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Abstract  

Although the causes, extent, effects and solutions vary from place to place, the impact of land 

degradation is more pronounced in the tropics. In the Ethiopian highlands overgrazing, over 

cultivation and deforestation have been identified as the predominant causes of environmental 

degradation. Earlier studies identified soil erosion to be the main determinant of land 

degradation in Ethiopia. Recent studies also noted removal of crop residues and protective covers 

of the soil to be the major causes of nutrient depletion. Government have chosen resettlement to 

reduce population pressure and address land degradation in the drought affected areas of the 

northern highlands and simultaneously exploit underdeveloped land in the South Western parts of 

the country, at different severe periods. Although many studies have been conducted concerning 

soil degradation, most of them were not from the point of view of resettlement, to see the impact. 

Moreover, those studies focused on the receiving regions (resettlement sites; others also focused 

only on the socio-economic aspect. The aim of the study was to assess soil degradation at the 

areas of origin of resettlers by analysing the changes in soil erosion, soil quality, and land 

management practices, as well as of farmers’ perceptions. The current status as well as the 

change in the rate of soil erosion after the resettlement program was assessed using Universal 

Soil Loss Equation (USLE) for two periods i.e., for 1986 (at the time of resettlement) and for 2005 

(after the resettlement) with the help of Geographical Information System (GIS). The change in 

soil quality was studied through comparing the fertility level of resettled and non-resettled 

farmlands. For this purpose, three kebeles, from where more than half of their populations were 

left for resettlement, were identified. From three kebeles twenty eight (28) soil samples were 

collected from both resettled and non-resettled farmlands and subjected for physicochemical 

laboratory analysis. The change in land management practices and farmers’ perception on soil 

degradation were assessed through semi-structured questionnaire. The results of the analysis of 

USLE showed that the rate of soil erosion for the Woreda in 2005 has increased to 16.24 tons per 

hectare per year from 11.16 tons per hectare per year at the time of resettlement (1986). 

However, for the study Kebeles the severity of the problem is lower than the Woreda. Moreover, 

slight improvement was observed in one of the Kebeles. Results of soil data analysis revealed no 

significant difference in the fertility status of resettled and non-resettled farmlands. Besides, most 

of the farmlands had medium to low content of most soil nutrients. The results of the household 

survey revealed farmers’ perception of soil degradation as a problem. However, although they 

have the awareness, their response was found to be minimal, especially in soil fertility 

management. This might have been influenced by the socioeconomic and environmental (e.g. 

drought) factors. The results showed the continual degradation of the soil even after the 1984’s 

resettlement program. So, introduction of new management techniques as well as proper follow 

up of the existing conservation and management practices is mandatory.  

Keywords: resettlement, soil quality, soil loss, land management, resettled and non-resettled 

farmlands
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1. Introduction  

1.1. Background  

Despite the fact that environmental crises are global phenomena their causes, extent, effects and 

solutions vary from region to region. As Mengistu Woube (2005) indicated, the present 

economic and political instability, land use conflicts, and shortages of health facilities, food, and 

water supplies in sub-Saharan Africa are due to those crises. Currently, population pressure and 

land use change have become major problems in developing countries because of the high 

population growth rate and the associated rapid depletion of natural resources. The concentration 

of settlements in limited areas, environmentally unsound agricultural methods, including 

deforestation, over cultivation and over grazing due to this increase in human and livestock 

population increases the degradation of the soil in many parts of the developing world, 

particularly in Africa (Hurni, 1988; Mengistu Woube, 2005; Gregersen et al, 2007).  

A study conducted by Constable and EHRS researchers (1984) showed that, the Ethiopian 

highlands suffered from massive land degradation due to soil erosion. According to Hurni (1988) 

and Paulos Dubale et al. (2001) land degradation in the form of soil erosion and run-off are 

responsible for nutrient losses in these highlands. Research conducted by EARO (2000) also 

showed that in these highlands the majority of the soil loss is from croplands followed by 

overgrazed lands, waste lands and newly deforested sites. As a result, soil erosion limited the 

potential of crop production in these highlands. Eyasu Elias and Daniel Fantaye (2000) also 

noted soil fertility decline to be the most important technical constraints for crop production, 

specifically in North Wollo. Removal of crop residues and protective covers of the soil have 

been identified as, major causes of nutrient depletion in Ethiopia (EFAP, 1993; Pender et al., 

2004). Besides repeated ploughing of the soil, use of cow dung as fuel source, and long periods 

of continuous cropping are the other potential causes of soil fertility decline (MOARD, 2005).  

In general, intensive cultivation, overgrazing, over population, deforestation, settlement on steep 

lands, lack of land use planning, issue of land tenure and the political and economic forces have 

exerted enormous pressure on the ecosystem and resulted in reduction of soil fertility and crop 

yields in the highlands (Alemneh Dejene, 1990; Pender et al, 2004; Mengistu Woube, 2005).  
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In 1979 Relief and Rehabilitation Commission (RRC) planned resettlement as a development 

strategy and to settle drought victims, to accommodate landless peasants, to provide income 

generating activity to the urban unemployed and to ease overcrowding and to settle nomads 

(Alemneh Dejene, 1990; Pankhurst, 1992). Although the pace has increased dramatically after 

the 1974 Ethiopian revolution, resettlement was started before that. After the revolution, the 

government had started resettlement schemes at large scales to relieve the increasing population 

pressure, environmental degradation, and decreasing regional conflicts in the northern highlands, 

and to raise production by exploiting underdeveloped lands in the south and western parts of the 

country (Pankhurst, 1992; Mengistu Woube, 2005).  

According to RRC (1985) document, the majority of the resettlers following the 1984 drought 

were from the northern highlands, where the majority comes from Wollo. However, the value of 

resettlement as a means of reducing population pressure was questionable as raised by Alemneh 

Dejene (1990) because it involved only 11% of the rural population of Wollo. Pankhurst (1992) 

also predicted the marginal impact of the resettlement on population in the northern highlands 

with an annual population growth of 2.9%. In addition, many of the resettlers from Wollo have 

returned to the villages from where they came.  

In the 1980s the Ethiopian government with the consultancy of foreign donators like FAO, 

initiated a massive program of implementing soil and water conservation structures to 

rehabilitate the worst affected areas in the highlands, which included by recognition of the extent 

to which soils had become degraded (Hurni, 1988). Eyasu Elias and Daniel Fantaye (2000) 

analysed the diversity and dynamics of soil fertility management practices employed by farmers, 

examining how they perceive environmental change and deal with the constraints on production. 

Although different activities are taking place, the soil and nutrient management practices 

employed in North Wollo were found to be relatively simple as compared with those used in the 

southern Ethiopia.  

A study conducted by Benin and Pender (2002) also indicated that in the northern highlands of 

Ethiopia, most of the land management practices have not been changed since 1991, except for 

fallowing which has declined by half, while fertilizer and improved seed utilization have 

increased (FAO, 2000). They recommended that, prior to the implementation of sustainable soil 
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management systems, it will be appropriate to provide environmental education to the 

inhabitants. 

 

1.2. Problem Statement 

 

In the past two decades several studies have been conducted, and still continue, regarding 

resettlement issues, particularly about the 1984 resettlement program. However, some of those 

researches were mainly focused on the analysis of the livelihood and socio-economic aspect 

rather than the biophysical environment (e.g. Alemneh Dejene, 1990; A. Pankhurst, 1992). Even 

though some studied the impact of the resettlement program on the biophysical environment, 

their focus was mainly on the new resident sites (receiving regions) (e.g. Mekuria Argaw, 2005; 

Mengistu Woube, 2005). Other researchers (e.g. Hans Hurni, 1988; Eyasu Elias and Daniel 

Fantaye, 2000; Nurhussen Taha., 2002) studied the causes and consequences of soil degradation 

at the origin of resettlers. However, the studies were not from the point of view of the impact of 

the resettlement program. Moreover, currently, resettlement is continued to be taken as an option 

for degraded land rehabilitation by reducing population pressure on natural resources. Similarly, 

recent studies showed that the problem of land degradation in these areas is getting severe. As a 

result it is necessary to evaluate the achievements of earlier resettlement programs so as to have 

clear view on the role of resettlement in alleviating land degradation. This is because the impact 

of resettlement on the rehabilitation of degraded lands of the northern highlands was 

questionable as the rapid rate of population growth might have affected it. As a result, this study 

aimed to evaluate the status of soil degradation and the management techniques practiced after 

the resettlement.  

 

1.3. Objectives 

 

1.3.1. General objective 

 

The main objective of the study was to examine the overall contribution of the 1984‟s 

resettlement program in alleviating soil degradation and the change in land management 
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practices in the areas of origin of resettlers by assessing rate of soil erosion, the current status of 

soil quality as well as the changes in land management practices and farmers‟ perception after 

the resettlement.   

 

1.3.2. Specific objectives 

 

-  To examine the change in soil quality after the resettlement  

-  To assess the rate of soil erosion before and after the resettlement.  

-  To assess the changes in land management practices after the resettlement.  

- To assess farmers‟ perception on soil degradation and the role of land management practices. 
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2. Literature Review  

2.1 Soil Degradation  

2.1.1 Definition and types  

According to Wasson (1987) land degradation is generally defined as “change in land properties 

that makes it less useful for human beings”. Principal types of land degradation include: soil 

erosion, nutrient depletion, salinization, and vegetation degradation. These problems are 

associated with land use changes and drought. In this study, the term land degradation is 

understood as given by Kimpe and Warkentin (1998) in terms of actions taken, which increase 

the soil loss from agricultural lands affecting crop productivity and increasing sediment loss and 

used to describe the decrease in the optimum functioning of soils. 

Although the causes are complex, the heavy reliance of Ethiopia‟s growing population on an 

exploitative kind of subsistence agriculture is a major reason behind the current state of land 

degradation in the form of physical soil and nutrient losses (Hurni, 1993). Moreover, land 

degradation is a long-term process in which the effect and steady expansion is hardly noticed 

until it manifests itself with disastrous drought and famine. In Ethiopia land degradation, 

especially in the form of soil erosion and declining fertility, is a serious challenge to agricultural 

productivity and economic growth (Mulugeta Lemenh, 2004; Gregersen et al., 2007).  

Most studies indicated that sheet and rill erosion (physical degradation) by water and removal of 

dung and crop residue as sources of fuel and feed for livestock (hastens chemical degradation) as 

the major components of land degradation that affects on-site land productivity by selectively 

removing organic matter and clay (Hurni, 1993; Eyasu Elias and Daniel Fantaye 2000; Pender et 

al., 2004).  

2.1.2 Indicators of soil physical degradation  

Physical degradation includes those processes such as poor cultivation practices, which adversely 

affect soil physical properties such as structure, texture, aggregate stability, porosity, 

permeability (compaction), crusting, infiltration rate, structural stability, and root penetrability. 

Some of these processes, which result in the exposure of the soil surface to rainfall, are closely 

related to sheet and rill erosion (Barber, 1984; Mitiku Haile et al., 2006).  
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Physical properties affected by degradation 

Crusting occurs due to several factors and reduces infiltration and promotes water runoff. It 

inhibits germination and emergence of seedlings. Lower infiltration rates reduce water retention 

capacity and aggravate drought stress (Mitiku Haile et al., 2006). Water erosion not only 

removes nutrients but also may reduce the soils chemicals capacity to retain added nutrients. 

Erosion reduces the thickness and the volume of soil available for water storage and root 

expansion for plants (Mulugeta Lemenh, 2004). 

Bulk density, the weight of the soil solids per unit weight of total soil, increases by soil 

compaction due to external load leading to the degradation of other soil physical properties such 

as penetration, hydraulic conductivity and aeration. The bulk density of soils varies according to 

their degree of compaction. Organic matter decreases bulk density in two ways. First organic 

matter is much lighter in weight than a corresponding volume of mineral matter; second, organic 

matter gives increased aggregate stability to a soil (Troeh and Thompson, 1993; Mitiku Haile et 

al., 2006).  

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

quantity of soil. It determines soil workability, water-holding capacity, soil structure and nutrient 

retention. Compared to sandy soils, clay soils hold more water and retain nutrients. Clay particles 

are lighter than sand particles, and once detached by erosion they are easily transported, therefore 

unchecked erosion leads to a loss of soil productivity (Gachene and Kimaru, 2003).  

2.1.3 Indicators for soil chemical degradation  

Chemical degradation of a soil is a change in soil‟s chemical properties that regulate nutrient 

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

A given soil is chemically degraded when either of the ideal chemical condition for plant growth 

is violated. According to Barber (1984) chemical degradation is mainly due to leaching and poor 

farming practices which result in the loss of nutrients.  

Poor farming systems mine the soil, i.e. where there is a steady removal of nutrients with no, or 

only minimal, nutrient replacements which arise from continuous cropping together with 

removal of crop residues, low external inputs and absence of adequate soil nutrient saving and 
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recycling technologies (MOARD, 2005). The alternative use of dung and crop residues as fuel, 

affects crop productivity significantly when most farmers cannot afford to buy inorganic 

fertilizer. Soil nutrient depletion results when the inflows of nutrients to the soil from outside the 

system are less than outflows (Eyasu Elias and Daniel Fantaye, 2000). 

Major chemical properties of soil include cation exchange capacity, organic matter content, total 

nitrogen available phosphorous and P
H
 determined by the amount and type of exchangeable 

cations. These chemical properties of soil are the ones, which determine the quality of a given 

soil. Among the chemical properties that indicate the level of degradation of a given site, organic 

matter content and cation exchange capacity are assumed to be fundamental (Barber, 1984).  

Soil PH
 

 

Soil PH is an important indication of the chemical status of the soil. Since availability and status 

of soil nutrients is affected by soil PH and vice versa, it is often included in evaluations and 

discussions of soil nutrient analysis. A main implication of changing the soil PH is plant nutrient 

availability (Conway, 2001). Soil PH depends on a variety of factors including all five soil 

forming factors plus the season of the year, cropping practices, the soil horizon sampled, the 

water content at the sampling time and the way the PH is determined (Troeh and Thompson, 

1993). 

The physical condition of the soil is related to PH and has an important effect on plant growth. 

Soil PH values above 8.5 indicate the presence of considerable Na+ and the likelihood of 

dispersed soil colloids. Soil PH values near 7.5 or 8.0 are usually associated with saline soils 

(those containing excess soluble salts) a PH between 6.5 and 7.0 is usually best for phosphorous 

availability (Troeh and Thompson, 1993). 

Soil organic matter (SOM) 

SOM plays an important role in nutrient cycling, maintaining soil fertility, improving soil 

physical properties, and reducing the rate of inorganic fertilizers through increase in use 

efficiency. However, organic matter depletion has been by far one of the most serious problems 

leading to soil degradation. The removal of crop residues is commonly practiced in many parts of 

the tropics, which hastens the rate of organic matter decline. The rate of organic matter decline is 
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also higher in semi-arid environments due to high rates of decomposition and mineralization 

(Troeh and Thompson, 1993; Eyasu Elias and Daniel Fantaye, 2000).  

In many parts of Ethiopia shortage of firewood and grazing land leads to the utilization of straw 

and leaves for fuel as well as livestock feed. Very little organic residues are therefore returned to 

the soil apart from the roots of annual crops. As a consequence, soils become low in organic 

matter after some time of continuous cultivation. Depletion of organic matter and destruction of 

soil aggregates lead to increased rates of soil losses in cultivated areas (Hurni, 1990; NCS, 1992). 

A decrease in organic matter content is an indicator of a lowered soil quality. The chemical 

rating of SOM, total nitrogen and Available P is given in Table 1. 

Total Nitrogen (Total N) 

Total nitrogen is merely an indicator of the soil‟s potential for the element, but not the measure 

in which it becomes available to the plant. Much of the nitrogen in soil occurs in very complex 

organic compounds. Addition of organic nitrogen also occurs through its immobilization as crop 

residue though it may not be readily available to plants (Tideman, 1996; Mesfin Abebe, 2008). 

Plants readily take up and use two forms of soil nitrogen; ammonium (NH4 +) and nitrate (NO3).  

In the case of Ethiopia, nitrogen is more often deficient than any other essential element in soils 

in general and acidic soils in particular. Improper practices such as annual burning or removal of 

vegetation or plant residue under the traditional system of land preparation are major 

contributors for the loss. No less important is leaching that leads to substantial lose under high 

rainfall and permeable soils (Mesfin Abebe, 1979; 1980 cited in 2008). The decomposition of 

plant residues and the return of larger amount of nitrogen are more rapid under basic rather than 

acidic conditions. Nutrient deficiencies are caused by more than just removal in the processes of 

soil degradation. The principal cause comes from removal in harvested crops and insufficient 

replenishment through manures or fertilizers (Stocking and Murnagham, 2001).  

Available Phosphorus (P) 

The term available phosphorous (P) refers to the inorganic form, occurring in soil solution. With 

the possible exception of nitrogen, no other element has been as critical as phosphorous 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.  The organic form is found in humus 
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and other organic materials. The inorganic fraction occurs in numerous very slightly soluble 

combinations. Given the high erosive forces and the erosivity of soils in Ethiopia, acidic soils or 

basic volcanic ash soils laden with nitrogen and phosphorous from fertilizer and other sources 

can lead to the enrichment of water bodies by these nutrients. As a consequence of their 

unavailability, soils become deficient in them and this would be reflected in poor yield (Piccolo 

and Gobana Huluka, 1986; Mesfin, 2008). 

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. Soluble P may be adsorptively retained 

at the surface of colloidal particles. In most soils, the main source of orthophosphate is organic 

matter. The ability of adsorbed P pool to replenish the soil solution P pool is what makes a soil 

rich in phosphate (Baruah and Barthakur, 1997; Brady and Bray, 2002).  

Table 1: chemical ratings of SOM, total N and available P levels 

Soil chemical values 

Rate   OM (%) Total N (% Avail. P (ppm) 

Very low <1 <0.1 <5 

Low 1-2 0.1-0.2 5-10 

Medium 2-5 0.2-0.3 10-25 

High 5-10 0.3-0.4 25-50 

Very high >10 >0.4 >50 

Source: Barber (1984). 

Available Potassium (K) 

Exclusive of that added in fertilizers, potassium in soils originates from the weathering of 

potassium-bearing rocks and minerals. Plants require relatively large amounts of potassium and 

often can use more than the soil can supply. Potassium is the third most likely nutrient to limit 

plant growth (Troeh and Thompson, 1993).  
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There are three forms of K (unavailable, slowly available or fixed, available or exchangeable) 

which exist in soils. The 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). 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.  

Exchangeable Cations  

The five most cations in soils are Calcium (Ca), Magnesium (Mg), Potassium (K), Sodium (Na), 

and in strongly acidic soils Aluminum (Al). The values of these may be summed to give an 

approximate value of CEC called effective CEC. Exchangeable cations that arise in the mineral 

and organic fraction are much larger than the amounts of cations in the soil solution. Central and 

northern Ethiopian highlands have lost, mostly through leaching and erosion, such minerals as 

calcium, magnesium and potassium. The losses of basic nutrients are not only reflected in low 

PH values or acidic reaction but also in their deficiency in soils of low buffer capacity. Soils that 

have high exchangeable potassium and with medium to high exchange capacity could have high 

buffer capacity. Sandy soils and acidic soils that have been strongly leached often have very low 

levels of exchangeable Ca and Mg and plant growth may be limited as a result. Also 

exchangeable K levels below 0.2cmol (+)/Kg suggest that a plant response is possible to the 

application of potassium (Metson, 1961; Mesfin Abebe, 2008). 

Table 2: Chemical rating of exchangeable cations 

Cation  Very low Low  Moderate  high Very high 

Na+ 0-0.1 0.1-0.3 0.3-0.7 0.7-2 >2 

K+ 0-0.2 0.2-0.3 0.3-0.7 0.7-2 >2 

Ca2+ 0-2 2-5 5-10 10-20 >20 

Mg2+ 0-0.3 0.3-1 1-3 3-8 >8 

Source: Metson (1961) 
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Cation exchange capacity (CEC)  

CEC is a good indicator of soil quality and productivity because it shows the soils ability to 

supply three important plant nutrients, calcium, magnesium and potassium. It is an important soil 

chemical property that is used for assessing their fertility status and environmental behavior. The 

more CEC a soil has, the more likely the soil will have a higher fertility level, because the 

stronger the colloid‟s negative charge, the greater its capacity to hold and exchange cations 

(Brady and Ray, 2002). Basically, CEC is the reversible process by which positive ions or 

exchangeable cations are exchanged between the negatively charged solid and the liquid phase of 

soils.  

In general, it should be noted that the soil CEC values will increase in the following order of 

textural classes: sand, loamy sand, loam, silty loam, silty clay loam, clay loam and clay. Sodium, 

calcium, and magnesium cations are always readily exchangeable. Other cations, like potassium 

and ammonium, may be held at certain positions on the particles in some soils so that they are 

exchanged with great difficulty and, hence, are said to be fixed (Marx et al., 1996; Mostafa et al., 

2001). 

Table 3: Chemical rating for cation exchange capacity (CEC). 

Rate CEC (cmol/Kg) 

Very high >40 

High 25-40 

Medium 12-25 

Low 6-12 

Very low <6 

Source: FAO (2006). 

2.1.4 Management intervention to improve soil fertility  

Despite the fact that nutrients are being continuously depleted, the management and restoration 

efforts implemented to date are minimal compared to the level required. On the other hand, 
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recognizing the contribution of agriculture to the Ethiopian economy, the present government 

has adopted the Agricultural Development Led Industrialization (ADLI) policy. Therefore, 

sustaining and enhancing SOM through proper utilization and management of land resources is 

mandatory (Paulos Dubale, 2002). 

The high turnover of organic matter in these soils also furnishes other plant nutrients, improves 

the physical condition of soils and ameliorates soil acidity. However, when precipitation exceeds 

the capacity of the soil to retain water, leaching losses of nutrients occur relatively in short time. 

In addition to the several management options, crop rotation is practiced to restore soil fertility 

but has to be modified. On the other hand, farm yard manure and compost are used for soil 

fertility enhancement and as amendment to ameliorate the soils (Eyasu Elias and Daniel Fantaye, 

2000; Mesfin, 2008). This decline can be improved by leaving and incorporating crop residues in 

the soil and by adding organic manures to the soil (Troeh and Thompson, 1993).  

2.2 Soil Erosion  

Soil erosion is one of the most important agricultural problems in the world. It is a primary 

source of sediments that pollutes streams and fills reservoirs. Erosion also adds to the removal of 

valuable plant nutrients lost with the runoff (Hurni, 1988; Gregersen et al., 2007). It is one of the 

symptoms of unsustainable land management and is an important degradation process affecting 

the soil resource in the entire world. Soil degradation immediately results in a higher 

vulnerability to famine (Hurni 1990; Herweg and Stillhardt 1999).  

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 42t/ha/yr from cultivated lands and in highly erodible and intensively cereal 

cultivated fields it ranges 300-400 t/ha/ year (Hurni, 1988). 

2.2.1 Mechanics of soil erosion  

Soil erosion is a process of detachment, transport, and deposition of soil; due to physical, 

chemical and anthropogenic factors. Soil erosion begins with detachment, which is caused by 

break down of aggregates by raindrop impact, sheering or drag force of water and wind. 

Detached particles are transported by flowing water (over-land flow and inter-flow) and wind, 

and deposited when the velocity of water or wind decreases by the effect of slope or ground 
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cover. Processes like dispersion, compaction and crusting, accelerate the natural rate of soil 

erosion by decreasing structural stability, reducing soil strength, exacerbate erodibility and 

accentuate susceptibility to transport by overland flow, interflow, wind or gravity. These 

processes are accentuated by soil disturbance (by tillage, vehicular traffic), lack of ground cover 

(bare fallow, residue removal or burning) and harsh climate (high rainfall intensity and wind 

velocity) (Saha, 2004). 

2.2.2 Types of water erosion  

Erosion is the detachment of earth material from the surface. Once detached, agents like water or 

wind transport the material to a new location where it is deposited. The most ubiquitous form of 

erosion is that done by water.  

Splash erosion is the detachment and airborne movement of small soil particles caused by the 

impact of raindrops on soil. Rain splash erosion is caused by the impact of water striking the 

surface. Rain splash erosion generally takes place in two steps. As precipitation is absorbed by 

the surface it fills the pore spaces, loosening soil particles and driving them apart. The impact of 

subsequent rain drops hitting the surface splash the particle away from the point of impact. The 

effect is to give the surface a dimpled-like appearance.  

Sheet erosion is the detachment of soil particles by raindrop impact and their removal down 

slope by water flowing overland as a sheet instead of in definite channels or rills. When the 

surface pores are filled with sand, silt or clay, overland surface flow of water begins due to the 

lowering of infiltration rates. Once the rate of falling rain is faster than infiltration, runoff takes 

place. There are two stages of sheet erosion. The first is rain splash while the second stage is 

movement of the loose particles down slope by broad sheets of rapidly flowing water filled with 

sediment known as sheet floods.  

Rill erosion is a shallow linear depression or channel in soil that carries water after a recent 

rainfall (Stocking and Murnagham, 2001). Rill erosion are especially common on bare land, 

whether newly planted or in fallow. Rills are channels small enough to be smoothed by normal 

tillage, but the drainage is already done and the soil is lost. In addition, tillage loosens the soil 

making it more susceptible to rill erosion and every time they are destroyed - the rills can reform, 

resulting in much more soil loss. Rill erosion is the most visible, most common and serious form 

http://www.uwsp.edu/geo/faculty/ritter/images/lithosphere/mass_wasting_erosion/splash.gif
http://www.uwsp.edu/geo/faculty/ritter/images/lithosphere/mass_wasting_erosion/splash_erosion_small.jpg
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of soil erosion. It is the intermediate process between sheet and gully erosion. If detachment of 

soil particles continues, or flow increases; rills will become wider and deeper.  

Gully erosion 

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

during rainstorms. They are almost always associated with accelerated erosion and therefore with 

landscape instability. The main cause of gully formation is too much water, a condition which 

may be brought about by either climatic change or alterations in land use. In the first case, 

increased runoff may occur through higher rainfall or if less rainfall produces a reduction in 

vegetation cover. In the second case, deforestation, burning of vegetation and overgrazing can all 

result in greater runoff. If the velocity of the runoff exceeds a critical or threshold value, gully 

will occur (Lal, 1988; Morgan, 1995).  

2.2.3 Factors affecting erosion  

The soil erosion process is modified by biophysical environment comprising soil, climate, terrain 

and ground cover and interactions between them. Soil erodibility is susceptibility of soil to agent 

of erosion - is determined by inherent soil properties e.g., texture, structure, soil organic matter 

content, clay minerals, exchangeable cations and water retention and transmission properties. 

Climatic erosivity includes drop size distribution and intensity of rain, amount and frequency of 

rainfall, run-off amount and velocity, and wind velocity. Important terrain characteristics for 

studying soil erosion are sloping gradient, length, aspect and shape. Ground cover exerts a strong 

moderating impact on dissipating the energy supplied by agents of soil erosion. The effect of 

biophysical processes governing soil erosion is influenced by economic, social and political 

causes (Nearing, 2001; Saha, 2004). 

2.2.4 Soil erosion in Ethiopia 

Soil erosion or degradation is a grave problem that faces Ethiopia. As a result the country looses 

a tremendous amount of soil every year. The erosion loses of the top soils are largely due to 

topographic vulnerability to soil erosion, relatively high annual rainfall concentration, intensive 

crop production, over-population, over-grazing, unplanned human settlement and resettlement, 

lack of sustainable land use systems and  severe deforestation (Mengistu Woube, 2005). 
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The impact of erosion is particularly severe in the highlands, (areas that lie above 1500 m. Since 

the northern and central highlands of Ethiopia are the oldest agricultural settlements the land is 

extensively degraded for both economic and demographic reasons and soil losses are extremely 

high with an estimated average of 20 t/ha/yr and a measured amount of more than 300 t/ha/yr on 

specific plots Soil erosion by water and its associated effects are recognized to be severe threats 

to the national economy of the country. In Ethiopia soil loss due to erosion amounts to 1493 

million tons per year of which about 42 t/ha/yr is estimated to have come from cultivated fields. 

This is far greater than the tolerable soil loss as well as the annual rate of soil formation in the 

country (RRC, 1985; Hurni, 1988).   

2.2.5 Soil erosion assessment 

The formulation of soil conservation policies requires an accurate quantification of the impact of 

water erosion on agricultural production. This holds especially for developing countries where 

economic conditions impede the purchase of expensive inputs that could compensate the 

deteriorative effects of water erosion, leaving farmers extremely dependent on intrinsic 

productivity characteristics of the land. The correct assessment of soil degradation becomes 

therefore a critical issue. However, few countries avail themselves of a dense soil erosion 

research network that generates representative results of soil degradation for the existing spatial 

variability of natural resources and land use, while data paucity seriously hampers both the 

identification of explanatory variables and possibilities for validation of hypotheses (Sonneveld, 

2003; Bobe, 2004). 

Although consistent monitoring of soil erosion in Ethiopia has been coordinated by the Soil 

Conservation Research Project,  the observation was restricted to only seven research areas, that 

are smaller than 1 km2 (SCRP, 2000). Of course, the solution is not found in measuring erosion 

at every spot in the country, but the real challenge is to develop models that are sufficiently 

reliable and tested for the predominant variability of landscape and land use (Sonneveld, 2003). 

2.2.6 Soil Erosion assessment approaches 

Soil erosion prediction and assessment has been a challenge to researchers since the 1930s‟ and 

several models have been developed since then. These models are categorized as empirical (e.g. 

USLE and RUSLE), semi-empirical (e.g. Modified Universal Soil Loss Equation (MUSLE) and 

Morgan, Morgan and Finney (MMF) Model) and physical process-based models (e.g. WEPP, 
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EUROSEM). They represent the synthesis of the individual components which affect erosion, 

including the complex interactions between various factors and their spatial and temporal 

variability (Lal, 2001; Saha, 2004). 

2.2.7 Universal soil loss equation (USLE) 

The Universal Soil Loss Equation (USLE), developed by Wischmeier and Smith (1978), is one 

of many erosion models and probably the most simple to determine long-term average soil losses 

on a specific plot modeling only a particular type of erosion, i.e. sheet and rill erosion by water. 

It does not account for additional soil losses that might occur from gully, wind or tillage erosion 

(Hurni, 1985; Lal, 2001).  

Five major factors are used to calculate the soil loss for a given site. Each factor is the numerical 

estimate of a specific condition that affects the severity of soil erosion at a particular location. 

The erosion values reflected by these factors can vary considerably due to varying weather 

conditions. Therefore, the values obtained from the USLE more accurately represent long-term 

averages. These factors are rainfall pattern, soil type, topography, crop system and management 

practices. Universal Soil Loss Equation (USLE), according to Wischmeier and Smith (1978) was 

formulated as follows: 

A = R x K x L x S x C x P 

A: soil loss [t ha-1 y-1] 

R: rainfall erosivity [J m-1 h-1] 

K: soil erodibility [t m h ha-1 J-1] 

L: slope length [dimensionless] 

S: slope steepness [dimensionless] 

C: cover and management [dimensionless] 

P: support practice [dimensionless] 

Where:-  

A is the computed soil loss per unit area expressed in the units selected for K and for the period 

selected for R. In practice, these are usually selected so that they compute A in tons per hectare 

per year, but other units can be selected.  

R, the rainfall  
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K, the soil erodibility factor is the soil loss rate per erosion index unit for a specified soil as 

measured on a unit plot, which is defined as a 72.6-ft length under identical conditions.  

L, the slope-length factor is the ratio of soil loss from the field slope length to that from a 72.6-ft 

length under identical conditions.  

S, the slope-steepness factor is the ration of soil loss from the field slope gradient to that from a 

9% slope under otherwise identical conditions.  

C, the cover and management factor is the ratio of soil loss from an area with specified cover and 

management to that from an identical area in tilled continuous fallow.  

P, the support practice factor is the ratio of soil loss with a support practice like contouring, strip 

cropping, or terracing to that with straight-row farming up and down the slope. 

2.2.8 RUSLE model in Ethiopia 

The USLE was specifically developed for conditions in the USA. Therefore use of USLE in 

other areas requires adaptation to local condition. Thus, Hurni (1985), made a first attempt to 

adapt the USLE to the Ethiopian-Eritrean Highland conditions using the data available at that 

time. Other researchers like Helden (1987) and Nyssen et al. (2006) examined and adapted the 

different factors of the USLE after Hurni (1985) to the Ethiopian Highlands.  

2.3 GIS in soil erosion modeling 

There is considerable potential for the use of GIS technology as an aid to the soil erosion 

inventory with reference to soil erosion modeling and erosion risk assessment. Soil loss due to 

erosion is most frequently assessed by USLE for different reasons. Several studies showed the 

potential utility of RS and GIS techniques for quantitatively assessing soil loss by erosion (Saha 

et al., 1991; Saha and Pande, 1993). Satellite data, analyzed soil and land cover maps and DEM 

derived and ancillary soil and agro-climatic rainfall data are the basic inputs used in USLE for 

computation of soil loss. 

The primary layers required for soil erosion modeling are terrain slope gradient and slope length 

which can be generated by GIS aided processing of DEM (Saha, 2004). Flanagan et al. (2000) 

generated the necessary topographic inputs for soil erosion and model simulations by linking 

WEPP model and GIS and utilizing DEM. 
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Figure 1: Flow diagram of soil erosion modeling using USLE (Redrawn from Saha, 2004) 

2.3.1 Soil Loss Tolerance  

Since erosion is a natural process it cannot be prevented, but it can be reduced to an acceptable 

rate. A tolerable soil loss is the maximum (acceptable) annual amount of soil, which can be 

removed before the long term natural soil productivity is adversely affected. The only tolerable 

rate of soil loss equals the rate of soil formation. However, although the rates of soil loss can be 

measured, the rates of soil formation are so slow that they cannot be easily determined (Morgan, 

1995). The impact of erosion on a given soil type, and hence the tolerance level varies, 

depending on the type and depth of soil.  

2.3.2. Management strategies to reduce soil Loss 

Having obtained an estimate of the potential annual soil loss for a field, it is mandatory to 

consider ways to reduce this loss to a tolerable level. Understanding soil erosion processes, both 

in time and space, as well as their causes, is a pre-requisite to develop appropriate soil and water 

conservation (SWC) approaches and technologies that eventually contribute to more sustainable 

land management (Herweg and Stillhardt, 1999). The R and K factors for a field cannot be 

altered while slope length could be reduced by constructing terraces may and selection of crop 

types and tillage methods result in the lowest possible C factor that will result in less soil erosion.  
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2.4 Resettlement  

Many countries have developed and implemented planned settlement schemes. However, most 

of these schemes have not succeeded in improving the basic necessities of life. Rather they had 

led to increase human suffering and environmental degradation (Hansen and Oliver-Smith, 1982 

cited in Mengistu, 2005). However a number of governments in developing countries are still 

introducing resettlement schemes. One reason for this is that resettlement schemes are relatively 

easier to launch than, for example, agricultural reform programs, introduction of new agricultural 

technologies and the development of rural towns with conservation of natural resources. 

However, Mengistu Woube (2005) indicated that resettlement schemes have not been alleviated 

land use problems, nor have they transformed traditional subsistence economies. The 

resettlement schemes in most African and Asian countries take place in marginal areas, most of 

which are prone to disasters like drought, flood and diseases. The absence of integrated work 

plans among researchers, planners and policy-makers creates major obstacles to the improvement 

of resettlement sites. 

Most resettlement schemes have aggravated the existing problems such as ethnic conflict, food 

shortage and deforestation. The biophysical, socio-economic and political environments have not 

enabled resettlers to become self-sufficient in food and the creation of employment 

opportunities. In fact, the success or failure of any planned resettlement program depends largely 

on food and water availability, health care and the settlers‟ adaptation to the biophysical 

environment, to mention only the most important factors. Therefore, without sufficient and 

coherent planned resettlement programs, humans and biophysical rehabilitation measures cannot 

be taken in the sub-tropical, tropical, humid – and sub-humid regions of Africa (Alemneh 

Dejene, 1990; Mengistu Woube, 2005). 

2.4.1 History of resettlement in Ethiopia 

In Ethiopia, planned or organized settlements began in the late 1950‟s. However, following the 

1974 Ethiopian Revolution, different types of resettlement programs have been introduced. In 

1979 Relief and Rehabilitation Commission (RRC) was established as an autonomous body and 

planned resettlement, as a development strategy, was taken as an earnest to settle drought 

victims, to accommodate landless peasants, to provide income generating activity to the urban 

unemployed and to ease overcrowding and to settle nomads (Alemneh Dejene, 1990; Pankhurst, 

1992). The low-cost planned resettlement scheme was established mainly in state farm areas 
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which benefited the resettlers from the infrastructure and machinery that were available at the 

farm sites (Mengistu Woube, 1986 cited in 2005).  

But, prior to the formulation of the Ten-Year Perspective Plan (TYPP) (1983/84-1993/94), over 

population were not considered a major problem in Ethiopia. Although population was taken in 

to consideration in the formulation of pre- and post-revolution development plans, population 

growth was not considered as a problem, but the main concern was the most people lived in the 

“wrong” places (Fasika Sidelil, 1978; UN, 1980). These places were some of the central and all 

of the northern parts of the Ethiopian highlands, as identified by the Ethiopian Highland 

Reclamation Study. 

Between 1975 and 1983, the Resettlement Authority and the Relief and Rehabilitation 

Commission resettled 110,090 persons on 88 different resettlement sites. The program was 

disrupted between 1979 and 1983 due to the difficulty of managing the resettlement schemes and 

many resettlers were unwilling to remain in the new sites (Dessalegn Rahmato, 2003). A special 

resettlement Scheme was planned with the aim of gaining self-sufficiency by the settlers in a 

period of three years. However, this plan or scheme did not materialize as intended. Improper 

choice of resettlement sites, forcing of the resettlers were some of the reasons for the failure of 

the plan (Abdul Hamid, 1988 cited in Mengistu Woube, 2005). 

2.4.2 Resettlement in the development plan 

The resettlement of people from the drought-prone areas in the northern highlands, which 

suffered from serious ecological degradation, to more fertile areas in the south-west of the 

country was considered a necessary aspect of Ethiopia‟s economic and social development and 

recommended by the World Bank and FAO in the early seventies. However, the Government‟s 

plan for a gradual phased resettlement over ten years was almost immediately overtaken by the 

tragic famine of 1983/84 (Clark John, 1988; Alemneh Dejene, 1990).   

The TYPP proposed that the problems of overpopulation and associated environmental 

degradation should be solved largely by large scale resettlement of affected highlanders in the 

western parts of the country. However, the 1984/85 resettlement program was unprecedented in 

the large number of settlers involved (about 600,000) and the speed with which it was carried out 

(18 months). Resettlement was considered as the immediate and only remedy that could provide 
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a “lasting solution”. The 1984-1985 famine, the establishment of the RRC and the Resettlement 

Authority and shortage of arable land in many of the original settlement areas were some of the 

chief factors for the introduction of the 1984 resettlement program. However, all of the 

resettlement programs of 1974-1991 periods were mostly involuntary and forced (Alemneh 

Dejene, 1990; Pankhurst, 1992; Mengistu Woube, 2005).  

Although the direct cause of the 1984 drought was a significant reduction of rainfall, the real 

causes of the resulting famine were much more complex (Hurni, 1985; Alemneh Dejene, 1990). 

The intensity of the resettlement effort has abated since 1986, but in the face of another famine, 

the movement of people from the north has been re-started beginning November 1987. Almost 

all of the settlers come from the highland parts of the sending regions, although many major 

sending areas in Wollo, Tigray and Shewa have large proportions of their areas in the arid 

lowlands below 1500. 

2.4.3 Return of resettlers  

Factors that once pulled people from other areas can be treated as push factors at other times. 

When the factors that attracted people to resettle are no longer able to provide for their basic well 

being the settlers can be forced to move either back to their original settlements or elsewhere. 

The transformation of land to commercial farm contractors in some parts of southern and western 

parts of Ethiopia, lack of material and logistic support from government and lack of protection 

and other factors aggravated ethnic-conflicts and pushed people to resettle in the already densely 

populated settlement areas in the highland regions during the transitional period (Clark John, 

1988; Alemneh Dejene, 1990; Mengistu Woube, 2005).  

Moreover, the type of the push factors determined the reason for the return of resettlers. For 

example, more than half of the settlers from northern part (Shewa, Wollo, Tigray and Gojam) left 

their homes because of starvation. Smaller proportions of settlers also moved to look for work 

and to earn enough money and return back after the drought which was mainly raised by Wollo, 

Tigray and northern Shewa settlers. Even during the severe 1984 drought, a substantial number 

of settlers from Wollo hopped that they would return home as soon as conditions permitted 

(Daniel Gemechu; 1988; Alemneh Dejene, 1990). This large influx of population aggravated 

fragmentation of farmland, land insecurity, land-use conflicts, and environmental degradation in 

many rural and urban areas.  
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3. Materials and Methods 

3.1. Study Area Description  

3.1.1. Location  

The study was conducted at Gubalafto Woreda in North Wollo Administrative Zone of the 

Amhara National Regional State (ANRS). It is one of the eight Woredas, namely: Habru, Kobo, 

Delanta, Meket, Wadla, Bugna and Gidan which are found in the Zone. Geographically the 

Woreda is located between 39
0
12‟9” and 39

0
45‟58‟‟ East and 11

0
34‟54‟‟and 11

0
58‟59‟‟ North. It 

covers an area of  about 877.35 km2, and is bordered on the south by South Wollo Zone, on the 

west by Delanta and Dawunt, on the northwest by Meket, on the north by Gidan, on the northeast 

by the Logiya River which separates it from Kobo, on the east by the Afar Region, and on the 

southeast by Habru.   

 

Figure 2: Location of Gubalafto Woreda 

Woldiya is the administrative center of the Woreda. A look at its topographic feature indicates 

that the town has undulating landscape, surrounded by hills with an average elevation of about 

1,900masl measured from the center of the town. Gubalafto, as well as the other seven rural 

http://en.wikipedia.org/wiki/Debub_Wollo_Zone
http://en.wikipedia.org/wiki/Dawuntna_Delant
http://en.wikipedia.org/wiki/Meket
http://en.wikipedia.org/wiki/Gidan
http://en.wikipedia.org/wiki/Logiya_River
http://en.wikipedia.org/wiki/Kobo_%28woreda%29
http://en.wikipedia.org/wiki/Afar_Region
http://en.wikipedia.org/wiki/Habru
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Woreda of this Zone, has been grouped amongst the 48 Woredas identified as the most drought 

prone and food insecured in the Region (Seid Yassin, 2002).  

3.1.2 Topography and Agro-ecological zones  

The Woreda has a mountainous landscape ranging from 1300 to 3900 meters above sea level 

(Svein Ege, 2002). The topography of the area is characterized by 20% flat, 30% undulating, 

35% mountainous and 15% gorges or valleys. Gubalafto Woreda has four agro-ecological zones, 

namely, lowland (Kolla) which ranges from 1300-1500 masl, mid-altitude (Weinadega) ranges 

from 1500-2300 masl, Highland (Dega) ranges from 2300-3200 masl and Wurch > 3200 masl.  

 

Figure 3: Elevation map of Gubalafto Woreda 

3.1.3 Climate  

According to the data collected by Sirinka Agriculture Research Center (located about 10km 

south of Woldiya), the mean monthly temperature ranges between 21°c to 25°c. A bi-modal 

nature of rainfall characterizes most parts of Gubalafto woreda. The short rainy season (Belg), 

occurs between February and April while the long rainy season (Meher), occurs between June 

and September. In most cases, the highland areas (Dega) are mainly dependent on Belg rain 

whereas, the Weinadega and Kolla areas are dependent more on Meher rain for their crop 

production 
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.   

Figure 4: Mean annual rainfall distribution for the last three decades 

Like most of the Woredas in the region, the principal feature of the rainfall in most parts of the 

woreda is its seasonal character, poor distribution and variability from year to year. For the past 

three decades, an erratic distribution of rainfall has been the major climatic factor affecting crop 

yields in the area. As can be seen on figure 4, the highest amount of annual rainfall was recorded 

at the middle of the three decades. On the other hand, at the first and third decades it was 

inadequate for crop cultivation. Such an erratic nature of rainfall has been a contributing factor to 

the declining production, which affects most farmers in the Woreda.  

3.1.4 Vegetation  

Most of the land in the Woreda is now cultivated, and there is little natural vegetation. Farm 

borders and riversides are severely overgrazed, and in the eroded wastelands only few shrubs and 

scattered small trees are common. Firewood is now so scarce that dung cakes and agricultural 

residues are used as fuel. Some farmers plant eucalyptus around their homesteads, carefully 

protecting it with stone walls. 

3.1.5 Geology and Soils  

The study area is dominantly covered with basic and ultra basic rocks (example basalt, gabbro, 

and pyroxenite etc) and Pyroclastic rocks like, ashes, tuffs and ignimbrites and with a little 

undifferentiated igneous rocks. With regard to the soil the area is dominated by Eutric  Leptosols 
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while Eutric Cambisols, Lithic Leptosols and Eutric and Vertic Cambisols are the other types 

found in the Woreda.   

 

Figure 5: Soil map of the Woreda  

3.1.6 Human Population 

According to the 2007 census the total population of the Woreda was 139,800 of which, 70,732 

are males and 69,068 are females. From this population the urban dwellers account 4,885, while 

the rural population of the Woreda is 134,915. Similarly, according to the woreda agricultural 

office the total rural households are estimated to be 50,461 with an average family size of 3.8 

people (CSA, 2007). 

3.1.7 Settlement Patterns  

People in rural areas are organized into Kebeles or Peasant Associations (PAs) with a population 

size ranging from 2242 (Hara) to 9586 (Zewer Gotera). The Kebeles or PAs as they were 

commonly known were established after the revolution of 1974 for the purpose of executing the 

land reform program of the Derg regime. They still comprise the lowest level of the 

administrative structure of the Woreda but have acquired responsibilities in the areas of law 

enforcement, distribution of relief food and socioeconomic development. They have wide ranges 

of functions, including the administration of land within their area, the resolution of local 

conflicts, issuing regulations, and responsibility for the security and development of 
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infrastructures such as schools, clinics and roads. Service Co-operatives formed by some PAs, 

The Kebeles are divided to smaller units, known as „Gott‟, „mender‟, etc. which consist of a 

number of families under the leadership of development team (Limatawi Buden). The settlement 

pattern in the Woreda is highly scattered. People live in small groups that contain an extended 

family as near as possible to the land they cultivate. 

3.1.8 Land Use Patterns  

The available data with regards to land use in Gubalafto Woreda vary considerably. However, 

based on the data obtained from Gubalafto woreda Environmental Protection, Land 

Administration and Use Office, most of the land is mountainous and characterized by steep 

slopes, unsuitable for agricultural purpose thus; the cultivated land is limited only to 36.42 per 

cent of the total area. Farmers own different types of fields: the home fields, or „Wojed‟, which 

are plots close to the homestead, and the outfields, or „Berha‟, in some places may be as far as 3 

to 5 kilometers from the house (Azene, 1995). 

This has the direct implication that intensified methods of production are the sole means of 

increasing crop production in the Woreda. The nature of the land coupled with that of population 

pressure has resulted in shortage of farmlands for the household. According to the woreda 

Environmental Protection, Land Administration and Use Office, the average land holding size 

for a household has been estimated to be 0.78 hectare ranging from 0.4 hectare in the highland 

areas to 1.93 hectare in the lowland areas of the Woreda. 

3.1.9 Farming systems  

Like most of the other Woredas in the region, subsistence agriculture is the main occupation of 

the rural population in Gubalafto woreda. Due to both manmade and natural calamity, the rural 

community in the woreda has not been able to produce sufficiently to feed its population. With 

its widespread soil erosion and low erratic rainfall, the study area is classified as a low potential 

cereal zone (FAO, 1986) and farming in the area is based on a combination of crop production 

and livestock rearing. Crops are mainly produced for home consumption, while most of the 

income for household expenses is raised by selling animals.  

With regards to crop production, the Woreda is dependent on both the „Belg’ and „Meher’ 

seasons. According to the Department of Agriculture, the major crops cultivated during the short 
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rainy season are Barely, Teff and Lentils in order of their importance, while during the main rain 

season) the most important cultivated crops are Sorghum, Teff, Maize, Wheat, Barely, Chick 

Peas, Faba Beans and Lentils. In addition there are about 104,439 cattle, 121,780 goats and 

sheep, 18,714 donkeys, horses and camels based on 2009 local livestock enumeration by the 

Woreda Agricultural Office. 

3.1.10 Land tenure  

Radical changes in government over the last thirty years have had a significant impact on land 

tenure in Ethiopia. Until the revolution of 1974, the country had an imperial regime, and was a 

feudal state. There were three tenure arrangements in northern Ethiopia: rist, guilt, and semon or 

church land (Dessalegn, 1984). After the Revolution of 1974 the government implemented 

radical land reforms, nationalizing all rural land, which has since been administered by the PAs. 

No land has been distributed in Wollo since 1997, and the government has prohibited any further 

reallocations until it has clarified its land policy (Hussien Ali, 2009). 

 

 

 

 

 

3.2 Study Design 

3.2.1 Reconnaissance survey  

Reconnaissance survey was made to gather the necessary information which helped to identify 

the suitable Woreda. As a result, Gubalafto, Habru and Kobo Woredas were then selected from 

the eight Woredas found in the Zone as suggested by the Zone Administration office based on 

the number of resettled population at that time. Moreover, informal discussions were made with 

the selected Woredas‟ Administration and Agricultural Offices.  Similarly, based on the 

information obtained from concerned officials, local leaders and elders at different 

administration levels, Gubalafto Woreda was selected because of the relatively huge number of 

resettled population. Despite the problem of getting the exact number of resettlers from each 

Woreda and Kebele, the officials and elders put their judgments about the size of the resettled 

population.    
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Then after, from this Woreda, the Kebeles from where at least half of their population has been 

resettled were identified and based on additional criteria like accessibility three kebeles were 

purposely selected.  According to the information obtained from elders and some officials, these 

Kebeles had lost 50-60% of their population due to the resettlement.  

3.2.2 Soil survey 

Those kebeles which were purposely identified during the reconnaissance survey were: Laste 

Gerardo, Kille Adame, and Guagur Sibilkay. Similarly, after identifying the villages which were 

highly affected by the resettlement, five villages were randomly selected from each of the 

selected Kebeles. Two soil sampling sites were identified, from each of these villages, to 

represent resettled farmers‟ farmlands (resettled) and non-resettled farmers‟ farmlands (non-

resettled). Finally, from each Kebele five sample farmlands representing resettled farmers and 

another five sample farmlands representing non-resettled farmers‟ farmlands were collected. One 

composite soil sample was collected from each of the selected farmlands by collecting 3-5 sub-

samples from different parts of the farmland following „zigzag‟ sampling pattern. Generally, soil 

samples were collected from a depth of 0-20cm which represents the plough layer and rooting 

depth of most crops. These selected resettled and non-resettled farmlands had more or less 

topography, and size, soil type, etc. 

A total of five (5) composite samples from resettled farmlands and similarly five (5) composite 

samples from non-resettled farmlands were collected from each Kebele, except from Laste 

Gerado which were four (4). Totally, from the three kebeles, twenty eight (28) soil samples 

(fourteen from resettled and fourteen from non-resettled farmlands) were collected and placed in 

plastic bags. A four digit field code, with the necessary field information, was given to the 

collected soil samples. The geographical locations of the sampling sites were recorded using 

Geographic Positioning System (GPS).  

3.2.3 Laboratory analysis  

Before analysis, the soil samples were air-dried, mixed well and passed through a 2 mm sieve for 

the analysis of selected physical and chemical soil properties. Physical and chemical analysis of 

the soil was carried out with standard laboratory procedures at Water Works Design and 

Supervision Enterprise (WWDSE) Laboratory in Addis Ababa.  
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The percentages of the soil separates were determined by the Boycouos hydrometric method 

(Bouyoucos, 1962) after destroying organic matter using hydrogen peroxide (H2O2) and 

dispersing the soil with sodium hexameta phosphate (NaPO3). First, the sand fraction was 

separated by the help of a nest of sieves and silt and clay fractions were separated by hydrometer 

method of analysis. Soil PH was determined based on both 1: 2.5 soil-water and potassium 

Chloride suspension.  

Total nitrogen was analyzed using the Kjeldahl digestion, distillation and titration method as 

described by Black (1965) by oxidizing the organic matter in concentrated sulfuric acid solution 

(0.1N H2SO4). Available Phosphorous was determined following Olsen et al. (1954). Soil 

organic matter content  was obtained after the percent organic carbon was determined according 

to Walkly and Black (1934) and then multiplying by a factor of 1.724 to get the percent soil 

organic matter following the assumptions that organic matter is composed of 58% carbon. Cation 

exchange capacity was analyzed using ammonium acetate method. Available potassium was 

extracted by sodium acetate method and measured by flame photometer, where as cation 

exchange capacity and exchangeable cations by ammonium acetate (1N NH4OAc) extraction 

and measured by the atomic absorption spectrometry (AAS) and flame photometer method. 

3.2.4 Soil Erosion Survey 

The universal soil loss equation was employed to assess the amount of soil loss existed in the 

Woreda and more specifically in the study area, through analyzing the loss in GIS environment 

for the years 1986 (at the time resettlement) and 2005 (post resettlement) and comparing the 

results obtained for this periods.  

Different data sources were refereed to analyze the soil loss in the Woreda and the study area. 

Monthly rainfall data of five stations from 1973 to 2005 was collected from Ethiopian 

Metrological Agency, FAO soil map was obtained from Ministry of agriculture and Rural 

Development. Land cover classification map was used for the analysis of crop management 

factor (C-value).  

Derivation of rainfall erosivity (R) factor  

The erosivity factor, R, was calculated based on Hurni (1985) and Hellden (1987) as given by the 

regression equation as follows:  
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R = -8.12+0.562*P, Where, P is the mean annual rainfall, mm 

The rainfall reading from the five surrounding stations were taken and through interpolation the 

rainfall map was determined and then the R factor was calculated from the interpolation of mean 

annual rainfall (P) for these five stations  

 

Figure 6: Rainfall erosivity (R) factor map 

Derivation of soil erodibility factor (K) 

Hurni (1985) and Hellden (1987) adapted USLE to Ethiopian condition based on research and 

proposed the K values of soils by their color. The value of K ranges from 0 to 1. Based on their 

color the soils of the Woreda are grouped into two categories: brown and black. Therefore the K 

value is either 0.15 or 0.2 as shown in Table 4. A soil erodibility (K) factor result for the woreda 

is shown in Figure 7. 

Table 4: Soil erodibility (K) factor based on the color of the soil (adapted from Hellden, 1987) 

Soil color  Black  Brown  Red  Yellow  

K factor  0.15  02  0.25  0.3  
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Derivation of topographic (LS) factor  

The slope length and slope steepness were used in a single index, which expresses the ratio of 

soil loss. By using DEM, it is possible to calculate both slope length „L‟ and slope gradient „S‟ 

rather than using individually (Wischmeier and Smith, 1978). For erosion at a point, Griffin et al. 

(1988) modified and recommended the following formula for LS calculation.  

LS = (X/22.1)
0.6 

(sin(S) *0.01745/0.09)
1.3

 

      Where X = slope length (m) and S = slope gradient (%)  

X = (Flow accumulation * Cell value), by substituting X value, LS equation will be:  

LS = (Flow accumulation * Cell value /22.1) 
0.6 

(sin (S)*0.01745 / 0.09)
1.3

 

To calculate the X value, flow accumulation was derived from the DEM after conducting FILL 

and flow direction processes in Arc GIS 9. Finally, the LS factor was derived as shown in Figure 

8. 

 

Source (FAO, 1997) 

 

Figure 7: Soil erodibility (K) factor map for the Woreda 
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Figure 8: Topographic (LS) factor map for the Woreda 

Derivation of Land Cover/Land Use factor (C) 

The crop management factor represents the ratio of soil loss under a given crop to that of the bare 

soil (Morgan, 1994). Land use map of 1986 and 2005 for the Woreda was utilized for analyzing 

the C-value. After changing the coverage to grid, a corresponding C-value was assigned to each 

land use classes using re-class method in Arc INFO 9 as given by (Wischmeier and Smith 1978) 

for both years. 

 

Figure 9: crop cover (C) factor value for 1986 (left) and 2005 (right) 
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Derivation of management practice (P) factor 

The erosion management practice, P value, is also one factor that governs the soil erosion rate. 

The P-value ranges from 0-1 depending on the soil management activities employed in the 

specific plot of land. These management activities are highly dependent on the slope of the area. 

Wischmeier and Smith (1978) calculated the P-value by delineating the land in to two major land 

uses, agricultural land and other land. The agricultural land is again sub-divided in to six classes 

based on the slope percent to assign different P-values (Table 5). 

 

Figure 10: Supporting practice (P) factor value for 1986 (left) and 2005 (right) 

Table 5: P factor values derived from the slope (Wischmeier and Smith, 1978) 

Land use type  Slope (%)  P-factor 

Agricultural land  0-5 0.1 

5-10 0.12 

10-20 0.14 

20-30 0.19 

30-50 0.25 

50-100 0.33 

Other land  All 1.00 
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Finally, the results of all the R, K, LS, C and P factor values were generated in GIS and were 

multiplied to obtain the product, which gave estimated annual soil loss (A) due to sheet and rill 

erosion for the Woreda and for the specific study kebeles. The values gave annual soil loss per 

hectare per year at pixel level and summed up to obtain total loss.  

3.2.5 Household Survey 

In order to assess the land management practices, and to get information regarding farmers‟ 

perception on soil quality, and soil erosion as well as to assess the socio-economic status of the 

farmers, semi-structured questionnaire were prepared. The respondents were randomly selected 

from the three selected kebeles in proportion to their population size while the owners of the 

sample farmlands (28 household heads) were included purposely to get detailed land 

management and other necessary information. The questionnaire was divided mainly into three 

main parts; focusing on soil degradation and land management practices, agricultural system and 

household profile. It helped to acquire the required information concerning resettlement and its 

contribution for soil quality and erosion improvement as well as the perception of the farmers on 

soil degradation. Totally 80 respondents were selected and interviewed from the three kebeles. 

Moreover, direct personal observation, informal and formal group discussion and secondary data 

sources were an important source of information, especially concerning resettlement (see 

Appendix I).  

 

3.3 Data analysis 

 

3.3.1 Soil data analysis 

The soil data were analysed using SPSS v.15 statistical software. Independent samples t-test was 

used to compare the mean values of each soil parameter for resettled and non-resettled 

farmlands. After removing outliers from the results, significant differences between the resettled 

and non-resettled farmlands were tested. Additionally, mean values of each of the soil 

parameters were compared with other works and against the standard set by other authors. 

Finally, the results of the laboratory analysis of each sample were used to describe the fertility 
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status of the soils of the study area, because the fertility level of the soils could show the 

contribution of the resettlement program towards soil fertility improvement.   

 

3.3.2 Erosion data analysis  

 The results obtained from the analysis of erosion through USLE in GIS environment for the year 

1986 (during resettlement) and 2005 (post resettlement) were compared to see the difference in 

the two periods. Based on the obtained result the current status as well as the contribution of the 

resettlement program in alleviating soil erosion was assessed. The rates of soil erosion for the 

Woreda and the study Kebeles were calculated and the change as well as the severity was also 

assessed interms of topography (slope). Moreover, the results of soil erosion for the study 

Kebeles were compared with the Woreda. 

 

3.3.3 Household data analysis 

The results of the household survey collected with the questionnaire were analyzed using SPSS 

v.15 software. The results were explored and analyzed using descriptive statistics.  
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4. Results and Discussion 

4.1. Impact of resettlement on soil quality   

The results of the soil physical and chemical property analysis showed that resettlement did not 

have any significant contribution in improving the quality of the soil. As shown in Table 6 

below, most of the soil physical and chemical properties didn‟t differ in the resettled and non-

resettled farmlands. However, although not significant, some of the chemical properties showed 

a slight improvement at some farmlands.  

While the major determinants of soil quality, like CEC, SOM, available phosphorous and 

Potassium, contents showed a decline in the resettled farmlands, but a slight improvement was 

observed only in total Nitrogen content and some of the exchangeable cations.  

Table 6: Independent t-test results of the soil analysis 

Parameters Laste Gerardo Kille Adame Guagusa Bilkay 

t Sig. MD*+ SE** T Sig. M D+ SE t Sig. MD + SE 

PH .295 .778 .08 + .25 -.548 .599 -.05 +  .10 .879 .405 .24 +  .27  

Exchangeable Na .827 .440 .02 + .02 -.398 .701 -.01 +  .03 -.769 .476 -.04 +  .05 

Exchangeable K -.970 .370 -.17 + .17 -.437 .673 -.08 +  .17 .376 .717 .05 +  .14 

Exchangeable Ca .142 .892 .59 + 4.11 -.626 .549 -3.42 +  5.47 -.714 .502 -4.50 +  6.30 

Exchangeable  Mg .060 .954 .30 + 5.04 .068 .948 .43 +   6.33 -1.345 .215 -6.39 + 4.75 

CEC -.024 .981 -.14 + 5.67 -.265 .798 -1.40 +  5.30 -.039 .971 -.35 +  9.03 

SOM -.513 .627 -.22 + .43 -.744 .478 -.39 + .52 .171 .871 .06  +  .38 

Total N .933 .387 .01+ .02 .653 .535 .01 +  .01 .183 .859 .00 +  .02 

Available P -1.843 .115 -11.66 + 6.33 -1.277 .242 -4.12 +  3.23 -1.08 .31 -5.40 +  5.00 

Available  K -.917 .395 -60.48 + 65.98 -.895 .397 -59.11 + 66.02 .712 .497 41.66 +  58.5 

Note: * It means mean difference  
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           ** It is standard error of the mean difference 

Utilization of agricultural residues and animal manures for livestock feed and fuel source are the 

major determinants of SOM decline. Moreover, the type and amount of organic inputs is also 

decreasing due to the drought and shortage of land. Shortage of cultivable land is restricting crop 

rotation with limited number of leguminous crops which affects the return of N through fixation. 

Gizaw et al. (1999) and Hussien Ali (2002) also indicated that the variety and amount of organic 

inputs in the woreda are decreasing due to the reduction in livestock population and crop 

varieties. Application of external inputs is also limited to homesteads and some of the Wojed 

farmlands closer to their residence. Besides, moisture stress in the area limits the rate of 

decomposition of OM to replenish the loss. Eyasu Elias and Daniel Fantaye (2002) also raised 

the problem of organic matter depletion from farmlands in adjacent Woreda.  

Farmers also stopped using inorganic fertilizers, because it burned the soil and crops due to 

moisture stress. These and other factors increased the depletion of major nutrients like, total 

Nitrogen, available phosphorous and organic carbon in the form of nutrient mining. The result is 

in agreement with the work of Alemneh Dejene (2003) who reported the limitation of P in most 

of the highland soils. The area is known for its recurrent drought due to the poor distribution and 

shortage of rainfall and this by itself contributed for the minimal effect of leaching on 

exchangeable cations. The enrichment of the soil in basic cations made the soil to be alkaline. 

The high CEC values may also be associated with the nature of the highland soils.  

Generally, equal exposure of both resettled and non-resettled farmlands to different degradation 

agents limited the success of the resettlement program to bring change in terms of soil quality. 

This is because the non-resettled (remaining) farmers cultivated the land left by the resettlers as a 

result it could not get enough rest to replenish the already lost nutrients. Moreover, the resettlers 

themselves were returned to their homes after staying only for few periods.  

4.2 Impact of the resettlement on soil erosion  

The result of soil erosion assessment showed, in 1986 the rate of soil erosion in the Woreda has 

been 11.16t/ha/yr, whereas in 2005 it was calculated to be 16.24t/ha/yr.  The result also indicates 

the increase in the rate of soil loss by 45.5% in 2005 from the 1986 situation. Despite the 

increase in the total soil loss, the maximum amount of loss per area has shown a decrease in 
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2005. Moreover, as shown in Figure 11 and 12, areas which were highly affected by erosion in 

1986 have shown an improvement in 2005, but to the reverse areas which had lower contribution 

in 1986 showed an increase in loss and the problem has increased its coverage throughout the 

woreda by reaching new areas.  

The reduced amount of soil loss from the areas that had been highly affected in 1986 may be 

either soil and water conservation measures have been implemented and reduce the loss or they 

had reached the maximum tolerable limit (already lost the soil) and the loss minimized.  

However, the increase in the coverage of the problem in 2005 may be due to the failure of soil 

and water conservation practices which were implemented at different periods as well as the 

alarming effect of degradation factors such as population pressure that determines the level of 

dependence on the natural resources.  

 

Figure 11: Soil erosion risk map for the Woreda and selected Kebeles in 1986  
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Figure 12: Soil erosion risk map for the Woreda and selected Kebeles in 2005  

As shown in Table 7, the rate of soil loss is greater for slopes above 20% gradient. However, the 

rate of soil loss has decreased for slopes below 30% steepness whereas slopes above 30% 

showed an increase, especially for slopes having more than 50% gradient the increase reached 

about 90%. About 81% of the total soil loss was from slopes having more than 20% gradient 

while this contribution has increased to 91% in 2005 while the highest rate of increase was from 

slopes more than 50% gradient. As the population increased size of land holding per household 

and as a result availability of cultivable land decreased.  As a result to fulfill the household 

demand the farmers shift to cultivate new areas which have not been used for crop cultivation. 

So, the increased population pressure and the allied cultivable land shortage forced the farmers to 

move and cultivate onto these steep slopes.  

Table 7: Comparison of mean soil loss based on slope in 1986 and 2005 

Slope (%) Mean loss in 1986 (t/ha/yr) Mean  loss in 2005 (t/ha/yr) 

0-5 3.49 1.48 

5-10 5.73 2.78 

10-20 7.50 5.80 

20-30 10.92 10.86 

30-50 13.09 15.90 

 >50 13.08 24.82 
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Concerning the study kebeles, the rate of soil loss has shown an increase at Laste Gerado, while 

the other kebeles showed a decrease from their 1986 condition (Table 8). In the case of Guagur 

Sibilkay the rate of soil erosion has decreased by 45% but the reverse is at Laste Gerado with 

increase of about 38%. Despite the slight decrease, the rate of soil loss at Kille Adame is higher 

than the other kebeles in both years. The recorded increase in Laste Gerado is because of the 

associated increased loss from steep slopes like the other parts of the Woreda shown in Table 7. 

The mean soil loss from the study Kebeles is below the Woreda average. 

This might be due to the relatively uniform topography, lower slope gradient and lower altitudes. 

In addition the study Kebeles are found close to the Afar Region and the associated lower rainfall 

made them to be less prone to soil erosion when compared with the Woreda.  

Table 8: Mean soil loss values for the selected kebeles in the years 1986 and 2005 

Kebele Mean soil loss in 1986 (t/ha/yr) Mean soil loss in 2005 (t/ha/yr) 

Laste Gerado 1.97 2.71 

Kille Adame  5.04 4.75 

Guagur Sibilkay 2.60 1.43 

 

4.3 Impact of resettlement on land management practices  

During the interview and group discussion farmers noted that, after the 1984 drought and 

resettlement the then government introduced and tried to adapt different land management 

practices from other areas. The government mainly focused on physical SWC structures with 

lesser emphasis for organic inputs and commercial/inorganic fertilizers (Table 9).  

Table 9: Land management practices that have got attention after the 1984 resettlement 

Management 

types  

Laste Gerado  Kille Adame  Guagur Sibilkay  

Frequency Percent Frequency Percent Frequency Percent 

SWC structures 24 88.9 22  81.5 21 80.8 

Organic inputs 11 40.7 6 22.2 10 38.5 

Inorganic fertilizer 2 7.4 1 3.7 1 3.8 

Tillage system 2 7.4 1 3.7 3 11.5 
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Moreover, during the present government additional land management techniques such as water 

harvesting structures (e.g. pond) and organic inputs (e.g. compost preparation) were introduced 

and tried to adapt at different periods. But the majority of these works by both governments were 

not successful; especially those introduced during the Derg period were totally collapsed. 

Although more attention was given to the rehabilitation of degraded lands, starting from the Derg 

regime, the desired change hasn‟t been achieved. This was due to policy and implementation 

gaps and limitations; especially during the Derg regime the program was not participatory and 

made the farmers to be negligent in the proper implementation and follow up of conservation 

structures. As a result the local land management practices could exist for long period and now 

the farmers are trying to incorporate them with the introduced structures. Table 10 presented the 

different types of land management techniques practiced before and after the 1984‟s drought and 

the consequent resettlement program. 

Table 10: Types of land management practices before and after 1984.  

Types of management Before 1984 After 1984 

Laste  Adame Sibilkay  Laste  Adame Sibilkay 

Ash  8 7 6 23 20 21 

Agricultural  residues * 11 10 12 12 9 10 

Manure -- -- -- 11 9 8 

Compost -- -- -- 1 1 -- 

Inorganic fertilizers -- -- -- 2 -- 1 

Ditches 22 23 22 23 24 22 

Contour ploughing  21 22 20 26 27 26 

Soil bund  ** 13 11 10 21 20 18 

Stone bund  *** 2 3 2 10 11 8 

Check dam -- -- -- 5 3 4 

Terrace -- -- -- 3 3 2 

Pond -- -- -- 3 2 2 

Others     13 12 11 
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Note * before 1984 crop residues were left on the farm but after this practice has decreased 

         ** Soil bunds with the integration of other techniques are locally called „weber‟ or „dib‟  

         *** Stone bunds are locally called „kab‟ or „erken‟ 

However, as depicted from Table 10 the rate of application of inorganic fertilizers was minimal 

at both periods. Farmers raised the reasons shown in Table 11 below, why they gave less priority 

for inorganic fertilizers. The main reason behind the limited application of inorganic fertilizers is 

associated with the consequence of moisture stress. When fertilizers are applied to a dry soil the 

salts in the fertilizers will absorb the moisture due to the effect of osmotic potential. As a result, 

the crops will lose their moisture and becomes wilt and eventually will die. The farmers express 

the effect as “burning of the soil and crops”.  Because, they have tried it in the early 1990s and 

the response was complete failure in their cop production.  

Table 11: Reasons for not using inorganic fertilizers  

Reasons  Laste Gerado  Kille Adame  Guagur Sibilkay  

Frequency Percent  Frequency Percent  Frequency Percent  

They are costly  6  22.2 1 3.7 2 7.7 

Moisture stress 19 70.4 24 88.9 22 84.6 

I use organic fertilizers 8 29.6 9 33.3 5 19.2 

No need of fertilizer  2 7.4 4 14.8 4 15.4 

  

 

4.4 Perception of farmers on soil degradation 

4.4.1 Impact of the resettlement on soil degradation 

As shown in Table 12, majority of the respondents from Laste Gerado and Kille Adame agreed 

that resettlement didn‟t bring change on soil degradation. The reason for the minimal change in 

soil degradation is due to the increasing population pressure and the associated shortage of 

cultivable land. This is because majority of the resettlers returned home after staying for few 

periods at the resettlement sites. Results of group discussion and interview revealed that un-
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favorable climatic conditions and the associated animal and human diseases, affection to their 

birth places and conflict with the natives in the area were the main pushing factors for the return.  

Table 12: Perception of farmers about the impact of resettlement on soil degradation 

Response  Laste Gerado Kille Adame Guagur Sibilkay 

Frequency Percent Frequency Percent Frequency Percent 

Improved  7 25.9 8 29.6 9 34.6 

Become severe 15 55.6 15 55.6 12 46.2 

I don't know 5 18.5 4 14.8 5 19.2 

Total 27 100.0 27 100.0 26 100.0 

 

4.4.2 Causes of soil erosion and indicators for its presence  

In the case of soil erosion, farmers identified absence of SWC, improper management of 

conservation structures, the topography of farmlands and deforestation to be the major causes 

that accelerate soil erosion, as shown in table 13 below. However, the majority of the farmers 

believe that the topography of the farmlands is the main cause of soil erosion, especially at Kille 

Adame.  

Table 13: Perception of farmers on the causes of erosion  

Causes  Laste Gerado  Kille Adame  Guagur Sibilkay  

Frequency Percent   Frequency Percent   Frequency Percent   

Absence of SWC 13 48.1 13 48.1 13 50.0 

Improper management 14 51.9 14 51.9 11 42.3 

Topography  18 66.7 19 70.3 18 69.2 

Deforestation  14 51.9 16 59.3 16 61.5 
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Although the ways of identification varied from place to place, farmers are able to identify soil 

erosion through indicators like sheet, rills and gullies formed by erosion and also through 

sediment accumulation on bottom lands as indicated in Table 14. They found the problem to be 

more prominent on Wojed farmlands due to the topography in these areas. Wojed farmlands are 

usually closer to residential sites, located on hills and near mountains, which are prone to soil 

erosion. The farmers claim that they are applying soil and water conservation measures; 

however, the result of the erosion assessment in section 4.2 revealed that more has to be done to 

rehabilitate degraded lands and moreover to protect new areas, especially in Laste Gerado which 

showed an increasing trend. The increase in the rate of soil erosion showed the limitation on the 

implementation of appropriate measures and the proper management of implemented measures. 

Table 14: Perception of famers on the indicators of soil erosion 

Response  (n=80) Sheet erosion Rill erosion Gully erosion Other related problems 

Wojed 19.1 32.4 14.7 23.5 

Berha 7.4 14.7 17.6 26.5 

Both  17.6 13.2 7.4 8.8 

None  55.9 39.7 60.3 41.2 

Total 100.0 100.0 100.0 100.0 

 

4.4.3 Causes and indicators of soil quality decline 

The farmers are aware of the causes and extent of soil fertility decline on their farmlands. The 

result in Table 15 shows that majority of the farmers in all kebeles are aware of soil fertility 

decline of farmlands at all locations, but the problem is more pronounced at Berha farmlands. 

The main indicators for the fertility decline are shown in Table 16 as perceived by the farmers. 

However, these indicators may not be exclusively due to fertility decline but also due to other 

factors like erosion and drought. This indicates that farmers understand the consequences of soil 

degradation in a holistic manner and also indicates the inter-linkage between the two problems.   
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Table 15: Perception of farmers on the distribution of soil fertility problem  

Location  Laste Gerado Kille Adame Guagur Sibilkay 

Frequency Percent Frequency Percent Frequency Percent 

Wojed  4 14.8 3 11.1 5 19.2 

Berha  7 25.9 5 18.5 3 11.5 

Both  12 44.4 11 40.7 13 50.0 

None    3 11.1 8 29.6 5 19.2 

Total  27 100.0 27 100.0 26 100.0 

 

Study conducted by Eyasu Elias and Daniel Fantaye (2000) showed similar conclusion with 

regard to the perception in the highlands of the Northern Ethiopia under similar farming 

practices. In spite of this problem, farmers know which measures are appropriate techniques for 

which problem. According to the response by the farmers yield decline and deceased plough 

layer are the main indicators for the loss of soil fertility. However, social, environmental (like 

drought) and economic factors limit them from applying management interventions (like organic 

and inorganic fertilizes) to improve the fertility of the soil at all locations. As a result the fertility 

of the soil is highly depleted as clearly shown by the results of the soil data analysis in section 

4.1.  

Table 16: Perception of famers on the indicators of soil fertility decline  

Indicators  Laste Gerado Kille Adame Guagur Sibilkay 

Frequency Percent  Frequency Percent  Frequency Percent  

Yield decline 21 77.8 17 63.0 18 69.2 

High input demand 4 14.8 7 25.9 9 34.6 

Deceased plough layer 20 74.1 18 66.7 19 73.1 

Total 27 100.0 27 100.0 26 100.0 
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The causes of the fertility decline varied but the major ones are using agricultural residues and 

animal manures as sources of energy for cooking. All of the respondents from all kebeles during 

the discussion and interview noted that agricultural residues (e.g. roots and straw of sorghum and 

maize) and animal manures are their main energy sources.  

As depicted in Table 17, crop residues (e.g. straw and stover of maize and sorghum), weeds and 

other organic residues are also the main sources for livestock feed. Shortage of grazing land 

made the farmers to be dependent on agricultural residues for livestock feed. The consumption of 

agricultural residues for other purposes increases the depletion of nutrients which limits the 

turnover. And when coupled with the poor use of inorganic fertilizers, it increases the severity of 

the problem. 

Table 17: Common livestock feed sources 

Feed source Laste Gerado Kille Adame Guagur Sibilkay 

Frequency Percent Frequency Percent Frequency  Percent 

Crop residue 20 74.1 24 88.9  25 96.2  

Grass 13 48.1 9 33.3  11 42.3  

Weed  21 77.8 25 92.6  25 96.2  
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5. Conclusion and Recommendations  

 

5.1 Conclusion  

 

The results of the physical and chemical analysis of the soil samples showed that both resettled 

and non-resettled farmlands are not different in their fertility level. The resettlement program that 

was undertaken after the 1984 drought has not brought significant improvement in soil quality. 

Although not significant it has shown a slight change for some of the parameters. The results 

also indicated the depletion of the fertility of both resettled and non-resettled farmlands in all of 

the study kebeles, except for CEC and exchangeable cations. Removal of agricultural residues 

and cow dung as a fuel source and livestock feed are the main factors responsible for the decline 

in the fertility of the soils in all of the study Kebeles.  

 

Analysis of soil loss for sheet and rill erosion using USLE through GIS revealed that the Woreda 

has experienced more erosion with an increasing rate than before and the coverage has also 

highly increased by degrading new areas throughout the Woreda. Estimated soil loss results in 

1986 and 2005 revealed the seriousness of the problem, especially for slopes having more than 

50% gradient. However, at some of the study kebeles the severity of the problem has shown an 

improvement from the 1986 situation. Moreover, when compared with the Woreda the study 

kebeles have experienced less erosion. Although the farmers are aware of the problem of soil 

degradation, their response to address the problem is limited by social, economic and drought 

related factors.  

 

Although different SWC structures were introduced during the Derg regime, they were not 

successful. However, the present government and NGOs tried to adapt and implement different 

SWC structures which raised the awareness and participation of the farmers in alleviating land 

degradation. Lack of proper implementation and follow-up of conservation structures were the 

main obstacles to reduce the rate of soil degradation to the tolerable limit.  

But, currently the approach is becoming participatory and community based, which is increasing 

the acceptance of the farmers to the change in land management practices. However, moisture 
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stress and lack of capacity limits the rate of application and decomposition of organic inputs to 

improve the fertility of the soil. 

5.2 Recommendations  

 Strengthening proper implementation and follow up of soil and water conservation 

structures. 

 Indigenous soil and water conservation structures should be supported and expressed 

with the introduced ones. 

 Training should be given to increase the use of inorganic fertilizers with the limited 

rainfall. 

 Alternative energy and animal feed sources should be familiarized to reduce removal of 

organic inputs from farmlands. 

 Participatory and community based watershed management system should be 

strengthened to reduce soil loss to the tolerable limit.  

 Finally, resettlement programs should be based on long-term studies of the different 

variables prior to the onset of the resettlement program. 
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Appendices  

Appendix I:  Household Survey Questionnaire 

This questionnaire contains three main parts with an assigned general objective specific to each 

part. Under each part different sections are included. 

Part I: Soil Degradation and Land Management Practices 

Objective: 

The main objective of this part is to assess awareness of farmers concerning soil erosion and the 

associated decline in the fertility of the soil, as well as the management interventions taken by 

the farmers themselves in response to the problem. 

This part includes two interrelated sections namely; 

            Section A: Soil erosion and conservation measures 

 Section B: Soil fertility and management practices 

 

PART II: Agricultural system 

Objective: 

The main objective is to assess the impact of land shortage and tenure system on agricultural 

production and its contribution for land degradation.  

This part also includes three different sections: 

Section A: Land holding, Land use and tenure 

Section B: Crop Production 

Section C: Livestock production 

 

PART III: Household Profile 

Objective: 

The main objective is to assess the characteristics of the household and the contribution of 

resettlement (particularly, the 1984/5) for the improvement of their livelihood. 

This part will have three sections under it:  

 Section A: Demography 

 Section B: Resettlement  

            Section C: Socio-economic status 
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Questionnaire No: ------------------ 

Survey Area: Region ----------------Zone ------------Woreda------------------PAs------------Village------------- 

Respondent‟s Name -------------------------Age ------------- Sex--------------- Educational Status--------------- 

Position in the Household ----------------------------------------------------------------------------------------------- 

Interviewer‟s Name----------------------------------------------- Date of Interview---------------------------------- 

Part I: Soil Degradation and Land Management Practices 

In this part you are requested to tell about the problems that you have encountered on your farm lands and 

how you manage them in order to address those problems.  

Section A: Soil Erosion and Conservation 

1. Did you observe erosion & related problems on your farmlands? Yes=1; No =2, go to Quest #10. 

2. Plot?  

(No)  

3. What were 

the indicators? 

(Code a) 

4. 

When?  

(year) 

5. What do 

you think the 

causes are?  

(Code b) 

6. Did you take any 

measure? 

Yes=1, (Code c) 

 No=2,  to # 9 

7. Who told 

you to do so? 

(Code d) 

8. Did you observe 

any change? 

Yes=1;  No =2 

       

       

       
Code a:  Erosion = 1; Sediments accumulation on bottom lands=2; decrease in plough layer=3, others (specify) =4 

Codeb: Absence of SWC measures =1, Improper management=2; Topography=3;   Deforestation=4;                   

others (specify) =5 

Code c: Terraces=1; Ditches/trenches=2; Contour ploughing=3; Check dams= 4; Stone bunds=5; Soil bunds=6; 

others (specify) =7 

Code d: Parents =1; Neighbors=2; Extension agents (training) =3;  NGOs=4; from school=5; others (specify) =6 

9. Why didn‟t you take any measure? ___________________ 

      Limited capacity=1;   shortage of labor=2; lack of know-how =3; other reasons (specify) =4 

10. Was there any deforestation in your village? Yes=1; No=2, I don‟t know=3, other (specify) =4  

11. For what purpose?  For sale=1; Fuel wood=2; construction=3; Crop production=4; other specify=5 

12. Do you think deforestation contributed for soil erosion? Yes=1;   No=2 

13. Do you discuss soil erosion problems with other bodies?      Yes=1;      No=2. 

14. With whom you discussed? Family=1;   Neighbors=2;   DAs=3; others (specify) =4 

15. Have you ever participated in soil conservation work? Yes ---------1,      No ----------2. 

16. Who organized the work? Local leaders=1; DAs=2;   NGOs=3; other (specify) =4 

Section B: Soil Fertility and Management  

1. Did your farmlands encounter any problem related to soil fertility? Yes =1;          No =2. 

2. 

Plot? 

(no)  

3. When 

did it start? 

4. What were 

the symptoms? 

(Code a)  

5. What management 

interventions have you 

taken? (Code b) 

6. Who told to 

do so?  

(Code c) 

7. Did you see 

improvement? 

Yes=1; No-=2 

      

      

      
Code a:   Yield decline=1;    Soil color change=2;   High input demand=3;      others (specify) =4 

Code b: Fallowing=1;   Crop rotation=2;    Intercropping=3;           Manure=4;           Fertilizer=5;     

              Planting of legumes=6;             others (specify) =7 
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Code c: I from parents =1; from neighbors=2; from extension agents =3; From NGOs=4; others (specify) =6 

Code d: More fertile=1;   moderately fertile=2;   Not fertile=3; other (specify) =4 

8. How do you describe the contribution of the 1984/5 resettlement program for soil quality 

improvement? Improved the quality =1;   No effect=2;   other (specify) =3 

9. If there is change, what do you think the possible reason is? Decreased population density=1;    through 

training=2;   other (specify) =3  

 

PART II: AGRICULTURAL PRACTICE 

Now let me ask you questions regarding tenure issues and the agricultural practices about lands that are 

under your control.  

Section A: Land fragmentation, Land Use and Tenure.  

Plot 

no. 

1.size 

(ha) 

 

2. What is the 

current land 

use? Code a) 

3. Ownership 

(Code b) 

4. When did 

you get it? 

 (year) 

6. How did 

you get it? 

(Code c) 

7. What is the 

topography? 

(Code e) 

8. What type of 

crop is growing?  

(Code f) 

1        

2        

3        

Code a: Cultivated land = 1;    Grazing land = 2;    Woodlot (forest) = 3;   Backyard garden = 4;  

             Waste land = 5;      Fallow = 6;               other (specify) = 7 

Code b: It is my own = 1; share cropping =2;   obtained as loan=3; other (specify) =4 

Code c:  from parents=1; Land distribution=2; Local administration= 4; Purchased= 5; other (specify) =6 

Code e: Flat=1;     slopy=2;          steep=3;   other (specify)=4 

Code f: cereals=1;   legumes=2;     fruit trees=3;    vegetables=4;  others (specify)=5 

10. Have you practiced any SWC works on your farmland?    Yes =1;     No =2. 

11. If not, what are your main reasons? ________________. 

      No problem= 1;     they are expensive=2;        the land may be given for others in the future=3;        I 

don‟t know how to do=4;          other (specify) =5 

12. Do you think that you have sufficient land? Yes=1;     No=2. 

Section B: Crop production 

1. What type of crop production you practiced mostly? Rain-fed------1;   Irrigated-----2 both-----3 

Plot  2. How many times do 

you harvest crops per 

year? (Code a) 

3. How do you describe 

the productivity of your 

farm? (Code b)  

4. What could be the 

possible reason? 

(Code c) 

6. Did you use inorganic 

fertilizer?  

Yes=1; No=2, quest #10 

1     

2     

3     
Code a: once per year----1; twice per year----2; three times----3; other (specify) ----4 

Code b: Increasing--------1;      Decreasing------2;   I don‟t know------3; other (specify) ---4 

Code c: Loss of soil fertility----1; soil erosion----2; drought----3; other (specify) ----4 

Code d: cereals=1;    vegetables=2;    legumes=3; fruit trees=4       other (specify) ----5 

Code e: urea----1     DA----2   both-----3       other (specify) ---4 
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7. What is your reason for not using fertilizer? It is costly=1; it has problem on the soil=2; I use organic 

fertilizers=3; No need of fertilizer=4; other (specify) =5 

8. What local system do you follow to improve crop productivity? Intercropping=1; integration of 

legumes=2, crop rotation=3; fallowing=4; other (specify) =5 

9. What additional inputs do you use? Improved seed=1; Pesticide=2; other (specify) =3 

Section C: Livestock production 

1.  Do you have livestock?  Yes-----1; No-----2 

2. How do you feed your livestock? cut and carry system=1; free grazing=2;   controlled grazing=3;       

other (specify) =4 

3. What is the most common feed source for your livestock? Crop residues=1;    Grass=2; forage=3;    

other (specify) =4 

4. How do you get the number of your livestock?  Increases=1;   decrease=2;     no change=3 

5. Do you observe sign of overgrazing on grazing lands?   Yes---1;   No----2 

 

PART III: HOUSEHOLD PROFILE 

Section A: Demography  

1. How many are you in your house hold----------------------------? 

No  2. Sex  

Male=1, Female=2 

3. 

Age  

4. Marital status  

(Code a) 

5. What is the education 

status? (Code c) 

6. What is his/ her 

occupation? (Code d) 

1      

2      

3      
Code a: Single=1;          Married=2;      Divorced=3;   Widowed=4 

Code b: Father=1;         Mother=2;    Daughter=3;      Son=4;     Relative=5;    other (specify) =6 

Code c: Illiterate=1; Read and write=2; Grades 1-4=3; grades 5-8=4; grades 9-12=5; above (specify) =6 

Code d: farming =1; artesian=2; commerce=3; daily laborer=4; other (specify) =5 

7. If one gets married, from where he/she get farmland? Family=1; Kebele=2;  other (specify) =3 

Section B: Resettlement Issues 

1. Was there any one who resettled from your family,? Yes=1; No=; go to Quest. # 9. 

No  2. To 

which 

site? 

3. 

When? 

(year) 

4. What was the 

cause  

(Code a) 

5.  Returned 

or not? 

Yes=1; No=2 

6. What was the 

reason for the 

return? (Code b) 

7.  Got a land after 

return? 

Yes=1; No=2 

1       

2       

3       

Code a: shortage of land=1;   loss of soil productivity=2;   famine=3;   obliged to go= 4; other =4 

Code b: shortage of land=1;       disease=2;       loss of soil productivity=3;      other (specify) =4  

Code c:  My husband/wife=1; Father/mother=2; Relatives=3; Kebele=4; other (specify) =5 

8. Did your family get additional land after the resettlement?     Yes=1;      No=2 
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9. Did you observe any change in your land management practice after resettlement?  Yes=1; No=2 

10. The change is in---?   

SWC=1; organic fertilizers=2; inorganic fertilizers=3; tillage system=4; other (specify) =5 

11. How could these changes come? Through DAs=1, NGOs=2; own initiative=3; other (specify) =4 

12. What benefits obtained from the changes?  Increased production=1; increased fertility of soil=2; 

decreased soil erosion and sedimentation=3; other (specify) =4 

13. If you are asked for resettlement voluntarily, what would be your response? Accept=1, not accept=2, 

other (specify) =3 

Section C: Socio Economic Issues 

1. Do you have additional source of income?         Yes----1;            No----2 

2. What are the criteria for measuring of wealth in your village?   Land size=1;     number of livestock =2;   

money=3      other (specify) =4 

3.  Do you have shortage of fuel wood?   Yes=1;       No=2 

4. What type of fuel do you use for cooking and heating?   Kerosene=1; Wood=1; crop residue=2;   cow 

dung=3;    other (specify) =4 

5. How can you describe your socio economic status after the 1984/5 resettlement program? Improved=1;   

no change=2, decreased=3, I don‟t know=4 
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Appendix II: Results of Soil Laboratory Analyses for each kebele 

Results of Laboratory Analyses for Laste Gerado 

Parameter LWR1 LWU1 LRR2 LRU2 LDR3 LDU3 LAR4 LAU4 

Sand (%) 35.31 40.66 62.76 50.04 25.52 40.61 27.25 27.5 

Silt (%) 28.51 32.37 16.1 28.55 40.02 38.25 33.74 31.52 

Clay (%) 36.18 26.97 21.14 21.41 34.46 21.14 39.01 40.98 

Texture class Clay loam Loam Sandy  clay loam Loam Clay loam Loam Clay loam Clay 

PH- H2O (1:2.5) 7.98 8.12 7.45 7.27 8.05 7.83 7.45 7.41 

PH-KCl (1:2.5) 6.95 7.17 6 5.89 6.95 6.79 6.32 6.34 

EC (ms/cm) (1:25) 0.13 0.13 0.08 0.08 0.1 0.11 0.1 0.11 

Exch. Na (meq/100gm of soil) 0.22 0.14 0.13 0.16 0.17 0.14 0.18 0.18 

Exch. K (meq/100gm of soil) 0.61 1.01 0.55 0.43 0.85 1.15 0.75 0.83 

Exch. Ca (meq/100gm of soil) 27.78 26.64 19.71 20.61 19.44 12.66 13.56 18.24 

Exch. Mg (meq/100gm of soil) 24.19 8.88 6.72 17.47 15.82 22.15 23.5 20.52 

sum of cations (meq/100gm of soil) 52.8 36.66 27.11 38.66 36.27 36.09 37.99 39.77 

CEC  (meq/100gm of soil) 54.54 38.13 27.27 39.44 37.34 39.8 38.81 41.14 

Organic Carbon (%) 0.75 0.76 1.37 1.44 1.11 1.47 1.5 1.57 

SOM (%) 1.29 1.31 2.36 2.48 1.91 2.53 2.59 2.71 

Nitrogen (%) 0.1 0.1 0.14 0.12 0.12 0.14 0.14 0.08 

Available P (mg P2O5/ Kg of soil) 24.79 36.01 10.8 21.15 10.11 38.64 22.44 18.97 

Available  K (mg/Kg of soil) 206.23 375.14 226.64 156.2 320.32 438.9 278.3 303.16 

Code (Kebele, Village, Background of the farmland and number) 

LWR1 – Laste Wodey-meda Resettled farmland 1,          LWU1- Laste Wodey-meda Unresettled farm 1 

LRR2- Laste Rogie Resettled farmland 2                          LRU2- Laste Rogie Unresettled farm 2 

LDR3- Laste Debiso-meda Resettled farmland 3              LDU3- Laste Debiso- meda Unresettled farm 3 

LAR4- Laste Abawlo-genda Resettled farmland 4            LAU4- Laste Abawlo-genda Unresettled farm 4 
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Results of Laboratory Analyses for Kille Adame 

Parameter  AKR1 AKU1 AMR2 AMU2 AAR3 AAU3 ABR4 ABU4 AQR5 AQU5 

Sand (%) 68.1 57.83 28.1 68.81 36.59 29.76 25.75 16.42 52.23 35.38 

Silt (%) 19.8 28.11 26.33 24.14 30.2 30.54 33.47 28.98 24.44 30.66 

Clay (%) 12.1 14.06 45.57 7.04 33.22 39.7 40.79 54.91 23.33 33.95 

Texture Class 

Sandy 

loam 

Sandy 

loam Clay 

Sandy 

loam 

Clay 

loam 

Clay 

loam Clay Clay 

Sand clay 

loam 

Clay 

loam 

PH- H2O (1:2.5) 7.65 7.69 7.76 7.83 7.53 7.58 7.4 7.46 7.76 7.81 

PH-KCl (1:2.5) 6.33 6.6 6.53 6.55 6.35 6.3 6.21 6.16 6.45 6.52 

EC (ms/cm) (1:25) 0.07 0.15 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.09 

Exch. Na (meq/100gm of soi)l 0.12 0.13 0.22 0.14 0.16 0.2 0.19 0.22 0.16 0.21 

Exch. K (meq/100gm of soil) 0.36 0.65 0.53 1.1 0.52 0.56 0.91 0.85 0.31 0.39 

Exch. Ca (meq/100gm of soil) 18.82 24.19 21.89 23.74 13.68 10.94 0.94 15.82 28.48 26.22 

Exch. Mg (meq/100gm of soil) 6.72 12.10 21.43 10.75 32.83 32.83 29.83 23.5 18.08 27.57 

sum of cations  26.01 37.06 44.07 35.73 47.19 44.53 40.87 40.39 47.03 54.39 

CEC (meq/100gm of soil) 26.78 37.5 47.09 36.03 47.58 46.1 41.27 41.76 47.17 55.52 

Organic Carbon (% 1.1 2.1 1.46 0.79 0.96 1.62 1.21 1.32 0.62 0.65 

SOM (%) 1.9 3.62 2.52 1.36 1.66 2.79 2.09 2.28 1.07 1.12 

Nitrogen (%) 0.09 0.22 0.14 0.09 0.1 0.12 0.12 0.11 0.08 0.06 

Av P (mgP2O5/ Kg of soil) 10.25 58.17 16.48 23.13 7.06 9.83 11.63 12.33 7.2 13.3 

Available  K  (mg/Kg of soil) 145.2 229.68 219.47 431.42 194.66 181.72 339.77 319.48 104.54 136.88 

 

Code (Kebele, Village, Background of the farmland and number) 

AKR1- Adame Kille Resettled farmland 1                        AKU1- Adame Kille Unresettled farm 1 

AMR2- Adame Milmil Resettled farmland 2                    AMU2- Adame Milmil Unresettled farm 2   

AAR3- Adame Adame Resettled farmland 3                     AAU3- Adame Adame Unresettled farm 3 

ABR4- Adame Berka Resettled farmland 4                       ABU4- Adame Berka Unresettled 4    

AQR5- Adame Qewadera Resettled farmland 5                AQU5- Adame Qewadera Unresettled 5 
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Table: Results of Laboratory Analyses for Guagur Sibilkay  

Parameter   SSR1 SSU1 SDR2 SDU2 SAR3 SAU3 SKR4 SKU4 SWR5 SWU5 

Sand (%) 52.3 61.06 56.34 60.88 31.5 31.19 16.76 62.78 25.17 15.1 

Silt (%) 31.06 24.48 26.4 22.07 31.62 27.52 28.86 17.01 19.52 26.46 

Clay (%) 16.64 14.47 17.26 17.05 36.88 41.29 54.38 20.2 55.31 58.44 

Texture  

Sandy 

loam 

Sandy 

loam 

Sandy 

loam 

Sandy 

loam 

Clay 

loam Clay Clay 

Sandy 

clay loam Clay Clay 

PH-H2O (1:2.5) 7.3 7.21 8.03 7.22 7.68 7.65 8.34 8.16 8.1 8.03 

PH-KCl  (1:2.5) 6.38 6.43 6.93 6.32 6.65 6.51 7.25 7.22 7.2 7.16 

EC (ms/cm) (1:25) 0.08 0.07 0.12 0.06 0.14 0.12 0.26 0.2 0.18 0.21 

Exch. Na (meq/100gm of soil) 0.13 0.15 0.13 0.15 0.2 0.16 1.23 0.49 0.4 0.3 

Exch. K (meq/100gm of soil) 0.56 0.47 0.86 0.48 0.5 0.72 1 0.91 0.9 0.97 

Exch. Ca (meq/100gm of soil) 16.87 18.37 26.88 22.85 18.08 15.82 48.79 27.82 52.88 40.68 

Exch. Mg (meq/100gm of soil) 4.44 19.71 6.27 10.75 18.08 31.64 11.4 10.03 11.75 11.75 

sum of cations (meq/100gm ) 22 38.7 34.13 34.23 36.85 48.34 62.42 39.24 65.94 53.7 

CEC (meq/100gm of soil) 22.68 47.23 35.06 35.55 38.81 50.6 62.45 39.65 66.33 54.04 

Organic Carbon (%) 1.06 1.1 1.43 0.7 1.27 1.64 1 0.83 1.36 1.67 

SOM (%) 1.83 1.9 2.47 1.21 2.19 2.83 1.74 1.43 2.34 2.88 

Nitrogen (%) 0.12 0.12 0.15 0.09 0.12 0.12 0.06 0.05 0.07 0.12 

Aval. P (mgP2O5/ Kg of soil) 17.17 15.51 35.59 22.02 8.03 21.61 3.32 3.46 5.82 7.34 

Available K  (mg/Kg of soil) 209.09 155.87 361.46 160.91 160.16 251.86 354.64 318.03 358.25 348.61 

 

Code (Kebele, Village, Background of the farmland and number) 

SSR1- Sibilkay Sibilkay Resettled farmland 1                  SSU1- Sibilkay Sibilkay Un-resettled farmland 1 

SDR2 - Sibilkay Dire-guba Resettled farmland 2              SDU2- Sibilkay Dire-guba Un-resettled farmland 2 

SAR3 – Sibilkay Agam-genda Resettled farmland 3         SAU3- Sibilkay Agam-genda Un-resettled farmland 3 

SKR4 - Sibilkay Kara-hama Resettled farmland 4             SKU4- Sibilkay Kara-hama Un-resettled farmland 4 

SWR5 - Sibilkay Walka Resettled farmland 5                   SWU5- Sibilkay Walka Un-resettled farmland 5 
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Appendix III: Statistical analysis results for selected soil parameters  

Mean values of soil parameters from all Kebeles 

Kebele Soil test Parameter History  of farmlands No of samples Mean Std. Deviation Std. Error   

 

Laste  

Soil PH Resettled 4 7.7325 .32745 .16373 

Unresettled 4 7.6575 .38948 .19474 

Exchangeable  Na Resettled 4 .1750 .03697 .01848 

Unresettled 4 .1575 .02062 .01031 

Exchangeable K Resettled 4 .6900 .13565 .06782 

Unresettled 4 .8550 .31214 .15607 

Exchangeable  Ca Resettled 4 20.1225 5.84065 2.92033 

Unresettled 4 19.5375 5.79020 2.89510 

Exchangeable Mg Resettled 4 17.5575 8.16034 4.08017 

Unresettled 4 17.2550 5.91067 2.95534 

Sum of exch. Cations Resettled 4 38.5425 10.63717 5.31858 

Unresettled 4 37.7950 1.71698 .85849 

CEC Resettled 4 39.4900 11.26818 5.63409 

Unresettled 4 39.6275 1.23762 .61881 

SOM Resettled 4 2.0375 .57279 .28640 

Unresettled 4 2.2575 .63934 .31967 

Total N Resettled 4 .1250 .01915 .00957 

Unresettled 4 .1100 .02582 .01291 

Available  P Resettled 4 17.0350 7.66344 3.83172 

Unresettled 4 28.6925 10.06504 5.03252 

Available  K Resettled 4 257.8725 51.50854 25.75427 

Unresettled 4 318.3500 121.49179 60.74590 

Adame 

 

 

 

 

PH Resettled 5 7.6200 .15540 .06950 

Unresettled 5 7.6740 .15630 .06990 

Exchangeable  Na Resettled 5 .1700 .03742 .01673 

Unresettled 5 .1800 .04183 .01871 

Exchangeable  K Resettled 5 .5260 .23544 .10529 
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Unresettled 5 .6020 .30914 .13825 

Exchangeable  Ca Resettled 5 16.7620 10.34018 4.62427 

Unresettled 5 20.1820 6.51196 2.91224 

Exchangeable  Mg Resettled 5 21.7780 10.33829 4.62342 

Unresettled 5 21.3500 9.65691 4.31870 

Sum of Exchangeable 

cations 

Resettled 5 41.0340 8.78654 3.92946 

Unresettled 5 42.4200 7.50566 3.35663 

CEC Resettled 5 41.9780 8.88752 3.97462 

Unresettled 5 43.3820 7.84218 3.50713 

SOM Resettled 5 1.8480 .53700 .24015 

Unresettled 5 2.2340 1.02921 .46028 

Total  N Resettled 5 .1060 .02408 .01077 

Unresettled 4 .0950 .02646 .01323 

Available  P Resettled 5 10.5240 3.86719 1.72946 

Unresettled 4 14.6475 5.84088 2.92044 

Available K Resettled 5 200.7280 89.52130 40.03514 

Unresettled 5 259.8360 117.39692 52.50150 

Sibilkay 

 

 

 

 

 

 

 

 

 

 

 

 

PH Resettled 5 7.8900 .40571 .18144 

Unresettled 5 7.6540 .44241 .19785 

Exchangeable  Na Resettled 3 .1533 .04041 .02333 

Unresettled 4 .1900 .07348 .03674 

Exchangeable K Resettled 5 .7640 .22064 .09867 

Unresettled 5 .7100 .23356 .10445 

Exchangeable  Ca Resettled 3 20.6100 5.46358 3.15440 

Unresettled 5 25.1080 9.83118 4.39664 

Exchangeable  Mg resettled 5 10.3880 5.34749 2.39147 

Unresettled 5 16.7760 9.17372 4.10261 

Sum cations Resettled 5 44.2680 19.05807 8.52303 

Unresettled 5 42.8420 7.94389 3.55261 

CEC Resettled 5 45.0660 18.67319 8.35090 
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 Unresettled 5 45.4140 7.66685 3.42872 

SOM 

 

Resettled 5 2.1140 .31785 .14215 

Unresettled 5 2.0500 .77618 .34712 

Total  N 

 

Resettled 5 .1040 .03782 .01691 

Unresettled 5 .1000 .03082 .01378 

Available  P 

 

Resettled 4 8.5850 6.03809 3.01905 

Unresettled 5 13.9880 8.36599 3.74138 

Available  K Resettled 5 288.7200 96.61727 43.20856 

Unresettled 5 247.0560 88.18960 39.43959 

 

 

 Independent samples t-test result for Laste Gerado Kebele 
Soil test parameter t-test for Equality of Means 

t df Sig. (2-tailed) Mean difference Std. error of mean difference  95%  Confidence Interval 

Lower Upper 

PH  .295 6 .778 .07500 .25442 -.54754 .69754 

Exchangeable Na .827 6 .440 .01750 .02116 -.03429 .06929 

Exchangeable K -.970 6 .370 -.16500 .17017 -.58139 .25139 

Exchangeable  Ca .142 6 .892 .58500 4.11217 -9.47711 10.64711 

Exchangeable Mg .060 6 .954 .30250 5.03804 -12.02513 12.63013 

Sum of cations .139 6 .894 .74750 5.38742 -12.43505 13.93005 

CEC  -.024 6 .981 -.13750 5.66797 -14.00653 13.73153 

SOM -.513 6 .627 -.22000 .42920 -1.27021 .83021 

Total N .933 6 .387 .01500 .01607 -.02433 .05433 

Avail. P -1.843 6 .115 -11.65750 6.32521 -27.13474 3.81974 

Avail. K -.917 6 .395 -60.47750 65.97989 -221.92448 100.96948 
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 Independent samples t-test result for Kille Adame Kebele 

 

 

Parameter 

t-test for Equality of Means 

t df Sig. (2-tailed) Mean difference Std. error of mean difference 95%  confidence interval  

Lower Upper  

PH -.548 8 .599 -.05400 .09857 -.28130 .17330 

Exchangeable Na -.398 8 .701 -.01000 .02510 -.06788 .04788 

Exchangeable K -.437 8 .673 -.07600 .17378 -.47674 .32474 

Exchangeable Ca -.626 8 .549 -3.42000 5.46489 -16.02206 9.18206 

Exchangeable Mg .068 8 .948 .42800 6.32671 -14.16142 15.01742 

Sum of cations -.268 8 .795 -1.38600 5.16794 -13.30330 10.53130 

CEC  -.265 8 .798 -1.40400 5.30071 -13.62747 10.81947 

SOM -.744 8 .478 -.38600 .51916 -1.58319 .81119 

Total N .653 7 .535 .01100 .01686 -.02886 .05086 

Available  P -1.277 7 .242 -4.12350 3.22879 -11.75838 3.51138 

Available  K -.895 8 .397 -59.10800 66.02439 -211.36051 93.14451 

Independent samples t-test result for Guagur Sibilkay Kebele 

 

 

Parameter 

t-test for Equality of Means 

 

t 

 

df 

 

Sig. (2-

tailed) 

 

Mean difference 

 
Std. error of mean difference 

95%  confidence interval  

Lower Upper  

PH  .879 8 .405 .23600 .26845 -.38305 .85505 

Exchangeable Na -.769 5 .476 -.03667 .04766 -.15917 .08584 

Exchangeable K .376 8 .717 .05400 .14369 -.27734 .38534 

Exchangeable Ca -.714 6 .502 -4.49800 6.29857 -19.91004 10.91404 

Exchangeable Mg -1.345 8 .215 -6.38800 4.74874 -17.33862 4.56262 

Sum of cations .154 5.349 .883 1.42600 9.23380 -21.85164 24.70364 

 CEC -.039 5.311 .971 -.34800 9.02739 -23.15040 22.45440 

SOM .171 5.305 .871 .06400 .37509 -.88378 1.01178 

Total N .183 8 .859 .00400 .02182 -.04631 .05431 

Available  P -1.080 7 .316 -5.40300 5.00287 -17.23290 6.42690 

Available  K .712 8 .497 41.66400 58.50180 -93.24139 176.56939 
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Appendix IV: Weather Data of the Study Area 

Element: Monthly Rainfall (mm) 

Station Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean annual RF 

Woldiya 1975 34 61.2 125.7 131.3 68.1 0 143.4 221.4 63.4 36.8 49.1 46 980.4 

Woldiya 1976 1.6 36.4 47.1 131.3 68.1 0 143.4 221.4 63.4 36.8 49.1 46 844.6 

Woldiya 1977 35.2 8.2 68 87.8 174 2 128.5 262.2 43.7 200.8 15.7 17.8 1043.9 

Woldiya 1978 18.7 16.6 80.85 65.7 94.65 22.7 187.4 251.05 55.2 140.75 14.5 8.9 957 

Woldiya 1979 81.3 18.5 25.7 54.65 54.975 33.05 216.85 245.475 60.95 110.725 13.9 4.45 920.525 

Woldiya 1980 4.6 100.3 13.8 43.6 15.3 43.4 246.3 239.9 66.7 80.7 13.3 0 867.9 

Woldiya 1981 0 5.5 282.7 122.9 2.7 0 297.5 314.6 124.8 53.2 0 0 1203.9 

Woldiya 1982 19.7 55.7 101.4 102.6 53 0 62.3 235 62.4 226.6 138.9 42.7 1100.3 

Woldiya 1983 73.5 111.7 104.1 127.8 306 10.9 44.7 209.1 71.2 66.8 51.4 0 1177.2 

Woldiya 1984 0 0 34.1 41.4 234.2 0 51.3 16.6 111 0 7.7 47.6 543.9 

Woldiya 1985 18.4 2.7 57.2 114.3 97 2.3 131.1 149.4 119.6 23.6 0 68.4 784 

Woldiya 1986 2.6 63.9 47 156.2 91.4 80.5 162.1 217.3 170.1 2.9 0 36.1 1030.1 

Woldiya 1987 0 30.7 111.1 95.2 256.6 0 33.4 281.7 69.3 86.4 0 60.9 1025.3 

Woldiya 1988 4.8 214.6 7.4 134.3 19 0 242.2 346.1 141.9 132.4 0 0 1242.7 

Woldiya 1989 10 27.9 137.9 103.7 36.6 8.6 132.1 304.2 141.9 5.5 51.55 66.1 1026.05 

Woldiya 1990 10 27.9 137.9 103.7 36.6 8.6 132.1 304.2 141.9 5.5 25.775 45.65 979.825 

Woldiya 1991 8.3 81 30.4 56.2 80 0 230.2 404.9 141.675 90 103.1 132.2 1357.975 

Woldiya 1992 16.6 131.3 30.4 56.2 80 0 230.2 404.9 141.45 90 103.1 132.2 1416.35 

Woldiya 1993 28.4 48 34.2 44.3 126.3 0 182.3 212.7 141 117.6 0 25.2 960 

Woldiya 1994 0 0 83.8 32.4 74.4 0 380 434.2 172.4 0 25.6 9.8 1212.6 

Woldiya 1995 0 73.4 54 200.9 91.1 48 419.5 346 60.4 41.7 0 148.7 1483.7 

Woldiya 1996 35.3 0 115.4 89.8 104 59.8 117.1 245.3 102.5 0 61 0 930.2 

Woldiya 1997 9.7 2.7 110.4 76.7 36.4 118.1 237.6 152.8 87.7 166.2 125.7 0 1124 

Woldiya 1998 60.1 50.5 39.8 115.9 23.4 73.8 301.25 192.95 81.85 130.5 62.85 3.4 1136.3 

Woldiya 1999 47.2 25.25 22.2 103.1 41.05 51.65 364.9 233.1 76 94.8 0 6.8 1066.05 

Woldiya 2000 0 0 4.6 90.3 58.7 29.5 290.5 377.2 64.4 121.5 56.2 6.8 1099.7 

Woldiya 2001 0 3.8 91.5 32.2 70 27.2 212.8 260.6 176.9 49.6 5.1 48.6 978.3 

Woldiya 2002 16.6 45.75 37 105.2 14.9 10.6 296.1 325 132 24.7 0 48.6 1056.45 

Woldiya 2003 33.2 87.7 53.9 98 4.4 14.9 156 308.2 119.2 0.1 22.2 56.1 953.9 

Woldiya 2004 12.1 3 15.6 155 21 53.3 179.9 211.2 57.4 68.4 51.3 8.3 836.5 

Woldiya 2005 29.9 0.1 77.1 98.3 140.2 36.1 209.9 257.4 66.2 29.8 51.3 8.3 1004.6 
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Woldiya 2006 28.9 0.05 38.55 89.55 72.95 27.2 175.1 257.7 65.75 34.35 0 11.3 801.4 

Estayish 1999 27.9 0 0 80.8 5.7 18.3 292.9 285.6 65.3 38.9 0 11.3 826.7 

Estayish 2000 0 0 0 80.8 32 0 410.7 478 40.3 38.9 26.6 15.1 1122.4 

Estayish 2001 0 26.5 125.6 51.5 54 45.1 282 295 63.2 0 0 19.2 962.1 

Estayish 2002 42.4 4 103.2 41.85 19.3 19.7 163.4 184.9 88 0 4 55.7 726.45 

Estayish 2003 6 43.6 80.8 32.2   24.7 271.9 287.5 33.5 0 13.9 9.7 803.8 

Estayish 2004 1.3 12.1 12.7 44.8 3.2 49.5 295.1 126 52.2 3 0 0 599.9 

Estayish 2005 0.65 6.05 54.3 130.5 63.9 133.2 314.4 221.5 22 3.1 2.3 0 951.9 

Estayish 2006 0 0 95.9 110.7 3.2 133.2 314.4 350.5 22 33.05 1.15 2 1066.1 

Sirinka 1980 0 7.9 161.2 97.15 7.2 135.9 95.5 242.2 47.6 63 0 4 861.65 

Sirinka 1981 0 15.8 226.5 83.6 11.2 135.9 222 245.8 47.6 63 0 1.4 1052.8 

Sirinka 1982 52.9 165.9 89.2 71.9 44.5 0 78.3 178.6 78.8 147.6 60.8 17 985.5 

Sirinka 1983 54.5 59.1 40.9 95.5 220.7 51.2 25.7 154.4 44.2 28.2 29 0.2 803.6 

Sirinka 1984 32.15 24.7 26.2 53.2 147.6 10.5 25.7 45.5 68.8 0 14.8 65.8 514.95 

Sirinka 1985 9.8 3.5 103 130.4 96.5 5.7 145.2 212.2 125.3 3.2 0 48.2 883 

Sirinka 1986 0 94.8 48.9 181.7 0 75.2 130.1 178.2 177.7 7 1.2 66.7 961.5 

Sirinka 1987 0 28.5 5.8 103.9 6.1 1.9 46.3 207.4 107.1 58 0 39.3 604.3 

Sirinka 1988 21.4 28.5 5.8 155.1 12.2 11 299.2 250.2 110.4 30.7 0 0.5 925 

Sirinka 1989 15.2 68 173.4 133 64.4 7.6 132.5 250.2 92.4 30.7 41 0.5 1008.9 

Sirinka 1991 22.3 71.6 112.95 75.4 64.2 7.55 145.95 265.85 89.6 39.8 41 54.4 990.6 

Sirinka 1992 29.4 75.2 52.5 17.8 64 7.5 159.4 281.5 86.8 48.9 59 211.1 1093.1 

Sirinka 1993 29.4 87.3 29.2 152.4 64 0 152.2 134.2 140.5 93.3 0 11.4 893.9 

Sirinka 1994 0 0 74.6 52.2 37.9 0 210.5 413.2 115 1.7 44.4 59.8 1009.3 

Sirinka 1995 0 125.8 62 84.05 32.1 44.3 268.8 338.5 69.9 24.6 0 108.2 1158.25 

Sirinka 1996 16.25 1.7 157.7 115.9 199 72.3 237.85 263.8 60.3 37.1 51.5 6.3 1219.7 

Sirinka 1997 32.5 3.8 136.25 89.7 71.5 99.2 206.9 184.3 96.3 320.5 106 0.1 1347.05 

Sirinka 1998 115.2 118.9 114.8 63.5 36.1 0 367.5 334.4 73.5 57 0 0 1280.9 

Sirinka 1999 47.4 0 32 46 16.8 15.7 375 394.8 97.2 164.4 14.5 4 1207.8 

Sirinka 2000 0.3 0 15.9 69.7 33.9 35.2 338.3 338.5 85.2 126.8 49.7 115.7 1209.2 

Sirinka 2001 6.9 21.7 237.6 10.4 30 32.8 274.7 247.8 91.9 28.2 4.9 5.4 992.3 

Sirinka 2002 87.6 6.2 47 71.6 0.6 7.9 229.5 285.3 134 16.8 0 94.7 981.2 

Sirinka 2003 65.2 60.4 68.4 115.5 4.9 36.9 166.6 276.3 103.2 0 10.8 48.3 956.5 

Sirinka 2004 22.1 11 37.9 119.4 4.2 36.5 166.4 225.6 68.7 58.5 63.5 17.9 831.7 

Sirinka 2005 32 7.8 99 116.7 114.6 26.7 283.8 323.3 55.6 36.3 71.1 30.4 1197.3 
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Merssa 1981 0.2 12.2 406 129.3 5.2 1.5 310.5 208.4 82.3 20.6 0 42.9 1219.1 

Merssa 1982 48.8 117.4 109.4 130.2 80.1 0 97.8 195.2 128.8 20.6 78 5.7 1012 

Merssa 1983 39 56.5 158.8 126.4 74 5.6 71.8 132.3 91.2 46.8 61.7 5.7 869.8 

Merssa 1984 29.2 0 0 15.5 208.9 3.4 52.2 32.7 74 0 10.7 20.3 446.9 

Merssa 1985 35.1 2.3 22.2 186.1 75.6 2.2 116.4 32.7 159.3 14.2 0 20.3 666.4 

Merssa 1986 17.55 107.3 33.6 146.55 128.85 91.5 151.1 297.3 159.9 36.6 0 30.2 1200.45 

Merssa 1987 0 109.2 363.2 107 182.1 0 49.4 233.7 74 17 18.9 2.7 1157.2 

Merssa 1988 45.7 122.9 33.7 165.9 107.8 138.8 217.2 209.5 63.8 16.1 10.7 0 1132.1 

Merssa 1989 45.7 53.4 159.7 120.3 33.5 2.4 192.5 185.3 135.4 16.1 10.7 91.4 1046.4 

Merssa 1992 77.7 127.75 90.7 35.9 9.3 57.3 136.6 185.3 45.8 100.8 0 182.8 1049.95 

Merssa 1993 77.7 202.1 21.7 285.6 108.1 0 191.6 109.4 154.6 100.8 0 0.7 1252.3 

Merssa 1994 38.35 4.6 21.7 42.2 18.3 8.2 347.6 314.5 176.7 0 38.9 0.9 1011.95 

Merssa 1995 0 190.4 74.8 246.4 105.7 22.6 355.3 305.8 99.4 46.3 0 173 1619.7 

Merssa 1996 140.8 1.9 179.7 109.1 126.4 45.5 90.7 226.1 87.5 45.9 34 86.5 1174.1 

Merssa 1997 142.5 0 121.7 121.5 47 113.5 190.3 191.2 83 64.6 76.8 0 1152.1 

Merssa 1998 145.1 168.3 159.8 81.8 24 0.9 449.1 321.8 65.7 64.6 38.4 0.35 1519.85 

Merssa 1999 72.55 1.5 46.4 28.6 10.9 96.5 312.1 350.5 112.1 110.5 0 0.7 1142.35 

Merssa 2000 0 0 0 57.5 49.7 12.2 258.2 386.1 106.3 116.2 36.5 38.7 1061.4 

Merssa 2001 2 18 206 3 80.5 24.8 303.3 319.9 124.5 25 2.4 5.5 1114.9 

Merssa 2002 129.6 0 40.2 59.8 5.9 3.5 227.8 253.7 87.6 0 0 104.7 912.8 

Merssa 2003 43.4 18.1 43.6 167.8 0 40 121.8 284.9 124.2 1.8 8.2 45 898.8 

Merssa 2004 56.7 27.9 68.7 152.2 2.7 17 190 155.5 0.6 36.5 68.4 19.9 796.1 

Merssa 2005 56.7 27.9 54.5 84.3 143.2 27.8 214.1 322 32.6 18 68.4 19.9 1069.4 

Merssa 2006 57 13.95 72.7 108.8 117.3 86.95 158.7 327.5 54.65 172.85 34.2 12.1 1216.7 

Kobo 1997 57.4 0 90.9 133.3 91.4 146.1 235.9 228.5 76.7 327.7 0 4.3 1392.2 

Kobo 1998 57.4 15.9 52.2 24.8 68 26.5 173.5 203.9 219.8 85.9 0 0 927.9 

Kobo 1999 0 0 112.4 73.25 51 94.5 153.7 293.1 73.6 94 0 3.6 949.15 

Kobo 2000 0 0 16 121.7 77 33.1 70.2 252.9 172.4 40.8 1.45 4.7 790.25 

Kobo 2001 60.7 0 59.1 146.8 74.1 84.1 160.9 439.5 94.6 23.8 2.9 7.7 1154.2 

Kobo 2002 50.5 0 62.6 127.8 18.8 29 108.4 177.2 39 42.4 0 66.8 722.5 

Kobo 2003 42.9 18.3 96.3 178.2 9.3 120.2 227 200.7 158 0 5.6 11.6 1068.1 

Kobo 2004 35.3 0 29.8 237 1.4 39.9 88.6 147.6 191.9 52.8 13.6 10.1 848 

Kobo 2005 20.3 5.15 59 237.85 36.4 54.7 169.4 199 118.7 0 53.7 10.1 964.3 

Kobo 2006 10.3 10.3 88.2 238.7 71.4 54.7 169.4 199 118.7 0 53.7 53.7 1068.1 
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Element: Monthly Maximum Temperature (
o
c) 

 

Station Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Sirinka 1980 

       

26.6 

 

24.9 24.4 23.4 

Sirinka 1981 25 25 23.4 26 29.7 30.5 

 

26.3 25.2 25 24.4 23.6 

Sirinka 1982 23.5 21.5 24.6 24.8 26.7 30 29.1 26.2 25.8 23.5 22.7 21.2 

Sirinka 1983 21 20.9 22.8 24.7 31.1 31.4 

 

27.9 28.7 26.6 25.7 25 

Sirinka 1984 25.5 27.3 29.6 31.3 29.5 31.3 30.9 31.4 29 28.9 27.2 24.8 

Sirinka 1985 27.2 24.1 27.4 25.2 26.7 30.5 27.4 27.5 25.8 25.2 25 23 

Sirinka 1986 24.1 25.9 26 24.6 27.6 28.7 27.9 27.2 26.4 27 26.2 23.5 

Sirinka 1987 23.9 25.7 24.6 25.9 

 

29.8 31 27.7 28.3 26.2 25.5 23.6 

Sirinka 1988 23.5 23 27.2 26.6 29.5 30.9 27.5 26 26.2 24.8 24 23.6 

Sirinka 1989 22 22.5 24.4 24.4 27.4 30.1 29.8 

 

26.1 

   Sirinka 1990 

         

25.2 24.9 23.7 

Sirinka 1991 21 21.1 24.2 27.7 29.5 31.5 29.4 

  

25.2 24.8 23.7 

Sirinka 1992 21 21 24.2 27.7 29.5 31.5 29.2 26.1 26.3 24.8 23.1 22.8 

Sirinka 1993 21.6 21.7 25.4 24.5 27 30.6 29.8 29 28.7 27.5 27.8 27.1 

Sirinka 1994 27.7 28.2 25.9 29.1 29.9 31.5 27.5 26.5 26.6 25.7 24.8 24.1 

Sirinka 1995 24.8 24.1 24.7 26 28 30.9 27.9 28.1 27.5 28.2 26.3 23.9 

Sirinka 1996 22.2 26.4 25.8 27 27.2 29.2 28.9 27.4 27.8 26.4 23.9 23.2 

Sirinka 1997 22.1 24.8 25.3 26.4 28.7 29.1 28.5 28.3 28.1 25 24.1 24.1 

Sirinka 1998 22.2 

  

28.5 29.5 32.1 27.6 26.4 26.9 26 25.9 25.4 

Sirinka 2000 

  

27.4 28.1 29.5 31.8 28.9 26.9 26.7 25.1 23.9 22.8 

Sirinka 2001 21.4 24.6 24.6 27.8 29.3 30.5 28.7 27.4 25.9 26.1 24.4 24.6 

Sirinka 2002 

      

30.6 27.7 26.5 26.6 25.6 22.5 

Sirinka 2003 22.7 25.2 

   

31.2 28.9 27 27 25.9 24.9 23.5 

Sirinka 2004 24.4 24.2 26.6 26.6 30.8 30.4 29.2 27.7 26.7 25.3 25.1 22.8 

Sirinka 2005 22.3 26.4 26.7 27.3 27.6 30.3 28.5 27.6 27.2 25.5 24.7 
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Element: Monthly Minimum Temperature (
o
c) 

Station    Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Sirinka 1980 

       

15.4 

 

12 10.8 9.2 

Sirinka 1981 10.2 11.1 13.6 14.3 14.9 21 16.3 16.8 17.1 17.4 15.8 14.4 

Sirinka 1982 15.1 15.3 14 13.9 14.5 16.2 15.6 14.6 14.1 11.5 12 12.3 

Sirinka 1983 10.1 12.7 14.4 14.4 14.9 15.2 

 

15.2 13.3 10.8 11.5 8.7 

Sirinka 1984 9.3 8.4 12.2 14 14.4 15.7 15 14.5 13.6 9.4 9.6 9.8 

Sirinka 1985 9.1 10.9 13.4 14.7 14.5 15.2 15.2 15.3 14.7 12.6 10.2 10 

Sirinka 1986 8.3 13.9 13 14.4 15.1 15.5 14.6 14.6 13.9 11.4 9.8 10.7 

Sirinka 1987 10.6 9 15 14.4 

 

16 17.1 15.9 14.8 13.4 10.4 11.8 

Sirinka 1988 12.5 13.8 13.8 15.2 16 16.8 16.5 15.4 15 12.9 8.7 9.3 

Sirinka 1989 10.8 12.5 13.6 14.3 14.7 15.5 16.2 

 

14.7 

   Sirinka 1991 

           

10.6 

Sirinka 1992 12.7 12.4 14 14.8 15.5 16.6 16.3 15.4 14.4 12.9 11.6 12.6 

Sirinka 1993 12.1 12.2 12.8 14.9 15.1 16 15.8 15.2 14.1 13 10.9 9.5 

Sirinka 1994 9.4 11.2 13.6 

 

15.8 17.6 15.5 15.2 13.6 11.4 11.3 9.4 

Sirinka 1995 9.9 13 14.1 15 15.4 16.3 15.6 15.2 14.7 12.2 11 11.7 

Sirinka 1996 12.4 12 14.3 14.6 14.6 15.5 15.7 15 14.6 11.5 10.6 10.1 

Sirinka 1997 11.3 10.4 13.7 14.2 14.7 15.8 15.6 15.1 14.6 13.5 13.6 10.8 

Sirinka 1998 12.8 

  

15.5 16 17.3 15.7 15.9 14.9 13.3 9.4 8.6 

Sirinka 1999 10.3 10.5 13 14.8 15.8 16.6 

      Sirinka 2000 

       

15.4 15 13.4 11.8 11 

Sirinka 2001 10.6 11.3 14.2 14.9 16.3 17.7 16.2 16.1 14.9 13.9 10.8 10.7 

Sirinka 2002 12.9 12 14.4 14.9 16.5 17.5 17.1 15.7 14.7 12.3 11.6 13.5 

Sirinka 2003 12.1 13.2 14 14.9 16.2 16.7 16.3 15.4 15.2 12 10.5 9.9 

Sirinka 2004 13.1 11.8 13.2 15.1 15.5 16.7 16.1 15.7 14.7 11.8 11 11.6 

Sirinka 2005 12.3 12.2 14.5 15 15.6 16.1 16.2 15.6 14.9 11.8 11.1 

 Sirinka 2006 

       

15.3 

     



 

71 

 

DECLARATION 

I, the undersigned, declared that this Thesis is my original work and has not been presented for 

any degree in other university, and that all that all the sources of materials used for the Thesis 

have been duly acknowledged.  

 

 

Declared by: 

Name: Ali Mohammed Seid 

Date: ------------------------------- 

Signature: ------------------------ 

 

 

 

Confirmed by Advisor: 

Name: Mekuria Argaw (PhD) 

Date: ----------------------------- 

Signature: ----------------------- 

 

 

 

Place and date of Submission: Environmental Science Programme 

Addis Ababa University  

September 2010 

 


