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Abstract 

Rapid population growth and environmental degradation coupled with mismanagement of 

land resources in the northern parts of the country led to the adoption of resettlement as a 

policy option to address the problem by resettling people in the southern parts of the country. 

Gimbo woreda was one of the destinations that received large population number from 

northern parts especially from Wollo .However, it was not only unplanned but also little 

attention was given to ecological, social and cultural attitudes of both natives and resettlers. 

The objective of this study is to assess the impact of resettlement and land management 

practices on soil quality and soil erosion status in cultivated fields of both the resettler and 

native. Preliminary study with semi detailed survey followed by multistage-sampling 

technique was used to select study sites for soil sampling, determination of erosion rates by 

USLE adapted to Ethiopia; and household survey with semi-structured questionnaires. Soil 

samples were collected from cultivated fields and the adjacent natural forest. The results 

indicate that the soil quality status of cultivated fields of resettlers is significantly different at 

0.05 significance interval from that of natives. The mean result of soil quality indicators for 

the cultivated fields’ of resettlers (pH, OM, TN, AvP, AvK and CEC) showed 15% to 56% 

decline as compared to that of forest soils. But it was found that 2% to 31% of the decline for 

the cultivated fields of native. The mean annual soil loss from the cultivated fields of 

resettlers’ was higher than cultivated field of natives in average of 1t/ha/yrs across slope 

zones. There is also a difference in land management practices, i.e. about 93% of resettler 

farmers used commercial fertilizer for maintaining soil fertility but only 4.4% native used it. 

57.8% of surveyed native farmers practiced short fallow period as a soil management 

practice and none of resettler practiced it. Both resettlers and natives are well aware of 

degradation and its causes. The study revealed that continuous cultivation of resettlers’ land 

without appropriate land management practices will further deteriorate soil quality.   

 

 

 

 

Key words: Resettlement, Soil quality, Soil quality indicators, USLE, RUSLE
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1. Introduction 

1.1 Background 

Agricultural sustainability and judicious use of soil and water resources in the humid tropics 

are major global issues in this fragile ecoregion. Mismanagement of soil resources and 

inefficient resource based agricultural system are causing serious degradation of the 

ecoregion and perpetuating food deficit, malnutrition and standard of living. Ecologically 

incompatible methods of forest conversion, inappropriate land uses, and unscientific systems 

of soil and crop management accelerates soil erosion and disrupt cycles of nutrients with 

global ecological consequences (Lal, 1995). 

Most of the world’s looming environmental threats mostly caused by ground water 

contamination as well as climate change as a by-product of affluence. In Ethiopia as 

elsewhere in the tropics, rural people are highly dependent on the exploitation of the natural 

environment. Overexploitation of natural resources by the mass population reduces 

ecological balance and environmental deterioration. Environmental decline, in turn, 

perpetuates poverty, as degrade ecosystems offer diminishing yields to their poor inhabitants 

(Kibreab, 1996) since poverty can drive ecological deterioration when poor people over 

exploit their resource base, sacrificing the future to salvage the present. The tragedy lies in a 

set of interrelated problems linked to a rapid population growth while neither economic or 

natural resources can be developed at the same pace, leading to mass poverty which in turn 

reinforces environmental hazards and accelerates degradation of natural resources (Daniel 

Gamachu, 1990 ). 

 

The natural vegetation cover of the Ethiopian highlands several thousand years ago, prior to 

the beginning of agriculture, is believed to have been forest or woodland (Constable, 1984). 

With the cultivation of food crops and the expansion of sedentary agriculture that followed, 

forest clearance begun for agricultural crops. The clearance of forest accelerated as the 

population grew and farming implements were improved. 

 

The pattern of soil degradation correlates to a great extent with the history of settlement and 

land use. Settlement in the northern highlands dates back several thousand years. With 
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population growth and the need to produce more to meet the rising demand for food, 

agriculture began to expand from the gentle slopes and favourable areas to steep and marginal 

areas. Forest clearance to expand cultivation from the steep slopes triggered and accelerated 

soil erosion. Continued cultivation over a long period and subsequent degradation made the 

region less suitable for agricultural production and more vulnerable to natural hazards. Apart 

from agricultural use, the deforestation took place in a response to the need for fuel wood, 

construction materials and grazing land. As the population continued to grow, fierce 

competition among various claims on the limited resources aggravated both the rate at which 

vegetation disappeared and the subsequent soil degradation (Solomon Abate, 1994). 

 

According to Pankhurst (1990) resettlement was seen as a means of addressing a range of 

issues. From an ecological perspective it was seen as a way to redress population imbalances 

and reduce population pressure in the highlands. From an economic stand point it was 

believed that resettlement could help to increase productivity and make use of supposedly 

underutilized fertile lands. From a social point of view resettlement was seen as a way of 

providing land to those without it, to settle pastoralists, and remove unwanted urban 

unemployed.  

 

The movement of people from the densely populated northern highlands to the central and 

southern regions of contemporary Ethiopia, where land and opportunities were better, dates 

back to the 18
th

 century. In 1984/85 a devastating famine occurred. Referring to the famine 

victims as “environmental refuges”, the government, in November 1984, announced an 

emergency resettlement programme to resettle people from the famine affected area Wollo to 

the south western regions of the country (Alemneh Dejene, 1990).  However, the unplanned 

and emergency resettlement program resulted in massive clearance of forest and conversion 

of the forest land to agricultural land which accelerated soil erosion. The extent of soil 

degradation in some areas of the country is greater than the lower limit restoration capacity 

(Constable, 1985). In contrast to its intended objectives, mismanagement and farming 

activities of the farmers have prominent effect on soil quality and management practices of 

the traditional one.  
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1.2 Statement of the problem     

Kefa zone especially Gimbo woreda is one of the woredas where resettlement programs were 

implemented during the 1984/85 drought from the northern parts of Ethiopia. Perhaps one of 

the greatest contributors to environmental degradation, irrespective of the kind of settlement 

scheme, is the absence of a systematic way of assessing the land potential (land use planning) 

in both the selection and the implementation of settlement sites. Little attention was given to 

soil chemistry, land topography, slope gradient, availability of water, possibility of expanding 

land, suitability of livestock rearing, and the threat to natural forest and wild life (Alemneh 

Dejene, 1990).  

 

Soil degradation is the most immediate environmental problem facing Ethiopia in the 

cultivated fields of agriculture where intensive agriculture was practiced where population 

pressure dominated. The loss of soil and the deterioration in fertility, moisture storage 

capacity and structure of the remaining soils all reduce the country’s agricultural 

productivity. Soil erosion is greatest on cultivated land, where the average annual loss is 42 

tons/ha compared with five tons/ha from pasture land (Hurni, 1993). The factors that 

contribute to the declining of soil quality from cultivated fields are due to less attention to soil 

management practices and lack of knowledge on soil quality indicators of farmers from 

expertise.  

 

At the time of the resettlement program during 1984/5 in the destination, no research was 

conducted at Gimbo resettlement area on soil quality change and the land management 

practices of local farmers. However, such input in any development program has great role 

towards sustainable development without combating the natural environment and gives great 

awareness to resettlers in managing their resource wisely. In general, this research work may 

add some inputs for policy makers, researchers and responsible body in maintaining and 

implementing resettlement issues and also towards management of soil quality as well in 

cooperation with local farmers. 
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1.3 Objectives 

1.3.1 General objective 

The general purpose of this study was to examine the impact of resettlement on soil quality 

and the status of soil erosion as well as the perception and response of farmers by assessing 

their land management practices.  

1.3.2 Specific objectives 

• To quantify the changes in soil quality in cultivated fields 

• To compare the soil nutrient status of farm fields of re-settlers with cultivated lands of  

natives in reference to the soil under natural forest 

• To assess farmers’ perception on soil degradation, causes and land management 

practices 

• To analyze and quantify the magnitude and rate of soil erosion using the revised 

USLE and some quantifiable indicators of physical degradation in cultivated lands 

• To recommend appropriate soil management practices to improve soil fertility and 

reduce erosion. 
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2. Literature review 

2.1 Migration, resettlement and environmental implication 

2.1.1 Migration and resettlement 

Migration is understood as a spatial separation of one or more family members from the 

location of their residence for different reasons over varying periods of time, and in so doing 

is able to make new and different contributions to their welling (Ellis, 1998). Generally, it 

indicates that geographical mobility of people involving residence from the place of departure 

to the place of arrival.  

In Ethiopia, massive movement of people from place to place has been caused by both natural 

and man made disasters. Earlier researches show that landlessness, agricultural policy, land 

fragmentation, environmental degradation, population pressure, recurrent drought and 

famine, war and political crisis are the major factors responsible for spatial mobility (Ezra 

Markos, 1997). Environmentally those high population pressures put dramatic degradation to 

soil, forest and disrupted ecological balance of the area. According to Gebre Yintiso (2002), 

migration mainly classified as voluntary and involuntary, which can be depending upon the 

degree of the willingness of the migrant people.  Migration is increasingly becoming an 

integral part of the poor to improve livelihoods in low-income countries like Ethiopia. 

Resettlement was seen as an immediate solution to food insecurity in many of developing 

countries due to over blooming population pressure. Hansen and Oliver (1982) defined the 

word resettlement as referring to uprooting of people from environment in which the vast 

majority of their meaningful activities have taken place. It may be either spontaneous or 

planned depending on the factor that causes the frequent problems that they faced. According 

to Chamber (1989) resettlement can be defined as the planned and controlled transfer of 

people from one area to another as a result of environmental degradation, war, famine, 

drought and outbreak of diseases. 
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2.1.2 History of resettlement and its environmental impact in Ethiopia 

 In Ethiopia migration as well as resettlement dates back to Emperor Minilik and 

HaileSelassie from the northern regions to the central and southern region of the country 

(Alemneh Dejene, 1990). The kind of resettlement was spontaneous during that time which 

may be in search of resource, expansion of trade as well as war and due to environmental 

problem like drought and famine.  During the Mengistu regime, the formal resettlement 

programme led to the largest influx of people under the south-western highlands of the 

country. Between 1984/1985 resettlement programs about 55,000 households (approximately 

130,000 people) from Wollo, Tigray and north Shoa were resettled in highland Illubabor and 

Kefa. It was an integrated form of resettlement where the settlers were placed in or near to 

existing agricultural communities from whom they were expected to obtain support and 

advice, the state providing little assistance (Wood, 1986). The degradation of the northern 

highlands put heavy pressure on the south-west of Ethiopia particularly valuable for the 

production of agricultural surpluses and the provision of resettlement sites. 

As a result of the resettlement programme the rural population density increased in highland 

Illubabor by 7% while in Kefa it increased by 1% (Wood, 1993). Within the actual areas of 

settlement the increase was much greater. This led to increased pressures upon agricultural, 

forest and water resources in the areas of settlement, disrupting existing fallowing systems 

and the use of forest resources. Increased population pressure upon the resource base 

occurred so suddenly that indigenous communities found it difficult to adjust their resource 

use practices to both meet increased demands and to be sustainable.  

The expansion of agriculture and the consequent clearance of forest for a long time created 

pressures upon specific groups and management practices in Illubabor and Kefa. This process 

has been accelerated by the expansion of the road network in the south-west and the way in 

which this has facilitated agricultural migration and expansion. The increased population 

pressures upon the resource resulted in conflicts between groups of peoples (Sutcliffe, 1992). 

According to Wolde-Selassie Abbute (2003) food insecurity is a major problem in Ethiopia 

due to frequency and scope of drought which is ever increasing and very scaring. As a result 

of the enormity of the problem, the government decided to take an urgent action before the 
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situation gets out of control. So, resettlement is identified as one of the key and quickest ways 

to achieve food security in a short- and medium-term. Currently the resettlement is taking 

place within region, inter-zonal and intra- zonal areas. 

2.2 Concept of soil quality and its indicators, soil quality degradation and 

management  

2.2.1 Concept of soil quality and its indicators 

High rates of soil erosion, losses of organic matter, reductions in fertility and productivity, 

chemical and heavy metal contamination, and degradation of air and water quality have 

sparked interest in the concept of soil quality (SQ) and its assessment (Larson and Pierce, 

1991 and Karlen et al., 2001). The concept of soil quality was developed in response to 

public demand for an increased emphasis on sustainability and to recognition by many in the 

scientific community that soil management could be improved by taking a more holistic, 

integrative approach to soils.  According to Soil Science Society of America (SSSA) (1997) 

soil quality can be defined as “the capacity of soil to function within ecosystem boundaries to 

sustain biological productivity, maintain environmental quality, and promote plant and 

animal health”. 

Soil quality includes an inherent and a dynamic component (Carter, 2002). The former is an 

expression of the soil forming factors, documented by soil surveys as expressed by land 

capability classification. Dynamic SQ, however, refers to the condition of soil that is 

changeable in a short period of time largely due to human impact and management (Carter, 

2002). The SQ concept encompasses the chemical, physical and biological soil characteristics 

needed to support healthy plant growth, maintain environmental quality, and promote human 

and other animal health (Doran et al., 1994). With farmer and lay audiences, the term “soil 

health” is often preferred when referring to this dynamic SQ concept as it suggests a holistic 

approach to soil management (Idowu et al., 2007). 

SQ cannot be measured directly since it is qualitative term, but it can be quantified by taking 

soil properties that are sensitive to changes in management as indicators (Larson and Pierce, 

1991). Soil quality is a useful model to evaluate and improve soil resources as it provides an 

integrated method for assessing multiple aspects of soil and their connections. By linking 

biological, physical, and chemical properties of soil, all of the components and interactions of 
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a soil system are viewed together which may leads to more comprehensive assessment (Abd 

EL-Wahab et al., 2006).  Generally, integrative assessment of the three SQ domains 

(physical, biological and chemical) would be accomplished by SQ indicators that represent 

soil processes relevant to soil functions and provide information that is useful for practical 

soil management. Among the important soil parameters related to nutrient cycling, soil pH, 

potentially mineralizable nitrogen and microbial biomass are often considered as indicators of 

SQ (Karlen et al., 1996 and Sparling, 1997). 

2.2.1.1 Soil chemical properties as indicators of soil quality 

Results of chemical tests are soil quality indicators which provide information on the capacity 

of soil to supply mineral nutrients, which is dependent on the soil pH. Soil pH is an estimate 

of the activity of hydrogen ions in the soil solution. It is also an indicator of plant available 

nutrients in the soil since the soil pH is the value that should be maintained in the pH range 

most desirable for the crop to be grown. 

2.2.1.1.1 Soil pH 

Soil pH is a measure of the acidity or alkalinity in the soil (USDA, 1998).It is also called soil 

reaction. According to Booker (1991) phosphate ions combine with iron and aluminium to 

form compounds which are not readily available to plants at low pH values (< 5.5). In many 

cases, most micronutrients become more available with increasing acidity and aluminium 

ions are released from clay lattices at pH values below about 5.5. Below about pH 5.5 

bacterial activities is reduced and nitrification of organic matter is significantly retarded. In 

alkaline soils soluble phosphate ions adsorb on solid calcium carbonate surface so 

phosphorous is most available at about pH 6.5 for mineral soils and pH 5.5 for organic soil 

(Gardiner and Miller, 2004: cited in Solomon Debele, 2008). Soil pH influences the solubility 

of nutrients. It also affects the activity of micro-organisms responsible for breaking down 

organic matter and most chemical transformations in the soil. Soil pH thus affects the 

availability of several plant nutrients. The major classes of soil pH rating are given below in 

table (1). 
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Table 1: The most common classes of soil pH. 

Classes of soil pH Rating 

Extremely acid  3.5 – 4.4 

Very strongly acid  4.5 – 5.0 

Strongly acid  5.1 – 5.5 

Moderately acid  5.6 – 6.0 

Slightly acid  6.1 – 6.5 

Neutral  6.6 – 7.3 

Slightly alkaline  7.4 – 7.8 

Moderately alkaline  7.9 – 8.4 

Strongly alkaline  8.5 – 9.0 

 

Source: USDA (1998). 

2.2.1.1.2 Soil organic matter (SOM) 

On the basis of organic matter content, soils are characterized as mineral or organic. Mineral 

soils form most of the world’s cultivated land and may contain from a trace to 30 percent 

organic matter. Organic soils are naturally rich in organic matter principally for climatic 

reason. Soil organic matter is any material produced originally by living organisms (plant or 

animal) that is returned to the soil and goes through the decomposition process(Bot and 

Benite, 2005) . Soil organic matter plays a key role in soil functions, determining soil quality, 

water holding capacity and susceptibility of soil to degradation (Giller and Cadisch, 1997; 

Feller et al., 2001). In addition, soil organic matter may serve as a source or sink to 

atmospheric CO2 and an increase in the soil C content is indicated by a higher microbial 

biomass and elevated respiration (Sparling et al., 2003). It is also the principal reserve of 

nutrients such as N in the soil (Havlin et al., 2005). Table (2) indicates that rating of OM in 

its major classes. 
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Table 2: Rating of Organic Matter and its classes. 

Rating Total organic matter (%) 

Very high > 6 

High                4.3-6 

Medium                 2.1-4.2 

Low                 1-2 

Very low                  <1 

 

Source: Tan (1996) cited in Solomon Debele (2008) 

2.2.1.1.3 Total Nitrogen 

Nitrogen is the nutrient most frequently deficient and is often the controlling factor in plant 

growth. Thus lack of nitrogen is the greatest single cause of low crop yield (Young, 1976). 

Excessive nitrogen applications stimulate increased microbial activity, which in turn speeds 

organic matter decomposition. The extra nitrogen narrows the ratio of carbon to nitrogen in 

the soil. Native or uncultivated soils have approximately 12 parts of carbon to each part of 

nitrogen, or a C: N ratio of 12:1(Sullivan, 2004). At this ratio, populations of decay bacteria 

are kept at a stable level, since additional growth in their population is limited by a lack of 

nitrogen. When large amounts of inorganic nitrogen are added, the C: N ratio is reduced, 

which allows the populations of decay organisms to explode as they decompose more organic 

matter with the now abundant nitrogen. While soil bacteria can efficiently use moderate 

applications of inorganic nitrogen accompanied by organic amendments (carbon), excess 

nitrogen results in decomposition of existing organic matter at a rapid rate. Soil carbon and 

nitrogen accumulation is of key importance to mitigate the potential greenhouse effect and 

improve soil quality and productivity (Lal et al., 2004; Venterea et al., 2006). To a great 

degree, the storage capacity of carbon and nitrogen in the soil can be influenced by 

management practices and ranges of TN shown below in (table 3).  

Table 3: Classification of soil based on total nitrogen content (%) 

Total nitrogen Rating 

>1.0 Very high 

0.4-1.0 High 

0.3-0.4 Medium 

0.1-0.3 Low 

<0.1 Very low 

Source: Adapted from Booker (1991) 
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2.2.1.1.4 Available Phosphorus 

Of all the major plant nutrients, phosphorus possibly has the most complicated chemistry in 

the soil. It occurs in soils in both organic and inorganic forms, the later usually being the 

more important for crop nutrition (Booker, 1991). Phosphorus is an essential nutrient both as 

a part of several key plant structure compounds and as a catalysis in the conversion of 

numerous key biochemical reactions in plants. Determination of the total amount of P in the 

soil is not meaningful to a growing plant, a correlation between the amount of P extracted by 

the chemical extractant and the amount of P taken up by the plant is known as the plant-

available P (Watson and Mullen, 2007). Soluble phosphorus, either from fertilizer or natural 

weathering, reacts with clay, iron, and aluminium compounds in the soil and is converted 

readily to less available forms by the process of phosphorus fixation (Booker, 1991). Because 

of these fixation processes, phosphorus moves very little in most soils, stays close to its place 

of origin. As a result, little soil phosphorus is lost by leaching. This fixed, residual 

phosphorus remains in the rooting zone and will be slowly available to succeeding crops. Soil 

erosion and crop removal are the significant ways soil phosphorus is lost. 

2.2.1.1.5 Available potassium 

 According to Clancy (2010) soil potassium exists in three forms, the portions of which are 

influenced by different types of clay in the soil. The first one is unavailable potassium 

accounts for 90-98% of total soil potassium which is permanently bound between soil clay 

layers. Slowly available potassium accounts for about 1- 10% of the soil total and is gradually 

released from fractured clay particles. These two fractions of soil potassium are not available 

for plant uptake. Readily available potassium, the third and most important type, is a 

combination of “free” potassium in the soil solution and potassium loosely held by soil clay 

particles. This type of potassium is also referred to as “exchangeable” and is in constant 

movement between soil exchange sites and the soil solution. Though it only accounts for 1-

2% of total soil potassium it is the only portion available for plant uptake (Barber, 1985). The 

actual amount of potassium in the soil solution is very low and this solution must be 

replenished from the exchangeable form i.e. potassium adsorbed on negatively charged 

exchange sites of the organic and mineral (clay) soil substance (Fotyma, 2007). It has long 

been generally accepted that plants remove potassium from the soil solution, and that the 

element is only directly available to plants in the form of solution. 
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2.2.1.1.6 Cation exchange capacity 

Cation exchange capacity is related to the sum of the cations held by the permanent negative 

charge on the clay particles and the cations held by the organic matter (Booker, 1991).  It can 

be used as a rough guide to the types of clay minerals present. According to Gardiner and 

Miller (2004) cited in Solomon Debele (2008), the decrease in SOM substantially lowers the 

amount of CEC to the soil and increases in soil acidity as well as the decrease in pH causes a 

decrease in CEC which is due to the higher concentration of H+ ion in the soil solution 

which hinders the ionization of hydrogen from R-OH or forced hydrogen to remain on the 

exchange site that is R-O-.  Most CEC estimates are derived from the amount of a particular 

cation that a soil can hold when leached by a buffer solution containing that cation (Booker, 

1991) and rating of CEC indicated in table (4) below. 

Table 4: Rating of CEC results for top soil 

CEC (me/ 100g of soil) Rating 

>40 Very high 

25-40 High 

15-25 Medium 

5-15 Low 

< 5 Very low 

Source: Booker (1991). 

2.2.1.2 Soil physical properties as indicators of soil quality 

  

The suitability of soil for sustaining plant growth and biological activity is a function of its 

physical properties. The soil physical properties are one of the soil quality indicators that may 

be changed through land management practices.  

2.2.1.2.1 Bulk density 

Bulk density (BD) is an indicator of soil compaction. It is calculated as the dry weight of soil 

divided by its volume. BD is also dependent on soil texture and the densities of soil mineral 

(sand, silt, and clay) and organic matter particles, as well as their packing arrangement 

(USDA, 2008). Soil physical properties are estimated from the soil’s texture, bulk density (a 

measure of compaction), porosity, water-holding capacity (Hillel, 1982). Therefore, the 

suitability of soil for sustaining plant growth and biological activity is a function of its 
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physical properties (porosity, water holding capacity, structure, and tilth). It describes the 

potential for leaching, productivity, and erosion and also it is used to correct soil analyses to 

volumetric basis. Generally, any practice that improves soil structure decreases bulk density; 

however, in some cases these improvements may only be temporary. 

2.2. 2 Soil quality degradation 

Soil quality degradation is often emphasized as a constraint to crop productivity and overall 

agricultural sectors, especially in tropical Africa (Kayombo and Lal, 1993 and Hoffman and 

Carroll, 1995). The effects of SQ deterioration due to water erosion and nutrient depletion on 

soil productivity are essentially manifested in the developing countries, where farmers are 

highly dependent on inherent land properties and unable to ameliorate soil quality. 

Declining soil quality (SQ) is emerging as an environmental and economic issue of 

increasing global concern as degraded soils are becoming more prevalent due to intensive use 

and poor management, often the result of over-population (Eswaran et al., 2005). Problems 

such as erosion, compaction, acidification, organic matter losses, nutrient losses and 

desertification reduce agricultural production capacity. SQ decline severely impacts the 

environment and agricultural viability, and thus ecosystems and the population’s health, food 

security, and livelihoods. Soil is essentially a non-renewable resource with possible high rate 

of degradation and extremely slow rate of regeneration processes. Degradation deteriorates 

soil quality by partially or entirely damaging one or more of its functions (Blum, 1988). Risk 

of soil degradation depends on soil and terrain properties which make the soil inherently 

receptive of degradation. 

2.2.3 Soil management practices 

Soil is a vital natural resource. It is regarded as the base of sustainable agricultural and 

economic development (Tan, 2009). It is important for sustaining long-term agricultural 

productivity, water quality, and the habitats of all organisms including people. Soil quality 

can be changed by farm management. Appropriate use of crop production technologies like 

crop rotation, residue management, and use of conservation buffers and structures can 

maintain or enhance soil quality. Mismanagement of soil and plant nutrients by farmers 

further reduces the soil’s nutrient reserves. 
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As nutrient reserves are reduced, crop growth and productivity are compromised. Over time, 

cumulative nutrient depletion reduces agricultural production, crop yields and soil fertility, 

leading to soil degradation (Farouque and Tekeya, 2008). Experiments have shown that 

integrated soil fertility and nutrient management practices increase soil and crop productivity 

as well as biological activity when compared to use of chemical fertilizers alone. Therefore, 

efficient and effective management of soil resources and plant nutrients is important for 

obtaining higher crop yields sustainably. The following are some soil management practices 

to enhance soil quality. 

2.2.3.1 Contribution of fallowing for soil fertility recovery 

Fallow management and improvement is as old as agriculture itself. Fallows are currently still 

intrinsic parts of many tropical farming systems. It also is commonly referred to a resting 

period for agricultural land between two cropping cycles during which soil fertility is 

restored, it has more roles than just fertility restoration (Hall et al., 2005). Studies indicate 

that improved fallows have beneficial effects on key components of soil fertility, including N 

availability (Ikerra et al., 2001); however, N2O emissions following biomass incorporation 

from these tree-improved fallows have yet to be determined. 

2.2.3.2 Cover crops and crop rotation 

Conservation crop rotation systems that promote an increase in organic matter and an 

increase of aggregate stability will maintain or improve the presence of pores for infiltration 

(Schnitzer, 1991). Increase cover from grass and or legume rotations or high residue crops 

combined with other conservation practices such as conservation tillage will reduce upland 

erosion which in turn, reduces sediment from surface runoff and wind. The types of crops 

grown, the amounts of roots, biomass yield, and efficiency of harvest, and the management of 

residues affect soil organic matter (Magdoff, 1993). High residue crops in rotation with cover 

crops and conservation tillage increase amounts of organic matter compared to conventional 

tillage and monoculture. 

2.2.3.3 Composting 

Application of organic wastes biological solids to agricultural land directly improves soil 

properties such as: structure, water retention capacity, buffering capacity, nutrient status, in 

addition to the indirect effects on different microbial populations (Reeves, 1997). Manure and 
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compost are organic sources of nutrients that also have been shown to increase soil organic 

matter and improve soil quality (Wright et al., 1998). They usually need to be incorporated 

into soils to prevent loss of nutrients through volatilization or runoff, particularly nitrogen. 

According to Fuchs and Larbi (2004), compost influences plant growth and health indirectly 

via the growing conditions (by providing nutrients, especially micro nutrients and by 

improving soil conditions and water retention capacity). 

2.3   Effect of soil erosion on soil quality and factors in USLE 

2.3.1 Effect of soil erosion on soil productivity and soil quality 

Soil erosion has long been considered detrimental soil productivity. It is the basis for soil loss 

tolerance values. Considerable loss in productivity is likely to occur on most soils if they 

erode for several centuries at present soil loss tolerance levels (Jones et al., 1997). Soil 

formation is a very slow process. As a result, most soils cannot renew their eroded surface 

while erosion continues to degrade the soil. According to Rusco et al. (2008) soil erosion is 

the wearing away of the land surface by physical forces such as rainfall, flowing water, wind, 

ice, temperature change, gravity or other natural or anthropogenic agents that abrade, detach 

and remove soil or geological material from one point on the earth's surface to be deposited 

elsewhere. Soil erosion is a natural process that can be exacerbated by human activities. 

 Soil erosion involves preferential removal and redistribution of the light soil fractions 

comprising soil organic matter and clay content (Kimble et al., 2001). Because soil organic 

matter content is concentrated in the surface soil i.e., accelerated erosion leas to its 

progressive depletion. Accelerated erosion adversely affects the quality of soil on site 

(Norton et al., 1998 and Lowery et al., 1998) and its agronomic productivity (Lal, 1998). 

2.3.2 Soil erosion factors in USLE/ RUSLE 

Research on erosion and soil erosion topics has a long scientific history and the underlying 

fundamentals of erosion processes have been investigated for many decades. Numerous 

erosion and soil erosion models have been developed in the past decades, utilising different 

scientific methods and modelling approaches. In general, three different kinds of models 

exist: empirical, physical and conceptual. Empirical models are a simplified representation of 

natural processes based on empirical observations. Universal Soil Loss Equation (USLE) is 
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one of the common empirical models. Wischmeier and Smith (1978) are the first to introduce 

individual input factors in the Universal Soil Loss Equation (USLE). The USLE is a long-

term model, i.e. it predicts long-term mean values for erosion. It is not intended for 

application to individual events. It allows assessing soil loss from agricultural fields in 

specific conditions. According to Wischmeier & Smith (1978) there are six main factors in 

USLE and formulated as follows: 

 

  A = R* K*LS* C* P 

 Where; 

 

A = computed annual soil loss in tons ha 
-1

 yr 
-1

. 

R = Rainfall erosion factors (rainfall erosivity), to account for the erosive power of rain, 

related to the amount and intensity of rainfall over the year. It is expressed joules m
-2.

 

K = Soil erodibility factor to account for the soil loss rates in tons ha-1 per erosion index 

units for a given soil as measured on a unit plot, defined as a plot 22.1m long on a 9% slope 

under a continuous bare cultivated fallow. It ranges from less than 0.1 for the least erodible 

soils to approaching 1.0 in the worst possible case Expressed in tons m
-2

. 

LS = A combined factor to account for the effects the length and steepness of the slope, LS = 

1.0 on a 9% slope, 22.1m long. 

C = A combined factor to account for the effects of vegetation cover and management 

techniques. These reduces the rate of soil loss, so in the worst case, where the soil is bare and 

no management is being applied C=0.1.  In the ideal case, where there is no loss occurring, C 

would be zero. 

P = Physical protection factor, to account for the effects of soil conservation measures. In this 

context “conservation defined as structures or vegetation barriers spaced at intervals on a 

slope, as distinct from continuous mulches or improved cultural techniques, which recover 

under the management techniques. 
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3. Materials and Methods 

3.1 Description of the study area 

3.1.1 Location 

Kefa zone is located at the southwest of Ethiopia situated to the north western part of the 

Southern Nations, Nationalities and People’s Regional State (SNNPRS).It is located about 

449 km from Addis Ababa. The geographic location of the study area is found between 

182000-201000 m latitude and 810000-829000 m longitude. This study was conducted in 

Gimbo woreda, in three selected kebeles (Figure 1). 

 

 

Figure 1: Study area map 
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3.1.2 Topography and Soil  

Kefa zone has considerable variation in altitude which can be subdivided into highland and 

lowland. The highland ranges in altitude from 1,500 to 3,300m.a.s.l, covering the northern 

and central parts of the zone. The lowlands are located below 1,500 m.a.s.l covering 

southernmost parts of the zone. Gimbo woreda is found at the central part of the highland, 

which is mainly situated between 1,500 and 2,000m.a.s.l. It is hilly landscape with moderate 

steep slopes ranging from 10 to 30%, as well as large, flat wetlands comprising permanent 

and seasonal swamps. The other parts of the highland are characterized by a larger altitudinal 

variation with elevation in places exceeding 3,000m.a.s.l. The dominant slopes are 

moderately steep or steep ranging from 10 to 60% (EVDSA, 1996). According to the soil 

map of Ethiopia, the dominant soil type in the zone is the Nitisol. This is very deep, well-

drained, slightly acidic, well-structured reddish clay soil. The wetlands, and other poorly 

drained positions, comprise grey to black clays (Vertisols and Gleysols) (Anon., 1988 cited in 

Mekuria Argaw, 2005). 

3.1.3 Climate  

Available data suggest a mean annual rainfall between 1500-2000 mm throughout the 

highland, distributed over the long and continuous rainy season, which starts in March/ April 

and ends in October/November. The temperature regime varies from moderately warm 

(temperature ranges from 16-21
0
c) to cool (11-16

0
c) at altitudes between 1,500-2500, and 

2500 and 3200 m.a.s.l., respectively. Mean annual temperature is about 18
0
c (KZANRD, 

2010).  

3.1.4 Vegetation 

The natural vegetation cover of the Kefa Zone has the number of roles including ecological, 

social and economic values. The distribution of forests and other natural vegetation types of 

the zone divided into two major agro-ecological zones: highland and lowland. The highland 

agro-ecological mainly contains highland forest (Cordia africana, wild coffee), bamboo forest 

and plantation (Eucalyptus and Juniperus) as well as wetlands. The lowland area contains 

shrublands, savannah and grasslands. The two-thirds (65%) of the zone is still under some 
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form of natural vegetation and forest covers about half of this. The natural vegetation of the 

lowland is dominated by more open vegetation, i.e. savannah and grassland (KZANRD, 

2010).   

3.1.5 Farming system 

The Kefa Zone is part of the High Potential Perennial (HPP) agro-ecological zone where 

farming is largely hoe based and it is one of the principal areas of the enset-planting farming 

system of the south and south-western highlands (Mekuria Argaw, 2005). Farming in this 

system is largely based on the cultivation of perennial crops such as enset, coffee and banana, 

complemented by root crops, beans and cereals. Through resettlement the farming system of 

the area has changed to cereal crop based-farming (CBF). CBF is one of the farming systems 

which require extensive and large land size as compared to perennial crop based farming 

system. The major crops cultivated by the people are maize, sorghum, wheat, millet, barley, 

and teff as well as cash crop especially coffee.  In addition to cereal crops farmers in the 

study area cultivate root crops like sweet potato; taro and oil crops such as Niger seed, 

linseed, and sesame. Farmers in the area have livestock population that support their 

livelihood and economic needs. The major livestock population includes cattle, sheep, goat 

and equines. In general, the farming system of zone considered as mixed farming.  

3.2 Methods 

3.2.1 Reconnaissance survey 

A preliminary field survey has been conducted to get general information on the physical 

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

area. After such a preliminary survey, semi-detailed survey and description of the altitude, 

cropping history, slope gradient, management practices, soil attributes (colour), and other 

factors was conducted (Appendix 1). Interviews were conducted with farmers to collect 

information about both natives and resettlers on management practices in their cultivated 

fields. 
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3.2.2 Selection of study sites 

During selection of the study sites, multi-stage random sampling was conducted. At the first 

stage, Woreda was chosen and secondly, peasant associations (PAs) or kebele were identified 

using simple random sampling. Based on the relative topographic position and the slope 

conditions, the study sites were selected. After all identification, sample sites were selected 

from those chosen PAs  using homogeneity criteria of cropping history, slope characteristics 

and management practices especially for both cultivated fields of natives and resettlers and 

the adjacent soils under natural forest near PAs were selected. The altitude and geographical 

positions in degrees were taken using GPS (Global Position System) (Appendix 1). 

3.2.3 Soil quality assessment 

3.2.3.1 Soil sampling 

In order to collect and assess soil quality status of the study sites through the analysis of some 

physical and chemical soil properties as the indicators of soil quality, soil samples were taken 

from the study area. The collection of samples was based on the homogeneity criteria of 

cropping history, slope characteristics and management practices from both resettlers and 

natives cultivated fields but the sample that was taken from soils under natural forest 

collected based on slope characteristics (Appendix 1) since the natural forest was taken as 

reference which is a virgin soil that has been not disturbed and familiar with slope under the 

study case. The samples were taken from five points of each of the cultivated fields of natives 

and resettlers and from natural forests by measuring 20mX20m quadrants, i.e, one at the 

center and the other four at the corners of the quadrants. These collected samples were mixed 

to form a composite in order to reduce variability within the quadrants. A total of twenty 

seven soil samples with a replication of three were taken from the selected peasant 

association, i.e., nine composite samples were collected for each PAs at a depth of 20cm by 

using auger. In addition, total of 9 soil core samples were also collected for soil bulk density 

analysis and composite samples of three soil core samples for each of the sampling sites.  

3.2.3.2 Soil laboratory analyses 

The major part of the soil physical and chemical analysis was carried out at the Hawassa 

Agricultural Research Center. Standard laboratory procedures were followed in the analysis 
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of the selected physicochemical properties considered in the study. The soil samples were air 

dried, mixed well and passed through 2 mm sieve for analysis of selected soil chemical and 

physical properties. 

 

Soil properties were analyzed according to the standard soil analysis procedures provided by 

Sahlemedhin Sertsu and Taye Bekele (2000). The organic matter content of the collected soil 

samples were determined by oxidation of organic carbon with potassium dichromate 

(K2Cr2O7) in a sulfuric acid medium (Walkley and Black, 1934) and percent of soil organic 

matter was obtained by multiplying percent soil organic carbon by a factor of 1.724 following 

the assumptions that organic matter is composed of 58% carbon, CEC were determined by 

ammonium acetate (1N NH4OAC) extraction, available potassium were extracted by sodium 

acetate method and measured by flame photometer and sum of exchangeable cations were 

measured following the methods out lined by Rhodes (1982). Total nitrogen and available 

phosphorus were determined by semi micro Kjeldahl and sodium bicarbonate extraction 

(Olsen et al, 1954) procedures respectively. Soil pH was determined at a soil: water 

suspension ratio of 1:2.5 (V/V soil-water suspension) using a conventional glass electrode 

meter. The bulk densities of the soil sampled were estimated by taking undisturbed soil by 

core sampler after drying the soil samples in an oven at 105
0
C to constant weights (Black, 

1965). 

3.2.4 Soil erosion rate estimation 

3.2.4.1 Estimation of soil loss by RUSLE 

Annual soil loss in the form of runoff (sheet erosion) from the cultivated fields at Gimbo 

resettlement sites was estimated using the Universal Soil Loss Equation (USLE) (Wischmeier 

and Smith, 1978) and modified and adapted to Ethiopian conditions by Hurni (1985) as 

follows. 

 

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

Where; A = estimated soil loss (t ha
-1 

yr
-1

), R = Rainfall Erosivity factor, K = Soil Erodibility 

factor, L = Slope length factor, S = Slope gradient factor, C = Land cover factor and  

P = Management practice factor 
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 3.2.4.2 Determination of RUSLE factors 

In this study,  only eighteen representative cultivated fields  of natives and resettlers(with a 

total area of 28,000m
2
 or 28ha) were selected for sheet erosion assessment from upper, 

middle and lower zones of the study sites,  respectively, i.e. nine from natives and nine from 

resettlers farm fields. In this paper, the analysis of each process factor was derived as follows: 

a) R-factor 

The R-factor is defined as the product of kinetic energy and the maximum 30 minute 

intensity and shows the erosivity of rainfall events (Wischmeier and Smith, 1978). The 

erosivity factor R that was adopted by Hurni (1985) for the Ethiopian conditions based the 

available mean annual rainfall Pr was used in this study. It is given as: 

 

R = -8.12 + 0.562 * Pr      Where, Pr is the mean annual rainfall in mm. 

 

The mean annual rainfall data of 30 years (1970-2008) (See Appendix 3) recorded by the 

National Meteorological Agency (NMA) at Bonga station was 1572.27mm. The R-factor 

value for the whole study sites was determined to be 875.49 joule m
-2

. 

 

b) K-factor 

The K-factor is defined as the rate of soil loss per unit of R-factor on a unit plot (Renard et 

al., 1997). In this study soil erodibility or the k-factor was estimated based on the 

characteristics of the soil colour (Appendix 2). Hurni (1985) developed USLE for Ethiopian 

condition by adapting different sources and proposed the K values of the soil based on their 

colour. In the study sites, two soil colours, brown and black predominates. Thus, a value of 

0.2 and 0.15 were given to these soil types respectively (Appendix 1). 

 

c) LS-factor 

LS-factor is the function of slope length along with the S factor (slope steepness) that 

represents the topographical factor which is commonly expressed as LS factor. A 

representative slope length and slope gradient for the study sites under consideration were 

measured and values were recorded during the field survey. The slope gradients of the sample 

plots of the treatments were estimated using line level and staff method (Taffa Tulu, 2002). 

Tape meter is used to measure the slope length. According to Wischmeier and Smith (1978), 
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those values were combined into a single index as indicated in the formula below were used 

to calculate the dimensionless topographic factor (LS). 

 

LS= [λ
0.5

/22.1] [S/9]
1.3 

 

Where, 

λ=slope length in meter, 

S=slope gradient in percent. 

 

 

d) C-factor 

The cover factor C is dependent upon the percentage of the rainfall energy intercepted by the 

crop (Morgan, 1996). Maize is the most dominant crop type followed by cereals, pulses and 

Sorghum (Appendix 1). Based on Hurni (1985), annual average crop cover factor (C-factor) 

for the Revised Universal Soil Loss Equation (RUSLE) is 0.10, 0.15, and 0.1 respectively for 

Maize, pulses and cereals, and Sorghum (Appendix 2).  

 

e) P-factor 

The P-factor gives the ratio between the soil losses expected for certain soil conservation 

practice to that with up-and down-slope ploughing (Wischmeier and Smith, 1978). The crop 

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

(Morgan, 1996). Tillage and planting on contour reduce soil erosion depending on the slope 

of the land. P values range from 0 to 1, whereby the value 0 represents a very good manmade 

erosion resistance facility and the value 1 no man made resistance erosion facility is given by 

Roose (1977) and Morgan (1996). Based on Hurni (1985), the land management practice 

factor (P-factor) for the study sites was estimated (Appendix 2). There were some agricultural 

support practices in the study area. Contour ploughing, mulching and inter cropping were 

applied as a management practices to protect soil erosion within the cultivated fields of the 

study area under the three catchment zones. 
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3.2.5 Socioeconomic survey 

To explore the perception of farmers on soil degradation, causes of soil degradation and soil 

fertility management practices as well as soil quality status in the study sites, information 

were gathered (collected) from the farmers in the selected kebeles (PAs) using semi-

structured questionnaires at the household level (Appendix 18). Data and information about 

the problems, causes and severity of soil erosion were collected using formal interviews with 

the heads of the household farmers. Farmers were randomly selected for interview (using 

simple random sampling) from the selected PAs. Then 45 households from the natives and 45 

households from the resettlers were selected, which ensured that 30 household farmers were 

sampled from each PAs in the study area. A total of 90 household were interviewed during 

the survey. Interviews were conducted by the trained development agents from the woreda. A 

test survey was conducted with 15 farmers to evaluate the questionnaire, and based on these 

responses some minor modifications were made prior to conducting the full survey. 

 

3.3 Data analyses 

3.3.1 Soil data analyses 

Data obtained from the laboratory were normally distributed together with each soil samples 

collected from natives cultivated fields, re-settlers’ cultivated fields and sample from adjacent 

natural forest were subject to Analyses Of Variance (ANOVA). It is used to test the 

significance of the difference between the means of soil chemical and physical properties 

under the three PAs for the cultivated fields of natives, resettlers and the adjacent natural 

forest at 0.05 levels. The least significance difference (LSD) test was used to differentiate 

significantly varied means after results of one-way ANOVA of soil properties for the three 

land use types were found significant at P < 0.05 under the three PAs using SPSS v16 

software computer programme. In addition, the mean values of some of the soil quality 

indicators within the study sites were compared with the values of rates set by researchers. 

3.3.2 Socioeconomic data analyses 

The distributions of descriptive statistics (frequencies, means, and percentages) were used to 

analyze the data, which were collected from the natives and re-settlers household respondents 
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using questionnaire. For inferential statistics Two-Way Table method was employed. First of 

all, to make use of Two-Way Table for inferential statistics, frequencies (observed count) 

from descriptive statistics were used. Secondly expected counts were found which used to 

compute Chi-Square (X
2
)
 
tests. And also X

2
critical values were used to approximate p-values. 

Finally, to describe how the variables differ, percents were computed and compared (Moore 

and McCabe, 1998 cited in Solomon Debele, 2009) (Appendix 17). 
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4. Results and Discussion 

4.1 Impact of resettlement on soil quality 

The impact of resettlement on soil quality cannot be determined directly, but due to the land 

management practices difference of both natives and resettlers soil properties that are 

sensitive to change can be used as soil quality indicators. The soil analysis result of each soil 

quality indicators under the natives’ cultivated fields were compared with the resettlers’ 

cultivated fields as well as the reference near the two farming systems under the three PAs. 

Table (5) shows that the results of mean values ( ) standard error of mean (SEM) of soil 

chemical and physical properties for natural forest, natives and resettlers under the three PAs. 

 

Table 5: Mean values ( ) SEM of soil chemical and physical properties for natural forest,  

     natives and resettlers cultivated fields under the three PAs. 

PAs Soil properties Forest Native Resettler 

 

Tulla 

pH  5.78 0.124
b
 5.22 0.0726

b
 4.58 0.283

c 
 

OMC (%) 6.309 0.214
a
 5.58 0.0297

b
 2.92 0.124

c
 

TN (%) 0.429 0.028
b
 0.353 0.0022

b
 0.245 0.0366

c
 

AvP(ppm) 17.34 0.666
 a
 12.96 0.753

 b
 8.4 0.706

 c
 

AvK(ppm) 46.567 2.415
b
 38.427 3.142

 b
 23.2 1.487

 c
 

CEC(Cmol(+)Kg
-1

) 44.218 0.837
a
 35.516 0.536

 b
 28.403 0.598

 c
 

BD(g/cm
3
) 1.066 0.0176

a
 1.253 0.0284

 b
 1.446 0.0674

 c
 

 

Kuti 

pH  5.88 0.177
 b
 5.56 0.128

 b
 5.05 0.385

 b
 

OMC (%) 7.019 0.142
 a
 4.956 0.442

b
 3.073 0.219

 c
 

TN (%) 0.43 0.033
 a
 0.363 0.0066

 b
 0.2076 0.0035

c
 

AvP(ppm) 18.19 0.332
 a
 12.566 1.114

 b
 9.06 0.286

 c
 

AvK(ppm) 37.78 2.144
 a
 26.16 1.84

 b
 27.34 2.183

 b
 

CEC(Cmol(+)Kg
-1

) 44.478 0.603
a
 36.706 2.101

 b
 28.82 2.22

 c
 

 

Beyemo 

pH  5.56 0.143
b
 5.46 0.163

b
 4.54 0.754

c
 

OMC (%) 6.56 0.1301
 a
 4.923 0.4902

 b
 3.3 0.408

c
 

TN (%) 0.435 0.0155
a
 0.348 0.0088

 b
 0.224 0.0131

 c
 

AvP(ppm) 17.376 0.136
a
 13 1.106

 b
 8.76 0.563

 c
 

AvK(ppm) 38.47 2.93
 a
 26.966 2.2

 b
 23.996 1.645

 b
 

CEC(Cmol(+)Kg
-1

) 44.437 0.943
a
 35.29 1.279

 b
 29.87 1.172

 c
 

Mean values with the same letters across the rows are not significantly different at α = 0.05 
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4.1.1 Impact on soil chemical properties 

4.1.1.1 Soil pH 

 Soil pH is one of the soil chemical properties that indicate soil quality at the study PAs. The 

mean values of pH for the natural forest are 5.78, 5.88 and 5.56 for the Tulla, Kuti and 

Beyemo PAs respectively. And the mean pH values for natives PAs are 5.22, 5.56 and 5.46 

for Tulla, Kuti and Beyemo respectively. However, the mean pH values for the resettlers PAs 

are 4.58, 5.05 and 4.54 respectively (Table 5). The ANOVA result shows that there is a 

significant difference in mean pH among the natural forest; natives’ cultivated fields and that 

of resettlers’ for Tulla and Beyemo PAs, respectively at 0.05 significant level (Appendix 4). 

But under the Kuti PAs, there was no significant difference among them. The presences of 

significant difference between the cultivated fields of PAs as well as natural forest were 

determined by Multiple Comparison Test using LSD at 5% confidence interval level 

(Appendix 5). The LSD result showed that the mean pH of natives’ cultivated fields for Tulla 

and Beyemo peasant associations were significantly higher (P<0.05) than the cultivated fields 

of resettlers (Table 5). However, there was no significant difference between the natives and 

resettlers cultivated fields for Kuti PAs. The mean pH values for the peasant associations for 

the natural forest, cultivated fields of natives and resettlers are shown below in Figure (2). 

               

 

Figure 2: The mean pH values of the three PAs for natural forest, natives and resettlers 

cultivated fields 
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From result that was shown above in figure and LSD, the mean pH values of resettlers` 

cultivated land are lower than that of soil under natural forest as well as the natives` 

cultivated fields. The probable reasons for the lowering of the mean pH values in the 

resettlers` cultivated land might be associated with the application of fertilizer to soil fertility 

management and removal of bases by crops. According to USDA (1998) the pH of soil is 

affected by both the natural systems (mineralogy, climate and weathering) since area have 

high annual rainfall distribution. It might also be related to reduction in soil organic matter of 

resettlers contributed to the development of acidity leads to the retardation of soil pH under 

the resettlers PAs cultivated fields as compared to that of natives. The reduction in organic 

matter increases the concentration of CO2 which lowers the buffering capacity of acidity and 

crop removal of basic cations causes the reduction in soil pH (Gardiner and Miller, 2004: 

cited in Solomon Debele, 2008). According to USDA (1998) the mean pH value under the 

three PAs rated as strongly acidic, strongly acidic and moderately acidic for resettlers 

cultivated fields, natives cultivated fields and natural forest respectively. 

4.1.1.2 Soil organic carbon/ organic matter 

A well structured soil has properties that enhance soil quality, by providing an environment 

to encourage the growth of healthy crops by maintaining adequate moisture, support desirable 

organism growth which can take residues and turn them into more organic matter (OM). The 

laboratory result was determined for the three PAs through further analysis so as to identify 

the presence of significant differences between the forests, cultivated fields of natives and 

resettlers` cultivated fields. The mean OM content of the three PAs for natural forests is 

higher than that in the cultivated fields of natives and resettlers (Table 5). ANOVA result 

show that there was significant difference at P < 0.05 significant level for Tulla, Kuti and 

Beyemo PAs, respectively) among the means of OM the natural forest, natives and resettlers 

cultivated fields (Appendix 6). In order to identify which PAs’ cultivated field varied 

significantly in their mean organic matter content, the Least Significance Difference (LSD) 

method was used (Appendix 7). Therefore, the organic matter content differs significantly 

and the mean value of OM for natural forest was significantly higher than the cultivated 

fields of both natives and resettlers under the three PAs. However, the mean OM value of 

natives’ cultivated fields under PAs were greater than that of resettlers’ cultivated fields. The 

mean soil OM content of the three PAs for the natural forest, natives and resettlers cultivated 

fields is indicated below in Figure (3). 
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Figure 3: The mean OM values under the three PAs for natural forest, natives and resettlers 

cultivated fields 

The mean values of organic matter (OM) for the natives’ cultivated fields under the three PAs 

were significantly lower (P< 0.05) than the mean values of the natural forest. However, the 

mean values of OM for the cultivated fields of natives significantly higher than the resettlers’ 

cultivated fields for all the three peasant associations (Table 5). In general, the mean values 

of OM for the natives cultivated fields were greater than cultivated fields of resettlers (Figure 

3). The probable reasons for the lowering of mean OM at the resettlers` cultivated fields as 

compared to the natives` cultivated fields mainly caused by continuous cultivation, burning 

of organic biomass at the farm fields and less soil management practice. Losses of soil OM 

are also associated with land use change other than direct conversion to agriculture, such as 

deforestation and biomass burning (IPCC, 1996). Biomass burning destroys the litter layer 

and diminishes the amount of organic matter returned to the soils (Bot and Benite, 2005). 

Even if the mean OM of the natives` cultivated land is less than that of soil of natural forest, 

they give attention to manage their soils through fallowing, adding manure or compost and 

crop rotation to enhance their soil quality or fertility. So, the traditional fallow practice and 

cropping systems provide continuous soil cover, maintain SOM, preserve nutrients within the 

systems, and keep nutrient cycling as efficient as possible.   Resettlers gave more attention to 

cultivate cash crops around their farm fields rather than taking some agro-forestry practices 
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which leads to less attention towards fallow practices. The increase in human population 

densities and the high demands for cash crops causes for cropping becomes more intensive 

and prolonged and fallows are shortened, resulting in deterioration in the physical condition 

and nutrient status of the soil (Christanty, 1986).  . And also addition of compost by native 

farmers may increase the OM content under their cultivated fields. But resettlers have 

constraints to prepare compost production due to they remove crop residues( stalks and 

straws) for building materials like fencing and fodder for livestock feed which result in 

decrease of OM at their cultivated fields.  

In addition to the cultivated fields of natives and resettlers, the mean values of OM for the 

natural forests near the PAs higher than both cultivated fields. The probable reason might be 

the conversion of forest to other land use types may contribute to lowering of OM both in the 

cultivated lands of resettlers` and natives` when they compared with the OM of the forest 

soils. According to Steiner (1996) and Charman and Murphy (2000) cited in Mekuria Argaw 

(2005) the conversion of forest have an effect of on soil properties which can be immediate 

and long- term, i.e., the immediate effect is a rapid decline in the organic matter of the top 

soil, which subsequently leads to the long-term effects physical instability and loss of soil 

structure. Generally, the rating of the mean OM value for the natural forest, native and 

resettler are very high, high and medium, respectively (Tan, 1996 cited in Solomon Debele, 

2008).  

4.1.1.3 Total nitrogen 

The mean values of total nitrogen (TN) are found to be greater in natural forests than the 

cultivated fields of resettlers and natives for the Tulla, Kuti and Beyemo peasant associations 

(PAs) (Table 5). ANOVA result proves that significant difference was observed at P < 0.05 

significant level under the Tulla, Kuti and Beyemo peasant associations respectively for those 

cultivated fields and forest under natural condition (Appendix 8). The statistical test of LSD 

proves that the mean TN content of cultivated fields of natives show significant difference 

from cultivated fields of resettlers under the three PAs cases and soil under natural forest 

under Kuti and Beyemo peasant associations(Appendix 9). But no significant difference was 

found between the soil under natural forest and cultivated field of natives at Tulla peasant 

associations. The mean values of TN content of the three PAs for the natural forest, natives 

and resettlers cultivated fields are shown below in Figure (4). 
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Figure 4: The mean TN values under the three PAs for natural forest, natives and resettlers 

cultivated fields. 

The mean TN values at the resettlers’ cultivated fields throughout the three PAs were lower 

than the natives’ cultivated fields. The decrease in mean value of TN from the resettlers’ 

cultivated land might be as a result of continuous cultivation, influence of management 

practices (as such no more fallowing system as compared to natives’ cultivated fields) and 

highly extractive farming and with minimal or no nutrient input especially from organic 

origin like adding of manure and composting. The storage capacity of carbon and nitrogen in 

the soil can be influenced by management practices (Lal et al., 2004 and Venterea et al., 

2006) and the nitrogen pool under fallow significantly increased and the rate of  

decomposition much faster due to much more diversity of microbial activity (Sarmiento and 

Bottner, 2002). The reduction in mean TN at the resettlers’ cultivated land probably related to 

the decline of soil organic matter. Soil organic material contributed to the pool of total and 

potentially mineralizable N further influenced their retention and supply capacity in soil 

(Wang et al., 2001). The burning of crop residues at field is the common management 

practice for those of resettlers. Resettlers introduce burning as a means of land management 

practices to make the tillage practice simple and in addition to their assumption that the ash 

would add organic matter to the soil in a fast way. The way of their assumption is reverse to 

the result and disagrees with research conducted. Burning destroys the litter layer and so 

diminishes the amount of organic matter returned to the soils (Bot and Benite, 2005). The 
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organic matter serves as a reserve for many essential nutrients, especially nitrogen, i.e. the 

reduction in organic matter content of resettlers’ cultivated fields probably contributed to the 

decrease of the TN of their cultivated fields. According to Booker (1991), the mean TN rated 

as high, medium and low for forest, cultivated fields of natives’ and resettlers’, respectively 

at the three peasant associations. 

4.1.1.4 Available phosphorous (AvP) 

The mean values of AvP under the three PAs were determined using ANOVA to identify 

whether the significant differences are existed between the soils of resettlers’ cultivated 

fields, natives’ cultivated fields and the adjacent natural forest under their status under the 

selected three PAs. The ANOVA of mean result of AvP among the land use types was found 

at P < 0.05 significant level for all PAs (Appendix10)..The LSD result showed that the mean 

AvP values differ significantly under the Tulla, Kuti and Beyemo peasant associations among 

the natives’ cultivated fields, resettlers’ cultivated fields and the adjacent natural forest 

(Appendix 11).  However, the mean AvP of natural forest under the three PAs higher than 

from both the cultivated fields of resettlers’ and natives’. And the natives’ cultivated fields 

show high mean AvP as compared to that of the cultivated fields of resettlers throughout the 

three PAs. 

 

 

Figure 5: The mean AvP values under the three PAs for natural forest, natives and resettlers                                  

cultivated fields. 
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The increasing trend of soil acidity under the cultivated lands caused by the intensive 

cultivation on acid soils aggravates soil acidity (Baligar et al., 1997 and Blamey et al., 1997) 

that drops the pH of the soil since cultivated fields of resettlers more intensely cultivated than 

cultivated fields of natives. The increased mean AvP value at the cultivated land of natives’ 

as compared to that of the resettlers’ cultivated land probably due to the applications of 

organic materials such as manure, plant residues, or green manure crops to soils by the native 

farmers. Mulching and the addition of organic matter to the soil can keep phosphorus from 

becoming bound to aluminium and other ions in acid soils, thus making it more available for 

plants (Schlather, 1998). Even if the natives’ cultivated fields mean AvP were higher than 

that of resettlers cultivated fields, but also its mean values less than the forest under natural 

condition. The probable reasons might be soil erosion and crop removal from both cultivated 

fields. In addition, the natural forest have remains of organic materials such as litter falls, 

plant residues, or high microbial activities to soils with high pH values not only supplies 

phosphorus, but on decomposition provide acidic compounds which increase the availability 

of mineral forms of phosphorus in the soil of forests. 

4.1.1.5 Available potassium (AvK) 

The mean values of available potassium (AvK) were not significantly different for the 

cultivated fields of natives’ and resettlers’ under the Kuti and Beyemo peasant associations 

(Table 5). But there was significant difference under the Tulla peasant associations for both 

cultivated field. However, the reference, i.e. the natural forest near to the cultivated fields of 

natives’ and resettlers’ shows significant difference at Kuti and Beyemo PAs. ANOVA result 

for mean AvK was found at P<0.05 under the Tulla, Kuti and Beyemo peasant associations 

respectively (Appendix 12). In order to identify which of cultivated fields under the three 

peasant associations varied significantly in mean values of AvK with respect to the soil under 

natural forest, the multiple comparison test was determined using the LSD software. The 

LSD result for the AvK show that the mean difference between the natives’ cultivated fields 

and that of resettlers’ were not significantly different at Kuti and Beyemo PAs and also that 

of soil under the natural forest at Tulla peasant association  not significantly different from  

cultivated field of natives shown in (Appendix 13).  The mean values of AvK for the natural 

forest, natives’ cultivated fields and resettlers cultivated fields at the three PAs indicated in 

(Figure 6) below. 
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Figure 6: The mean AvK values under the three PAs for natural forest, natives and resettlers         

cultivated fields. 

The mean values of available potassium (AvK) for the natural forest at Kuti and Beyemo 

peasant associations’ were greater than the cultivated fields of natives’ and resettlers’.   The 

lowering of available potassium at the cultivated fields of both the resettlers and natives 

probably linked with the low CEC, i.e. high CEC clay soils are often high in potassium. The 

more clay a soil contains the greater its ability to hold and release a positively charged cation 

like potassium. Continuous cultivation might be one of the reasons for the declining of AvK 

without the additional input of potassium fertilizer and leaching. The low pH value under the 

soils of the resettlers and natives might contribute to the decline of available potassium in the 

both cultivated fields. The content of all potassium forms, apart from the water soluble, 

increased with increasing soil pH (Fotyma, 2007). The observed result of pH under the forest 

was higher than that of the resettlers’ cultivated land and natives’ cultivated land. 

4.1.1.6 Cation exchange capacity (CEC) 

The mean values of cation exchange capacity (CEC) were significantly different for the 

cultivated fields of natives’ and resettlers’ under the Tulla, Kuti and Beyemo peasant 

associations (Table 5). The data under the three land use types that were obtained from the 

laboratory was further analyzed by using ANOVA to determine the significant difference 

existed among the cultivated fields of natives, resettlers and the reference of natural forest for 

the selected peasant associations. ANOVA result shows that there is a significant difference 
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at P< 0.05 significant level for the mean CEC among the cultivated fields of resettlers, 

natives and the natural forest for all PAs (Appendix 14). The LSD result for the CEC show 

that the mean difference between the natives’ cultivated fields and that of resettlers’ were 

significantly different at all PAs and also that of soil under the natural forest at the three 

peasant associations were significantly different from the cultivated field of natives’ and 

resettlers’ shown in (Appendix 15).  The mean values of CEC for the natural forest, natives’ 

cultivated fields and resettlers cultivated fields at the three PAs indicated in Figure (7) below. 

 

 

Figure 7: The mean CEC values under the three PAs for natural forest, natives and resettlers   

cultivated fields. 

The mean values of CEC for the natural forest under the three PAs were higher than from the 

cultivated fields of natives’ and resettlers’. However, the mean CEC values for the resettlers’ 

cultivated fields for all PAs were lower than that of the natives’ cultivated fields. The 

probable reason for the lowering of CEC under resettlers could be the decline of OM through 

intensive cultivation as well as burning effect of organic microorganisms of the soil. SOM 

contributes substantially to nutrient supply, cation exchange capacity (CEC) and to a 

favourable soil structure (Ross, 1993). A loss of SOM after slash-and-burn and agricultural 

land-use progresses the soil degradation of resettler farm lands after continuous cultivation 

resulting in unfertile soils. In addition clearing of the farmland trees may contribute to the 
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erosion enhancement and decrease microbial activity in the soil leading to decline in soil 

nutrient status. In soils in general, the CEC is an important factor in soil fertility because it 

determines both cation retention and selectivity, and in turn controls most of the other soil 

properties. The CEC of forest were higher than both cultivated lands of resettlers and natives 

due to high OM in the soils and less erosion effect across the slope zones. This study is 

agreed with the foundation of (Ross et al., 2008) which concluded that the CEC in forest soils 

is proportional to OM and not greatly affected by pH. Furthermore, clay type may also have 

prominent effect on CEC so as the soils of natural forest contains important clays. 

4.1.2 Impact on soil physical property 

4.1.2.1 Bulk density (BD)  

The mean values of bulk density under the Tulla peasant association were significantly 

different among each other (Table 5). ANOVA was used to test the significance of the 

differences between the means of BD for the natural forest, natives’ cultivated fields and 

resettlers’ cultivated fields (Appendix 16). It shows that there is a significant difference 

observed at P <0.05 significant level among the means of BD for the natural forest, natives’ 

cultivated fields and resettlers’ cultivated fields at the Tulla peasant associations.  To know 

which of the cultivated fields and the reference at the peasant association differed 

significantly at 5% significant level, the LSD method was applied (Appendix 17). There was 

significant difference in soil BD between the cultivated fields’ of native and resettler, 

between cultivated fields of resettler and the natural forest, and also between the natural 

forest and cultivated fields of native at that PAs. The mean values of BD for the natural 

forest, natives’ cultivated fields and cultivated fields of resettler at the Tulla PA indicated 

Figure (8). 
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Figure 8: The mean values of BD for the natural forest, cultivated fields’ of native and 

resettler under Tulla PA. 

 

The above Figure (8) showed that the BD of the resettlers’ cultivated fields at the peasant 

association was greater than that of the forest under natural condition and natives’ cultivated 

fields. The main reason for this increasing of the BD under the resettlers’ cultivated lands is 

due to the OM reduction through their continuous cultivation. According to USDA (2008) 

loose, porous soils and those rich in organic matter have lower bulk density which conceded 

with this study. In general, soils with good structure have higher pore space and lower bulk 

density. 

4.2 Impact of resettlement on soil erosion 

The rates of mean annual soil loss estimated using by the adapted USLE within the cultivated 

fields of natives’ were 13.89, 9.294 and 6.336 t ha 
-1

 yr 
-1

 under upper, middle and lower 

catchment zones respectively (Table 6).  But the rates of mean annual loss estimated using by 

the adapted USLE from the cultivated fields of resettlers’ were 14.763, 11.097 and 7.611 tons 

ha
-1

yr 
-1

 at the upper, middle and lower catchment zones respectively. The rates of mean 

annual soil loss from resettlers are higher than that of cultivated fields of natives. The land 

management practices of farmers under their cultivated fields made the difference.  

 

 



38 

 

Table 6: Rates of soil erosion estimated using the adapted USLE for the three PAs cultivated    

 fields  

Catchment 

zone 

PAs Slope 

gradient 

(%) 

Factor 

S 

Slope  

Length(m) 

Factor 

L 

R-factor K-

factor 

C-factor P-

factor 

Soil 

loss 

(tha
-

1yr-1) 

Upper Tn 19.5 1.6 10 0.7 875.5 0.15 0.1 0.9 13.24 

Tr 21 1.63 15 0.85 875.5 0.15 0.1 0.9 16.37 

Bn 23 1.69 5 0.5 875.5 0.2 0.1 0.9 13.32 

Br 22 1.66 6 0.54 875.5 0.2 0.1 0.9 14.12 

Kn 16 1.36 18 0.94 875.5 0.15 0.1 0.9 15.11 

Kr 18.5 1.51 7 0.58 875.5 0.2 0.1 0.9 13.80 

Middle Tn 10.5 1.03 12 0.76 875.5 0.15 0.15 0.6 9.252 

Tr 10 1 9 0.66 875.5 0.15 0.15 0.8 10.4 

Bn 13 1.18 10 0.7 875.5 0.15 0.15 0.6 9.763 

Br 11 1.06 6 0.54 875.5 0.15 0.15 0.9 10.14 

Kn 13.5 1.21 8 0.62 875.5 0.15 0.15 0.6 8.867 

Kr 11.5 1.24 7 0.58 875.5 0.15 0.15 0.9 12.75 

Lower Tn 8.25 0.79 16 0.88 875.5 0.15 0.1 0.8 7.3 

Tr 8 0.76 15 0.85 875.5 0.15 0.1 0.9 7.64 

Bn 6.5 0.58 21 1.02 875.5 0.15 0.1 0.8 6.22 

Br 5.75 0.49 19 0.97 875.5 0.2 0.1 0.9 7.49 

Kn 5.8 0.496 13 0.79 875.5 0.2 0.1 0.8 5.488 

Kr 6 0.52 18 0.94 875.5 0.2 0.1 0.9 7.703 

 

Where Tn = Tulla native, Tr = Tulla resettler, Bn = Beyemo native, Br = Beyemo resettler,        

  Kn = Kuti native and Kr = Kuti resettler. 

a) K-factor for soil colour brown = 0.2 and black = 0.15 

b) C-factor for maize = 0.1, sorghum = 0.1 and cereals and pulses = 0.15  

c) P-factor for mulching = 0.6, ploughing on contour = 0.9 and intercropping = 0.8 

 

 The result finding indicates that soil loss increases as the slope steepness increases at both 

native and resettler cultivated fields. Even if the slope categories of both resettlers and natives 

cultivated fields within the same range, the mean annual soil loss of resettlers cultivated 

fields within the three slope zones are higher than that of natives cultivated fields. According 

to Hurni (1985) the tolerable soil loss limit for the various agro-ecological zones of Ethiopia 

ranges from 2 to 18 t ha
-1

yr
-1

.  The results of soil loss for the study area were higher than that 

of tolerable soil loss of the minimum and below the maximum soil loss under resettlers and 

natives cultivated fields which fall under the tolerable soil loss limit. In general, the finding 

of natives cultivated fields is in line with estimated soil loss from the Shomba and Michity 

(Mekuria Argaw, 2005) in Keffa zone which was 13.5 and 8.3 t ha
-1

yr
-1

, respectively.  
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4.3 Land management practices by natives and resettlers   

Land management practices are differently adopted by resettlers and natives. The major land 

management practices recorded in the study sites for maintaining soil fertility includes 

fallowing, crop rotation, commercial fertilizer and organic manure. Hence, adoptions of land 

management practices of farmers on their cultivated fields in different ways have potential 

impact on the soil fertility. As shown in the (table 7) below major land management practices 

adopted by natives and resettlers for maintaining soil fertility on their cultivated fields. 

Table 7:   Land management practices for maintaining soil fertility adopted by resettlers and 

natives 

Land management practices Native Resettler  

No % No % 

 Manure 7 15.6 1 2.23 

Commercial fertilizer 2 4.4 42 93.33 

Crop rotation 10 22.2 2 4.44 

Fallowing 26 57.8 0 0 

Total 45 100 45 100 

 Responses of farmers shown on above table, about 93 % of resettlers used inorganic fertilizer 

to improve fertility of soil and 4.44 % of them used crop rotation. The main reason for the 

application of commercial fertilizer is to increase land productivity and to improve nutrient 

lost by continuous cultivation and soil loss.  However, zero percent of the resettlers practiced 

short fallow due to the shortage of land that they received as compared to the natives 

farmlands in which 57.8% of them introduced short fallow to maintain soil fertility 

management practice (Table 8). In addition to short fallowing, natives’ land management 

practices in manure application and crop rotation in their cultivated fields were higher than 

that of the resettlers. The main reason is due to well aware of maintaining soil fertility with 

low cost through traditional management practices and there is excess manure as well as 

intercropping through agro-forestry system. The soil fertility management practices of natives 

improve the quality of soils in their cultivated lands especially fallow period.  Cover crops 

used during crop rotation by natives’ farmers to improve soil fertility. Composts and manures 

are main fertility management programs in organic systems and thus are increasingly being 

applied as a basic carbon source to enhance overall and long term soil health (Mitchell et al., 

2000). Such organic amendments add significant amount of carbon to the soil and are 
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generally associated with improved till, lower bulk density and increased water infiltration. 

Cover crop that inter cropped with natives can provide a practical and economical means for 

supplying OM, enhancing soil fertility and reducing nitrate leaching losses to the ground 

during between crops(Mitchell et al., 2000). To see the significance difference between the 

farmers’ land management practices for their maintaining soil fertility, the chi-square (X
2
) 

test was used (Table 8) with a formula shown in Appendix18.   

Table 9:  Manure application for maintaining soil fertility  

Have you applied manure to maintain soil 

fertility? 

                   PAs Total 

 Native Resettler 

Yes 7 1 8 

No 38 44 82 

Total 45 45 90 

 

df= (r-1) (c-1)= (2-1)(2-1)= 1  

Where;       df= degree of freedom; r= row and c= column, X
2
 = 4.94, Probability (P) < 0.05 

     

The chi-square test showed that the p-value found between 0.05 and 0.025 significant level. 

Therefore, the probability of getting the value of X
2
 greater than or equal to 4.94 is less than 

0.05. These generated results imply that the soil fertility management practices of natives are 

different from that of resettlers. Resettlers used crop residues for animal feed, fuel wood and 

other constructions like fencing those stalks which reduces the manure application at the 

fields.   

Table (9) indicated the adoption of natives and resettler for the application of commercial 

fertilizer in their cultivated fields to maintain soil fertility.  The survey revealed that only 4.44% 

of native farmers applied commercial fertilizer to improve soil fertility in their cultivated 

lands and above 93% of resettlers used inorganic fertilizer. The chi-square result indicated 

that the probability of getting a value of X
2
 ≥ 71.15 less than 0.005. So, one can accept the soil 

fertility management practices of resettlers are different from natives one. 
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Table 10: Fertilizer application to maintain soil fertility  

Have you applied commercial fertilizer to 

maintain soil fertility? 

                 PAs Total 

Native Resettler 

Yes  2 42 44 

No 43 3 46 

Total 45 45 90 

 

 df= (r-1) (c-1) = (2-1) (2-1) = 1,  X
2
 = 71.15, Probability =0.000 

  

The following table (10) shows that none of the resettlers practiced fallowing to maintain soil 

fertility under their farm fields as compared to the natives farmers. About 57.8 % of natives 

respond that they were practicing short fallow period to improve soil fertility. 

 

Table 11: Fallowing practice to maintain soil fertility 

Have you practiced fallowing to maintain soil 

fertility? 

                         PAs Total 

Native Resettler 

Yes 26 0 26 

No 19 45 64 

Total 45 45 90 

 df= (r-1) (c-1) = (2-1) (2-1) = 1,  X
2
 = 36.563, Probability < 0.005 

The chi-square test result indicated that the probability of getting a value of X
2
 ≥ 36.563 less 

than 0.005.These generated results showed that the soil fertility management practices of 

natives are different from the soil fertility management practices of resettlers. The main 

suggested reason for the difference of management practices was the small land size of 

resettlers since they have ½ to 2 ha in contrast with that of natives having 3 to 6 ha per 

households.  

 From the questions about land improvement practices, it was found that crop rotation is 

practiced by only 4.44% of resettler but 22.22% of natives’ farmers. Table (11) revealed that 

the perception of natives and resettlers to maintain soil fertility through crop rotation.  
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Table 12: Crop rotation practices to maintain soil fertility 

Have you practiced crop rotation to maintain 

soil fertility? 

                         PAs Total 

Native Resettler 

Yes 10 2 12 

No 35 43 78 

Total 45 45 90 

df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2
 = 6.154, Probability < 0.025 

 

The chi-square test showed that the p-value found between 0.025and 0.01 significant levels. 

Therefore, the probability of getting the value of X
2
 greater than or equal to 6.154 is less than 

0.025. The practice that undertook by the natives for the fertility improvement is different 

from the resettlers. The main reason that creates the difference between the two probably is 

having the small land size by the resettlers due to economic value some cash crops.   

The soil erosion has prominent impact on the soil degradation and farmers of the study area 

protected their cultivated lands through taking control measures as a land management 

practices (Table 12). None of the farmers groups practiced check dam and stone bunds as 

land management practices to protect erosion due to poor extension services. Majority of 

farmers are using contour farming as a protection measure since it is easy to practice it.   

 

Table 13: Erosion protection practices adopted by natives and resettlers  

Protection measures     Native Resettler   

No   % No % 

Terraces 4 8.89 7 15.56 

Check dam 0 0 0 0 

Contour farming 20 44.44 36 80 

Tree planting 12 26.67 2 4.44 

Mulching 9 20 0 0 

Stone bunds 0 0 0 0 

Total 45 100 45 100 

 

Soil and water conservation measures like terracing considered as a land management 

practices constructed to protect soil erosion. The survey result of farmers’ responses on 
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terraces show that 8.89 % of natives and 15.56 % resettlers used as a protection measures as 

shown in Table (13). 

 

Table 14:  Farmers perception on terraces measures to protect erosion 

Did you use terraces to protect erosion?                                      PAs Total 

Native Resettler 

Yes 4 7 11 

No 41 38 79 

Total 45 45 90 

 df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2 

= 0.932, Probability > 0.05 

 

From the statistical test of chi-square, both the resettlers and natives have similar perception 

on taking terracing as a protection measures. The attitude level of natives and resettlers nearly 

the same in fact the probability of obtaining a value of X
2
 greater than or equal to 0.932 is 

large enough i.e. greater than 0.25. The probable reason could be lack of awareness to 

physical conservation measures. Farmer applied contour farming to reduce erosion problem 

in their cultivated fields so as it was found about 44.4% for natives and 80% of resettlers 

practiced (Table 14).  

 

Table 15: Farmers responses on contour farming to protect erosion 

Did you apply contour farming to protect 

erosion? 

                              PAs Total 

Native Resettler 

Yes 20 36 56 

No 25 9 34 

Total 45 45 90 

 df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2
 = 12.1, Probability (p) < 0.005 

 

The chi- square test revealed that the chance of obtaining the value of X
2
 greater than or 

equal to 12.1 is extremely small at degree freedom 1, .i.e. less than 0.005. Therefore, the way 

of protecting soil erosion on their cultivated fields between the natives and resettlers are 

different.  
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Table 16: Farmers perception on tree planting to protect erosion 

Did you practice tree planting to protect 

erosion? 

                           PAs Total 

Native Resettler 

Yes 12 2 14 

No 33 43 76 

Total 45 45 90 

       df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2
 = 8.46, Probability (p) <0.005 

 

The table (15), above revealed that 26.67% of natives and 4.44% of resettlers practiced tree 

planting to conserve soil from erosion.  The chi-square test result indicated that the 

probability of getting a value of X
2
 greater than or equal to 8.46 is less than 0.005. So, the 

way protecting soil erosion between natives and resettlers are different. The suggested reason 

could be the lack of fuel wood as well as the attitude of farmers towards trees. 

Table (16) show that none of the resettlers applied mulching to protect erosion problem at 

their cultivated lands. However, 20% of natives’ farmer used mulching as a means of erosion 

protection measure.   

Table 17: Farmers perception on mulching to protect erosion 

 Have you practiced mulching to protect 

erosion? 

                                     PAs Total 

Native Resettler 

Yes 9 0 9 

No 36 45 81 

Total 45 45 90 

 

      df= (r-1) (c-1) = (2-1) (2-1) = 1       X
2
 = 10             Probability (p) <0.005 

 

From the statistics of chi-square test, the result revealed that the probability of getting a value 

of X
2
 greater than or equal to 10 is less than 0.005 at degree freedom of 1. Therefore, the 

management practices of natives are significantly different from the resettlers. The suggested 

reason by the farmers that accessibility of resources. 

4.4 Farmers perception on soil degradation and the major causes 

Soil degradation in this study includes soil fertility decline and soil loss in which they 

introduced through different factors. Ninety-five per cent of resettlers’ farmers and ninety-

one percent of natives in the study area were aware of the problem of soil fertility decline and 
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they thought that the problem was getting worse with time and; farmers used soil colour and 

crop yield as the indicators of soil degradation and soil fertility loss on their farmlands. The 

reason is that the main crop yield or productivity of cultivated lands was declining as 

compared to the last 10 years they said. Farmers perceived different factors that aggravate 

soil degradation table (17).  

 

 Table 18: Farmers perception on the major causes of soil degradation  

Major causes Native Resettler 

 No % No % 

Deforestation 22 48.89 21 46 

Soil erosion 20 44.44 17 37 

Lack of fertilizer 2 4.44 4 11 

Overgrazing 1 2.22 3 6 

Total 45 100 45 100 

Farmers suggested two major causes of soil degradation i.e. deforestation and soil erosion. 

The following statistics used to see significant difference between farmers perception on 

major causes of soil degradation table (18). 

Table 19: Deforestation as a major cause for soil degradation  

 Is deforestation a major cause for soil 

degradation in your area? 

                                     PAs Total 

Native Resettler 

Yes 22 21 43 

No 23 24 47 

Total 45 45 90 

      df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2
 = 0.046, Probability (p) > 0.05 

From the statistical test of chi-square, both the resettlers and natives have similar perception 

on major causes of soil degradation. The attitude level of natives and resettlers nearly the 

same in fact the probability of obtaining a value of X
2
 greater than or equal to 0.046 is 

extremely large i.e. greater than 0.75  within the degree freedom of 1.  
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The survey revealed that sheet erosion is very common erosion type that occurs in the study 

area. About 91% of natives’ and 84 % of resettlers’ farmers believe that sheet erosion are the 

most erosion type that occur on their cultivated lands frequently table (19). 

Table 20: Farmers’ perception on the type of erosion 

Erosion types Native Resettler 

 No % No % 

Sheet 41 91.11 38 84.45 

Rill 3 6.67 5 11.11 

Both 1 2.22 2 4.44 

Gully 0 0 0 0 

Total 45 100 45 100 

To see the significance difference between the perception of natives and resettlers on the 

observed type of erosion chi square test was performed under the table (20). The sheet 

erosion is the most single observed erosion type. 

Table 21: Sheet erosion mainly observed type of erosion  

Does sheet erosion mainly observed types of 

erosion in your area? 

                              PAs Total 

Native Resettler 

Yes 41 38 79 

No 4 7 11 

Total 45 45 90 

 

df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2
 = 0.932, Probability (p) > 0.05 

From the chi-square test result, one can conclude that both the resettlers and natives have 

common understanding of sheet erosion is frequently occurred in the study sites. The attitude 

level of natives and resettlers nearly the same in fact the probability of obtaining a value of 

X
2
 greater than or equal to 0.932 is extremely large i.e. greater than 0.25  within the degree 

freedom of 1.  

The most important factor perceived that contribute to soil erosion by both natives and 

resettlers were: deforestation and farming systems. About 60% of natives and 55% of 

resettlers suggested soil erosion is related to deforestation (Table 21). 
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 Table 22: Farmers’ perception on factors that contributes to the soil erosion 

Factors that contributes to soil erosion Native Resettler 

 No % No % 

Deforestation 27 60 25 55.56 

Overgrazing 3 6.67 6 13.33 

Farming systems 15 33.33 14 31.11 

If any other 0 0 0 0 

Total 45 100 45 100 

 

From the statistics of tables (22 and 23), both resettlers and natives have similar 

understanding on the factors that contributes to soil erosion. For example, the chi-square test 

of deforestation indicated that the probability of obtaining a value of X
2
 greater than or equal 

to 0.182 is very large i.e. greater than 0.5 within the degree freedom of 1.  

 

Table 23: Deforestation as one of the factor that contributes to soil erosion 

Does deforestation contributes to soil 

erosion in your area? 

                              PAs Total 

Native Resettler 

Yes 27 25 52 

No 18 20 38 

Total 45 45 90 

df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2
 = 0.1822, Probability (p) > 0.05  

Table 24: Farming systems as one of the factor that contributes to soil erosion 

Does farming systems contribute to soil 

erosion in your area? 

                              PAs Total 

Native Resettler 

Yes 15 14 29 

No 30 31 61 

Total 45 45 90 

df= (r-1) (c-1) = (2-1) (2-1) = 1, X
2
 = 0.128, Probability (p) > 0.05  

In general, the farmers understood that farming systems and deforestation are the two most 

factors contributed to soil erosion as compared to overgrazing in the study sites. Moreover, 

deforestation was seen as both causes for land degradation and as a factor for soil erosion in 

the study sites.   
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                               5. Conclusion and Recommendations 

5.1 Conclusion  

 

The finding of this study revealed that there is a significant difference in soil quality 

indicators in OM, TN, AvP and CEC between the cultivated fields of natives and resettlers 

within all the three PAs. BD of physical soil quality indicator showed significant difference 

between the cultivated fields of natives and resettlers under the Tulla PA.  However, soils 

under natural forest have high soil quality indicators as compared to both cultivated fields of 

resettlers and natives within the PAs. 

 

The mean soil loss by sheet erosion from the cultivated fields of resettlers was higher than 

natives cultivated fields under the PAs. In general, the soil losses from both cultivated fields 

are within the tolerable range estimated for the cultivated fields of the country. But the 

highest soil loss was seen at the upper slope of both cultivated fields. 

 

The households’ survey showed that the management practices are different between the 

natives and resettlers to maintain soil fertility as well as protection measures. But, they have 

common understanding on the causes of soil degradation in which deforestation and soil 

erosion are the two dominants and also they have similar perception on the causes for soil 

erosion in which deforestation as a main cause. 

 

The overall finding of this study indicated that continuous cultivation without additional soil 

management practices and appropriate intervention of responsible bodies might have the 

causes for the degradation of soil quality. 
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5.2 Recommendations  

Therefore, in order to reduce the multiple impacts on environment and other related problems 

during and after resettlement program, the following recommendations are given: 

� Resettlement program in the study area should consider its impact on soil quality and 

it should be planned and well studied based on multi-disciplinary approach at the 

sending and the receiving areas before implementation. 

� Resettlers have to be aware of land management practices by afforestation and agro-

forestry system through planting fruit trees, shade trees and windbreaks. 

� There should be extension services and provision of technologies to improve the soil 

quality and manage soil resources. 

� There should be awareness creation to both resettlers and natives in managing their 

forest resources in equity basis since deforestation is the main cause to soil quality 

deterioration. 

� Further research should be conducted before and after the program to get input on soil 

quality indicators.  
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Appendices  

Appendix 1: Characteristics of sampling fields for the three peasant associations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Catch

ment 

Zone 

PAs Area 

(ha) 

Altitud

e 

(m 

a.s.l) 

GPS Coordinate Mean 

Slope 

Gradie

nt (%) 

Mean 

slope 

Length 

(m) 

Soil 

Colour 

Crop Cover Management 

Practices 
 Lat. Log. 

 

 

Upper 

Tn 1.25 1873 186949 823042 19.5 10 black maize Ploughing on 

contour 

Tr 1.4 1846 186611 823047 21 15 black maize Ploughing on 

contour 

Bn 2.15 1699 197487 817894 23 5 brown maize Ploughing on 

contour 

Br 2.75 1758 197172 817165 22 6 brown maize Ploughing on 

contour 

Kn 1.75 1832 191747 822524 16 18 black maize Ploughing on 

contour 

Kr 1.75 1812 191154 823343 18.5 7 brown maize Ploughing on 

contour 

 

 

Middle 

Tn 1.75 1832 186415 823282 10.5 12 black Cereals and 

pulses 

mulching 

Tr 1.25 1845 186660 823016 10 9 black Cereals and 

pulses 

intercropping 

Bn 1.75 1701 197582 817924 13 10 black Cereals and 

pulses 

mulching 

Br 1.75 1741 197201 817170 11 6 black Cereals and 

pulses 

Ploughing on 

contour 

Kn 2 1821 191779 822468 13.5 8 black Cereals and 

pulses 

mulching 

Kr 0.75 1814 191094 823344 11.5 7 black Cereals and 

pulses 

Ploughing on 

contour 

 

 

Lower 

Tn 1.5 1863 186870 822798 8.25 16 black sorghum intercropping 

Tr 2 1823 186499 822964 8 15 black sorghum Ploughing on 

contour 

Bn 0.75 1697 197555 817856 6.5 21 black sorghum intercropping 

Br 0.75 1737 197075 817154 5.75 19 brown sorghum Ploughing on 

contour 

Kn 1.25 1820 191779 822446 5.8 13 brown sorghum intercropping 

Kr 1 1812 191086 823335 6 18 brown sorghum Ploughing on 

contour 
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Appendix 2: The Universal Soil Loss Equation (USLE) adapted for Ethiopia (Hurni 1985) 

1. R: Rainfall Erosivity 

Annual Rainfall (mm)   100      200      400       800       1200         1600        2000       2400 

 Annual Factor R            48        104      217      441        666           890          1115       1340 

2. K: Soil Erodibility 

Soil color                            Black                   Brown                       Red                   Yellow 

Factor K                             0.15                        0.2                             0.25                    0.3 

(Modified from Hellden, 1987) 

Soil color         Black           Brown                Red             Yellow             Grey        White 

K factor           0.15               0.2                      0.25                0.3                 0.35            0.4 

3. L: Slope Length 

Length (m)                      5         10        20        40        80           160            240              320 

Factor L                         0.5       0.7        1          1.4         1.9          2.7           3.2              3.8 

4. S: Slope Gradient 

Slope (%)                        5            10          20          40          80         160          240          320 

Factor S                          0.4           1           1.6          2.2         3          3.8            4.3           4.8 

5. C: Land Cover 

Dense forest: 0.001                                        Dense Grass: 0.01 

Other forest: See Grass                                  Degraded Grass: 0.05 

Badlands Hard: 0.05                                      Fallow Hard: 0.05 

Badlands Soft: 0.40                                       Fallow ploughed: 0.60 

Sorghum, Maize: 0.10                                    Ethiopian tef: 0.25 

Cereal, Pulses: 0.15                                       Continuous Fallow: 1.00 

6. P: Management Factor 

Ploughing up and down: 1.00                                 Ploughing on contour: 0.90                       

Strip Cropping:                  0.80                                                       Intercropping:               0.80 

Applying Mulch:               0.60                                                      Dense intercropping:     0.70 

Stone Cover 80%:            0.50                                                        Stone Cover 40%:         0.80 
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Appendix 3: Mean monthly rainfall (mm) data of the study area (at Bonga station) 

 Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1970 82.9 96.6 216.3 226.4 145.7 229.9 137.4 273.5 183 190.9 25.1 36.8 

1971 32.2 35.1 154.6 146.3 225.3  - 177.9 237.4  -  -  -  - 

 1980  -  -  -  - 171.8 182.4 131.6 165.3 242.2  - -  2 

1981 2 137.4 124.3 104.2 212.3 306.9 291.1 246.6 241.3 61.9 77 27.9 

 1982 57.3 29.1 96.7 141.9 256.6  -  - 232.7  - 126.7 154.2 91.8 

1983  -  - 191.6 358.7 -   - 188.5 215 297.9  - -  -  

1985  - -  -  167.5 313.7 203.6 222.8 222 175 105.6 161.9 41.5 

 1986 10.2 99.7  - 131.5 189 174.4 251.5 182.2 168.4 73.4 78.1 79.9 

1987 46.5 100.5 144.4 170.5 247.5 126.2 150.5 207.9 120.4 222.3 34.8 108.7 

1988 87.9 89.9 35.8 119.7 135.4 223.1 226.8 286.8 213.1 219.7 23.7 42.2 

 1989 42.2 38.5 128.5 201.8 108.9 98.5 179.8 205.2 169.6 164.3 34.3 118.0 

1990 60.6 134.6 138.3 143.0 254.4 182.4 189.6 233.5 238.5 74.4 85.5 65.2 

 1991 73.2 47.2 127.2 226.1 202.3 199.6 194.2 263.5 201.5 66.2 52.0 51.8 

1992 88.3 69.0 102.2 103.6 155.6 257.8 191.5 194.9 171.0 285.0 99.9 59.1 

1993 88.7 89.8 99.3 250.0 277.1 234.9 176.2 124.2 202.8 183.1 11.4 2.7 

 1994 10.2 9.1 71.2 179.4 244.8 - 236.5 139.9 126.3 46.2 111.6 19.1 

1995 0.0 41.7 52.3 139.9 153.4 160.7 172.6 214.4 223.3 56.8 31.6 151.8 

 1996 45.5 36.6 155.4 202.0 188.9 159.1 127.5 177.2 214.0 100.3 94.8 21.7 

 1997 86.2 12.0 133.5 231.7 205.9 212.7 181.8 146.0 138.4 239.9 248.2 135.9 

1998 128.2 47.6 64.7 173.4 223.1 217.0 207.5 260.4 192.3 154.2 14.5 0.0 

 1999 33.8 6.0 108.1 174.6 181.9 138.2 165.1 121.9 138.0 162.7 23.0 22.2 

2000 6.3 4.6 101.4 194.3 214.1 161.6 232.1 135.1 147.5 260.4 38.7 28.9 

2001 11.1 67.5 119.4 202.9 262.6 192.5 178.3 197.3 195.7 118.1 69.7 6.4 

 2002 36.1 22.0 172.5 131.1 102.2 253.2 142.1 159.0 166.4 158.8 33.1 115.7 

2003 47.2 23.3 51.5 213.3 47.7 352.1 462.9 433.4 314.3 26.8 46.4 48.7 

2004 99.4 16.1 95.0 225.6 252.6 82.8 146.7 285.4 263.7 109.2 63.7 85.6 

 2005 33.7 39.5 158.0 163.5 319.4 202.1 172.5 178.9 184.7 140.0 89.7 0.0 

2006 31.2 68.5 155.8 88.6 215.8 185.7 287.9 206.4 183.7 148.1 129.4 108.7 

 2007 116.9 40.2 96.8 198.9 295.1 276.5 116.8 216.0 188.5 87.4 56.7 0.0 

2008 31.5 55.4 59.4 178.6 214.0 202.8 240.7 278.6 150.1 245.1 77.8 33.4 

 

 

Appendix 4:  ANOVA for the pH under the three PAs for the natural forest, cultivated fields 

of natives and resettlers 

 

PAs  Sum of Squares df Mean Square F Sig. 

Tulla Between Groups 2.163 2 1.082 10.730 .010 

Within Groups .605 6 .101   

Total 2.768 8    

Kuti Between Groups 1.049 2 .524 2.676 .148 

Within Groups 1.176 6 .196   

Total 2.225 8    

Beyemo Between Groups 1.923 2 .961 18.242 .003 

Within Groups .316 6 .053   

Total 2.239 8    
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Appendix 5: LSD for the pH under the three PAs for the natural forest, cultivated fields of 

natives and resettlers 

PAs 

Treatments

(I) 

Treatments

(J) 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Tulla native resettler 
.640000* .259230 .049 .00569 1.27431 

forest -.560000 .259230 .074 -1.19431 .07431 

resettler native -.640000
*
 .259230 .049 -1.27431 -.00569 

forest -1.200000* .259230 .004 -1.83431 -.56569 

forest native .560000 .259230 .074 -.07431 1.19431 

resettler 1.200000
*
 .259230 .004 .56569 1.83431 

Kuti native resettler .503333 .361448 .213 -.38110 1.38776 

forest -.326667 .361448 .401 -1.21110 .55776 

resettler native -.503333 .361448 .213 -1.38776 .38110 

forest -.830000 .361448 .061 -1.71443 .05443 

forest native .326667 .361448 .401 -.55776 1.21110 

resettler .830000 .361448 .061 -.05443 1.71443 

Beyemo native resettler .926667
*
 .187439 .003 .46802 1.38531 

forest -.100000 .187439 .613 -.55865 .35865 

resettler native -.926667* .187439 .003 -1.38531 -.46802 

forest -1.026667
*
 .187439 .002 -1.48531 -.56802 

forest native .100000 .187439 .613 -.35865 .55865 

resettler 1.026667
*
 .187439 .002 .56802 1.48531 

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

 

Appendix 6:  ANOVA for the OM under the three PAs for the natural forest, cultivated fields 

of natives and resettlers 

 

  Sum of Squares df Mean Square F Sig. 

Tulla Between Groups 19.122 2 9.561 153.036 .000 

Within Groups .375 6 .062   

Total 19.497 8    

Kuti Between Groups 23.372 2 11.686 44.288 .000 

Within Groups 1.583 6 .264   

Total 24.956 8    

Beyemo Between Groups 15.902 2 7.951 18.749 .003 

Within Groups 2.544 6 .424   

Total 18.447 8    
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Appendix 7: LSD for the OM under the three PAs for the natural forest, cultivated fields of 

natives and resettlers 

PAs 

Treatments

(I)  

Treatments

(J)  

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Tulla native resettler 2.667000
*
 .204085 .000 2.16762 3.16638 

forest -.722333* .204085 .012 -1.22171 -.22296 

resettler native -2.667000
*
 .204085 .000 -3.16638 -2.16762 

forest -3.389333
*
 .204085 .000 -3.88871 -2.88996 

forest native .722333
*
 .204085 .012 .22296 1.22171 

resettler 3.389333* .204085 .000 2.88996 3.88871 

Kuti native resettler 1.883333
*
 .419421 .004 .85705 2.90962 

forest -2.062667
*
 .419421 .003 -3.08895 -1.03638 

resettler native -1.883333
*
 .419421 .004 -2.90962 -.85705 

forest -3.946000* .419421 .000 -4.97229 -2.91971 

forest native 2.062667
*
 .419421 .003 1.03638 3.08895 

resettler 3.946000
*
 .419421 .000 2.91971 4.97229 

Beyemo native resettler 1.623333
*
 .531715 .022 .32227 2.92439 

forest -1.632667* .531715 .022 -2.93373 -.33161 

resettler native -1.623333
*
 .531715 .022 -2.92439 -.32227 

forest -3.256000
*
 .531715 .001 -4.55706 -1.95494 

forest native 1.632667
*
 .531715 .022 .33161 2.93373 

resettler 3.256000* .531715 .001 1.95494 4.55706 

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

 

Appendix 8:  ANOVA for the TN under the three PAs for the natural forest, cultivated fields 

of natives and resettlers 

 

  Sum of Squares df Mean Square F Sig. 

Tulla Between Groups .051 2 .026 9.742 .013 

Within Groups .016 6 .003   

Total .067 8    

Kuti Between Groups .083 2 .042 35.912 .000 

Within Groups .007 6 .001   

Total .090 8    

Beyemo Between Groups .067 2 .034 68.712 .000 

Within Groups .003 6 .000   

Total .070 8    
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Appendix 9: LSD for the TN under the three PAs for the natural forest, cultivated fields of 

natives and resettlers 

        

PAs 

Treatments

(I)  

Treatments

(J)  

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Boud 

Tulla native resettler .107333* .041877 .043 .00486 .20980 

forest -.076667 .041877 .117 -.17914 .02580 

resettler native -.107333
*
 .041877 .043 -.20980 -.00486 

forest -.184000
*
 .041877 .005 -.28647 -.08153 

forest native .076667 .041877 .117 -.02580 .17914 

resettler .184000
*
 .041877 .005 .08153 .28647 

Kuti native resettler .155667* .027801 .001 .08764 .22369 

forest -.075333
*
 .027801 .035 -.14336 -.00731 

resettler native -.155667
*
 .027801 .001 -.22369 -.08764 

forest -.231000
*
 .027801 .000 -.29903 -.16297 

forest native .075333* .027801 .035 .00731 .14336 

resettler .231000
*
 .027801 .000 .16297 .29903 

Beyemo native resettler .124333
*
 .018094 .000 .08006 .16861 

forest -.086667
*
 .018094 .003 -.13094 -.04239 

resettler native -.124333* .018094 .000 -.16861 -.08006 

forest -.211000
*
 .018094 .000 -.25528 -.16672 

forest native .086667
*
 .018094 .003 .04239 .13094 

resettler .211000
*
 .018094 .000 .16672 .25528 

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

 

Appendix 10:  ANOVA for the AV.P under the three PAs for the natural forest, cultivated 

fields of natives and resettlers 

 

  Sum of Squares df Mean Square F Sig. 

Tulla Between Groups 119.902 2 59.951 39.721 .000 

Within Groups 9.056 6 1.509   

Total 128.957 8    

Kuti Between Groups 127.374 2 63.687 44.448 .000 

Within Groups 8.597 6 1.433   

Total 135.971 8    

Beyemo Between Groups 111.465 2 55.733 35.765 .000 

Within Groups 9.350 6 1.558   

Total 120.815 8    
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Appendix 11:  LSD for the AV.P under the three PAs for the natural forest, cultivated fields 

of natives and resettlers 

PAs 

Treatments

(I)  

Treatments 

(J)  

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Tulla native resettler 4.560000
*
 1.003095 .004 2.10551 7.01449 

forest -4.380000* 1.003095 .005 -6.83449 -1.92551 

resettler native -4.560000
*
 1.003095 .004 -7.01449 -2.10551 

forest -8.940000
*
 1.003095 .000 -11.39449 -6.48551 

forest native 4.380000
*
 1.003095 .005 1.92551 6.83449 

resettler 8.940000* 1.003095 .000 6.48551 11.39449 

Kuti native resettler 3.506667
*
 .977362 .012 1.11515 5.89819 

forest -5.626667
*
 .977362 .001 -8.01819 -3.23515 

resettler native -3.506667
*
 .977362 .012 -5.89819 -1.11515 

forest -9.133333* .977362 .000 -11.52485 -6.74181 

forest native 5.626667
*
 .977362 .001 3.23515 8.01819 

resettler 9.133333
*
 .977362 .000 6.74181 11.52485 

Beyemo native resettler 4.243333
*
 1.019244 .006 1.74933 6.73733 

forest -4.376667* 1.019244 .005 -6.87067 -1.88267 

resettler native -4.243333
*
 1.019244 .006 -6.73733 -1.74933 

forest -8.620000
*
 1.019244 .000 -11.11400 -6.12600 

forest native 4.376667
*
 1.019244 .005 1.88267 6.87067 

resettler 8.620000* 1.019244 .000 6.12600 11.11400 

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

 

Appendix 12:  ANOVA for the AV.K under the three PAs for the natural forest, cultivated 

fields of natives and resettlers 

 

  Sum of Squares df Mean Square F Sig. 

Tulla Between Groups 844.112 2 422.056 23.560 .001 

Within Groups 107.483 6 17.914   

Total 951.595 8    

Kuti Between Groups 245.434 2 122.717 9.627 .013 

Within Groups 76.482 6 12.747   

Total 321.916 8    

Beyemo Between Groups 350.625 2 175.312 10.843 .010 

Within Groups 97.006 6 16.168   

Total 447.631 8    
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Appendix 13:  LSD for the AV.K under the three PAs for the natural forest, cultivated fields 

of natives and resettlers 

        

PAs 

Treatments

(I)  

Treatments 

(J) 

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Tulla native resettler 15.226667* 3.455796 .005 6.77064 23.68269 

forest -8.140000 3.455796 .057 -16.59603 .31603 

resettler native -15.226667
*
 3.455796 .005 -23.68269 -6.77064 

forest -23.366667
*
 3.455796 .001 -31.82269 -14.91064 

forest native 8.140000 3.455796 .057 -.31603 16.59603 

resettler 23.366667
*
 3.455796 .001 14.91064 31.82269 

Kuti native resettler -1.186667 2.915139 .698 -8.31976 5.94642 

forest -11.623333
*
 2.915139 .007 -18.75642 -4.49024 

resettler native 1.186667 2.915139 .698 -5.94642 8.31976 

forest -10.436667
*
 2.915139 .012 -17.56976 -3.30358 

forest native 11.623333* 2.915139 .007 4.49024 18.75642 

resettler 10.436667
*
 2.915139 .012 3.30358 17.56976 

Beyemo native resettler 2.970000 3.283056 .401 -5.06335 11.00335 

forest -11.503333
*
 3.283056 .013 -19.53668 -3.46998 

resettler native -2.970000 3.283056 .401 -11.00335 5.06335 

forest -14.473333
*
 3.283056 .005 -22.50668 -6.43998 

forest native 11.503333
*
 3.283056 .013 3.46998 19.53668 

resettler 14.473333
*
 3.283056 .005 6.43998 22.50668 

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

 

Appendix 14:  ANOVA for the CEC under the three PAs for the natural forest, cultivated 

fields of natives and resettlers 

  Sum of Squares df Mean Square F Sig. 

Tulla Between Groups 376.433 2 188.216 139.860 .000 

Within Groups 8.074 6 1.346   

Total 384.507 8    

Kuti Between Groups 367.766 2 183.883 18.942 .003 

Within Groups 58.247 6 9.708   

Total 426.013 8    

Beyemo Between Groups 325.224 2 162.612 41.672 .000 

Within Groups 23.413 6 3.902   

Total 348.636 8    

 

 

 



66 

 

Appendix 15:  LSD for the CEC under the three PAs for the natural forest, cultivated fields of 

             natives and resettlers 

 

 

Appendix 16:  ANOVA for the BD under the Tulla PAs for the natural forest, cultivated 

fields of natives and resettlers 

 

 

 

 

 

 

 

 

 

PAs 

Treatments 

(I)  

Treatments 

(J)  

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Tulla native resettler 7.113333
*
 .947187 .000 4.79565 9.43102 

forest -8.701667* .947187 .000 -11.01935 -6.38398 

resettler native -7.113333
*
 .947187 .000 -9.43102 -4.79565 

forest -15.815000
*
 .947187 .000 -18.13268 -13.49732 

forest native 8.701667
*
 .947187 .000 6.38398 11.01935 

resettler 15.815000* .947187 .000 13.49732 18.13268 

Kuti native resettler 7.886667
*
 2.543987 .021 1.66176 14.11158 

forest -7.771333
*
 2.543987 .022 -13.99624 -1.54642 

resettler native -7.886667
*
 2.543987 .021 -14.11158 -1.66176 

forest -15.658000* 2.543987 .001 -21.88291 -9.43309 

forest native 7.771333
*
 2.543987 .022 1.54642 13.99624 

resettler 15.658000
*
 2.543987 .001 9.43309 21.88291 

Beyemo native resettler 5.426667
*
 1.612899 .015 1.48004 9.37329 

forest -9.141000* 1.612899 .001 -13.08762 -5.19438 

resettler native -5.426667
*
 1.612899 .015 -9.37329 -1.48004 

forest -14.567667
*
 1.612899 .000 -18.51429 -10.62104 

forest native 9.141000
*
 1.612899 .001 5.19438 13.08762 

resettler 14.567667* 1.612899 .000 10.62104 18.51429 

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

 Sum of Squares df Mean Square F Sig. 

Between Groups .217 2 .108 19.114 .002 

Within Groups .034 6 .006   

Total .251 8    
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Appendix 17: LSD for the BD under the Tulla PAs for the natural forest, cultivated fields of 

natives and resettlers 

Treatments(I)  Treatments(J)  

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

native Resettler -.193333
*
 .061464 .020 -.34373 -.04294 

Forest .186667* .061464 .023 .03627 .33706 

resettler Native .193333
*
 .061464 .020 .04294 .34373 

Forest .380000
*
 .061464 .001 .22960 .53040 

forest Native -.186667
*
 .061464 .023 -.33706 -.03627 

Resettler -.380000* .061464 .001 -.53040 -.22960 

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

Appendix 18: Description for chi-square test 

 
                                     Categorical Variables 

Response Native   Resettler Total 

Yes M n o 

No Q p r 

Total X y z 

 

Where m, n, q, p, are frequencies (observed count),  

o and r are raw total; x and y, column total while z is grand total. 

 Expected count                    xo/z                            yo/z 

Percent                                  m/z                              m /z 

Row percent                         m/o                               n/o 

Column percent                    m/x                              n/y 

 Example 1:  Manure application for the maintain soil fertility  
Have you applied manure to maintain soil fertility?                        PAs Total 

 Native Resettler 

Yes 7 1 8 

No 38 44 82 

Total 45 45 90 

 

a) Frequencies                  7              1             8 

Expected count             4              4 

              Percent                     7.77          1.11           8.88 

              Row percent                87.5        12.5 

              Column percent           15.6         2.23 

b)  Frequencies                    38            44             82 

               Expected count              41          41 

               Percent                        42.22       48.89         91.11 

               Row percent                  46.34         53.66    

               Column percent              84.44         97.78 

         



68 

 

X
2
 = Σ (Observed count-Expected count)

 2
 

                     Expected count 

  

 

X
2
 = Σ (7-4)

2
 + (1-4)

2
 + (38-41)

2
 + (44-41)

2
 

           4                4          41              41 

          X
2
 = 4.94 

df= (r-1) (c-1)= (2-1)(2-1)= 1,  

Where df= degree of freedom; r= row and c= column 

 

 

Appendix 19: Household survey Questionnaire 

A. General information 

1. Information about educational status of the family  

Table 1.1 House hold characteristic 

Name of house hold 

members 

Family 

relation  

Code a 

Sex Age         Education 

         Code b 

    Occupation 

 

Main Others 

 

 

 

 

 

 

 

 

 

 

      

Code a: 1.Wife            2.Husband   3.Child     4.Relative   

Code b: 1.Illeterate      2.1-4            3. 5-8       4.9-12 

2. Have you lived in the area since birth? 

a. Yes                     b.No 

3. If your answer to question (2) is no, why did you come to the area? 

a. Looking for job   b. To visit families   c. Through settlement programme  

d. Other (specify) _________________ 

4. Do you think that you are benefited from the settlement programme? 

a. Yes                  b. No 

5. If your answer to question (4) is yes or no, why? Specify ______________ 

B. Land use , production and soil fertility 

6. Did the total area you cultivated year to year 

a. Increased              b. Decreased                      c. Show no change  

7. If it is increased or decreased, state the reason _______________________ 
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8. What measures do you take when the productivity of your land declines? 

a. Change to other land     b. Improve the fertility        c. Both 

9. If you change to other land, what kind of land do you opt for? 

a. Clear forest   b. Fallow land    c. Grazing land 

10. Do you think that that soil fertility is declining? 

a. Yes                 b. No 

11. What extent of seriousness does the decline of soil fertility has on your farm land since you started 

farming? 

a. Very severe        b. severe                c. minor                d .no change 

12. What criteria do you use to prioritize soil fertility in your farm? 

a. Soil colour     b. Crop yield   c. Soil texture   d. Resistance to soil erosion 

13. What is the major cause for the soil fertility decline in your farmland? 

a. Deforestation   b. Soil erosion   c. Lack of fertilizer   d. Overgrazing 

14. How do you do to maintain or improve soil fertility? 

a. Use manure      b. Add commercial fertilizer   c .Rotate crops              

                   d. Fallowing          e. Crop residue 

15. How do you explain the quality of soil in your farmland?  

      a. Very poor    b. Poor     c. Fertile     d. More fertile  

16. Do you think that soil fertility loss could be controlled? 

     a. Yes                b. No  

17. What kind of farming system do you practice?  

a. Mixed farming                           b. Cereal crop based farming                                                   c. 

Perennial crop based farming    d. Pastoralism                           

 18. List the major livestock types in your area 

      a._________    b.____________     c._____________    d.___________ 

19. How do you care and manage your livestock during grazing? 

a. Free grazing                  b.Supplementary feeding                                                     c. Rotational 

grazing        d. Cut and carry system 

20. Do you think the feed for animals in your area? 

     a. Increase      b. Decline      c. No change  

21. If your answer to question (20) is decline, why do you think is so? 

a. Livestock population increase                     b. Decline in grazing land                     c. Drought     d. 

Other (specify) _______________________ 

22. What management practice does to increase your livestock productivity? 

      a. Use selected breed           b. Increase feedstock            c. Use vaccination 

23. The total size of your land in ha? 

      a. < 1       b. 1      c. < 2         d. >2 
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24. The total size of cultivated land in ha? 

      a. <1/4      b.  1/2       c. 1 -2       d. >2  

25. Do you think that the production from cultivated land? 

      a. Increasing    b. Declining    c. No change 

26. If your answer to question (25) is declining, what is the main contributor to yield      decline in 

your area? 

       a. Soil fertility decline        b. Drought       c. Infestation of disease and pests     

       d. Other (specify) ______________________________  

 27. List the main crops that would you like to grow in your farm 

      a.____________   b.______________ c.___________ d.______________ 

28. What are the main problems that affect your farming activities? 

      a. lack enough land    b. Lack of land use policy   c. Lack of fertilizer     

      d. Other (specify)_____________ 

29. Do you think if the privacy of land belongs to you? 

      a. Yes        b. No 

30. If your answer to question (29) is yes, what is the reason?   

Specify_______________________________________________ 

C. Farmers perception on soil erosion 

31. Do you have erosion problem in your farmland? 

    a. Yes        b. No 

32. If your answer is yes for the above question, how do you explain the extent of      erosion on your 

farmland? 

    a. Highly severe     b. Severe      c. Moderate           d. Slight 

33. What kind of erosion problem do you face? 

    a. Sheet erosion      b. Rill erosion     c. Both     d. Gully 

34. What is the major factor that contributes to soil erosion? 

    a. Deforestation       b. Overgrazing     c. Farming system   

    d. Other (specify)______________ 

35. Has the problem of erosion been with you? 

   a. Yes         b. No  

36. If your answer for question (5) is No, when do you perceive? 

   a. Since settlement    b. Since population growth high     

   c. Through farming system (improper tillage)      

   d. Other (Specify)_________________ 

37. Did you take any measure to protect erosion? 

    a. Yes         b. No 

38. If your answer to above question is yes, what kind of measures did you take? 
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    a. Terracing            b. Check dam          c.  Contour farming    

    d. Tree planting      e. Stone bunds   

39. Extent of impact of erosion on your crop field? 

    a. Severe     b. Moderate      c. No change 

40. Do you believe that soil erosion can be controlled? 

     a. Yes        b. No 

41. If your answer to question (40) is yes, how do you now control now? 

     a. Through proper tillage practice    b. Soil and water conservation measures  

     c. Other (specify)____________________________   

 

D. Forest resource and Energy  

42. Did the total area of forest in your local area from year to year 

    a. Increase    b. Decrease    c. Remain the same  

43. If your answer for question (42) is decreasing, what is the cause for? 

   a. Expansion of agricultural land     b. Settlement    c.Fuel wood   

   d. Mechanized farm of government  e. Other (specify)_________________ 

44. Is there natural forest in your area? 

     a. Yes       b. No 

45. If yes for above question, whom it belongs to? 

    a. Private    b.  Government    c. Communal 

46. Do you plant tree in your homestead? 

    a. Yes          b. No 

47. If your answer for above question either yes or no, specify the 

reason__________________________________________________ 

48. Did you take any measure to conserve forest resource? 

    a. Yes    b.No 

49. If your answer for question (48) is yes, what kind of measures did you take? 

    a. Afforestation      b. Reforestation     c.Other (specify) __________________ 

50. Do you think that deforestation is the cause for soil erosion in your area? 

    a. Yes          b. No         c. Somehow 

51. Do think that trees have an advantage to protect soil from erosion? 

    a. Yes      b. No 

52. What is the major source of energy for cooking and heating in your area? 

   a. Fuel wood    b. Crop residue     c. Cow dung    c.Other (specify) _________ 

53. What is the major source of energy for lighting? 

      a. Kerosene     b.Fuelwood    c. Electric    d. Candle   

54. Do you think that energy sources that you consumed have affect soil quality? 
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     a. Yes        b. No 

55. If yes for the above question, specify the reason __________________________ 
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Appendix 20: Laboratory Result 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key description 

   TSS1: Tulla soil sample 1      BSS10:  Beyemo soil sample10        KSS19: Kuti soil sample19 

   TSS2: Tulla soil sample2        BSS11: Beyemo soil sample10         KSS20: Kuti soil sample20 

   TSS3: Tulla soil sample3       BSS12: Beyemo soil sample10         KSS21: Kuti soil sample21 

  TSS4: Tulla soil sample4        BSS13: Beyemo soil sample10         KSS22: Kuti soil sample22 

  TSS5: Tulla soil sample5        BSS14: Beyemo soil sample10         KSS23: Kuti soil sample23 

  TSS6: Tulla soil sample6         BSS15: Beyemo soil sample10        KSS24: Kuti soil sample24 

  TSS7: Tulla soil sample7        BSS16: Beyemo soil sample10          KSS25: Kuti soil sample25 

  TSS8: Tulla soil sample8        BSS17: Beyemo soil sample10         KSS26: Kuti soil sample26 

  TSS9: Tulla soil sample9        BSS18: Beyemo soil sample10         KSS127: Kuti soil sample27 

 

 

 

 

 

 

 

 

 

 

Lab. 

code 

Sample  

code  

pH  OM 

(%) 

TN 

(%) 

Av. 

P(ppm) 

Av. 

K(ppm) CEC (mg/100kg) 

BD(g/cm3) 

AAR 10 TSS1 5.200 5.530 0.310 11.600 32.840 34.480 1.22 

AAR 14 TSS5 4.090 2.930 0.210 8.500 22.610 28.340 1.47 

AAR 15 TSS6 5.070 3.130 0.319 9.570 26.020 29.470 1.32 

AAR 16 TSS7 5.610 5.882 0.410 16.06 42.69 43.099 1.04 

AAR 17 TSS8 5.700 6.484 0.394 17.66 46.01 43.700 1.10 

AAR 18 TSS9 6.020 6.562 0.485 18.30 51.00 45.856 1.06 

AAR 19 BSS10 4.400 2.700 0.209 7. 870 23.130 28.150 - 

AAR 01 BSS11 4.550 3.120 0.250 8.600 21.680 29.350 - 

AAR 02 BSS12 4.660 4.080 0.213 9.800 27.180 32.110 - 

AAR 03 BSS13 5.540 4.360 0.335 11.700 23.800 35.110 - 

AAR 04 BSS14 5.150 4.510 0.365 12.100 25.900 33.180 - 

AAR 05 BSS15 5.700 5.900 0.345 15.200 31.200 37.600 - 

AAR06 BSS16 5.300 6.594 0.435 17.14 36.14 42.576 - 

AAR 07 BSS17 5.600 6.314 0.462 17.38 34.97 45.097 - 

AAR 08 BSS18 5.790 6.760 0.408 17.61 44.30 45.640 - 

AAR 09 KSS19 5.300 4.110 0.365 10.400 23.200 32.520 - 

AAR 20 KSS20 5.670 5.160 0.351 13. 200 25.750 38.490 - 

AAR 21 KSS21 5.700 5.600 0.374 14.100 29.530 39.110 - 

AAR 22 KSS22 5.540 6.754 0.376 17.54 36.66 43.550 - 

AAR 23 KSS23 5.980 7.064 0.451 18.42 34.76 44.275 - 

AAR 24 KSS24 6.130 7.240 0.489 18.62 41.93 45.609 - 

AAR 25 KSS25 4.290 2.810 0.201 8.650 23.110 26.100 - 

AAR 26 KSS26 5.520 2.900 0.209 8.920 28.550 27.140 - 

AAR 27 KSS27 5.350 3.510 0.213 9.610 30.380 33.220 - 
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Appendix 21: Photos in the study area 
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