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1. INTRODUCTION 

1.1 Background 

The continued prosperity of any nation is dependant upon several factors, one of the most 

important being maintenance of the soil fertility, which is important for sustainable crop 

production. Soil fertility has a number of components among which the ability of the soil to 

supply plant nutrients is of great importance (FAO, 1984a). Soil fertility is defined as the status 

of a soil with respect to its ability to supply elements essential for plant growth without a toxic 

concentration of any element. Fertile soils have an adequate and balanced supply of elements 

sufficiently available to satisfy the needs of plants (Foth et al., 1997).  

Agriculture has always been, and remains, the corner stone of the Ethiopian economy, and small-

scale farming is the backbone of the sector. Small-scale production accounts for 96% of the 

cropped area and 90-94% of the cereals, pulses and oilseeds produced. Agriculture employs 80-

85% of the population. According to the 1995/96 agricultural surveys, cereals cover the largest 

share of the cropped land (84.55%), followed by pulses (11.13%) and others (4.32%) (FAO, 

2000). 

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

challenge to agricultural productivity and economic growth (Mulugeta, 2004). Soil erosion by 

water is by far the greatest land degradation problem. Water erosion not only removes nutrients 

but also may reduces thickness and the volume of water storage and root expansion zone. Under 

extreme gully erosion, farm activities are extremely affected.  

The magnitude and rate of soil erosion continued to increase despite the considerable efforts 

made during the past three decades. The soil conservation research project estimated an average 

soil loss of 42 t/ha/year on cultivated lands and in highly erodible and intensively cereal 

cultivated fields it ranges 300-400 t/ha/ year (Daniel et al., 2001).  

Tamire (1997) mentioned that, in the dry sub-humid and semi-arid highlands of Ethiopia, the 

monoculture is the most dominant farming system. Many farmers do not normally practice crop 

rotation scheme, intercropping, mulching and using manure on the farm fields. In addition, crop 

residues are used as fuel and livestock feeds. 
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World Bank (1984) and Casen (1986) reported that 99% of the energy used in Ethiopian homes 

comes from biomass sources, which include dung, crop residues, and woody biomass. These 

studies estimated that out of the 22.5 million ton of cattle manure annually produced, 38% is 

used as a fuel and out of the 21.2 million ton of crop residue produced annually, 24 % is used as 

fuel.  

Organic farming (also referred to as low-in put farming) involves the regular addition of crop 

residue and animal manure to build up the organic matter in soil. When crops are harvested, 

mineral elements are removed from the soil and these are returned to the soil through the 

application of animal wastes and green manure, instead of through the addition of chemical 

fertilizers. In a society that depends on subsistence agriculture, it is important that the people 

don’t use animal dung for fuel; instead returned to the soil (Taffa, 2002). 

For environmentally sustainable development, there is an urgent need of promoting awareness 

and understanding of the interdependence of natural system at local and national levels 

(www..ncbi.nih.gov/entrenz/query. Accessed in 21December 2007). The maintenance of the 

productive potential of land resources and checking of the soil fertility status is a fundamental 

element of sustainable agriculture. In spite of the utilization of inorganic fertilizers to amend the 

soil plant nutrient limitations and the far-reaching consequence of the soil fertility degradation, 

the state of comprehension about the soil fertility and the consequences at the micro catchment 

level is still not adequately available. Therefore, there is a need of research works on various 

aspects of soil fertility and its causes to help better understanding of the problem and design 

effective solutions to the problems. 

To mitigate the soil degradation problem, it is important to assess the causes and status of the 

degradation as well as people perception. The present work was designed with this in mind. The 

work was conducted on a small catchment in Adama Woreda and attempted to assess the status 

of soil fertility along the slope positions on cultivated land by selecting important soil 

parameters. Attempts were also made to generate data using socio-economic questionnaire, soil 

erosion assessment using Universal Soil Loss Equation (USLE), soil and plant analysis in the 

laboratory as well as quantification of the nutrients loss (N, P, and K) through crop residue 

removal and livestock dung utilization at the catchment level.  
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1.2 Statement of the problem 

 

The main problems, which necessitated this study, are the following: 

1. There has been utilization of different crop residue that could have been returned back to 

the soil to ameliorate the soil fertility. Moreover, the crop aftermath used to be grazed by 

livestock in the study area. 

2. Livestock dung has been used as an energy source by the households and application of 

manure to farmlands has been almost neglected.  

3. Although the impact of soil erosion on soil fertility in general was recognized by the 

dwellers, the fertility status along the slope gradient weren’t assessed. Together with 

deposition of sediment at the foot-slope, erosion features were frequently observed along 

the slopes. Rills, however, were often removed by cultivation operations, gullies, which 

dissected the farmland and extended from top to down the slope, where they disposed 

their flood, highly observed. 

The above points are the main problem areas in which the research tried to give answers.  
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1.3 Objectives of the study  

1.3.1 Main objective  

The main objective of this study is to assess the soil degradation status of the cultivated land 

along the slope gradient.  

1.3.2 Specific objectives  

 

1. To quantify the nutrients (N, P and K) those lost through crop residue removal by taking the    

dominant crop type and to quantify the nutrients loss in line with livestock dung utilization in 

the study catchment.  

2. To estimate the soil erosion rate along slope gradient of the cultivated land using Universal 

Soil Loss Equation (USLE). 

3.  To assess the soil degradation status along the slope gradient of the cultivated land by    

taking some important soil chemical and physical parameters. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

7 

2. LITRATURE REVIEW 

 2.1 Nutrient out flow from cultivated land 

 

According to FAO (2004), in the past ten years in Sub-Saharan Africa (SSA) attention has been 

given to the quantification and estimation of nutrients that enter and leave the agricultural 

system. The balance between nutrient inputs and outputs show whether the agricultural system is 

a net gainer or loser of soil fertility. FAO commissioned macro scale study in Africa showed 

Nitrogen (N), Phosphorus (P) and Potassium (K) balances for land-use systems and at country 

scales revealed that soil fertility is following a down ward trend. Densely populated and hilly 

countries in the rift valley (Kenya, Ethiopia, Rwanda and Malawi) have the most negative value, 

because of large cultivated area from the total area of land and relatively high soil erosion. 

Nutrient outflow from the agricultural system is carried out by farm products (Table1), crop 

residues removal, use of dung as energy source, leaching, gaseous losses and soil erosion.  

2.1.1 Nutrient out flow  

2.1.1.1 Crop residue removal 

 

Many farmers remove crop residue from the field for use as animal feed and bedding or to make 

compost. Later, these residues return to the soil as manures or compost. However; residues are 

usually removed from the field and not returned. This removal of plant materials impoverishes 

the soil, as it is no longer possible recycle the nutrients present in the residue (FAO, 2005).  

Crop residues, especially small cereal straws and maize or sorghum Stover, are the major feed 

source during prolonged dry period in Ethiopia. According to the 1995 agricultural crop yield 

survey, a total of 4.5 million tons of dry matter of crop residues were produced (FAO, 2000). 

According to NCS (1992) and FAO (1984b) in Ethiopia over 3 million-ton equivalent of 

nitrogen, potassium and phosphorus are removed by livestock through grazing and crop residues 

consumption. 
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2.1.1.2 Livestock dung utilization 

 

Animals produce 43% of their manures at night in their stalle. Dung produced by animals could 

vary from one to the other (Table 1). 

Table 1: Dung produced by livestock type 

Per day Per Year Type of animals 

(kg fresh matter per kg body weight) 

Cattle 

Poultry 

Sheep/goat 

0.0170 

0.0214 

0.0198 

6.20 

7.80 

7.22 

Source: FAO (2006)  

The amount of nitrogen, phosphorus and potassium in livestock manure produced annually in 

Ethiopia is estimated at 1.4 million ton in terms of N, P2 O5 and K2O (Tamire, 1995).  

Table2: Nutrient content of dung produced by livestock type.  

Type of animal N (%) P (%) K (%) 

Cattle manure 

Poultry manure 

Sheep/goat manure 

0.76 

1.08 

0.79 

0.15 

0.39 

0.20 

0.67 

0.35 

0.50 

Source: FAO (2006) 

The use of dung as fuel is the opportunity cost of using it as organic fertilizer (New comb, 1984). 

Cow dung contains essential plant nutrients with average dry matter composition of 1.46% 

Nitrogen and 1.30% phosphorus by weight of dry dung. By taking Newcomb’s estimation, dung 

burned in Ethiopian households reach at 7.9 million tons per annum. The average agricultural out 

put lost by diverting dung is some USD 600 million (Bownder, 1987).  

2.1.1.3 Water erosion 

 

Johnson and Lewis (1995) stated that the most ubiquitous cause contributing to agricultural land 

degradation was soil erosion. EFAP (1994) also clarified that measures of land degradation 

usually focus on the severity of soil erosion. In the Ethiopian highlands soil erosion is the main 

cause of deterioration for soil productivity (NCS, 1994). About 50% of the total land area of the 
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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. 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. 

Tamire (1985) stated that associated with the soil movement there is a loss of organic matter, 

nitrogen, phosphorus, potassium and other essential plant nutrients. The organic matter loss 

associated with the removal of surface soil and ranges from 15-100 kg/ha/year, which amounts to 

1.17-7.8 million ton of organic matter lost per year from 78 million hectare of cultivated and 

grazing lands. The loss of soil nitrogen ranged from 0.39-5.07 million ton per year and that of 

phosphorus ranged from 1.17-11.7 million ton per year. Taking an average value of nitrogen loss 

of 30 kg/ha/year, organic matter loss of 200 kg/ha/year, and phosphorus loss of 75 kg/ha/year, 

the corresponding loss of the three components from 780,000 km
2 

of land in Ethiopia amounts to 

15.6, 2.16 and 5.85 million ton per year of organic matter, nitrogen and phosphorus respectively 

Bizuahu et al. (2002) mentioned that, the highlands of Ethiopia lost about 41 kg N/ha from the 

agricultural lands between 1982 and 1984. Kefenie (1992) found that the loss of nutrients from 

eroded soils in a 100-hectare catchment area in Anjeni in the Amhara Region was about 210 kg 

N, 680 kg P and 160 kg organic matter per hectare per year.  

 

2.2 Soil parameters  

Soil fertility is a complex quality of soil that is closest to plant nutrient management. It is a 

component of over all soil productivity that deals with its available nutrient status and its ability 

to provide nutrients out of its own reserves (FAO, 2006). It combines several soil properties 

(biological, chemical, and physical) all of which affect directly or indirectly nutrient dynamics 

and availability. The major objective of having the most suitably soil physical, chemical and 

biological conditions are to provide the most favorable environment for the roots to grow, 

proliferates and absorbs nutrients. Soil organic matter, cation exchange capacity, nitrogen, 

phosphorus, potassium and bulk density are among the important soil parameters. 

 

2.2.1 Soil organic matter  
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Organic materials, living and dead, exert a profound influence on almost every facet of the 

nature of soil. There is great variability in the nature of the organic material added to the soil, yet 

there is a surprising similarity in soil humus of different soils (Thompsom et al., 1982).  The 

humus from any soil is a complex mixture of organic compounds that defy detailed chemical 

analysis. Nevertheless, much has been learned about soil organic matter, and it is possible to 

characterize it in general terms.  

The chemical composition of humus can be considered from the point of view of its elemental 

constituents. The principal elemental constituents are carbon, hydrogen, oxygen, and nitrogen 

with smaller amounts of phosphorus and sulfur (Brady and Ray, 2002). Humus contains every 

element absorbed by growing plants but not in the same proportions as in plants. Single charged 

cations such as potassium and sodium are easily leached from dead organic matter because they 

do not take part in the covalent bonding of organic compounds. These cations soon return to 

either the mineral portion of the soil or to a living portion of the organic matter. 

Most soils are of mineral origin, but their topsoil contains organic matter. In spite of its low 

content it is of great importance to many aspects of soil fertility and plant growth (FAO, 2006). 

Soil organic matter can range from less than 1% in many tropical arid and semi-arid soils of the 

plains up to 5% or more in temperate regions or under forest vegetations. Many aspects of the 

agricultural sustainability are influenced by the organic matter content of soil for example; 

increased organic matter favors soil physical resilience, a continuing supply of nutrients to crops 

and a diverse biological population. Unfortunately many agricultural practices tend to show a 

decline in soil organic matter (SOM) content. Achieving a reversal of this general decline will be 

difficult in most practical situations. However; improved understanding of the mechanisms by 

which specific fractions of SOM influences soil properties and developing management practices 

that favor long term agricultural sustainability through more modest increases in organic matter 

are very important for soil fertility (IACR, 1999). Chemically, organic matter is the source of 

nitrogen (Tideman, 1996).  

2.2.2 Soil nitrogen (N) 

Even though there is 33,000 tons of nitrogen in the air over every acre, the nitrogen gas is so 

chemically stable; plants can’t directly use it as a nutrient. Plants readily take up and use two 

forms of soil nitrogen; ammonium (NH4
+
) and nitrate (NO3). Other forms of nitrogen must be 

converted to one of these compounds by natural or artificial means before plants can utilize them 
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directly as a source of nitrogen (http://lancaster.unl.edu/ag/fact sheets/ 288.htm. Accessed in 

17November 2007). 

 

Most organic compounds contain nitrogen. Among the nitrogen compounds are the amino acids, 

many enzymes and energy transfer materials such as chlorophyll, Adenosine Di Phosphate 

(ADP), and Adenosine Tri Phosphate (ATP). A plant can’t carry on its life processes if it lacks 

nitrogen to form these vital constituents. Growing plants must have nitrogen to form new cells 

(Thompson et al., 1982). Photosynthesis can produce carbohydrates from CO2 and H2O, but the 

process can’t go on to the production of proteins, nucleic acids, etc., unless nitrogen is available. 

Thus, shortage of nitrogen will halt the processes of growth and reproduction. Nitrogen 

deficiencies are among the many causes of stunted plant growth. Plants normally contain 

between 1 and 5% by weight of nitrogen (Tsidale et al., 1985). It is vitally important plant 

nutrient and needed in large amounts by all plants (Tidman, 1996).  

 

2.2.3 Soil phosphors (P) 

 

In soils P may exist in many different forms. In practical terms, however, P in soils can exist in 3 

“pools”.  These are solution P, adsorbed P and fixed P. The adsorbed P pool is P in the solid 

phase that is relatively easily released to the soil solution. As plants take up phosphate, the 

concentration of phosphate in solution is decreased and some phosphate from the adsorbed P 

pool is released. Because the solution P pool is very small, the active P pool is the main source of 

available P for crops. The ability of adsorbed P pool to replenish the soil solution P pool is what 

makes a soil rich in phosphate.  

With the possible exception of nitrogen, no other element has been as critical in the growth of 

plants in the field as has phosphorus. A lack of this element is doubly serious, since it may 

prevent other nutrients from being acquired by plants (Buckman et al., 1980).  Neither plants nor 

animals can grow without phosphorus. It is an essential component of the organic compound 

often called the energy currency of the living cell: ATP, synthesized through both respiration and 

photosynthesis. ATP contains a high-energy phosphate group that derives most energy requiring 

biochemical processes. Adequate phosphorus nutrition enhances many aspects of plant 

physiology including the fundamental processes of photosynthesis, nitrogen fixation, flowering, 
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fruiting (including seed production) and maturation (Brady etal, 2002). Even though the P 

content of plant tissues is about 0.1% - 0.4%, which is about one half of the amounts of N or K, 

P is a crucial compound basic to life (UNIDO and IFDC, 1998).  

2.2.4 Soil potassium (K) 

 

There are three forms of K (unavailable, slowly available or fixed, available or exchangeable) 

exist in soils. Readily available potassium is potassium that is dissolved in soil water (water 

soluble) plus that is held on the exchange sites on clay particles (exchangeable K). The exchange 

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

water. As soon as the K concentration in soil water drops, more is released into this solution 

from the exchange site. The K attached at the exchange sites on the clay minerals is more readily 

available for plant growth than the K trapped between the layers of the clay minerals (http://159. 

226.205.16 /curriculum /3w/02/soil/ index. Html. Accessed in 22December2007) 

It exists in mobile ionic form and its function appears to be primarily catalytic in nature. 

Potassium is considerably different than the other fertilizer nutrients, both in its function with in 

plants and in the way it becomes available to plants. Unlike most nutrients, K in plants doesn’t 

become part of structural components of plants nor elements of proteins, carbohydrates etc but it 

remains as anion mainly in cellular liquids. It functions to control turgidity of cells, helps in the 

transport mechanism of starches and sugars, acts in protein synthesis and activate enzymes. It 

encourages root growth, makes plant stalks healthy and strong, and is very important in reducing 

the effect of drought (UNIDO and IFDC, 1998).  

The exchangeable and water-soluble potassium is the potassium that is available to plants. 

Potassium is an essential plant nutrient its absence limits plant growth and soil fertility 

(http://www. fao.org/gtos/tems/variabl-show.jsp?variable –ID=4. Accessed in November 2007). 

Concentration of this nutrient in plant tissues is typically ranges between 1 and 4 to 5% (Tsidale 

et al., 1985). Of all the essential elements, potassium is the third most likely, after nitrogen and 

phosphorus, to limit plant productivity (Brady et al., 2002). 

 

Plants require relatively large amounts of potassium and often can use more than the soil can 

supply. Potassium is the third most likely nutrient element to limit plant growth (Thompson et al. 

1982).  
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2.2.5 Cation Exchange Capacity (CEC) 

The colloidal fraction carries a positive as well as a negative charge. The negative charge, 

however, is of much greater magnitude and of greater significance for plant growth in most soils. 

The total cation exchange capacity of the soil is the total number of exchange sites of both the 

organic and mineral colloids. There are two important points about CEC and plant growth. One 

point concerns the total amount of nutrients available to plants as exchangeable cations; the other 

point concerns the degree to which the exchange is saturated with bases as contrasted to 

hydrogen (Foth, 1978).  

CEC is a useful indicator of soil fertility because it shows the soils ability to supply three 

important plant nutrients. Calcium, magnesium and potassium. The five most abundant 

exchangeable cations in the soil are calcium (Ca
2+

) magnesium (Mg
2+

), potassium (K
+
), sodium 

(Na
+
) and aluminum (Al

3+
). If there is a concentration of one particular cation in the soil water, 

those cations will force other cations of the colloid and take their place. The stronger the colloids 

negative charge, the greater its capacity to hold and exchange cations 

(http://www.ricecrc.org/reader/soil-types-structure/ss393-cation-exchange.htm.Accessedin 

12December2007). 

 Next to photosynthesis, most plant scientists consider the ability of soil materials to exchange 

cations to be the most important phenomenon that enables soils to support plant growth (UNIDO 

and IFDC, 1998).  The more cation exchange capacity a soil has, the more likely the soil will 

have a higher fertility level. When combined with other measures of soil fertility, CEC is a good 

indicator of soil quality and productivity (http://www.soils.umn.edu/academics/classes/soil 

2125/doc/s11 chp.2.html. Accessed in 12December2007). CEC is an important soil chemical 

property that is used for assessing their fertility status and environmental behavior (Brady etal., 

2002).  

2.2.6 Soil bulk density 

The bulk density is the weight per unit volume of oven dry soil, commonly expressed as gram 

per cubic centimeter (Foth, 1978). The structure of soils, particularly those containing 

appreciable quantity of silt and clay, has a pronounced influence on both the root and top growth 

of plants. Soil structure to a great extent determines the bulk density of a soil.  
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Bulk density is really a measure of the pore space in the soil; the higher the bulk density for a 

given textural class the smaller the amount of pore space present. High bulk density usually 

inhibits the emergence of seedlings (Tsidale et al., 1985).  Average soil bulk density of cultivated 

loam is approximately 1.1 – 1.4gm/cm
3
.
 
 For good plant growth, bulk densities should be below 

about 1.4gm/cm
3
 for clay soil and 1.6gm/cm

3
 for sand soil (Danahue, 1990).  

3. MATERIALS AND METHODS 

3.1 Description of the study area 

3.1.1 Location and description  

Adulalamariam-Wakemia catchment is found in Adama Woreda, East Shoa Zone, Oromia 

Regionl State. The Woreda is located about 100 kms away from the capital Addis Ababa to south 

east direction. The neighbouring areas are Lomme Woreda to the west, Boset Woreda to the east 

and north and Arsi Zone to the south directions. The total area of the woreda is 10007.66 km
2
 

(CSA, 2005). 

The study catchment is situated on average of 10kms away from Nazareth town to south 

direction on either side of the high way, which extends to Assella town. It lies with in 08
0
20’N 

latitude and 039
0
18’E longitude. The catchment holds four peasant associations locally called 

kebel namely Adulalamariam, Rogebaleweld, Gorowagilo and Wakemia with a total land area of 

2196.16 ha. 

3.1.2 Topography and soil 

Topographically the study catchment is 60% (0-5%), 16% (5-9%), 12% (9-15%), 8%(15-30%), 

3% (30-45%)and 1% (> 45%) found in the category of level up to gently sloping.  The 

topography is categorized using the labeling category stated in 

(www.gov.mb.ca/agriculture/soil/water/soil/fbe.olsoz.html, accessed 19Dec, 2007) (Fig.1). The 

total area and topography of the study catchment were derived from the topographic map of the 

area using GIS techniques. The soil type of the study catchment is Vitric andosol (Girma, 2005).  
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Figure 1: Map of the study catchment.  

3.1.3 Climate  

According to Melkassa Agricultural Research Center Meteorology Station report sheet for the 

year 1977G.C – 2005, the average annual rainfall of the area is 795.8 mm/year (Annex 8). The 

highest monthly average rainfall per month for the years mentioned recorded in July. The annual 

temperature ranges between 27-28
o
c. According to the 2004/05 Adama Woreda Agricultural and 

Rural Development Bureaue annual report (unpublished), agro climatically the study catchment 

is weynadega. 

3.1.4 Population and socio-economic features 

 

According to CSA (2005), the total population of the woreda was 422,490 with population 

density of 419.3 people per Kilometer Square. Based on the survey result, the total population of 

the study catchment is 3234 with an average family size approximately six. The population 

density is 147.26 people per Kilometer Square. The average land holding size of one household 

is 2.2 ha. Their income is mainly based on crop production. On average one household possessed 

4.2 Bovine, 2.7 Sheep/Goat, 2.9 Poultry and 1.4 Equines. 
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3.1.5 Vegetation, crop and land use  

The study catchment holds different vegetations. Acacia tree species are the dominant one. 

According to Dechassa (2003), Acacia etbaica, Acacia tortilis, Acacia senegal and Acacia albida 

are found. Some remnant trees of Cordia africana and Ficus vasta as well as Dodonea 

anguistifolia shrubs are indigenous vegetation types. Among the exotic tress species Acacia 

saligna, Eucalyptus camaldulensis, Melia azadrachita and Sesbania sesban are the major types.  

According to the household survey result and personal observation during the study period, Teff 

(Eragrostis teff), Maize (Zea mays), Barly (Hordeum vulgare), Wheat (Triticum vulgare) and 

Lentils (Lens culunaris) are the major crop types cultivated with different area coverage. 

Cultivated land is the dominant land use type while settlement, grazing area, shrub land and bare 

land are also other land use types in the study catchment.  

3.2 Socio-economic data acquisition and sampling technique 

Household based questionnaire was prepared to collect the socio-economic data (Annex 1). 

Sample size of the respondent households was determined using the formula (Cochran, 1977). 

Based on the formula, 110 randomly selected households were interviewed using bilingual 

enumerators (speak both Amharic and Oromiffa) who were appointed to fill the questionnaire by 

asking orally.         no = Z
2
 pq                   n= no 

                        d
2
                         1+no-1 

                                                          N 

  Where:                                     

  no = The desired sample size when the population is greater than 10,000. 

  n =   The desired sample size when the population is less than 10,000. 

  Z = 95% confidence limit i.e. 1.96. 

  p =   0.1 (proportion of the population to be included in the sample i. e 10%). 

  q =  1-0.1 i.e. (0.9). 

  N = Total number of the population. 

  d =    Margin of error or degree of accuracy desired (0.05). 

Additionally, Census data from Central Statistics Authority (CSA), data from the Woreda Bureau of 

Agriculture and Rural Development as well as information gathered through personal communication with the 

Development Agents (DA) at the kebele level and elder dwellers were used. 

3.3 Nutrient loss through crop residue 



 

 

17 

3.3.1 data acquisition and sampling technique  

To determine the nutrients (N, P, and K) loss through crop residue removal from cultivated land, 

the crop types and their area coverage were estimated using the socio-economic survey at 

household level. To quantify the amount of residue removed per year, the straw to grain ratio of 

the crop was applied as stated in (Kahsay, 2004) (Annex, 6). The data was summarized from 

researches conducted in different areas of the country.  Due to in availability of yield data for 

that particular catchment, the Woreda mean yield data was used. After the major crop type 

grown (area coverage basis) was identified, eight straw samples were collected randomly.  

3.3.2 Laboratory analysis 

The laboratory procedures used for nutrient analysis were the following. Nitrogen and 

phosphorus samples were analyzed by a continuous flow analyses method (Chem. Lab. 

Instruments Ltd., 1981) and the potassium level was analyzed using dry destruction method and 

read by atomic absorption spectrophotometer (Ministry of Agriculture, Forestry and Food, 1981). 

 

Figure 2: Map of teff straw and soil sampling points 

 

3.4 Nutrient loss through livestock dung utilization data acquisition and 

sampling 

The socio-economic survey was used to generate the data of livestock dung utilization per 

household per year by asking their fuel consumption.  The livestock dung was classified as dung 
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cake locally called ‘tiftif’ (dung shaped by hand and collected usually from home gardens) and 

‘kubet’ (dry dung which is collected usually from fields).  

3.5 Soil erosion data acquisition 

3.5.1 Soil loss (sheet erosion) estimation using USLE  

Universal Soil Loss Equation (USLE) was used to estimate the soil loss by sheet erosion from 

the sample plots of the cultivated land along the slope gradient (the method used to select the 

sample plots are explained in section 3.7.1). 

A= RKLSCP 

Where: 

A= Mean annual soil loss rate (t/ha/yr). 

R= Rainfall erosivity factor. 

K= Soil erodibility factor. 

L= Slope length factor. 

S= Slope gradient factor. 

C= land cover factor. 

P= Land management (conservation practice) factor. 

Based on Taffa (2002), standard sample erosion plots with a dimension of 21.6m x 1.8m were 

prepared to avoid differences on soil loss rate estimation due to the slope length variation among 

sample plots. After the slope length had been measured, the slope gradients of the sample plots 

were estimated using line level and staff method as indicated by the same source. The estimated 

slope gradient of the sample plots are 2%, 10% and 15% for foot-slope, mid-slope and upper-

slope positions of the cultivated land respectively. 

The rainfall erosivity factor (R factor) was applied uniformly for all plots using Hurni (1985) as 

follows: 

 R= -8.12 + (0.562 * P) 

P is the mean annual rainfall. The erosivity factor was calculated on the basis of a detailed 

rainfall time series over a period of 28 years (Annex 8). 
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The soil erodibility factor (K factor) was derived from the same source that stated values for 

different soil types (Annex 4). The slope gradient factor (S factor) was calculated using 

Wischmer and Smith (1978). 

 S factor = 0.43 + 0.3s + 0.043 S
2 

Where:
 
S is slope gradient in %. 

The slope length factor (L factor) was also derived from Hurni (1985) (Annex 4). 

Based on Reusing (2001), the land cover factor (L factor) was applied uniformly to the slope 

positions of the cultivated land (2.25) and (0.38) for the enclosure area that is dense shrub land 

(Annex 4). The land management practice factor (P factor) values were taken from Hurni (1985) 

(Annex 4). Contour ploughing was applied for all slope positions of the cultivated land and the 

value labeled for non-management specific was used to the enclosure area because no other 

conservation practice was observed there. 

3.5.2 Gully erosion  

After thorough investigations were made, gullies dissected the farmlands, extending from  top to 

down the slope and the source of flood water to their respective areas were selected and 

measured for different gully parameters  taking into consideration that the gully is more a 

symptom of degraded catchment rather than the degradation itself (stocking, 2001). The gullies 

were measured after they had been divided into equal lengths as it is advised by the same source, 

as if there are big variations in the width and/or depth of the gully, it is best to break the gully 

into similar sections and calculate the amount of soil lost for each part. 

1. Surface area = length x top width (av.) 

2. Volume of Gully = (w1 + w2) * d * L  

                                               2 

               

Where 

                       W1 = Top width 

                       W2 =  Base width 

                          d =   Depth 

                           L =  Length 
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3.6 Soil sampling and laboratory analysis  

3.6.1 Soil sampling methodology  

 

To take the soil samples along the slope positions of the cultivated land, first the hilly side of the 

catchment was selected and categorized into three slope positions. The enclosure area, which has 

been enclosed for more than thirty years, was also taken as a control to the cultivated land.  

These were:  

1. Foot-slope (FS) 

2. Middle-slope (MS) 

3. Upper-slope (US) 

Then two different points were selected to make transect line along the slope gradient (Figure 2). 

The slope gradients of the sample plots of the treatments were estimated using line level and staff 

method (Taffa, 2002).  

 

The soil samples from each slope gradient of both transect lines were collected from 15cm soil 

depth in a triangular shape each spaced 20m apart. Finally, 19 soil samples ( six from Foot slope, 

six from Mid slope, four from Upper slope and three from the enclosure area)  were analyzed for 

soil chemical parameters such as organic matter, cation exchange capacity, total nitrogen, 

available phosphorus, available potassium and 24 soil core samples (undisturbed) were also 

analyzed for the soil bulk density; 18 for cultivated land (along the slope gradient) and 6 for the 

enclosure area. 

3.6.2. Laboratory soil analysis  

 

The soil organic matter content was analyzed using Walkly and Blak oxidation method 

(VanReeuwijk, 1992). Total nitrogen analyzed using Kjeldehal procedures (Hamagaki and 

Panbingbatan, 1992), available phosphorus using Olsen method (VanReeuwijk, 1992), available 

potassium analyzed using Flame photometer (Soil and Plant analysis Inc., 1992) and CEC were 

analyzed using Ammonium acetate method (Houba et al., 1998).  The bulk density (compaction 

of soil) was determined by collecting undisturbed soil samples using soil sample coring of 

known dimension. The samples then dried in the oven at a temperature of 105
0
c for 24 hours.   

3.7 Data analysis 
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Finally, the data collected through the questionnaire and soil laboratory analysis were analyzed 

using Statistical Package for Social Sciences 2000. Moreover, the mean values of each soil 

parameters of the treatments were computed against the standard set by other Authors. 
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4. RESULTS AND DISCUSSIONS 

4.1 RESULTS 

4.1.1 Nutrient loss through crop residue removal 

Based on the survey result, teff (Eragrostis teff) was the dominant crop grown in the study 

catchment (Table 3). To quantify the nutrient loss in line with crop residue removal from the 

cultivated land, Straw to grain ratio method was applied. The Straw Grain ratio value; 2.47, and 

the mean yield of teff, 1088.70 kg/ha, were used for this purpose (Annex 6). 

Table 3: Mean land allocation of crop types by sample households. 

        Crop type     Mean land allocation (ha) Mean land allocation (%) 

          Teff              177.92             73.52 

          Maize                 36.69             15.16 

          Haricot bean                14.01               5.79 

          Barley                  7.43               3.07 

          Wheat                  3.41               1.41 

          Lentil                   2.54               1.05 

          Total              242.00            100.00 

 

Teff straw (kg/ha) = Straw to gain ratio of teff x mean yield of teff 

Teff straw (kg/ha) = 2.47 x 1088.70 

Teff straw (kg/ha) = 2689.089  
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Figure 3: photograph showing a pile of teff straw 

A total of 2689.089 kg of teff straw is collected from one hectare of land. The laboratory nutrient 

analysis of the sample straws resulted that, mean nutrient content (N, P and K) of teff straw are 

0.53% N, 0.057% P and 1.24% K (Table 4). Hence, the total amount of N, P and K loss were 

14.25, 1.5 and 33.35kg/ha respectively.  

Table 4: The amount of N, P, and K in percent of kilogram of teff straw samples. 

Sample No N (%) P (%) K (%) 

1 0.41 0.051 1.27 

2 0.48 0.062 1.28 

3 0.49 0.082 1.17 

4 0.63 0.031 1.18 

5 0.61 0.041 1.24 

6 0.58 0.057 1.05 

7 0.44 0.072 1.00 

8 0.61 0.059 1.70 

Mean 0.53 0.057 1.24 
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4.1.2 Quantifying nutrient loss through livestock dung utilization 

The total amount of livestock dung consumption was estimated in terms of dung cake and dry 

dung (Fig. 4). The dry dung consumption was estimated for the months mid-September to mid-

June when the rainfall distribution couldn’t hinder the collection of the dry dung from fields. Due 

to this reason, the dung cake consumption by households varies between the periods of mid-

September to mid-June and from mid-June to mid-September. In the later one the consumption 

rises to some extent.  

The survey result indicated that, on average one household used 1958.37 kg of livestock dung 

per year (Table 5). In addition to household’s consumption, a total of 1443.75 kg of livestock 

dung per year were sold by some sample households to the neighboring towns with a price of 

2.50 birr per sack. 

Table 5: Sample households mean fuel consumption by type and period. 

Fuel type Consumption 

period 

Mean 

consumption 

Mean weight 

(kg)
1
 

Mean fuel 

consumption 

(kg/yr) 

1. Dung cake 

mid-Sept. to mid-

June 

Week 45.9 (No) 0.63 (a dung cake) 1041 

2. Dung cake  

mid-June to mid- 

Sept.  

Week 59.19 (No) 0.63 (1 dung 

cake) 

447.48 

3. Dry dung  Month 4.05 (sake) 12.88 kg (1 sake) 469.48 

4. Fuel wood Year 0.89  

(Donkey 

load) 

29.06 kg 

(1Donkey load) 

25.86 

5. Charcoal  Year  1.46 (sack) 27.42 kg (1 sack) 40.33 

Total 2024.15 

1: Mean weight of fuel types shown in Annex 3. 
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Figure 4.  Piles of livestock dung collected for fuel consumption. 

It is women and children duty to prepare dung cake from fresh dung and collect dry dung from 

fields. On average half an hour spent for round trip and an hour for collection of dry dung. One 

household used 29.06 kg fuel wood and 27.42 kg charcoal per year. The source of fuel wood in 

the study catchment is trees found in cultivated lands and around home gardens. They used to 

prune trees in interval of years rather than cutting them from the ground (Fig. 5a). Charcoal is 

bought from the neighboring towns (Nazareth and Melkassa) with a unit price of 30.00 birr. 

Although small in quantity, it was also produced in the catchment to home consumption only. 

Maize stalk is also an important source of fuel (Fig. 5b) 
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Figure 5a: Photo showing pruned acacia tree.          Figure 5b: photo-showing pile of maize stalk. 

4.1.3 Soil erosion  

4.1.3.1 Soil loss estimation (sheet erosion) 

The soil loss estimation using USLE resulted that, 3, 21 and 39 t/ha/yr soil is lost from the foot-

slope, mid-slope and upper-slope positions, respectively, where as 0.4373 t/ha/yr soil is lost from 

the enclosure area (Table 6). 

Table 6: Soil loss rate (t/ha/yr) from standard erosion plots of the treatment. 

Treatments R factor K factor L factor S factor C factor P factor Soil loss t/ha/yr 

Foot-slope 439.1196 0.15 1.20 0.182 0.250 0.90 3 

Mid- slope 439.1196 0.15 1.20 0.169 0.250 0.90 21 

Upper- slope 439.1196 0.15 1.20 2.209 0.250 0.90 39 

Enclosure area  439.1196 0.15 1.20 0.182 0.038 0.80 0.4373 

4.1.3.2 Gully Erosion 

A total of 11 gullies were measured and quantified for gully parameters such as volume of the 

gully and land surface area degraded. 

The result indicated that (annex 5) about 2.5691 ha of land and 178, 561.135 m
3 

soil were lost 

due to gully erosion. The mean land holding size of the catchment taking into consideration, at 

least one household could utilize the lost land and support on average of 6 family members. 
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Figure 6: Photo showing a rill and large gully. 

 

4.1.4 Soil degradation assessment along the slope gradient 

 
4.1.4.1 Chemical soil parameters analysis 

 
4.1.4.1.1 Organic matter content 

 

       

                     Figure 7:  Graph showing the mean OM values of treatments. 
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The ANOVA (annex 8) revealed that there was a significant difference in total nitrogen percentage in the treatment types (P=0.000) and this 

necessitated identifying which pair of treatment types varied significantly in their total nitrogen. The LSD method was used for this (table 7). 

 

                Table 7: Mean difference of soil organic matter values between different pairs of treatments 

 
95% confidence interval (i)Treatment (j)Treatment Mean diff. 

(i-j) 

St.error Sign. 

lower bound upper bound 

Foot-slope mid-slope 

upper–slope 

enclosure area 

0.30500(*) 

0.41750(*) 

-3.18667(*) 

0.08624 

0.0642 

0.10562 

0.03 

0.01 

0.00 

0.1212 

0.2120 

-3.4118 

0.4888 

0.6230 

-2.9615 

 

Mid-slope 

foot-slope 

upper– slope 

enclosure area 

-0.305000(*) 

0.11250 

-3.49167(*) 

0.08624 

0.0942 

0.10562 

0.03 

0.262 

0.000 

-0.4888 

-0.0930 

-3.7168 

-0.1212 

0.3180 

-3.2665 

 

Upper-slope 

foot-slope 

mid-slope 

enclosure area 

-0.41750 (*) 

-0.11250 

-3.60417(*) 

0.09642 

0.09642 

0.11409 

0.001 

0.262 

0.000 

-0.6230 

-0.3180 

-3.8473 

-0.2120 

0.0930 

-3.3610 

Enclosure 

area 

foot-slope 

mid-slope 

upper-slope 

3.1867 (*) 

3.49167(*) 

3.60417(*) 

0.10562 

0.10562 

0.11409 

0.000 

0.000 

0.000 

2.9615 

3.2665 

3.3610 

3.4118 

3.7168 

3,8473 

 

1. The mean difference is significant at the 0.05 level. 

 

Mean difference of organic matter percentage between the enclosure area and the slope positions 

of the cultivated land was very significant (P=0.000) at 0.001 level. The same was true for mean 

difference between the foot slope position of the cultivated land and the rest of the two slope 

positions. Even though the mean difference of the organic matter content of the middle slope 

position and the upper slope position of the cultivated land was not statistically significant  

 (P = 0.262), the organic matter content of the upper slope position was less. As shown in (Annex 

14), the average organic matter content of the foot-slope (3.32%), mid-slope (3.015%), and 

upper-slope (2.9025%) are categorized as medium and the enclosure area (6.5067%) is 

categorized as high.  

 

 

 

 

4.1.4.1.2 Total nitrogen  
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                        Figure 8:  Graph showing mean values of TN of the treatments. 

 

The ANOVA (annex 9) revealed that there was a significant difference in total nitrogen 

percentage in the treatment types (P=0.000) and this necessitated identifying which pair of 

treatment types varied significantly in their total nitrogen (Table 8). The LSD method was used 

for this.  

Table 8: Mean difference of total nitrogen (%) between pairs of different treatment types. 

95% confidence interval  (i) Treatment  (j)Treatment  Mean diff.  

(i-j) 

St.error  Sign. 

lower bound upper bound 

Mid-slope  0.01667* 0.00590 0.031 0.0041 0.0292 

Upper-slope 0.02833* 0.00660 0.001 0.1430 0.0424 

 

Foot-slope 

position Enclosure area 

 

-0.31167* 0.00723 0.000 -0.3271 -0.2963 

Foot-slope -0.01667* 0.00590 0.013 -0.0292 -0.0041 

Upper-slope 0.01167 0.00660 0.97 -0.0024 0.0257 

  

Mid-slope 

position  Enclosure area  -0.32833* 0,00723 0.000 -0.3437 -0.3129 

Foot-slope -0.02833* 0.00660 0.001 -0.0424 -0.0143 

Mid-slope -0.01167 0.00660 0.097 -0.0257 0.0024 

 

Upper-slope 

position 
Enclosure area -0.34000* 0.00781 0.000 -0.3566 -0.3234 

Foot-slope  0.31167* 0.00723 0.000 0.2963 0.3271 

Mid-slope 0.32833* 0.00723 0.000 0.3129 0.3437 

Enclosure area 

Upper-slope 0.34000* 0.00781 0.000 0.3234 0.3566 

2. The mean difference is significant at 0.001 level.  

 

The LSD result revealed that mean difference between the enclosure area and the slope positions 

of the cultivated land was significant at 0.05 level. The same was true between the foot slope 

position of the cultivated land and the rest of the two slope positions at 0.05 level. But the mean 

difference between the upper and mid-slope positions was not significant at 0.05 level. As shown 

in (Annex 14), the total nitrogen content of the cultivated land in all slope positions were low 
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(found in the range of 0.1 – 0.2) but it is greater than 0.4% in the enclosure area which is 

categorized as very high.  

4.1.4.1.3 Cation exchange capacity (Cmol (+)/kg) 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              Figure 9: Graph showing mean values of CEC of the treatments 

 

The ANOVA (annex 10) revealed that there was a significant difference (P = 0.000) in cation 

exchange capacity of the treatment types. This necessitated identifying which pairs of the 

treatment types varied significantly. So the LSD method was used for this (Table 9).  

Table 9: Mean differences of CEC values between pairs of different treatments.  

 
95% confidence interval  (i) Treatment  (j) Treatment  Mean diff.  

(i-j) 

St.error  Sign. 

lower bound upper bound 

Mid-slope  1.64500* 0.63635 0.21 0.2886 3.0014 

Upper-slope 2.40833* 0.71146 0.04 0.8919 3.9248 

 

 

Foot-slope  Enclosure area 

 

-18.62500* 0.77937 0.000 -20.2862 -16.9638 

Foot-slope -1.64500* 0.63636 0.21 -3.0014 -0.2886 

Upper-slope 0.76333 0.71146 0.30 -0.7531 2.2798 

 

Mid-slope  

Enclosure area   20.2700* 0.77937 0.000 -21.9312 -18.6088 

Foot – slope -2.40833* 0.71146 0.04 -3.9248 -0.8919 

Mid – slope -0.76333 0.71146 0.300 -2.2798 0.7531 

 

Upper slope  

Enclosure area -21.03333* 0.84181 0.000 -22.8276 -19.2390 

Foot – slope  18.62500* 0.77937 0.000 16.9638 20.2862 

Mid – slope 20.27000* 0.77937 0.000 18.6088 21.9312 

Enclosure area 

 

Upper – slope 21.03333* 0.84181 0.000 19.2390 22.8276 

 

3. The mean difference is significant at the 0.001 level. 

 

Mean difference in cation exchange capacity between the enclosure area and the slope positions 

of the cultivated land was very significant (P = 0.000) at 0.001 level. The mean difference 
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between the foot slope position and the rest of the two slope positions of the cultivated land was 

significant at 0.05 level. Even though the mean difference between the mid-slope position and 

upper slope position of the cultivated land was insignificant at 0.001 level, the upper slope 

position mean value was less. 

 

As shown in (Annex 14), the mean CEC value of the slope positions of the cultivated land was 

rated as high (between 25-40 Cmol (+) / kg) whereas the mean CEC value for the enclosure area 

was rated as very high (> 40 Cmol (+) /kg). 

 

4.1.4.1.4 Soil available phosphorus (ppm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

                  Figure 10: Graph showing mean values of AP of the treatments. 

 

The ANOVA (annex 11) revealed that there was a significant difference between treatment types 

(P=0.000) at 0.05 level. This necessitated identifying, which pairs of the treatment vary 

significantly. So the LSD method was used (Table 10). 

 

 

 

 

Table 10: Mean values of soil available phosphorus between pairs of the treatments.  

 
95% confidence interval  (i) Treatment  (j) Treatment  Mean diff.  

(i-j) 

St.error  Sign. 

lower bound upper bound 

Mid-slope  1.64833* 0.66127 0.025 0.2389 3.0578  

 Upper-slope 2.64083* 0.73932 0.003 1.0650 4.2167 

Mean available phosphrous of the treatments
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Foot-slope Enclosure area 

 

-19.35500* 0.80989 0.000 -21.0812 -17.2167 

Foot-slope -1.645833* 0.66127 0.025 -3.0578 -0.2389 

Upper-slope 0.99250 0.73932 0.199 -0.5833 2.5683 

 

Mid-slope 

Enclosure area   -21.00333* 0.80989 0.000 -22.7296 -19.2771 

Foot-slope -2.64083* 0.73932 0.003 -4.2167 -1.0650 

Mid-slope -0.99250 0.73932 0.999 -2.5683 0.5833 

 

Upper-slope  

Enclosure area -21.99583* 0.87478 0.000 -23.8604 -20.1313 

Foot-slope  19.35500* 0.80989 0.000 17.6288 21.0812 

Mid-slope 21.00333* 0.80989 0.000 19.2771 22.7296 

Enclosure area 

Upper-slope 21.99583* 0.87478 0.000 20.1313 23.8604 

 

4. The mean difference is significant at 0.05 level. 

The LSD result indicated that the available phosphorus content of the enclosure area was 

significantly differed with the cultivated land slope positions at 0.05 level. The same was true for 

the foot slope position of the cultivated land and the upper slope position. There was no 

significant difference between the mid-slope position and the upper slope position of the 

cultivated land. As shown in (Annex 14), the available phosphorus content of the soil in the 

enclosure area as well as the slope positions of the cultivated land was rated as high.  

 

4.1.4.1.5 Soil available potassium (ppm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  Figure 11: Graph showing mean values of AK of the treatments. 

 

The ANOVA (annex12) revealed that there was a significant difference in available soil 

potassium content of the treatments (P=0.000).  This necessitated identifying, which pair of 

treatments varied significantly in their soil available potassium content. So LSD method was 

used (Table 11). 
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Table 11: Mean difference of soil available potassium values between pairs of different 

treatments 
95% confidence interval  (i) Treatment  (j) Treatment  Mean diff.  

(i-j) 

St.error  Sign. 

lower bound upper bound 

Mid-slope  85.20667* 15.1258 0.000 52.9667 117.4466 

Upper-slope 165.20750* 16.91118 0.000 129.1622 201.2528 

 

 

Foot-slope  Enclosure 

area 

 

-1120.76333* 18.52527 0.000 1160.2490 -1081.2777 

Foot-slope -85.20667* 15.1252 0.000 117.4466 -52.9667 

Upper-slope 80.00083* 16.91118 0.000 43.9555 116.0462 

 

Mid-slope   

Enclosure 

area   

-125.9700* 18.52527 0.000 1245.4557 -1166.4843 

Foot-slope -165.20750* 16.91118 0.000 201.2528 -129.1622 

Mid-slope -80.00083* 16.91118 0.000 116.0462 -43.9555 

 

Upper-slope  

Enclosure 

area 

-1285.97083* 20.00958 0.000 1328.6202 -1243.3214 

Foot-slope  1120.76333* 18.52527 0.000 1081.2777 1160.2490 

Mid-slope 1205.97000* 18.52527 0.000 1166.4843 1245.4557 

Enclosure 

area 

 Upper-slope 1285.97083* 20.00958 0.000 1234.3214 1328.6202 

* The mean difference is significant at 0.05 level. 

The LSD result revealed that there was a significant difference in the mean values of available 

potassium level of the enclosure area and the slope positions of the cultivated land. There was 

also a significant difference between the foot slope position and the rest of the two. The same 

was true between the mid-slope position and the upper slope position at 0.05 level.  

 

 

4.1.4.2 Soil Physical Parameter 

4.1.4.2.1 Bulk density (gm/cm
3
) 

The ANOVA (annex 13) indicated that there was a significant difference in bulk density of the 

treatments.  To know which pair of the treatment types differed significantly at 0.05 level, the 

LSD method was used (Table 12). 
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               Figure 12: Graph showing mean values of BD of the treatments. 

 

Table 12: Mean differences of soil bulk density values between pairs of different treatments.  

 
95% confidence interval  (i) Treatment  (j) Treatment  Mean diff.  

(i-j) 

St.error  Sign. 

lower bound upper 

bound 

Mid-slope  0.0117 0.01760 0.533 -0.0255 0.0479 

Upper-slope 0.0883 0.01760 0.621 -0.0279 0.0455 

 

 

Foot-slope  Enclosure area 

 

0.40200* 0.01760 0.000 0.3653 0.4387 

Foot-slope -0.01117* 0.01760 0.533 -0.0479 0.0255 

Upper-slope -0.00233 0.01760 0.896 -0.0390 0.0344 

 

Mid-slope  

Enclosure area   0.39083* 0.01760 0.000 0.3541 0.4275 

Foot-slope -0.00883 0.01760 0.621 -0.0455 0.0279 

Mid-slope 0.00233 0.01760 0.896 -0.0344 0.0390 

  

upper-slope 

Enclosure area -0.39317* 0.01760 0.000 0.3565 0.4299 

Foot-slope  -0.40200* 0.01760 0.000 -0.4387 -0.3653 

Mid-slope   -0.39083 0.0176     .0000    -0.4275    -0.3541 

Enclosure 

area 

Upper-slope   -0.39317 0.0176     .0000    -0.4299    -0.3565 

 

The LSD result revealed that mean difference of bulk density between the enclosure area and the 

slope positions of the cultivated land was significant at 0.05 level. Even though the mean bulk 

density value between the slope positions of the cultivated land were not significant, the foot 

slope position held the highest. The upper slope was also greater than the middle slope. 

 

 

 

 

 

 

 

 

4.2 DISCUSSION 

4.2.1 Nutrient loss through crop residue removal  

A total of 2.5 ton N, 0.3 ton P and 5.9 ton K were lost from 178 ha of cultivated land covered 

with teff. Taking into consideration the 2.2 ha average land holding size of the households and 
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73.52% area of cultivated land covered by teff together with the total number of households, 

about 871.80 ha of land was covered with teff. The reason behind the highest area coverage of 

the cultivated land by teff is the increment of the market price of teff through time (personal 

communication with elder dwellers of the area). 

Hence, 12 ton N, 1.3 ton P and 29 ton K lost from the whole cultivated land as a result of teff 

straw collection in the study catchment. The effect of crop residue removal is not only the loss of 

nutrients but there is also organic matter loss, which has importance on both soil chemical and 

physical properties. The sample teff straws contain on average 93.54% by weight of organic 

matter (Annex 2). It is estimated that, about 2489.93 kg of organic matter is lost from one hectare 

of land. FAO (2006) stated that, topsoil contains organic matter and in spite of its low content it 

is of great importance to many aspects of soil fertility.  

Feed sources for livestock mainly come from crop residue and crop aftermath. Grazing land 

(with nearly absence in fodder) and some industrial by-products are contributing their share. The 

commonly used crop residues are that of teff, wheat, barley and pulses. Many of the pulse 

residues however not stored like the cereals because they are easily damaged by rain. As a result, 

whatever is produced most of these pulses is left on the trashing fields for immediate 

consumption by livestock. During the study period it was observed that, farmers cut the crop 

residue-using sickle about 5 – 10 cm from the ground. 

Livestock suffer due to feed shortages during the cropping season, when most of the land is 

covered with crops. At this period livestock are sent to the grazing areas, even though there is 

hardly enough fodder. Only 2% (3 respondents) households supplement livestock with agro-

industrial by-products. Similarly, few farmers were observed to grow some sesbania (Sesbania 

sesban) around their home. However, the number of this plant is so small that fodder produced 
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will not be enabling to supplement livestock. Generally, the crop residue in particular teff, is the 

dominant source of feed in the study area. Brown et al (1999) mentioned that, nutrients removed 

from the soil by plant growth may deplete the soil nutrient pool if organic and chemical fertilizer 

inputs are not sufficient.  

4.2.2 Nutrient loss through livestock dung utilization 

The amount of livestock dung utilized by one household equals 1958.37 kg. As a result, all the 

households dwelling in the study catchment utilized the total amount of 1,063-ton livestock 

dung.  As shown in FAO (2004), cattle manure contains 0.76%, 0.15% and 0.67% by weight of 

N, P and k respectively. Cattle manure average nutrient content is taken because both dung cake 

and dry dung consumed as fuel in the area is originated from cattle. The amounts of loss of these 

nutrients through dung utilization become 8076 of N, 1594 kg of P and 7120 kg of K per year at 

the catchment level.   

According to EAFS (1997), Di Ammonium Phosphate (DAP) and Urea are the commercial 

fertilizers, which have been imported to the country. DAP contains 18-46-0 or 20-48-0 nitrogen 

and phosphorus respectively while Urea holds only 45-46% nitrogen. If the loss of nitrogen and 

phosphorus through livestock dung consumption is interpreted to inorganic fertilizer form, 

33.192 quintals of DAP and 163.635 quintals of Urea per year together are thrown out from the 

production system.  

 Research conducted by Belayneh (2005) indicated that, one household used about 1216.47 kg of 

livestock dung per year in Upper Chenna catchmnent, Estie Woreda, South Gonder Zone, which 

is relatively less in quantity than Adulala mariam-Wakemia catchment. The possible reason for 

the higher consumption level in the study area is the scarcity of wood. Kahsay (2004) mentioned 

that the use of livestock dung for soil fertility amelioration could have helped minimize the ever-

increasing expenses on commercial fertilizers. If livestock dung is to be used for soil fertility 

amelioration purpose, alternative energy sources required. 

The survey result indicated that, 30.1% (34 respondents) want to plant seedlings both on their 

cultivated fields and around home gardens while 69.9% (76 respondents) replied that they prefer 

to plant tree seedlings only around their home gardens due to the impact of livestock on the 

seedlings if they plant them on cultivated land. The precursor for all sample households to plant 

seedlings is to get additional fuel source.  
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Workneh (2005) indicated that, concerning injera baking stoves, the difference in fuel wood 

consumption between ‘mirte’ stove and other three traditional stove types is about 70 gm per 

injera making. According to the survey result, only 2.73% (3 respondents) households owned the 

highly efficient fuel consuming stove ‘mirte’. If the number of households who own this stove 

was higher, it would have been possible to conserve the livestock dung for soil amelioration. 

Dung is dominantly used to prepare injera.  

4.2.3 Soil erosion 

 

Sheet erosion affects to some degree almost every land use. The impact on the soil resources and 

their productive potential is, however, variable. It may be slight even hidden as natural process 

accommodates the change. It may be large, especially where the soil reserves of nutrients and 

plant available water are concentrated in the topsoil (Stocking, 1995).  

The different levels of soil erosion on the sample plots indicated that the soil loss rate increases 

as the slope gradient of the fields increase. It was also observed that, as a result of soil erosion 

sediments that are detached transported and deposited in the down slope areas where they settle. 

Stocking (1996) stated that, sheet erosion contribute to about 87% of the total sediment, while 

the rest was due to gully erosion. 

 Nutrient losses in eroded sediment and runoff water confirms the common observation that, 

while run off does contain significant totals of nutrients, the major impact comes through 

nutrients attached to the sediments (Tengberg  et al.,1997). In other study it is explained that, as 

a result of selective removal of soil particles, soil erosion by water gradually leads to a selective 

distribution of plant nutrients. This causes soil depletion of plant nutrients in the removal zone, 

i.e. the upper part of slopes, and accumulation of these substances in the zone of erosional drift 

sedimentation at the base slope (Kisic et al., 2002).  The effect of soil erosion is not only 

distribution of the sediments along the slope of a hilly area, but the concentrated run off along 

the slope will cause formation of rills and gullies. The gully quantification showed that there are 

wide and deep gullies dissected the cultivated lands that made a certain area of land out of the 

production system. The driving forces to the initiation of gullies are associated with accelerated 

erosion and landscape instability. The deprivation of the slopes and farmlands from vegetation 

during the heavy rains induces higher detachment of soil and lower infiltration of rainwater 

leading to more run off and soil erosion. This is either removal of the shrubs for fuel wood and 
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/or agriculture, overgrazing or movement of people and livestock, which create trails on the 

slope. These trails are used as a means of conveyance of excess run off from the hills creating 

new channel other than the old and established waterways. On the other hand, lack of vegetation 

cover on farmlands during the heavy rains is also contributing to the initiation of gullies as they 

are weak area and erode easily. 

There were some efforts to controlling or at least minimizing the expansion and other effects of 

the gullies, but efforts don’t seem to be fruitfull because the amount of the water that is carried 

down by these gullies is so huge that the structures aren’t in a position to contribute much in 

either in minimizing the extent of gulling or flooding. Unless otherwise proper protective/control 

measures are taken, considerable croplands will be taken out of production system in the future.  

4.2.4 Soil degradation assessment along the slope gradient 

  

4.2.4.1 Chemical soil parameters 

 

The chemical and statistical analysis results of the cultivated land in general are lower than that 

of the enclosure area for all of the soil chemical parameters. The amount of organic matter 

differed significantly. The main reasons for the difference are the removal of organic residues 

(both crop residue and livestock dung) from cultivated land where as the plant residue in the 

enclosure area recycled in the place where they were produced. Further more, the agricultural 

system has also an effect on the organic matter content that left over from harvest and grazing by 

livestock. Barber (1995) stated that, organic matter in cultivated soil has less physical protection 

than that in the uncultivated soils because of the increasing soil organic matter deposition. 

Higher soil organic deposition has positive impact in structure formation, which is arrested by 

zero tillage. Nardi et al. (1996) stated that, tillage periodically breaks up macro-aggregates and 

exposed previously protected organic matter in soil macro aggregates.  

Dong et al. (1998) suggested that, conditions under the shrubs are suitable for soil organic matter 

accumulation because shrubs often have the largest layer coverage and lower light penetration. 

Also shrub land usually decreases runoff and retains part of the soil matter. Total nitrogen also 

showed the same result between the slope positions of the cultivated land and the enclosure area. 

This might be related with the soil organic matter content. Tideman, (1996) indicated that, 

chemically, organic matter is the soil source of nitrogen. There is also significant difference in 
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CEC between cultivated land treatments and the enclosure area. This is attributed to the 

differences in soil organic matter, which is responsible for CEC. In the case of available 

phosphorus and potassium content, the difference is also significant. But the available 

phosphorus mean value in all cultivated land found in rating of high. This is partly may be due to 

DAP fertilizer application in the study area. 

The chemical and statistical analysis resulted that there is also statistically significant difference 

between the foot-slope and the mid-slope positions in all soil chemical parameters. The same is 

true between the foot-slope and upper-slope positions. But there is no significant difference 

between the mid-slope and the upper-slope positions in all soil chemical parameters except in the 

case of available soil potassium content. This may be related with the rate of soil loss by water 

erosion as well as nutrient redistribution along the slope positions. The foot-slope represents the 

base of the hill and the mid and upper-slope may contribute runoff to the foot-slope. Also with 

flat landforms and less erosion in the foot slope. In other study it was reported that, nutrient gain 

rates are usually inversely proportional to soil and water loss, as erosion decreases an increase in 

the proportion of smaller particles is observed in eroded materials resulting in an increase of the 

proportion of mineral and organic colloids, and consequently the sediment becomes richer 

nutrients (www.Scielo.br/scielo.php. Accessed in 24 January 2007).  

 

Farmers in the study area acknowledge deterioration of the soil fertility and account this problem 

to continuous cultivation of farmlands and erosion. All farmers except 2 perceive the decline of 

the fertility of their farmlands. It was reported that all the farmers interviewed used commercial 

fertilizers for soil fertility improvement particularly for cereals. Nationally, CSA (2003) reported 

that fertilizers was applied to over 3.8 million ha (38.6% of the total area) cropland during the 

2001/2002 agricultural sample enumeration. 

In addition to use of chemical fertilizers, a traditional fertility restoration measure (crop rotation) 

was also practiced by 10% (11 respondents) of households. In this system a piece of land, which 

was under cereal crops for at least two seasons, will be rotated to be planted with haricot bean. 

Use of fallow is not practiced in the study area. The reason for this was shortage of land due to 

population increment. In the survey family planning issues were also assessed. The result 

indicated that, 38% (42 respondents) of households use family planning techniques.  
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Manure application to the farmlands is also very low. Only 3% (4 respondents) of households 

apply the livestock manure on their farmlands. The survey also tried to assess the number of 

trees the households possessed on their cultivated land and the result indicated that on average 7 

trees (dominantly acacia trees) were owned by each household. 

4.2.4.2 Soil bulk density 

  

The mean soil bulk density of the enclosure area is significantly different from the slope 

positions of the cultivated land. The possible reason for the difference is attributed to the 

trampling effect of livestock during crop production activity and free grazing of crop residue. 

Additionally human beings trampling effect in the periods of crop production management has 

contributed its share. The reason for the highest bulk density mean value in foot slope position 

might be due to the clay particles, which were eroded, transported and deposited. Clay particles 

are small in their size and highly prone to soil compaction. The mean bulk density value of the 

slope positions are generally found in the acceptable range for plant growth. Another research 

conducted elsewhere reported that, the ideal soil bulk density for topsoil is 1.25gm/cm
3
 or less 

(www.ipm.iastate.edu/ipm/icm/2001/1-29-2001/soil. Accessed in 25January 2007).  
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

The crop production system of the study area is affecting the soil nutrient quality of the 

cultivated land. The fuel consumption of the households has also a measurable impact on 

nutrient out flow from the cultivated land. The households in the study catchment have low 

adaptation of practicing the traditional soil fertility amelioration techniques. Such practices will 

threaten the sustainability of crop production. Cultivation of sites of low fertility leads to low 

productivity, low returns to human and capital inputs and the inefficient use of scarce nutrient 

resources. Prevention of further soil degradation and rehabilitation are challenges that must be 

addressed if productivity is to be maintained.  

Erosion and organic residue removal have a measurable effect on the soil. This is captured in this 

study by both total soil loss rate differences along the slope positions and the effect of organic 

residues removal from cultivated land, which has reflected on changes in soil chemical 

properties. Organic matter additions are vital to maintain soil structure, provide slowly available 

nutrients and minimize nutrient loss through leaching. Such impact demand for methods that 

minimize the loss of OM from on the soil organic pool. Soil erosion rate differences along the 

slope positions of the cultivated land and the nutrient loss together with soil detachment and 

transport and run-off have, therefore, implication for soil and water conservation measures.  
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5.2  RECOMMENDATIONS 

 

1. Supplying of energy conserving stoves:  The current energy consumption trend in the 

study catchment requires high livestock dung as energy source. The nutrient loss 

accordingly is also high. Therefore, energy conserving stoves should be supplied to 

reduce the consumption level as an immediate solution. This may in turn leads to 

minimizing the amount of dung collected from the cultivated land as well as the excess 

amount of dung collected from home gardens to be applied on the cultivated land as 

manure.  

2. Alternative energy supply such as electricity, renewable energy sources like wind energy 

and solar energy utilization should be adopted.   

3. Soil and water conservation measures should be practiced in the study catchment with a 

full consensus and participation of the dwellers by giving attention to keep the standards 

of physical structures qualities set. 

4. Land management practices such as agro forestry, composting, soil fertility management 

and erosion prevention measures (cover crops) should be practiced.  

5. Further studies should be made to get more information about the soil fertility status of 

the slope positions of the cultivated land and other related impacts on the dwellers of 

study catchment. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

43 

REFERENCES 

 

Adama Woreda Agriculture and Rural Development Office (2005). Annual reports for the years 1999-2005 

G.C. Amharic version. (Unpublished report). Adama Woreda Agriculture and Rural 

Development Office. Nazareth, Ethiopia. 

   Barber, R. (1984). An assessment of the dominant soil degradation processes in the Ethiopia highlands: their 

impacts and hazards. Ethiopian highlands reclamation study. Land Use Planning and 

Regulatory Department. Ministry of Agriculture.Addis Abeba, Ethiopia. 

Barber, R.G. (1995). Soil degradation in the tropical low lands of Santa Cruz, Eastern Bolivia. Land 

Degradation and Rehabilitation Department. Santa Cruz, Bolivia. 

Belayneh Ayele (2005). Assessment of land degradation, evaluation of the current land use and quality of 

soil conservation structures in Upper Chenna catchment, Estie Woreda, South Gonder Zone. 

Thesis. Addis Ababa University. Addis Ababa, Ethiopia. 

Bizuahu Tesfaye, Gezahegn Ayele, Yigezu Atnafe, Jabbar, M.A. and Paulos Dubale (2002). Nature and 

causes of Land degradation in the Oromia Region. A review socio-economics and policy 

research working paper 36. ILRI. Nirobi, Kenya. 

Bownder, B. (1987). Environmental problems in Developing countries. Progress in  

                                  Physical Geography. 2:246-259.  

Brady, N. and Ray, R. (2002). The nature and properties of soil. 13
th

 ed. Pearson Education, Inc. Upper 

Saddle River. New Jersey, USA. 

 

Browns, S., Schrier, H., Shah, P.B. and Larkulich, L.M. (1990). Modeling of soil nutrient budgets: an 

assessment of agricultural sustainability, in Nepal. British society of soil science. 15:101-108. 

Casen (1986). Biomass energy resources. Ministry of Mines. Addis Ababa, Ethiopia. 

Cline, S. and Collins, A. (2003). Watershed Association in West Virginia: Their impact on environmental 

protection. Journal of environmental management. 67. 

Chem Lab. Instruments Ltd. (1981). Continous flow analysis. Method Sheet N
O
 . CW2-008-17, Horn 

Church, Essex, UK. 

Cochran, W. (1977). Sampling techniques.3
rd

 ed. John Wiley and Sons. USA. 

Danhue, R., Miller, R. and Shikluna, J. (1990). Soils. An introduction to soils and plant growth. 5
th

 ed.  

Prentice-Hall of India. New Deli, India. 

 



 

 

44 

 

 

Daniel Danano, Betru Nedassa, Diribu Jemal and Berhanu Fantaw (2001). Soil and water        conservation 

manual /guideline for Ethiopia. Soil and Water Conservation Team, Natural Resources 

Management and Regulatory Department, Ministry of Agriculture. Addis Ababa, Ethiopia.  

Dechassa Jiru (2003). Contribution of regenerated silvi- pasture acacia wood land product compared to 

arable and open grazing mono farming system in semi-arid central reft-vally. In: proceedings 

of the national conference on the economic and institutional aspects of forestry in Ethiopia. 

Wondogenet Collage of Forestry, Ethiopia.  

     Dong, R., Zhu, X., He, Z., Wan, T. and Wang, X. (1998). Laws of soil erosion in loese hilly    and gully 

region of Dingxi. Bulletin of soil and water conservation. 

 

EAFS (1997).Ethiopian Authrity For Standardization. Training manual on fertilizers quality control. Addis 

Ababa, Ethiopia. 

EFAP(1994). Ethiopian Forestry Action Programme. The challenge for development. Vol., 2. Ministry of 

Natural Resource Development and Environmental Protection. Addis Ababa, Ethiopia.  

FAO (1978). Keeping the land alive: Soil erosion its causes and cures. Rome. 

FAO (1984a). Soil nutrient and management. Fertilizer and plant nutrition guide.19. Rome. 

FAO (1984b). Ethiopian highlands reclamation study. Final report. Vols. 1-2. Rome. 

 

FAO (2000). Hay and straw conservation for small scale farming and pastoral conditions. Plant production 

and protection series. No 29. Rome.  

 

FAO (2005). The importance of soil organic matter key to drought resistant soil and sustained food. 

 FAO (2006). Scaling soil nutrient balances. Fertilizer and plant nutrition bulletin. 15. Rome. 

Production. Soil bulletin. 80. Rome.  

 

Federal Democratic Republic of Ethiopia, Central Statistical Authority (2003). Statistical Abstract. Addis 

Ababa, Ethiopia. 

 

Federal Democratic Republic of Ethiopia, Central Statistical Authority (2005). Statistical Abstract. Addis 

Ababa, Ethiopia.  

Foth, H. D. (1978). Fundamentals of soil science 6
th

 ed. John Wiley and Sons. USA. 



 

 

45 

Foth, H. D., Boyd,G. and Ellis, N. (1997). Soil fertility.  2
nd

ed.  Lewis publisher. USA. 

 

Giram Taye (2005). Using spatial modeling techniques to improve data analysis from agricultural field 

trials. Agricultural University of Kwazulu-Natal. Petermartizburg, South Africa.  

Harry, O.B. and Brady, N.C. (1980). The nature and properties of soils. 9
th

 ed. Eurasia Publishing House 

Ltd. New Delhi, India. 

Hamagaki,T. and E.P.Jr. Paningbatan (1988). Procedures for soil analysis. Department of soil sciences, 

College of Agriculture. University of Philipines at Los Banos, Languna-The Philipines. 

Houba V.J.G., J.J.Vander Novozamski  and Walinga, I., (1998). Soil and Plant analysis part 5. Soil analysis 

procedures. Dept. of soil science and plant nutrition. Agricultural University.Wageningen, 

The Netherlands. 

Hurni, H. (1985). Soil conservation manual for Ethiopia. First draft. MOA, Natural Resources Conservation 

and Development Department. Community Forest and Soil Conservation Development 

Department. Addis Ababa, Ethiopia.  

IACR (1999). Institute of Arable Crops Research. IACR Report. The Laws Agricultural Thrust and the 

University of Bristol.  

Johnson, D. and Lewis, L. (1995).Land degradation: Creation and Destruction. Black well. Great Bretain. 

Kahsay Berhe (2004).Land use Land cover change in the central highlands of Ethiopia: the case of Yerer 

Mountain and its surrounding. School of Graduate Studies. Addis Abeba University. Addis 

Ababa, Ethiopia  

Kefeni Kejela (1992). Assessing soil degradation with emphasis on soil productivity in the Anjeni Area, 

Gojam. Institute of Agricultural Research. Addis Abeba, Ethiopia.  

Kisic, I., Basic F., Nestroy, O., Mesic, M. and Butorac, A. (2002). Chemical properties of eroded soil 

material. Journal of agronomy and crop science. 188(5): 323-334. 

Melkassa Agricultural Research Center (2005). Rainfall data. Report sheet for the year 1977-2005. 

Unpublished. Melkassa Agricultural Research Center. Adama, Ethiopia. 

Ministry of Agriculture, Fisheries and Food (1981). The analysis of Agricultural Materials. 2
nd

 ed. Her 

Majesty’s Stationary Office, London, UK. 

Mulugeta Lemenih (2004). Effects of land use change on soil quality and native flora degradation and 

restoration in the high lands of Ethiopia. Implication for sustainable land management. 

Swedish university of Agricultural Science. Uppsala, Sweden. 



 

 

46 

Nardi, S., Chocheri, G., and Dell, A. (1996). Biological activity of humus. In: Humic substance in terrestrial 

ecosystem. (A. piccolo) pp.361-406. Elsevier, Amsterdam. 

NCS (1992). National Policy on the resource base, its utilization and planning for sustainability. National 

conservation strategy, Vol.1. National Conservation Strategy Secretariat, Ministry of Natural 

Resources Development and Environmental Protection. Addis Ababa, Ethiopia. 

NCS (1994). National policy on the resource base, its utilization and planning for sustainability, National 

conservation strategy, Vol 1. National conservation Strategy Secretariat, Ministry of Natural 

resources development and environmental protection, Addis Ababa, Ethiopia.  

Newcomb, k. (1984). An economic justification for rural a forestation: the case of Ethiopia. Energy 

development paper. No 16. World Bank Energy Department. The World Bank. Washington 

D.C., USA. 

Reusing, M. (2001). GlS Applications within an integrated food security program. In: Proceedings of the 

national sensitization workshop on Agro meteorology and GlS . Ethiopian Agricultural 

Research Organization. Addis Ababa, Ethiopia. 

Soil and Plant analysis Council, Inc. (1992). Hand Book on reference methods for soil analysis, Council on 

soil testing and plant analysis, Gorgia University Station, Athens GA30612-0007 USA. 

Stocking, M. (1995). Soil erosion in developing countries where geomorphology fears to tread. Earthscan 

Publication Ltd. Catena. 

Stocking, M. (1996). Soil erosion: Breaking new ground. Villiers publications. UK. 

Stocking, M. and Murangham, N. (2001). Land degradation assessment. Earthscan Publications Ltd. UK. 

Taffa Tulu (2002). Soil and Water conservation for sustainable Agriculture. Mega Publishing Enterprises. 

Addis Ababa, Ethiopia. 

Tamirie Hawando (1995). The survey of the soil and water resources of Ethiopia. UNU/Toko. 

Tamirie Hawando (1997). Desertification in Ethiopian highlands. RALA Report No 200.  

Tengburg, A., Stocking, M. and Denchen, S. (1997). The impact of erosion on soil productivity –an 

experimental design applied in Sao Paulo state, Brazil. Soil and Water Conservation Section, 

Institute of Agronomy. Campinos, Sao Paulo State, Brazil. 

Tideman, E. (1996). Watershed Management. Guide for Indian conditions. Omega Scientific Publishers. 

New Delhi, India.  

Thompson, L. M. and Troeh, F. R. (1982). Soils and Soil fertility. 4
th 

ed. Tata Mc Graw-Hill Publishing 

Company Ltd. New Delhi, India. 



 

 

47 

 

Tsidale,S., Warner, L. and James D. (1985). Soil fertility and fertilizers. 4
th

 ed. Macmillan Publishing 

Company. New York, USA. 

UNIDO and IFDC (1998). United Nations Industrial Development Organization and International Fertilizer 

Development Center. Fertilizer manual. Kluwer Academic Publisher. Dordrecht,  

Netherlands. 

Van Reeuwijk,L.P. (1992). Procedures for soil analysis. 3
rd

 ed. International Soil reference and Information 

center,Wageningen (ISRIC). The Netherlands. 

Workneh Gashie (2005). Factors controlling household energy use: Implication for the conservation of the 

environment. Thesis. School of Graduate Studies, Addis Ababa University. Addis Ababa, 

Ethiopia.  

World Bank (1984). Ethiopia issues and options in the energy sector. Report No. 4741-ET of the joint 

UNDP/WB Energy Sector Assessment Programme. 

Wischmer, W. and Smith, D. (1978). Predicating rain fall erosion loses. Agricultural Hand Book. No.537, 

US Department of Agriculture. Washington D.C., USA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

48 

 

Web Sites 

URL1: http://159.226.205.16/curriculum/3w/02/soil.idex.html Accessed in 22December2007. 

URL2:http://www.fao.org/gots/tems/variable-show.Jps?Variable-id=48.Accessed in November2007. 

URL3:http://www.ricecrc.org/reader/soil-types-structure/ss393-cation-

excahnge.htm.Accessedin12December2007., 

URL4:http://www.soils.Unm.edu/academics/classes/soil/2125/doc/s11chp.2.htm.Accessedin   

12December2007. 

URL5: http://Lancaster.Unl.edu/ag/factsheets/288.htm Accessed in 17November 2007. 

URL6: http://www.scielo.br/scielo.php.Accessed.Accessed in 24January2007. 

URL7: http://www.gov.mb.ca/agriculture/soilwater/soil/fbe01502.html. Accessed in 17January2007.    

URL8:http://www.ipm.iastate.edu./ipm/icm/2001/1-29-2001/soil. Accessed in 25Janury2007.  

URL9:http://www..ncbi.nih.gov/entrenz/query. Accessed in 21December 2007. 

  

 

 

 

 

 

 

 

 

 

 

 



 

 

49 

 

APPENDICES 
 

Annex 1: Household based questionnaire 

 

Household level questionnaire developed on soil fertility assessment to Adulala mariam-

Wakemia catchment, Adama Woreda, East Shoa Zone, Oromia Regional State.  

 

Enumerator’s identification 

 

 Name         Date     

  Sign.         Int. start   

         Int. end    

 

Household characteristics. 

No Name Age Sex occupation Educational status 

 

Occupation 

1. Farming 

2. Commerce 

3. Artesian 

4. Daily laborer 

5. House wife 

6. Student  

7. Retired 

 

1. Characteristics of household fuel supply 
 

    Nature of acquisition Time (min/RT) Unit 

price 

Type of fuel 

Free 

collection 

Purchase 

Supply unit Period of 

acquisition 

Distanc

e 

(km/R

T) 
Travel Collect

ion 

 

Fuel wood         

Dry dung         

Dung cake 

(winter) 

        

Dung 

cake(Summer) 

        

Charcoal         

Sawdust         

Others         

 

N.B. RT- Round Trip  

 

 

 

 

Supply unit  Period of acquisition        Area of acquisition 
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      1. Men load  

         1. Day      1.Home  

2. Women load            2. Week                 2. Farm lands 

3. Child load       3. Month                  3.Grazing areas 

4. Donkey load       4. Year      4. Wood lands 

5. Mule load          5. Neighboring areas 

6. Horse load 

7. Sack 

8. Number 

 

A. Do you sell one of the fuels types to the neighboring areas? 

If yes, estimate the quantity and period. 
 

2 Types of stoves owned by the household 

 

Type of stove  Nature of acquisition 

 Self made Purchased  

Mirte injera 

mitad 

  

Open fire traditional 

mitad 

  

Traditional 

enclosed injera mitad 

  

 

 

3 Crop production and management 

 

1. How many “kert” of land do you posses? 

2. Which crops do you grow on your farmland and their area coverage? 

3. Do you use fertilizers (yes/No)? If yes, when you started? For which crops do you apply 

the fertilizer?  

4. Do you apply compost and manures on your farmland (yes/No)?  

5. Do you use fallowing in your farmland? What about crop rotation (yes/no)?  

6. Do you have trees on your farmland (yes /no)? If yes, which trees and their number? If 

no, why? 

7. Why do you let the trees to grow on the farmlands?  

8. Do you collect crop residue (yes/no)? If yes, how do you collect, uprooting using sickle. 
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9. Which crop types do you collect and for what purposes? Feed for livestock, roof 

thatching, bricks making (mud), selling fuel or fence. 

10. Is there any soil fertility declination you observed through time on your farmland 

(yes/no)? If yes what are the reasons?  

4. Livestock management  

 

1. How many livestock do you posses? Mention by type and number.  

2. How do you feed these livestock? Explain the source of feed and the place where you get? 

Explain by season separately. 

3. What do you suggest the feed availability trend through time (increasing/decreasing)?  

4. Do your livestock number increased or decreased from past to present?  

5. Do you observe reduction of livestock productivity through time? (Yes/ no).  

6. What possible solutions do you suggest to improve the feed availability to the future (if 

your answer is decreasing)? 

 

5. Forest resources  

1. What was the forest condition of the area? Explain. 

2. Do you want to plant trees (yes/no)?. If yes, where to plant and which trees? for what 

purposes? 

3. Where is the source of seedlings for your need? Do you have enough supply of 

seedlings? 

4. What do you suggest to facilitate the plantation as well as to maintain the trees to the 

future? 

    6. Family planning issues 

         

1. Do you use family planning? (yes/no)  

1.1 If yes, when you started?  

1.2 How do you get the information?  

2. If no, why don’t you use it? Explain 
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Annex 2: Result of plant laboratory analysis result 

 

ILRI Project  Sample         DM       Ash       OM       N        CP      P          K 

Lab No.                No                       (%)       (%)       (%)    (%)      (%)      (%)    (%) 

37211                    1           92.33 7.27   92.73    0.41    2.56    0.051   1.27 

37212                    2           91.58 7.24   92.76    0.48    3.01    0.062   1.28 

37213                    3           92.33      7.09       92.91    0.49     3.08     0.081   1.17 

37214                    4           92.21      6.81       93.19    0.63     3.93     0.031   1.18 

37215                    5           92.47 7.83   92.17    0.61     3.81     0.041   1.24 

37216                    6           92.16      7.33       92.67    0.58     3.61     0.057   1.05 

37217                    7           93.11      6.99       93.01    0.44     2.57     0.072   1.00 

37218                    8           93.03      8.69       91.31    0.61     3.81     0.059   1.70 

 

 

Annex 3: Average weights of different fuel types.  

 

1. Dung cakes  

Samp. 

No 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Av. 

Samp. 

Wt.(kg

) 

0.

7 

.

5 

.6

5 

0.

7 

0.6

5 

0.

6 

0.

6 

0.5

5 

0.

65 

0.60 0.

7 

0.

6 

0.6

5 

0.

6 

0.

6 

0.6

7 

0.6

3 

 

2. Dry dung per sack 

Sample 

No 

1 2 3 4 5 6 7 8 9 10 11 12 Av. 

Samp. 

Wt.(kg) 

12.5 14 12 14.5 11 12 14 13.5 12.5 12 12.5 14 12.88 

 

 

 

3. Charcoal per sack 

Sample 

No 

1 2 3 4 5 6 Av. 

Sample 

Wt. (kg) 

28 25 27 25.5 28.5 30.5 27.42 

 
 

4. Fuel wood per donkey load 

 

Sample 

No 

1 2 3 4 5 6 7 8 Av. 

Sample 

Wt. 

(kg) 

28 27 27 30 32 29.5 28.5 30.5 29.06 
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Annex 4: Factors of USLE parameters 

 

I. Soil erodibility factor (K factor) 

 

 K factor : 0.15 

 

1. Acrisols : gleyic (AG) or plinthic (AP) 

2. Cambisols: chromic (Be) or dystric (Bd) or eutric (Be) 

       or gleyic (Bg) or calcic (Bk.) 

3. Gleysols: dystric (Gd) or eutric (Ge) or Plinthic (Gp). 

4. Fluvisols: dystric (Jd) or eutric (je) 

5. Kastanozezas: (K) 

6. Luvisols: chromic (Lc) or gleyic (Lg) or calcic (Lk) 

And orthic (Lo) 

7. Greyzems (M) 

8. Podzols: humic (Ph) or leptic (Pi) 

9. Regosols: dystric (Rd) or eutric (Re) 

10. Solonetez: Mollic (Sm) 

11. Andosols: Orthie (To) or vitric (Tv) 

 

II. Slope length factor ( L factor). 
 

 Slope length    L- factor  

      < 50m         1.2 

      50-200m                                 2.5 

       > 200m                                   3.5 

 

III. Land management factor (P-factor).  

 

 Management type   P-factor  

 

1. Mulch application     0.6 

2. Dense intercropping     0.7 

3. Strip cropping      0.8 

4. Contour ploughing     0.9 

5. Up and down ploughing    1.0 

* Non management specific sheet erosion estimation 0.8. 

 

Source: Hurni (1985). 

 

IV.   Land cover factor (C factor) 

         

1. Cultivated land                0.250 

2. Shrubland/ Bushland       0.038 

3. Bare land                         1.000               Source: Reusing (2001). 
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Annex 5: Raw data of the measured gullies 

Measured gully volume and land surface area degraded. 

Gully no Volume of soil loss (m
3
)
1
 Land surface area degraded (m

2
) 

1 2770.789 2237.76 

2 676.375 525.00 

3 712.50 550.00 

4 20344.941 1781.78 

5 20777.780 4851.65 

6 3941.250 1375.00 

7 8512.500 2000.00 

8 575.00 425.00 

9 1437.00 575.00 

10 95150.00 8400.00 

11 23662.50 3525.00 

Total 178561.135 25691.19 

 

Annex 6: Data used for straw to grain ratio of teff. 

 

Straw to grain ratio of teff for different areas in the country. 

Grain yield 

kg/ha 

Straw yield kg/ha Straw to grain 

ratio 

Researched in Source 

700 1500 2.14 Different 

sources 

Janke H. (1982) 

1050 2250 2.14 “ “ 

2100 7100 3.38 Arsi Daniel keftas (1982) 

1050 2330 2.22 Adaaliben Bekel shiferaw (1991) 

Source: Kahsay (2004). 

Mean yield (qt/ha/yr) of teff in Adama woreda.  

Year 1999 

(90/91) 

2000 

(91/92) 

2001 

(92/93) 

2002 

(93/94) 

2003 

(94/95) 

2004 

(95/96) 

2005 

(96/97) 

AV 

qt/ha 

Yield 

Qt/ha/yr 

12 12 12 12 4 12 12 10.887 

Source: Adama Woreda Bureau of Agriculture and Rural Development.
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Annex 7: Results of soil laboratory analysis.  

 
1. Results of soil chemical laboratory analysis. 

 

Treatment  Sample Id OM (%) CEC 

(Cmol+/kg) 

TN (%) AP 

(ppm) 

AK 

(ppm) 

SP1S1 3.26 33.35 0.16 28.34 891.72 

SP1S2 3.41 34.58 0.17 29.41 925.72 

SP1S3 3.31 34.41 0.16 28.97 902.61 

SP1S4 3.21 33.27 0.15 28.19 889.45 

SP1S5 3.35 33.49 0.15 29.21 914.52 

Foot-slope 

position of the 

culti. land 

SP1S6 3.47 35.09 0.16 30.05 939.40 

SP2S1 2.98 32.37 0.14 27.25 832.71 

SP2S2 2.90 31.92 0.13 26.43 809.17 

SP2S3 2.97 32.10 0.14 27.07 819.53 

SP2S4 2.98 32.43 0.14 27.19 821.42 

SP2S5 3.10 32.91 0.15 28.09 828.10 

Mid-slope posit. 

of the cult. land 

SP2S6 3.16 33.59 0.15 28.25 841.25 

SP3S1 2.78 30.74 0.12 25.35 712.22 

SP3S2 2.88 31.98 0.13 26.02 741.35 

SP3S3 2.97 32.19 0.14 27.01 759.73 

Upper-slope 

position of the 

cult. land 

SP3S4 2.98 32.25 0.13 27.17 768.15 

C1 6.16 50.54 0.45 45.47 1969.0 

C2 6.62 52.64 0.47 49.75 2057.0 

Enclosure area 

(control) 

C3 6.74 55.38 0.49 49.94 2068.0 

2.Results of soil laboratory analysis. 

 

Treatment type Sample ID Bulk density 

(gm/cm
3
) 

Treatment type Sample id Bulk density 

(gm/cm
3
) 

SP1S1 1.207 SP3S1 1.192 

SP1S2 1.193 SP3S2 1.183 

SP1S3 1.181 SP3S3 1.214 

SP1S4 1.187 SP3S4 1.189 

SP1S5 1.208 SP3S5 1.178 

     Foot slope 

position of the 

cultivated land  

SP1S6 1.212 

Upper slope 

post of cult. 

land                                                                              

SP3S6 1.179 

SP2S1 1.209 C1 0.719 

SP2S2 1.181 C2 0.827 

SP2S3 1.191 C3 0.848 

SP2S4 1.188 C4 0.729 

SP2S5 1.171 C5 0.834 

Mid-slope 

position of the 

cult. land 

SP2S6 1.181 

 Enclosure 

area 

C6 0.819 

Where: 

SP1S1:  Slope position 1 and sample 1     SP3S1: Slope position 3 and sample 1 

SP1S2:  Slope position 1 and sample 2     SP3S2: Slope position 3 and sample 2                                                                    

SP1S3:  Slope position 1 and sample 3     SP3S3: Slope position 3 and sample 3 

SP1S4:  Slope position 1 and sample 4     SP3S4: Slope position 3 and sample 4 

SP1S5:  Slope position 1 and sample 5     SP3S5: Slope position 3 and sample 5 

SP1S6:  Slope position 1 and sample 6     SP3S6: Slope position 3 and sample 6 

SP2S1:  Slope position 2 and sample 1     C1: Enclosure area sample 1 

SP2S2:  Slope position 2 and sample 2     C2: Enclosure area sample 2 

SP2S3:  Slope position 2 and sample 3     C3: Enclosure area sample 3 

SP2S4:  Slope position 2 and sample 4     C4: Enclosure area sample 4 

SP2S5:  Slope position 2 and sample 5     C5: Enclosure area sample 5 

SP2S6:  Slope position 2 and sample 6     C6: Enclosure area sample 6 
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Annex 8: Statistical analysis results of the soil parameters  (Organic matter) 

 
Mean values of OM. 

Treatments Replication Mean St. dev. St.error of mean 

Foot-slope  6 

 

3.3200 0.12264 0.05007 

 

Mid-slope 

6 3.0150 0.09586 0.03914 

  

Upper-slope 

4 2.9025 0.09323 0.46610 

Enclosure area  3 6.5067 0.30616 0.17676 

Total  19 3.6389 1.29361 0.29677 

 
ANOVA for soil organic matter values. 

 
 Sum of squares df Mean square F value Sign 

Between 

groups 

29.787 3 9.929 444.993 .000 

Within groups         0.335 15       0.002   

Total 30.122 18 - - - 

 

 Annex 9: Statistical analysis results of total nitrogen 

 
Mean values of soil total nitrogen 

Treatment  Replication  Mean St. dev. St. error of means 

Foot-slope 6 0.1533 0.00753 0.00307 

Mid-slope  6 0.1417 0.00753 0.00307 

Upper-slope 4 0.1300 0.00816 0.00408 

Enclosure area 3 0.4700 0.2000 0.01155 

Total  

 

19 0.1963 0.12257 0.02812 

 
 ANOVA for soil total nitrogen values.  

 Sum of sq. df Mean sq. F value Sign. 

Between groups  0.269 3 0.090 858.113 0.000 

With in groups  0.002 15 0.000   

Total  0.270 18    
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Annex 10: Statistical results of CEC 
Mean values of CEC 

 
Treatment  Replication  Mean St. dev. St. error of means 

 Foot-slope  6 34.1983 0.72820 0.29733 

 Mid-slope  6 32.5533 0.60948 0.24882 

 Upper-slope 4 31.7900 0.70951 0.35475 

 Enclosure area 3 52.8233 2.47011 1.42612 

 

Total 

19 36.1126 7.55978 1.73433 

 
ANOVA for CEC values  

 Sum of sq. df Mean sq. F value Sign. 

Between groups  1010.482 3 336.827 277.262 0.000 

With in groups  18.222 15 1.215   

Total  1028.705 18    

 

Annex 11:  statistical analysis results for AP. 

Mean soil available phosphorus values for the treatments (ppm) 

Treatment  Replication  Mean St. dev. St. error of means 

 Foot-slope  6 29.0283 0.69318 0.2899 

 Mid-slope  6 27.3800 0.68009 0.27764 

Upper-slope  4 26.3875 0.85854 0.42927 

Enclosure area  3 48.3833 2.52500 1.45781 

Total  

 

19 31.0079 7.86437 1.80421 

 

 

 ANOVA for soil available phosphorus values.  

 Sum of sq. df Mean sq. F value Sign. 

Between groups  1093.591 3 364.530 277.877 0.000 

With in groups  19.678 15 1.312   

Total  1113.269 18    
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Annex 12: Statistical analysis results of AK 
Mean soil available potassium content of the treatments (ppm) 

 
Treatment  Replication  Mean St. dev. St. error of means 

 Foot-slope   6 910.5700 19.70296 8.04370 

 Mid-slope 6 825.3633 11.18616 4.56673 

 Upper-slope  4 745.3635 24.76705 12.38353 

Enclosure area  3 2031.33 54.26171 31.32801 

Total  

 

19 10225.8447 452.08683 103.71583 

 
ANOVA for soil available potassium values  

 Sum of sq. df Mean sq. F value Sign. 

Between groups  3668589.00 3 1222863.147 1781.635 0.000 

With in groups  10295.570 15 686.371   

Total  3678885.570 18    

 

Annex 13: Statistical analysis results of BD 

 
 Mean values of soil bulk density of the treatments (gm/cm

3
) 

 
Treatment  Replication  Mean St. dev. St. error of means 

Foot-slope  6 1.1980 0.01247 0.00520 

Mid-slope  6 1.1868 0.01288 0.00526 

Upper-slope 6 1.1892 0.01335 0.00545 

Enclosure area 6 0.7962 0.05667 0.02313 

Total  

 

24 1.0925 0.17721 0.03617 

 

 

 
 ANOVA for soil bulk density values (gm /cm

3
)  

 
 Sum of sq. df Mean sq. F value Sign. 

Between groups  0.704 3 0.235 252.395 0.000 

With in groups  0.019 20 0.001   

Total  0.722 23    
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Annex 14: Literature data for different soil parameters ratings and crop residue nutrient 

loss 

 
Table:  Nutrient content of different crop residue. 

N P K  

Type of crop (kg / ton straw) 

1. Barley 

2. Maize 

3. Pulses 

4. Sesame 

5. Sorghum 

6. Soya bean 

7. Wheat 

7.0 

9.7 

10.4 

15.0 

10.8 

17.6 

4.3 

1.0 

1.9 

1.0 

5.4 

4.6 

3.0 

1.8 

21.0 

21.4 

13.10 

21.10 

29.20 

14.4 

26.7 

Source: FAO (2006)  

 

 
Table: Rating of soil organic matter 

No Percent (%) Rate 

1 

2 

3 

4 

5 

> 10% 

5-10% 

2-5% 

1-2% 

< 1% 

Very high 

High 

Medium 

Low 

Very  low 

Source: Barber (1984) 
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Table: Rating of soil total nitrogen 

Total nitrogen (%) Rate 

>0.4 Very high 

0.3-0.4 High 

0.2-0.3 Medium 

0.1-0.2 Low 

<0.1 Very low 

Source: Barber (1984) 

 
 

Table: Rating of soil available phosphorus (ppm) 

Available P 

(ppm) 

Rate 

<5 Very low 

5-10 Low 

10-25 Medium 

25-50 High 

>50 Very high 

Source: Barber (1984). 

 

Table: Rating of cation exchange capacity. 

CEC (Cmol/Kg) Rate 

>40 Very high 

25-40 High 

12-25 Medium 

6-12 Low 

<6 Very low 

Source: FAO, (2006). 
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