (Table 13) revealed that the mean difference between young Kelala 

enclosure and free grazing land was significant (P< 0.05). Mean difference between old 

Biyo enclosure to that of young Kelala enclosure and free grazing land was also 

significant (P< 0.05). The available Potassium (mg/Kg) under young Kelala enclosure 

was greater than free grazing and available Potassium (mg/Kg) under old Biyo enclosure 

was greater than young Kelala enclosure and free grazing land. 
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 Figure 8: The average Available Potassium (mg/Kg) of different land use types 

 

Thus, it can be conclude that free grazing land had the lowest available Potassium 

(mg/Kg) among the three land use types (Figure 8). This is due to the selective removal 

of this vital macro-nutrient from grazing land by accelerated erosion. Because of its high 

mobility in the soil, K 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 micro-

nutrient in free grazing land. 

 

4.2.2 Physical soil degradation  

 

4.2.2.1 Soil Bulk Density 

 

Soil bulk density was one of the major parameters used in this study to assess the quality 

and status of soil in terms of physical property. 

 

The bulk density (g/cm3) values were statically different (P< 0.05) for the different land 

use considered (Table 12). Mean difference between young Kelala enclosure and old 
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Biyo enclosure was significant (P< 0.05). Mean difference between free grazing land to 

that of young Kelala enclosure and old Biyo enclosure was also significant (P< 0.05) 

(Table 13). The bulk density under young Kelala enclosure was greater than old Biyo 

enclosure and bulk density under free grazing land was greater than to both young Kelala 

enclosure and old Biyo enclosure (Figure 15). 
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Figure 9: The average BD (g/cm3) of different land use types 

 

Thus, it can be conclude that the free grazing land had the highest bulk density among the 

three land use types. This is due to trampling effect from the livestock population grazing 

on the area. Overgrazing led to the degradation of vegetation, soil compaction, and wind 

and water erosion. Higher bulk density on grazing land led to a decrease in water 

infiltration capacity, causing, in its turn, a higher surface run-off, which may lead to 

significant soil erosion. The soil erosion problem affects the recruitment of new grass 

seedlings. There is also soil crusting and sealing in the free grazing land because of lack 

of vegetation cover which in turn increases bulk density. 
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4.2.2.2 Soil texture 

 

Texture is one of the physical soil characteristics that influences land use and 

management. Texture classification of soil samples for young closure, degraded grazing 

land were loam and old enclosure were. clay loam consists of materials whose behavior is 

dominated by clay.  

 

Sand fraction (%) 

The sand fraction values were statically different (P< 0.05) for the different land use 

considered (Table 12). Mean difference between young Kelala enclosure and old Biyo 

enclosure was significant (P< 0.05). Mean difference between free grazing land and old 

Biyo enclosure was also significant (P< 0.05) (Table 13). The percentage of sand under 

young Kelala enclosure was greater than old Biyo enclosure and the percentage of sand 

under free grazing land was greater than old Biyo enclosure. 
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Figure 10: The average total sand (%) of different land use types 

 

The sand fraction was lowest in the old Biyo enclosure and highest in the free grazing 

land (Figure 10). The general trend in soil texture after forest has been converted in to the 

other types of land use has therefore been an increase in the sand and a decrease in the 
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clay contents (Woldamlak Beweket, 2003). This is 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 Beweket, 2003). 

 

Clay Content (%) 

 

The Clay Content values were statically different (P< 0.05) for the different land use 

considered (Table 12). The LSD result (Table 13) revealed that the mean difference 

between young Kelala enclosure and free grazing land was significant (P< 0.05). Mean 

difference between old Biyo enclosure to that of young Kelala enclosure and free grazing 

land was also significant (P< 0.05). The percentage of clay under young Kelala enclosure 

was greater than free grazing land and the percentage of clay under old Biyo enclosure 

was greater than young Kelala enclosure and free grazing land.  
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Figure 11: The average Clay (%) of different land use types 

 

The percentage of clay was lowest in free grazing land and highest in the old Biyo 

enclosure (Figure 11). The low organic matter, the trampling effect of livestock and the 
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sparse vegetation aggravate soil erosion which selectively removes clay. The general 

trend in soil texture after forest has been converted in to the other types of land use has 

therefore been an increase in the sand and a decrease in the clay contents (Woldamlak 

Beweket, 2003). This is 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 Beweket, 2003). 

 

Silt fraction (%) 

 

The Silt fraction (%) values were statically different (P< 0.05) for the different land use 

considered (Table 12). Mean difference between free grazing land to that of young Kelala 

enclosure and old Biyo enclosure was significant (P< 0.05) (Table 13). The percentage of 

silt under free grazing land was greater than to that of young Kelala enclosure and old 

Biyo enclosure. 
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Figure 12: The average Silt (%) of different land use types 
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4.2.3 Soil Degradation Index (DI) 

 

The degradation indices (%) for the selected soil properties under different land use types 

of this study are summarized in the following table. 

 

Table 14: Degradation indices (%) for some soil properties under different land use types 

compared to the soil properties of the old enclosure in the study area.  

 

Soil property                         Average Values Degradation Index 

(%) 

Old Biyo 

Enclosure 

Young 

Kelala 

Enclosure 

Free 

Grazing 

Land 

Young 

Kelala 

Enclosure 

Free 

Grazing 

Land 

Organic Matter (%) 5.29 4.09 2.96 - 22.68 - 44.05 

CEC [ (cmol)(+) Kg -1] 33.18 32.04 25.29 - 3.44 - 23.78 

Total Nitrogen (%) 0.26 0.19 0.18 - 26.92  - 30.77 

Bulk density(gm/cm3) 1.39 1.41 1.46 - 1.44 - 5.04 

Available 

Potassium(mg/Kg) 

695.09 450.09 366.27 - 35.25 - 47.31 

                                      Cumulative DI - 89.73 - 150.95 

 

From the degradation index table (Table 14), it can be observed that available potassium 

was the most deteriorated soil parameter with values of � 35.25 (%) and � 47.31(%) for 

young Kelala enclosure and free grazing land respectively. Organic matter was the next 

deteriorated soil parameter with values of � 44.05 for free grazing land. Total nitrogen 

was the next deteriorated soil parameter with values of �26.92 (%). This may be due to 

the loss of soil nutrients from free grazing land by soil erosion.  
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All of the soil properties in the two land use types contributed with negative values to the 

DI (Table 14). As per the purpose of this study, the overall DI under free grazing land 

was negatively the strongest and took the lion�s share (with DI= - 150.95%) compared to 

the soil under young Kelala enclosure (DI= - 89.73%). This indicates there is continueous 

degradation of free grazing land, due to the absence of vegetation cover to overcome 

effects of livestock trampling and soil erosion. Besides, the contribution of each 

individual soil properties under young Kelala enclosure towards the overall DI was weak 

compared to the same soil properties under free grazing land. 

 

Even though the overall DI under the two land uses were negative signaling the severity 

of soil degradation in the study area, the significant variation of DI between free grazing 

land and young Kelala enclosure, indicates that past land management efforts employed 

through area closure greatly contributed to the improvement of soil properties. If this is 

so, one can conclude that the past conservation efforts by area closure have biophysically 

positive contributed to the sustainable management of land in the study area. 

 

4.2.4 Soil lost through gully erosion  

 

The results recorded for gully erosion extent in terms of gully volume, gully surface area, 

gully density and gully to plot area ratio from the two sampling areas is presented below.  

 

Table15: Values of gully parameters measured on the side of enclosure (ES) 

Gully No Length(m) Average  

Width (m) 

Average 

Depth (m) 

Volume 

(m3) 

 

Surface 

area (m2) 

1 240 2.35 1.68 473.76 564 

2 180 1.34 0.99 119.39 241.2 

3 75 1.79 1.14 76.52 134.25 

4 195 1.87 2.09 381.06 364.65 

Total 690 7.35 5.90 1050.73 1304.1 
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In the side of enclosure, there were four gullies and the values of gully parameters are as 
follows:  

Total volume of gullies = 1050.73 m
3, 

Total surface area of gullies = 1304.1m
2
, 

 
Table 16: Values of gully parameters measured on the side of free grazing land (FGL) 
 
Gully No Length(m) Average  

Width (m) 

Average 

Depth (m) 

Volume 

(m3) 

 

Surface 

area (m2) 

1 150 1.65 1.6 198 247.5 

2 90 0.97 1.17 51.07 87.3 

3 390 1.55 0.64 193.44 604.5 

4 330 1.45 0.89 212.93 478.5 

5 405 4.96 4.43 4449.5 2008.8 

Total 1365 10.58 8.73 5104.94 3426.6 

 
In the side of free grazing land, there were five gullies and the values of gully parameters 
are as follows:  

Total volume of gullies = 5104.94 m
3, 

Total surface area of gullies = 3426.6 m
2
,  

 
Table 17: Summary of values of gully parameters for the two sample areas (for the side 

of enclosure and for adjoining free grazing land). 

 

Samp

le 

No. 

Area of  

The 

sample 

(m2) 

Number 

of  

Gullies 

Total 

Length 

(m) 

Total  

Volume 

(m3) 

Total 

Surface  

Area (m2) 

Gully  

Density  

(for each 

sample 

area ) 

Gully to 

sample 

area 

ratio 

E1 480,000 4 690 1050.73 1304.1 14m/ha 0.0027 

NE 1 480,000 5 1365 5104.94 3426.6 28m/ha 0.0071 

 

The summary result in Table (17) showed that 1050.73 m
3 

volume of soil was removed 

from the side of enclosure and 5104.94 m
3
 from the side of free grazing land which could 
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have been used for farming and feeding livestock by planting forage seedlings with 

proper management practices. The area occupied by gullies in the side of enclosure and 

in the side of free grazing land was about 1304.1 m
2
 and 3426.6 m

2
 respectively .These 

much area of land occupied by gullies dissects farming fields making farming impossible, 

restricts free movement of animals and human beings. 

 

Gully density of 14m/ha was recorded in the enclosed side and 28m/ha in the free grazing 

side, which implies that the sampled farm land bellow enclosure area was severely 

degraded as gully density between 1000-2500m/100ha (10-25m/ha) is categorized as 

severely degraded and sampled farm land bellow free grazing land was very severely 

degraded as gully density between 2500-5000/100ha (25-50m/ha) is categorized as very 

severely degraded in Graham (1989), cited in http://www.environment.nsw.gov.au.  

 

Measure of gully to plot area ratio was found to be 0.0027 for enclosure side and 0.0071 

for free grazing side (Table 17). This shows that for every 1000 units of farm land on the 

side of enclosure and free grazing land, there were about 2.7 and 7.1 unit area of gully 

respectively, computed by converting this average value per 1000 unit area of farm land 

plot. 

 

Rehabilitation of the upslope through area closure decreases gully erosion on downstream 

farm lands. The reason is that rainfall impact is reduced in young Kelala enclosure as 

compared to bare soil of the free grazing land because of a dense litter layer and canopy 

cover (particularly by shrubs and grasses), in which both increases infiltration and 

decreases runoff which in turn decrease further gully erosion downstream on the farm 

lands. In general, as the litter cover increases, soil loss decreases exponentially (Coppin 

and Richards, 1990). El-Hassanin et al. (1993) also found that forest cover, combined 

with herbaceous cover, was the most effective cover against soil loss and runoff. 

 

The huge trampling and overgrazing effect of livestock in the free grazing land coupled 

with poor management practices in the hill slope make the area devoid of vegetation. Due 
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to possibly poor vegetative cover on the hill of free grazing land, runoff is released 

forcefully down to the productive bottom farm lands which aggravate gully erosion. 

 

 

 

Figure13: Features of gully erosion from the foot of enclosed and free grazing land       

                  hill slopes. 

 

4.2.5 Sheet erosion rates 

 

Measurable erosion occurred at all erosion pin transect sites, despite the short duration of 

monitoring, as well as measurements following precipitation events. The data collected 

from the monitoring sites at Mojo were used to calculate sheet erosion rates on different 

land use types. Rates differ depending on land use (Figure 14). 
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Figure 14: Graph showing estimated annual sheet erosion rates using erosion pins 
according to land use. 
 
Soil loss by sheet erosion values from around the erosion pins also indicates, that free 

grazing land had significantly more sheet erosion than the enclosed area (P < 0.05) 

(Figure 14). Other studies have found high erosion rates to be common for disturbed-land 

use types. Anthony (2001) found erosion rates of 0.85 cm/yr of soil or an average or 

125.6 Mg/ha/yr while the forested treatment only averaged 0.19 cm/yr or 27.6 Mg/ha/yr 

over a 10-year period using erosion pins. 

 

Soil loss by sheet erosion in (Kg) was also compared between plots of enclosed area and 

free grazing land for the sampling period. Sheet erosion from three plots of free grazing 

land was significantly greater when compared to three plots of the young Kelala enclosed 

area (Figure 15). Totally 5.2x10 -8 t/ha/yr and 2.5x 10 -7 t/ha/yr of soil was lost from 

young Kelala enclosure and free grazing land, respectively.   
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Figure 15: Soil loss by sheet erosion recorded by erosion Pins. ( P1E- plot one of 

enclosure, P2E- plot two of enclosure, P3E- plot three of enclosure, P1FG-plot one of 

free grazing, P2FG-plot two of free grazing and P3FG- plot three of free grazing land).  

 

During the duration of the study the erosion pins revealed a general increase in soil loss 

by sheet erosion around the erosion pins for free grazing land and a general decrease in 

soil loss around the erosion pins for enclosed area (Figure 14 and 15). The exact cause of 

this difference is that the enclosed hillside is covered with grasses, bushes and few trees 

in a fragmented pattern. Vegetation has a role in reducing soil loss by reducing the direct 

impact of the rainfall and speed of the runoff. Reduced impact of rainfall results in less 

soil detachment and reduction in speed of runoff gives more time for infiltration. 

Moreover the roots of vegetation improve the structure of the soil that enables the soil to 

infiltrate more. This implies that regenerating vegetation in enclosures particularly by 

grasses can act as an effective filter strip for runoff. The mountainous (hillside) part of 

the young Kelala enclosure is covered with grasses, bushes and few trees in a fragmented 

pattern unlike the adjoining free grazing land. This conservation measures have a role in 

reducing the amount of runoff generated and soil loss from the area through sheet 

erosion. Research conducted in Andit tid and Gununo in Wolita by Belay Tegene showed 

that increasing the vegetation cover of the soil could decreases soil loss and runoff 
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significantly (SCRP, 1996). Haigh (1982) reports sediment trapped on deforested micro 

catchments in the Garhwal Himalaya (India) as being 5-7 times greater than sediment 

trapped below forested catchments. El-Hassanin et al. (1993) also found that forest cover, 

combined with herbaceous cover, was the most effective cover against soil loss and 

runoff. 

 

 The high SOM content in enclosed area compared to the SOM content of the adjoining 

free grazing land was also another reason for reduction of sheet erosion in enclosed area. 

SOM binds soil particles together to form stable aggregates that are resistant to erosion, 

and at the same time, permit water to infiltrate easily, thereby reducing runoff. Gutierrez 

and Hernandez (1996) found that increases of surface organic matter lead to decreases in 

sheet erosion in arid to semi-arid rangelands.  
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5- Conclusion and Recommendations 

 

5.1- Conclusion 

 

The extent of soil degradation and erosion rate in the study area was assessed in this 

research work by using a number of methods such as laboratory analysis of soil samples, 

gully measurement, and estimation of soil erosion rate due to sheet with the help of 

erosion Pins.  

 

The results obtained from laboratory analysis for organic matter, cation exchange 

capacity, total nitrogen, available potassium and bulk density of the soil samples taken in 

the study area from three land use types indicated that available potassium was the most 

deteriorated soil parameter. In terms of percentage, available potassium deteriorated with 

values of �35.25% and � 47.31% for young Kelala enclosure and Kelala free  grazing 

land, respectively when compared to the old Biyo enclosure. The organic matter of the 

soils in the study area was the other soil parameter degraded next to available potassium 

for free grazing lands with values of - 44.05 when compared to the old Biyo enclosure. 

The total nitrogen of the soils in the study area was the other soil parameter degraded 

next to available potassium for young Kelala enclosure with values of - 26.92 when 

compared to the old Biyo enclosure. 

 

And generally speaking, the Kelala free grazing land in the study area was the most 

deteriorated land use type in physical and chemical soil properties having a degradation 

index of - 150.95 with respect to the old Biyo enclosure. This may be due to the less 

biomas 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 
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grazing and soil erosion problem have a role to play in physical soil degradation of the 

the free grazing land. Generally one can conclude that, the biological conservation 

measures of area closure contributed to the improvement of the fertility of the land under 

Biyo and Kelala enclosure.  

 

In terms of gully erosion, the results obtained from gully measurement & quantifications 

in the field have shown that the sampled farm land bellow enclosure area is severely 

degraded and sampled farm lands bellow free grazing land is very severely degraded 

according to the classifications of gully density by Graham (1989), cited in 

http://www.environment.nsw.gov.au. Gullies were frequently observed in the sampled 

farm lands bellow free grazing land dissecting the fields, restricting free movement of 

animals and human beings due to poor grazing land management system and no proper 

soil and water conservation structures on gully hit areas.  

 

Regarding the sheet erosion rate in the area and as it was calculated by Pin method, the 

erosion pins revealed a general increase in soil loss around the erosion pins for free 

grazing land and a general decrease in soil loss around the erosion pins for Kelala 

enclosed area. The erosion pins on the free grazing land plots lost an average of 1.68 mm 

/yr of soil while from the enclosed area only averaged 0.37 mm/yr due to sheet erosion. 

This difference is attributed to the difference in vegetation cover in the two land use 

types. The mountainous (hillside) part of the young Kelala enclosure is covered with 

grasses, bushes and few trees in a fragmented pattern unlike the adjoining free grazing 

land. This conservation measures have a role in reducing the amount of runoff generated 

and soil loss from the area through sheet erosion. The high SOM content in enclosed area 

compared to the SOM content of the adjoining free grazing land was also another reason 

for reduction of sheet erosion in enclosed area. 

 

Generally the young Kelala enclosure increase soil quality, protect bottom farm lands 

from gully erosion and decrease sheet erosion. Hence one can conclude that area closure 

is a viable strategy for land management and as a means of SWC.  
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5.2- Recommendations  

 

 From the technical point of view, under the present land use management and 

climate conditions of the study area, free grazing areas in hilly lands should be 

changed to closed areas before soil organic matter and other nutrient contents are 

depleted more. 

 

 In the free grazing land where sheet 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, which may also increase the productivity of 

livestock. On the other hand this will minimize effects of livestock in causing land 

degradation.  

 

 The management and conservation activity carried out in enclosed area should be 

strengthened in the future. 

 

 Gully control structures can be classified as temporary or permanent. Permanent 

gully control structures by vegetation are in the process, but temporary structures 

should be intended to function until vegetation (permanent structures) through 

area closure becomes well established. Rather than focusing on only on area 

closure, it is also better to look into other indigenous soil conservation practices to 

reclame gully on the farm lands. These include brushwood check-dams, loose 

stone check-dams, Gabion box, gunny bags, arc wares, and other check-dams.  

 Prosper SWC ( like traditional ditches, diversion channels) should be 

recommended  for free grazing land , unless the concentrated overland flow from 

upslope may create flood to the village.  
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5.3 Future Research Area 

 

There should be a research need to assess the potential contribution of area closure in 

solving socio economic problems including their cost benefit analysis in the study area. 
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7. Appendices  

Appendix 1. Soil Laboratory Results of all the sites 

 
Lab. 
Number 

Sample 
Spot 
Name 

Organic 
matter 
(%) 

CEC(c
mol) 
Kg -1 

Total 
Nitrogen
(%) 

Availa
ble 
P(mg 
/kg 
soil) 

Availabl
e 
K(mg/k
g soil) 

PH 
(H2O) 
1:2:5 

Bulk  
Density 
g/cm3 

159/2000 
1160/2000 
1161/2000 
1162/2000 
1163/2000 
1164/2000 
1165/2000 
1166/2000 
1167/2000 
1168/2000 
1169/2000 
1170/2000 
1171/2000 
1172/2000 
1173/2000 
1174/2000 
1175/2000 
1176/2000 
1177/2000 
1178/2000 
1179/2000 
1180/2000 
1181/2000 
1182/2000 

YKE1 
YKE2 
YKE3 
YKE4 
YKE5 
YKE6 
YKE7 
YKE8 
KFG1 
KFG2 
KFG3 
KFG4 
KFG5 
KFG6 
KFG7 
KFG8 
OBE1 
OBE2 
OBE3 
OBE4 
OBE5 
OBE6 
OBE7 
OBE8 
 
 

3.95 
3.71 
3.99 
3.45 
4.14 
4.76 
4.39 
4.39 
2.89 
2.93 
3.83 
2.55 
2.41 
3.45 
1.76 
3.86 
6.36 
4.79 
4.49 
4.55 
4.74 
5.03 
6.05 
6.38 
 

26.78 
33.00 
31.09 
34.43 
39.22 
29.17 
31.57 
31.09 
24.87 
23.91 
30.61 
25.35 
27.26 
23.43 
25.83 
21.04 
30.61 
27.26 
39.70 
31.57 
38.74 
28.22 
33.48 
35.87.. 
 
 
 

0.12 
0.14 
0.19 
0.18 
0.16 
0.23 
0.23 
0.23 
0.23 
0.17 
0.22 
0.17 
0.15 
0.20 
0.19 
0.14 
0.13 
0.22 
0.30 
0.26 
0.25 
0.27 
0.29 
0.32 

2.90 
15.60 
6.40 
13.30 
14.50 
13.30 
11.00 
15.00 
13.30 
1.70 
6.40 
19.08 
17.90 
5.20 
6.40 
7.52 
3.47 
5.20 
9.80 
5.20 
3.40 
5.20 
12.10 
10.00 
 

410.14 
440.10 
418.93 
455.83 
425.06 
447.72 
442.65 
608.25 
337.19 
253.63 
312.67 
499.67 
366.18 
394.39 
336.13 
430.30 
883.95 
564.87 
791.12 
715.27 
642.72 
632.60 
660.31 
669.90 
 
 

6.05 
6.25 
6.51 
6.05 
6.58 
6.16 
5.54 
5.55 
6.59 
6.00 
6.10 
6.12 
6.11 
6.52 
6.34 
6.55 
5.62 
6.20 
6.25 
5.74 
5.68 
5.53 
5.40 
5.65 

1.47 
1.42 
1.42 
1.41 
1.41 
1.41 
1.40 
1.37 
1.45 
1.45 
1.46 
1.50 
1.47 
1.43 
1.47 
1.48 
1.38 
1.40 
1.38 
1.35 
1.36 
1.43 
1.40 
1.38 
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Lab. 
Number 

Sample 
Spot 
Name 

Exch.N
a 
Meq/10
0g 

Exch.
K 
Meq/1
00g 

Exch.Ca 
Meq/100g 

Exch.
Mg 
Meq/1
00g 

Tottal 
Sand 
(%) 

Silt 
(%) 

 Clay 
(%) 

1159/2000 
1160/2000 
1161/2000 
1162/2000 
1163/2000 
1164/2000 
1165/2000 
1166/2000 
1167/2000 
1168/2000 
1169/2000 
1170/2000 
1171/2000 
1172/2000 
1173/2000 
1174/2000 
1175/2000 
1176/2000 
1177/2000 
1178/2000 
1179/2000 
1180/2000 
1181/2000 
1182/2000 

YKE1 
YKE2 
YKE3 
YKE4 
YKE5 
YKE6 
YKE7 
YKE8 
KFG1 
KFG2 
KFG3 
KFG4 
KFG5 
KFG6 
KFG7 
KFG8 
OBE1 
OBE2 
OBE3 
OBE4 
OBE5 
OBE6 
OBE7 
OBE8 
 
 
 
 

.25 

.55 

.44 

.36 

.26 

.30 

.54 

.48 

.27 

.23 

.18 

.20 

.19 

.64 

.27 

.40 

.29 

.37 

.28 

.38 

.31 

.42 

.31 

.44 
 

.97 
1.04 
1.02 
1.15 
.99 
1.11 
1.19 
1.50 
.57 
.63 
.74 
2.40 
.96 
1.10 
1.10 
1.24 
.97 
.86 
2.03 
2.14 
1.94 
1.73 
12.30 
1.82 
 

9.70 
9.20 
8.80 
11.00 
17.60 
13.60 
12.30 
18.50 
9.20 
7.90 
9.20 
11.90 
12.80 
13.60 
16.80 
14.80 
15.80 
14.90 
22.10 
21.90 
23.40 
19.80 
32.80 
28.70 
 

2.64 
4.84 
5.28 
1.76 
3.08 
3.96 
.88 
1.76 
3.08 
2.64 
4.84 
1.32 
.88 
1.76 
2.64 
1.32 
1.76 
2.20 
4.80 
6.16 
3.52 
.88 
.88 
8.80 
 

48.78 
46.57 
42.43 
44.48 
46.28 
44.11 
43.31 
38.65 
38.59 
42.90 
44.66 
50.58 
48.73 
48.58 
46.46 
40.42 
35.38 
42.83 
43.41 
41.68 
40.48 
38.00 
34.00 
42.06 
 

36.88 
33.91 
39.06 
34.95 
33.06 
35.19 
34.01 
35.96 
47.08 
41.81 
41.00 
37.07 
36.92 
32.91 
39.13 
47.26 
41.69 
35.99 
31.44 
29.16 
31.89 
33.59 
31.67 
33.11 
 

14.34 
19.52 
18.50 
20.56 
20.66 
20.70 
22.68 
25.39 
15.30 
14.35 
12.36 
14.36 
18.51 
14.42 
12.33 
15.43 
21.17 
25.15 
29.16 
27.64 
18.89 
23.22 
24.83 
22.93 
 

 
Where  

YKE--------- Young Kelala Enclosure 

FGL--------- Free Grazing Land 

OBE-------- Old Biyo Enclosure 

YKE1- YKE8------ represents soil sample taken from Young Kelala Enclosure. 

FGL1- FGL8------- represents soil sample taken from Free Grazing Land. 

OBE1- OBE8------- represents soil sample taken from Old Biyo Enclosure  
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Appendix 2. Gully Soil Loss Parameter Data Measured for the side of enclosure and free 

grazing land.  

2.1: Gully Soil Loss Parameter Data Measured for Gully one and two    

                             in  the side of enclosure.  

Gully one of enclosed side Gully two of enclosed side 

Gully 

length(m) 

Bottom 
Width(m) 

Upper 
Width(m) 

Depth 
(m) 

Gully 

length(m) 

Bottom 
Width(m) 

Upper 
Width(m) 

Depth 
(m) 

15 1.75 1.20 2.10cm 15 1.90 0.60 0.70 

15 0.80 0.70 1.00 15 3.70 1.40 1.50 

15 3.00 2.35 2.20 15 2.75 1.00 2.20 

15 2.40 2.00 2.20 15 2.70 1.70 1.70 

15 2.00 1.60 0.75 15 1.55 1.30 0.50 

15 3.00 1.85 2.30 15 1.90 1.30 0.80 

15 2.00 1.70 1.60 15 1.00 0.60 1.10 

15 2.80 1.50 3.50 15 1.10 0.60 1.40 

15 2.80 2.30 2.15 15 2.20 1.60 1.10 

15 1.50 1.10 1.90 15 1.20 0.50 0.50 

15 4.00 2.70 0.90 15 1.10 0.40 0.40 

15 3.00 2.60 1.50     

15 3.30 2.30 1.80     

15 4.30 3.00 1.65     

15 4.00 0.95 2.50     

15 4.10 1.85 2.40     
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2.2: Gully Soil Loss Parameter Data Measured for Gully three and four    

                             in  the side of enclosure  

Gully 3 of enclosed side 

 

 

Gully 4 of enclosed side 

Gully 

length(m) 

Bottom 
Width(m) 

Upper 
Width(m) 

Depth 
(m) 

Gully 

length(m) 

Bottom 
Width(m) 

Upper 
Width(m) 

Depth 
(m) 

15 1.30 0.60 0.70 15 3.20 1.20 2.25 

15 2.70 1.60 0.90 15 4.10 2.50 2.70 

15 3.00 1.50 1.80 15 3.00 1.90 2.85 

15 1.10 1.20 1.60 15 3.60 2.70 2.30 

15 3.30 1.60 0.70 15 2.50 2.30 1.75 

    15 2.60 1.60 1.90 

    15 1.80 1.10 3.00 

    15 1.90 1.05 3.10 

    15 1.90 0.85 3.00 

    15 2.20 1.20 2.70 

    15 0.70 0.80 0.50 

    15 1.00 0.90 0.50 

    15 1.30 0.70 0.60 
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2.3: Gully Soil Loss Parameter Data Measured for Gully one and two    

                             in  the side of free grazing land  

 

 

      Gully 1of free grazing side 

 

 

 

   Gully 2 of free grazing  side 

Gully 

length(m) 

Bottom 
Width(m) 

Upper 
Width(m) 

Depth 
(m) 

Gully 

length(m) 

Bottom 
Width(m) 

Upper 
Width(m) 

Depth 
(m) 

15 2.80 1.60 1.60 15 1.40 80 0.60 

15 3.70 2.20 1.80 15 0.90 1.30 1.50 

15 2.50 1.70 2.00 15 1.70 1.20 1.00 

15 2.50 1.20 2.00 15 1.30 1m 1.10 

15 0.40 1.10 1.95 15 0.80 0.30 5.00 

15 1.30 1.20 2.45 15 0.60 0.30 0.50 

15 2.00 1.70 1.60     

15 1.10 1.30 1.30     

15 1.70 1.20 0.80     

15 1.10 0.60 0.50     
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2.4: Gully Soil Loss Parameter Data Measured for Gully three     

                             in  the side of free grazing land.  

Gully length(m) Bottom 
Width(m) 

Upper Width(m) Depth 
(m) 

15 1.00 0.55 0.90 

15 2.10 1.45 0.70 

15 1.40 0.90 1.30 

15 1.10 1.10 1.40 

15 3.70 1.70 1.10 

15 2.45 2.00 0.70 

15 1.40 1.30 0.75 

15 1.10 0.80 0.30 

15 1.30 0.90 0.70 

15 1.70 1.10 0.35 

15 1.60 1.20 0.60 

15 1.90 1.60 0.90 

15 2.80 2.30 1.10 

15 1.60 0.80 0.60 

15 1.40 0.90 1.00 

15 1.60 0.90 0.90 

15 3.30 1.00 0.80 

15 2.50 1.50 1.00 

15 1.40 0.80 0.60 

15 1.70 1.20 1.00 

15 2.60 1.80 0.40 

15 3.00 0.70 0.90 

15 3.20 0.50 1.00 

15 0.40 1.10 1.10 

15 1.80 0.40 0.90 

15 3.40 0.90 0.80 
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2.5: Gully Soil Loss Parameter Data Measured for Gully four and five    

                             in  the side of free grazing land  

    
              Gully degraded 5 
 

 
            Gully degraded 4 
 

Gully 
 
Length(m) 

Bottom 
Width(m) 

Upper 
Width(m) 

Depth 
(m) 

Gully  
length(m) 

Bottom 
width(m) 

Upper 
width(m) 

Depth 
(m) 

15 15.00 15.00 2.20 15 0.80 1.50 0.70 
15 5.30 8.80 0.90 15 0.70 1.40 0.90 
15 5.80 8.00 1.50 15 1.00 2.00 0.90 
15 2.00 3.20 0.80 15 1.80 1.30 0.90 
15 1.20 2.60 0.30 15 0.50 1.20 0.70 
15 3.30 5.40 2.00 15 0.60 2.60 1.00 
15 2.20 6.50 6.10 15 0.90 1.80 0.80 
15 2.80 7.50 6.10 15 1..00 1.30 0.50 
15 4.00 5.50 5.70 15 0.60 1.20 0.90 
15 1.50 7.60 6.10 15 0.90 2.30 0.90 
15 2.10 7.00 5.60 15 1.10 2.10 0.60 
15 3.10 7.90 6.50 15 1.20 2.00 0.40 
15 2.10 7.00 5.60 15 1.00 3.00 1.00 
15 3.10 7.90 6.50 15 0.80 1.80 0.90 
15 4.30 8.10 7.10 15 0.90 1.20 0.80 
15 3.80 7.60 6.30 15 0.80 1.30 1.30 
15 4.10 6.90 6.20 15 0.90 1.10 1.00 
15 3.80 7.10 5.40 15 1.00 1.50 2.00 
15 4.20 7.20 4.00 15 1.10 1.60 0.90 
15 2.10 5.60 7.60 15 2.90 2.00 0.80 
15 2.30 7.80 4.70 15 3.20 2.10 0.90 
15 1.70 10.60 5.50 15 2.00 1.80 0.70 
15 8.40 13.40 7.80     
15 3.90 9.90 3.60     
15 2.50 2.50 1.70     
15 1.70 3.90 2.60     
15 1.80 3.90 1.10     
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Appendix 3:  Measured values of change in surface level from erosion pins to the    

                      nearest mm 

                     
       

Pin No. Ep1 Ep2 Ep3 FGp1 FGp2 FGp3 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

0.50 

0.20 

0.60 

_ 

0.28  

0.30 

_   

0.47 

_  

_  

0.46 

0.20  

_  

0.45 

0.50 

          

0.03 

0.43 

0.53 

0.70 

0.07 

_ 

_ 

0.45 

0.46 

0.30 

_ 

_ 

0.40 

1.20 

_ 

0.30 

0.56 

0.50 

0.40 

0.20 

_ 

0.30 

0.49 

0.80 

0.68 

0.90 

0.54 

_ 

_ 

0.20 

1.40 

1.40 

_ 

0.90 

2.00 

3.00 

0.80 

4.50 

0.80 

2.50 

_ 

0.80 

_ 

3.00 

1.60 

2.90 

0.60 

3.00 

0.75 

2.00 

3.00 

1.70 

0.69 

4.00 

1.90 

0.70 

_ 

2.00 

_ 

_ 

3.00 

2.30 

3.80 

_ 

4.00 

1.90 

3.00 

_ 

2.00 

4.50 

1.00 

3.00 

0.90 

2.50 

4.00 

(All measurements are in mm) 

Where 

          Ep1 � Plot one on enclosure side 

          Ep2   _ Plot two on enclosure side  

          Ep3   _ Plot three on enclosure side 

          FGp1 _ Plot one on free grazing side 

          FGp2 _ Plot two on free grazing side 

          FGp3 _ Plot three on free grazing side                                        
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