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ABSTRACT 
 

The major objective of resettlement program is mainly to reduce environmental degradation in 

areas of origin by transferring drought affected people to more fertile and less populated for 

increased food production and subsistence farming. Based on the assessment made for this 

study farmers have confirmed that the good agricultural, pastureland, and relative amount of 

rainfall in these areas have been able to attract the population to settle in the study area. This 

thesis aims to: i) identify major causes and indicators of land degradation, ii) assess the extent of 

land degradation in the resettlement scheme and iii) suggest plausible conservation measures to 

mitigate land degradation in the study area. The study was conducted in Idris resettlement 

scheme, which is located in western zone of Tigray. The results showed that the major causes of 

land degradation were deforestation, poor agricultural practices and poor livestock management. 

One important indicator of land degradation was the growth of weed striga, which thrives, in 

infertile soils. Soil samples taken from three land use types namely cultivated, grazing and 

forestland were analyzed for organic matter, total nitrogen, available phosphorous, pH, EC, bulk 

density and soil texture. Employing the scientific rating, the OM, total N, and available P content 

of all soil samples of the three land use types were found to be low.  There was no significant 

variation in organic matter content for both soil depths. Significant difference in total nitrogen 

content was observed at 0-10 cm soil depth. Available P content was found to be significant at 

both soil depths.   Bulk density was found to be higher on grazing land at both soil depths. Bulk 

density was found to be significantly different at both soil depths. pH values of the land use type 

ranges from medium alkaline to medium acidic. EC values test revealed that the mean value for 

all sample soils in all land use types was 1.3 mmhos/cm, which was classified to be non-saline. 

Textural classification of soil samples for grazing land and forestland was sand clay while that of 

cultivated land was sand clay loam. 
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  1.   Introduction  
1.1 Background 

 

The most important on-farm effects of land degradation are declining potential yields. 

The threat of degradation may also be reflected in the need to use a higher level of 

inputs in order to maintain yields. Serious degradation sometimes leads to a temporary 

or permanent abandonment of some plots (Scherr and Yadav, 1996). Globally, there are 

few studies of the impact of degradation on agricultural production. Global estimates of 

the monetary value of productivity losses due to land degradation in dry lands range 

from USD 13 billion to USD 28 billion per year (Yadav and Scherr, 1995). A global 

estimate of soil erosion costs is USD 26 billion per year, and USD12 billion of which is in 

developing countries (UNEP, 1986). 

 

UNEP (1997) states that land degradation is one of the world’s major socio-economic 

and environmental problems, affecting one billion people in 110 countries world wide 

and is prevalent across about 40 percent of the earth’s surface. In Africa, it is estimated 

that about 320 million ha, or about one quarter of its dry lands, are affected by different 

types of soil erosion. 

 

Milas (1987) notes that African countries are caught up in a worsening spiral of expanding popula

size, diminishing reserves, intensifying under development and continuing environmental 

degradation. Despite the fact that land degradation is recognized as a global problem, it is beset w

highly contentious issues, including those as basic as definition, cause, and means of assessmen

(Stocking and Murnaghan, 2001). The problem of arriving at a mutually agreed definition arises fr

continuously changing perceptions on what constitutes land degradation, its causes, processes a

manifestations. This has led to the development of non-comprehensive land degradation assessm

methods that focus on particular aspects of land degradation, either soils or vegetation (Kiunsi an

Meadows, 2005).  

 
Ethiopia provides a well-known example of a severely degraded African environment with 

consequent implications for food insecurity and famine.  Deforestation has reduced high forest 
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cover to 2.7 per cent of surface area; 50-60 per cent of rainfall is lost as run off, carrying an 

estimated 2-3 billion tones of topsoil away annually; and declining land/ agricultural productivity is 

outstripped by population growth (the latter increasing at 2.6 to 2.9 per cent per annum) 

(Campbell, 1991). Proponents of soil and water conservation justify the urgency of their work by 

referring to the present state of environmental degradation in the highlands where extensive 

deforestation and wide scale soil erosion are associated with declining crop yields (Campbell, 

1991).  

 

As agricultural productivity falls new pressures arise for the land to provide 
subsistence, which in turn lead to renewed pressures on resources, migration and a 
search for alternative forms of supplementing agricultural incomes. Highland areas 
were the first affected by these pressures during the latter part of the nineteenth 
century, and population pressure sought a release to lowland areas, which are being 
brought under the plough. In all cases growing demands placed upon land- in lieu of 
improvements in farming technology or agricultural practices are resulting in 
continued degradation of the local resource base (Campbell, 1991). 

 

More than 90% of Ethiopia’s population lives in the highlands including about 93% of the 

cultivated land, around 75% of the country’s livestock and accounts over 90% of the 

country’s economic activity. Land degradation is seriously threatening the economic and 

social development of the country as a whole (Hawando, 1997). The Ethiopia Highland 

Reclamation studies revealed that the Ethiopian highlands, which cover 44% of the 

country’s total land area, are seriously threatened by soil and biological degradation. 

Some 27 million ha representing approximately 50% of the highlands are already 

significantly degraded. Of this area, 14 million ha are badly eroded and if the trend of 

soil degradation continues, per capita income in the highlands will fall by 30% in 20 

years time (FAO, 1984). Fifty percent of the remaining highlands are highly susceptible 

to erosion. The Ethiopian highlands suffer from massive land degradation due to soil 

erosion. If this degradation continues, 18 percent of the highland will be bare rock by the 

year 2010 and 10 million people will not be able to produce food from the land 

(Constable et al, 1984).  

 

There is also considerable variation in estimates of the production and economic 

impacts of soil erosion in the Ethiopian highlands. The highland Reclamation study 
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estimated that erosion would result in a reduction of crop production of 2.6 million tons 

by 2010, while Sutccliffe’s (1993) estimates are only 13% of this. Estimates of the 

annual costs of erosion in the Ethiopian highlands range from ETB 10 million to ETB 135 

million per annum (0.05% to 0.7% of agricultural GDP); while the estimated gross 

discounted present value of cumulative losses caused by erosion ranges from ETB 3 

billion (Bojo and Cassels, 1995). Despite the debate over these magnitudes, it is clear 

that soil erosion is causing substantial costs to agriculture in the Ethiopian highlands. 

The relative impacts are probably greater in Tigray, where soil erosion is more severe 

than in much of the highlands (Fitsum et al., 1999).  

 

 Man induced causes of land degradation in the dry lands of Ethiopia are poor farming 

practices, population pressure, overgrazing, soil erosion, deforestation, salinity and 

alkalinity problems and the use of livestock manure and crop residue for fuel as energy 

source of the rural households (Cesen 1986, World Bank, 1984). The main causes for 

land degradation are complex and attributed to a combination of biophysical, social, 

economic and political factors. There are different views on the causes of land 

degradation: many indicate that population pressure to be the major cause for 

deforestation, overgrazing and expansion of cultivation in to marginal lands. High 

population density is not necessarily related to land degradation; it is what a population 

does to the land that determines the extent of land degradation. However, they need to 

be healthy and politically and economically motivated to care for the land, as 

subsistence agriculture, poverty, and illiteracy can be important causes of land, and 

environmental degradation (Mitiku et al., 2006). 

  

Soil degradation has been a major cause for food shortages in many places. Higher 

population pressure on land may thus have negative effects if no proper corrective 

measures are taken. Yet, higher pressure on land because of over-exploitation may also 

be induced by intensification of agriculture in countries, regions, localities and farms with 

little population growth. Depending on many other social, political, economic and 

environmental conditions, population growth, development of innovation and the rational 
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use of technology all go hand-in-hand and can lead to both positive and negative 

impacts (Mitiku et al., 2006). 

 

Measurements of land degradation usually focus on the severity of soil erosion mainly 

caused by high intensity rain storms on rugged geomorphic features, steep slopes, and 

barren land surfaces highly susceptible to soil erosion. The wide spread practices of 

burning dung, burning crop residues for fuel and for seed preparation understate farm 

conditions, burning of forests and range lands, deforestation for cultivation, fuel wood 

and construction materials, as well as poor farming practices particularly in the areas 

cereal mono-culture farming system is practiced and cultivation of steep slopes, 

increase the susceptibility of the land resources to erosion in dry sub-humid and semi-

arid areas (Hawando, 1997).  

 

Soil erosion, soil nutrient depletion, and soil moisture stress are the major land 

degradation problems facing the region. Though soil erosion is prevalent throughout 

Ethiopia, this problem is particularly severe in Tigray. The early settlement and 

expansion of agriculture, together with steep terrain and the erratic and intense nature of 

the rainfall has caused erosion to be a major problem (Berhanu, 1998). Nonetheless, the 

persistent deterioration of the quality of the cultivated land, the ever-expanding gullies, 

and the poor yields, partially explained by the poor water holding capacity of the soil, 

suggest that soil erosion is a critical problem (Fitsum et.al, 1999). 

 

1.2 Resettlement 
Resettlement, land settlement, colonization and transmigration concepts are referring to the 

redistribution of a given population that is either planned or “spontaneous.” For Ethiopia the 

term “resettlement” seems to be the most appropriate as it suggests relocating people on 

areas other than their places of origin. In such context “ Resettlement” means moving people 

or people are moving to new location (Pankhurst, 1988). According to the World Bank (1978) 

the destination of resettlement is to areas with underutilized agricultural potential, and 

movement could take place as a result of planned intervention or spontaneously. However, no 

settlement scheme will be successful unless the people are involved willingly to participate in 
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it. The voluntary participation of the peasantry is therefore of paramount importance, and it is 

the task of implementing agencies to convince the prospective candidates of the benefits of 

resettlement. Indeed, settler candidates should be directly involved in the planning and 

preparation of resettlement schemes (Dessalegn, 2003). 

 

The major objective of the resettlement program is mainly to reduce environmental 

degradation in areas of origin by transferring drought affected people to more fertile and less 

populated areas for increased food production and subsistence farming. Nearly all the farmers 

interviewed in this study strongly expressed that they resettled voluntarily. Farmers’ attitudes 

toward resettlement dramatically positive.   The respondents reported the resettlement 

program was successful this time with a different voluntary approach. The experience with 

community participation was encouraging.  The criteria for selecting the weredas and settlers 

were: severe deforestation and erosion; scarce natural resources and poor soil; population 

density and land shortage which are critical problems to sustain their families.   

 

The Ethiopian Federal government decided that within the National Food Security Strategy, 

which is part of the wider poverty reduction strategy (PRS) currently being discussed and 

formulated, the issues of voluntary migration and resettlement are likely to become important 

pillars to fight poverty, especially in areas of Ethiopia where large segments face chronic food 

shortage brought on by high population density, land scarcity and/or environmental 

degradation (GOE, 2002). 
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According to a report recently prepared by Ministry of Rural Development (2003), the 

government’s plan is to resettle 440,000 households or 2.2 million people. The programme will 

be implemented simultaneously in Tigray, Amhara, Oromia and Southern Peoples Nation and 

Nationalities regions at an estimated total cost of over 1.4 billion Birr. The Amhara Region will 

have the largest group of settlers with 200,000 households, followed by Oromia and Southern 

Peoples Nation and Nationalities with 100,000 households each respectively and Tigray with 

40,000 households (MRD 2003). The Regional Government of Tigray planned to resettle a 

total of 40,000 households with in three years (2003-2005) 10,000, 15,000 and 15,000 in the 

first, second and third year respectively. In the years 2003 and 2004, 16830 households were 

resettled in Kafta Humera district in seven resettlement sites (Abay, 2005). Resettlement to 

Idris area began in 2003, with the arrival of an estimated 1024 people.  

 

The current resettlement program is narrowly focusing on shifting of people from the densely 

populated to sparsely populated areas of high potential agricultural land. Farmers continue to 

practice the unsustainable system of production in vergin lands thus presenting grave 

consequences creating catastrophic environmental conditions.  Following the resettlement 

program there is considerable damage to the natural vegetation of the study area. Large areas 

were cleared of their vegetation for crop production, to build homesteads and to acquire fuel 

wood.  

 

Soil degradation in this study paper will try to focus on two major components i.e. on the 

chemical and physical degradation. Among the different elements of chemical 

degradation only five chemical parameters, i.e. total nitrogen; available phosphorous, 

organic matter content, EC and pH of the soil were assessed. Bulk density and texture 

were the only parameters selected for this specific study of soil physical property. The 

major objective of this paper is to shed light on the status of land degradation at Idris 

resettlement site through the analysis of some physical and chemical parameters of the 

soil and the underlying causes of soil degradation at Kafta -Humera resettlement area, 

Western Zone of Tigray. 
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1.3   The rationale for the study and the research problem 
 
The main reasons, which necessitated this research, are the following: 

1. The fact that little or no empirical research has been carried out in the area 

on land degradation as the result of the resettlement program makes the 

topic pertinent and timely. 

 

2. The resettlement area is well suited for commercial agriculture and incense 

and gum production. Therefore, it deserves special attention for an intensive 

study to monitor its status and to conserve the natural resource potential that 

can be used to achieve food security. 

 

3. The study area has unutilized productive land for crop and livestock 

production making it vulnerable for land degradation if no sustainable land 

management practices are introduced. Therefore, it is essential to document 

the baseline data of land degradation in relation to the new resettlement 

program. 

 

4. Due to the resettlement program in the study area, the environmental 

damage caused by large-scale land clearance and deforestation has been 

considerable. 

 

5. To assess the quality of soil of different land use key parameters like soil 

organic matter content, total nitrogen content, available phosphorous content, soil 

pH, EC, bulk density and texture of the soil of different land use types were 

analyzed since no attempt was made to study and quantify the problem. 
 

    6.The resource potential of the western zone administration requires site-specific 

     natural resource conservation and management planning. 
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1.4 Objectives  
1.4.1 Main objective 

The main objective of this research is to assess the state of land degradation through 

the analysis of the physical and chemical properties of soil and study the underlying 

causes of land degradation at Idris Resettlement scheme in the Kafta-Humera of the 

district, Western Zone of Tigray.  

 
1.4.2 Specific objectives 
 

1. To identify major causes and indicators of land degradation. 

2. To analyze and assess soil quality in different land use types in the resettlement  

      site. 

3. To suggest plausible sustainable land management measures to mitigate  

      land degradation in the study area. 
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2. LITERATURE REVIEW 
 

2.1 Land Degradation 
2.1.1 Definitions 
 
Degradation refers to deterioration in the quality of the environment for man, vegetation, 

animals and aquatic life (Barber, 1984). Land degradation is a “composite term”, it has 

no single readily identifiable feature, but instead describes how one or more of the land 

resources (soil, water, vegetation, rocks, air, climate, relief) has changed for the worse. 

Land degradation can be defined in several ways depending upon the subject that 

needs to be emphasized. A general definition of land degradation is presented by 

Wasson (1987), as “Land degradation is a change to land that makes it less useful for 

human beings”. A more specific definition states “ Land degradation is a decrease in the 

optimum functioning of soil in ecosystems” (Kimpe and Warkentin, 1998). Land 

degradation can also be defined interms of actions taken which increase the soil loss 

from agricultural lands affecting crop productivity and increasing sediment loss to rivers 

and reservoirs. According to Scherr and Yadav (1996) “Land degradation” refers to a 

temporary or permanent decline in the productive capacity of the land or its potential for 

environmental management.  

 

Another definition describes it as “ the aggregate diminution of the productive capacity of 

land including its major uses (rain fed, arable, irrigated range land, forest) its farming 

systems (e.g. smallholder subsistence) and its value as an economic resource”. This link 

between degradation (which is often caused by land use practices) and its effect on land 

use is central to nearly all published definitions of land degradation. The emphasis on 

land, rather than soil, broadens the focus to include natural resources such as climate, 

water, land forms and vegetation, the productivity of grass land and forest resources in 

addition to that of crop land, is embodied in this definition (Stocking and Murnagham, 

2001). 
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The concept of land degradation is a complex one because it encompasses physical, 

biological, and socio-economic parameters. In the context of this study, the term land 

degradation is used as defined in the international convention to combat desertification 

(Interim Secretariat, 1994). According to this definition, land degradation involves the 

processes and end results of both vegetation and soil degradation due to 

anthropological factors. 

  
2.1.2 Chemical Degradation of soil  
 

There are wide ranges of soil degradation processes, some of which are closely 

interrelated, which have been classified in to six categories (FAO, 1979). These are 

water erosion, wind erosion, salinisation and alkalization, physical degradation and 

biological degradation. The causes of these processes are invariably a combination of 

natural phenomena, man’s actions such as the destruction of vegetation cover, 

overgrazing, and inappropriate agricultural practices that aren’t in harmony with the 

ecological environment. It is man’s actions, often as a result of increasing population 

pressure, that extend and accelerate the processes of degradation (Barber, 1984). 

 

Chemical degradation is mainly due to leaching and poor farming practices which result 

in the loss of nutrients and a concomitant increase in exchangeable Al, and sometimes 

Mn. Chemical degradation can also be caused by poor farming systems which “ mine” 

the soil, i.e. where there is a steady removal of nutrients with no, or only minimal, 

nutrient replacements (Barber, 1984). 

 

Soil nutrient depletion results when the inflows of nutrients to the soil through manure, 

chemical fertilizers, biological nitrogen fixation, addition of wastes or plant materials from 

outside the system, atmospheric deposition, and sedimentation are less than outflows 

due to crop harvesting, removal of crop residues, erosion, leaching and gaseous losses 

(Stoorvogel and Smaling, 1990). 
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2.1.2.1 Organic matter  
 
Organic matter depletion has been by far one of the most serious problems leading to soil 

degradation. This situation must be reversed and accumulate carbon in the soil which help 

preventing soil degradation (Filho et al., 2001). Soil organic matter is important for physical, chem

and biological soil properties. A decrease in organic matter content is an indicator of a lowered so

quality. This decline can be improved by leaving and incorporating crop residues in the soil and b

adding organic manures to the soil. The removal of crop residues is commonly practiced in many

parts of Sub-Saharan Africa, hastens the rate of organic matter decline. The rate of organic matte

decline is also higher in semi-arid environments due to high rates of decomposition and 

mineralization (Troeh and Thompson, 1993).  

 

Organic matter enhances the soil in many ways. The organic matter 

builds and improves soil structure, thereby improving soil drainage, 

infiltration of water into the soil, aeration and water holding capacity. 

The improved soil structure results in well-developed plant root 

systems and healthier, more disease resistant crops. Soil organic 

matter increases the cation exchange capacity of a soil and provides a 

neutralizing or buffering effect on soil pH (preventing rapid changes in 

pH). Soils that are high in organic matter content have water stable 

aggregates that bind soil particles together and are resistant to being 

broken down by the impact of raindrops (Gachane and Kimaru, 2003). 

Organic matter constitutes between 1 and 6 percent of topsoil weight 

of most upland soils. Topsoils less than 1 percent organic matter are 
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mostly limited to desert areas. At the other extreme, the organic 

matter contents of soils in low wet areas as 90 percent or more. Soils 

with more than 12 to 18 percent organic carbon (approximately 20 to 

30 percent organic matter) are called organic soils (Troeh and 

Thompson, 1993). 

 

In many parts of Ethiopia, including Tigray, the shortage of firewood leads to the 

utilization of straw and leaves for fuel. Animal manure is also commonly dried and 

burned. Very little organic residues are therefore returned to the soil apart from the 

roots of annual crops. As a consequence, soils become low in organic matter after 

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

soil aggregates lead to increased rates of soil losses in cultivated areas. The brown 

and black soils of the northern regions of Ethiopia are known to be productive even 

at relatively advanced stages of degradation.  The fertility of the subsoil is related to 

the predominantly volcanic soil parent material and the associated higher 

concentrations of some plant nutrients as well as a relatively fine texture (Barber, 

1984). The chemical rating of soil nutrients is given in Table 1. 

 

2.1.2.2 Total Nitrogen 
 
Nitrogen (N) is one of the major nutrients required for the nutrition of plants. Of the total 

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

inorganic form as ammonium and nitrates. Total nitrogen is merely an indicator of the 

soil potential for the element, but not the measure in which it becomes available to the 
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plant. During growth and development, an average of only 0.5-2.5% (rarely 5%) of the 

total nitrogen is converted in forms accessible to the plant. Nitrogen contents of soils are 

also needed for the evaluation of C-N ratios of soils, which give an indication of the 

processes of transformations of organic N to available N like ammonical nitrite and 

nitrate-N (Buruah and Barthakur, 1997). Nutrient deficiencies are caused by more than 

just removal in the processes of soil degradation. The principal cause (up to 100kg N or 

more, in intensive cropping) comes from removal in harvested crops and insufficient 

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

  

2.1.2.3 Available phosphorus 
 

The term available phosphorous (P) refers to the inorganic form, 

occurring in soil solution, which is almost exclusively ‘ 

orthophosphate’. This orthophosphate occurs in several forms and 

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

may be available to plants, which is of direct relevance in assessing 

the P fertility level. Soluble P may be adsorptively retained at the 

surface of colloidal particles. In most soils, the main source of 

orthophosphate is organic matter (Baruah and Barthakur, 1997).  

Table 1: Relationship between soil nutrient levels and soil chemical 

ratings  

 

 Soil chemical   
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values 

Soil chemical 

ratings 

OM (%) Total N 

(%) 

Available P 

(ppm) 

Very low <1 <0.1 <5 

Low 1-2 0.1-0.2 5-10 

Medium 2-5 0.2-0.3 10-25 

High 5-10 0.3-0.4 25-50 

Very high >10 >0.4 >50 

 

Source: Barber (1984). 

 
2.1.2.4 Soil pH 

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

eight have a higher percentage of Na+ ions on their cation exchange sites. Most soils 

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

acid and any pH above 7.0 is alkaline. More practically, a small zone near 7.0 may be 

considered neutral. Soil pH depends on a variety of factors including all five soil forming 

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

water content at the sampling time and the way the pH is determined (Troeh and 

Thompson, 1993). 

 

Vegetation influences soil pH in complex ways because it produces organic matter and 

influences leaching. The addition of decomposable organic matter to a soil results in the 

formation of organic acids. The physical condition of the soil is related to pH and has an 
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important effect on plant growth. Soil pH values above 8.5 indicate the presence of 

considerable Na+ and the likelihood of dispersed soil colloids. Soil pH values near 7.5 or 

8.0 are usually associated with saline soils (those containing excess soluble salts). A pH 

between 6.5 and 7.0 is usually best for phosphorous availability (Troeh and Thompson, 

1993). 

2.1.2.5 Electrical conductivity  
 
In order to assess the salinity hazard of a soil, electrical conductivity (EC) 

measurements have to be carried out. The salt content can thus be estimated from the 

electrical conductivity of a soil suspension in distilled water. This is expressed in 

millimhos cm-1 (mmhos cm-1) (Gachene and Kimaru, 2003). Landon (1991) provides 

salinity classification as shown in Table 2. 

 
Table 2:  EC and salinity classification 
 
ECe (mmhos cm-1) Salinity class 

0-4 Non-saline 

4-8 Slightly saline 

8-15 Moderately saline 

>15 Strongly saline 

 

Source: Landon (1991). 

  

2.1.3 Physical Degradation 

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

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

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

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

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

penetration, hydraulic conductivity and aeration (Mitiku et al., 2006). Physical 
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degradation includes those processes such as poor cultivation practices, which 

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

penetrability, and permeability. Some of these processes, which result in the exposure 

of the soil surface to rainfall, are closely related to sheet and rill erosion (Barber, 1984). 

 

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

germinate or are seriously hampered. Tillage by hand or animal traction is often 

impossible and the land degenerates to bad land. Crusting occurs due to several 

factors, e.g. the destruction of aggregates in the topsoil by rain, which is closely linked to 

soil erosion, an upward movement of water and soluble salts under semi-arid conditions. 

Crusting reduces infiltration and promotes water runoff. It inhibits germination and 

emergence of seedlings. Lower infiltration rates reduce water retention capacity and 

aggravate drought stress (Mitiku et al., 2006).  

 

2.1.3.1 Bulk Density 
 

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

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

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

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

varies according to its degree of compaction. Organic matter decrease bulk density in 

two ways. First organic matter is much lighter in weight than a corresponding volume of 

mineral matter, second, organic matter gives increased aggregate stability to a soil  

(Troeh and Thompson, 1993).  

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

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

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

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

more water and retain nutrients. Clay particles are lighter than sand particles, and once 
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detached by erosion they are easily transported. Therefore unchecked erosion leads to 

a loss of soil productivity (Gachene and Kimaru, 2003). 
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2.2 Resettlement and land degradation 
 
From the mid – 1960’s up to the present, resettlement has been undertaken with the 

assumption that there are sufficient agricultural resources to accommodate a large 

number of settlers. However there has not been to date a sound and reliable inventory 

of resource potential of the country (Dessalegn, 2003). Finally it should be remembered 

that resettlement in this country has always meant the transfer of peasants to a new 

surrounding; it has not involved changing their agricultural skills, habits and 

environmental knowledge. This means that the peasant will merely reproduce his 

unsound agricultural and environmental practices in his new settlement, and in the end, 

both he and the society will be the poorer for it (Dessalegn, 2003). 

 

During the onset of famine in 1984, the socialist government of Ethiopia announced its 

plan to resettle 1.5 million of the estimated 8 million famine victims in other less affected 

regions of the country (Getachew, 1989). The planners argued that famine is a recurring 

problem, especially for those who are living in certain vulnerable regions of Ethiopia, 

which suffer from, among other things, high demographic pressure on land and 

overgrazing. Due to a long history of improper land use, the soil in these regions is 

overused, infertile, and incapable of supporting the productive activity of the inhabitants. 

In view of these problems, it is urged that relocating the people to fertile areas where 

there is plenty of rainfall, less demographic pressure on land, and no scarcity of 

cultivable land is a rational move. It also serves as a basis for a long-term strategy of 

famine prevention, and provides an immediate famine relief. It will also guarantee that 

the resettled people will be better off at their new settlements (Getachew, 1989). 
 

Far from being a solution to land scarcity resettlement has become one of the elements 

undermining the resource base of the inhabitants. Moreover, the vegetation and the 

forests in the region were cleared indiscriminately. How the trees are cut makes a 

crucial difference to the possibility of being replenished. It was evident that what 

mattered most during the construction period was the speedy completion of the task in 

hand. Nor did the participant, have any idea what the trees meant to the indigenous 
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population. Thus, the government’s effort to tackle the problem of land scarcity, famine 

and ecological degradation in the highlands has resulted in the spread of these 

problems to regions, which were previously unaffected. It seems therefore, that, the 

resettlement strategy is not only self-defeating, but also has brought grave 

consequences which outweigh the justification for its implementation (Pankhrust, 2003). 

 

In many of the lowland areas where the resettlement was undertaken the soils tend to 

be fragile and subject to erosion and the concentration of large numbers of people 

resulting in the clearing of land for cultivation and fire wood has led to considerable 

deforestation with potentially irreversible negative consequences. In the lowlands, sites 

were selected in areas assumed to be “virgin”, but which were used by indigenous 

people for shifting cultivation, thus not overly exploiting the fragile soils (Pankhurst, 

1997). The local environment, topsoil, bush and forests were assumed to have been 

severely   affected by the massive influx and excessive population concentration in the 

villagized settlements (Punkhrust, 2003). 

 

The arrival of such a large number of settlers is likely to have a dramatic effect on 

natural resource such as wood and other forest products, grazing land and water. 

Demand for wood, for constructing houses; fences, will deplete local resources quickly if 

measures are not taken to protect them and to find alternative materials or sources. It is 

crucial that resettlement plans include strategies for safe guarding the natural resources 

base of the settlement areas, to protect the environment for the benefit of both settler 

and local communities. If such measures are not taken, then resettlement will have done 

little more than transplant the problems of deforestation and degradation from the 

highlands to the lowlands. Conservation strategies are also needed in the highland 

sending communities to help expedite the regeneration of forest and return of the land to 

productivity (Hammond and Bezait, 2003). 

 

Increasing agricultural production in Ethiopia will largely depend on good soil. 

Irrespective of the settlement scheme, resettlement has had an adverse impact on soil 

fertility. The indiscriminate clearing of forest with bulldozers and other heavy equipment, 
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for both large scale and low-cost settlements, has led to the removal of topsoil with in 10 

to 20 centimeters, apart the soil, which is crucial in maintaining fertility.  According to 

Alemneh (1990) settlements in Illubabor had higher incidence of erosion on cultivated 

plots after forest clearing than the incidence of erosion on traditional fields. 

   

The clearing of forest has also become wide spread in integrated settlements. Shifting 

cultivation has expanded, and there is a growing demand to meet the necessities of the 

settlers in the construction and provision of houses, fuel wood, and farming equipment. 

The burning of forest a common practice among the natives is more detrimental now 

because the fallow years will be reduced due to the increasing demand for land for 

cultivation. Moreover, the settlers seemed to be overwhelmed by the dense forest 

around them and often complained of wild life destroying their crops and threatening 

their families. Hence, they readily cut trees without much thought about its effect 

(Alemneh, 1990). Unless careful thought is given to the environmental consequences of 

population concentration at resettlement sites, they may only become new centers of 

environmental degradation (Cook and Mukendi, 1994). 

 

2.3 Major causes of land degradation in Tigray 

 

Tigray is the northern region of Ethiopia. It consists of several agro-climatic zones, 

determined by altitude, rainfall and temperature. The eastern part of the region, 

including the Danakil depression, is extremely dry. The population density in the region 

is relatively high, and small units of land are extensively cultivated by subsistence 

farmers (Mitiku et al., 2002). 

 
Tigray contains many of the areas of greatest land degradation concern in Ethiopian 
highlands. But Tigray is known not only for the severity of land degradation, but also, 
since the last few years, for the concerted efforts taking place there to redress these 
problems including construction of stone terraces and soil bunds, area closure and 
afforestation. Soil erosion, soil nutrient depletion, and soil moisture stress are the 
major land degradation problems facing the region. Though soil erosion is prevalent 
throughout Ethiopia, this problem is severe in Tigray. The early settlement and 
expansion of agriculture, together with the steep terrain and the erratic and intense 
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nature of the rainfall has caused erosion to be a major problem (Berhanu, 1998). The 
soil of the region is highly degraded.  

 

The proximate causes of land degradation are relatively well known. These factors 

include cultivation of steep slopes and erodible soils, low vegetation cover of the soil, 

removal of residue, declining fallow periods, low and uncertain rainfall, limited 

application of organic or inorganic fertilizers. Little is known, however, of the underling 

causes of land degradation which are thought to include population pressure, poverty, 

high cost or limited access of farmers to fertilizer, fuel and animal feed, limited farmer 

knowledge of integrated soil and water management measures access to credit and 

other factors (Berhanu, 2002). Soil erosion, overgrazing, biomass fuel consumption, and 

deforestation belong among the major causes of land degradation. 

 
2.3.1 Soil Erosion 
 

Soil erosion involves the loss of fine particles, nutrients and organic matter, and 

contributes to the loss of structural stability of the soil, surface compacting and sealing, 

reduced water infiltration and increased surface runoff. Soil erosion can take two forms: 

erosion by water splash, sheet, rill and gully-and wind erosion. In Tigray, rainfall intensity 

is high at the beginning of the rainy season when the ground is left bare and soils are 

highly exposed to erosion. Soil erodibility is also relatively high as a result of low organic 

matter content of much of the soils of Tigray (Fitsum et al., 1999). 

 

Differences in vegetative cover are responsible for much of the variation in erosion rates 

in the Ethiopian highlands. Hurni (1988) estimated that the average erosion rates on 

currently productive cropland and currently used cropland (planted to annual crops) are 

70 tons/ha/year, respectively; while erosion averages 8 tons/ha/year on land planted to 

perennial crops and 5 tons/ha/year or less for all other land cover types. 
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2.3.2 Overgrazing 
 

The free and uncontrolled grazing system is considered as a major cause of land 

degradation in Tigray. According to the 1988 livestock census, the Tigray Region has 

about 3.04 million cattle, 0.94 million sheep, 1.47 million goats, 0.41 Equines and 0.013 

camels.  The degradation of grazing lands and other natural resources are also severe 

in the lowlands of Tigray.  As in the other highlands of Ethiopia, livestock in Tigray are 

an integral part of the rural economy supplying draft power for traction and 

transportation, each income from sale of livestock and livestock products, food such as 

milk for household consumption, manure to maintain soil fertility and dung for fuel 

(Berhanu et al., 2002).  

   

2.3.3 Deforestation 

Deforestation leaves the land surface barren and open to serious land degradation 

process (Hawando, 1997). The current forestland of the region is not more than one 

percent (TFAP, 1996). The costs of deforestation or depletion of forest resources can be 

viewed or analyzed from two different corners. Firstly, deforestation entails forest 

degradation, which brings about reduced crop yields. Secondly, deforestation brings 

about fuel energy crises. To come out of the energy crises, dung and crop residues 

which would otherwise be used for improving soil fertility and as livestock feed are often 

burned for fuel. The implied outputs foregone as a result of using dung and crop 

residues for fuel are, therefore, further costs to the agricultural sector (EFAP 1994; 

Sutcliffe, 1993).  

 

2.3.4 Fuel wood consumption 

 

Land degradation may result in increasing shortage of fuel for cooking, heating, and 

lighting in rural areas. Northern Ethiopia in general and the Tigray Region in particular, is 

facing a severe woody biomass shortage. An investigation of the fuel supply and 

demand behavior of farm households in rural Tigray showed that biomass fuels, 

especially woody biomass and dung, are the primary source of fuel in Tigray, covering 
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about 96% of the total fuel consumption in the Region. The daily per capita energy 

consumption is about 2kg in Mekele and Humera, 2.1kg in Adigudom.  Smaller daily per 

capita consumption is found in Zalambesa 1kg, Adigrat 1.1kg, Adwa 1.4kg and Alamata 

and Hawzien 1.5kg (TFAP, 1996). No significant substitution was found between private 

tree growing and use of dung or crop residues for fuel, suggesting that private tree 

planting for fuel is still very low and that households depend on community resources for 

fuel wood. 

 

At present severe fuel wood scarcity prevails in almost all areas of the Region. The 

extent of scarcity of fuel wood is more in the highlands than in the lowlands, and still 

relatively better situations exists in localities close to forest or degraded woodland 

compared to the predominantly clear agricultural landscapes. It is also clearly stated by 

rural households that the time spent for fuel wood gathering is increasing in all areas. 

Tigray Forest Action Plan (TFAP) team survey indicated that fuel wood gathering require 

an average time of about 7-10 hours per day in the denuded highlands and a minimum 

of about 2-3 hours of collecting dry wood in the low lands (TFAP, 1996). 

 

 No significant substitution was found between private tree growing and use of dung or 

crop residues for fuel, suggesting that private tree planting for fuel is still very low and 

that households depend on community resources for fuel wood (Zenebe, 2002). 

 

Northern Ethiopia is experiencing severe woody biomass shortages that contribute to 

land degradation. The clearing of indigenous forest and wood land affects important 

environmental services that forests provide with respect to maintaining soil fertility and 

water resources with in water shades, small holders burn dung for cooking and heating 

that could otherwise be used for fertilizing cropping fields. In addition, allowing 

communities and Small holders to harvest poles, fuel wood and other products from 

these woodlots offers alternative sources of income in a region where there are few non-

farm income generation opportunities (Jagger et al., 2002). 
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2.3.5 Poverty 
The extreme poverty existing in Tigray likely contributes to land degradation for many 

reasons. Population pressure on the land is worsened because people lack access to 

alternative sources of livelihood. Deforestation and burning of dung and crop residues 

are increased by people’s inability to afford or lack of access to alternative fuel sources. 

Poverty similarly limits farmers’ ability to purchase feed or livestock products, 

contributing to overgrazing, and their ability to purchase chemical fertilizer, contributing 

to soil nutrient depletion. Poor farmers may lack access to draft animals, implements, or 

other capital items needed to make major investments in land improvements (Fitsum et 

al., 1999). 
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3. MATERIALS AND METHODS 
 

   Description of the study area 
  3.1.1 Location, physiography, and soil 

The Kafta- wereda is located in the western zone of Tigray Region and geographically 

its northern and southern boundaries are located at 130401 and 140271N Latitude 

respectively; while its eastern and western boundaries coincide with 360271E and 

370321E longitude respectively.  Large part on the western side of the wereda coincides 

with the Sudanese border while the northern part is fully covered by the Eritrean border. 

Most part on the south is attached with Welkait and partially with Tsegede wereda. On 

the eastern side, the nearest wereda is Tahtai Adiabo.The wereda covers an 

approximately 640,000 ha which is about 23.6 percent of the western zone of Tigray. 

The area has in general a kola and weinadega agro-climate conditions with its elevation 

ranging from 560 to 1849 meter above sea level. The landform of Kafta Humera area is 

heterogeneous in nature and consist of flat plain, undulating to rolling, some isolated 

hills and ridges, chain of mountains, valleys and gorges.  Idris resettlement scheme is 

located in Kafta-Humera woreda (district), western zone, Tigray Regional state (Fig. 1). 

Situated at some 32 km east of Humera town. Map of Kafta-Humera Wereda is shown in 

Figure 1. 

 

According to Ethiopian Agricultural Research Organization (2002), the dominant soil 

type found in the area is Vertisol, which has some physical constraints. According the 

BoA of Tigray Regional state (1998), the soils of Kafta-Humera woreda were classified 

based on the FAO/UNESCO soil classification in to soil groups, soil units and soil sub 

units. The major soil groups identified based on their occurrence on the landscape and 

physico-chemical characteristics were Vertisols, Leptosols, Regosols, Luvisols and 

Fluvisols.The major soil area coverage in Kafta-Humera is shown in the Table 3.  
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Table 3: Area coverage of soil units Kafta-Humera Woreda 

 

No. Soil units Area (ha) Area (%) (from 

total) 

1 Eutric Vertisols 

Calcic Vertisols 

99955.42 

125800.32 

15.62 

19.66 

2 Vertic Cambisols 

Haplic Cambisols 

36781.85 

1726.99 

5.75 

0.27 

3 Chromic Luvisols 

Ferric Luvisols 

14059.80 

1577.14 

2.02 

0.25 

4 Leptosols 202014.11 31.56 

5 Regosols 44691.98 6.98 

6 Eutric Fluvisols 6463.26 1.01 

7 Leptosol/ Luvisol 961.37 0.15 

8 Leptosol/ Regosols 11799.20 1.84 

9 Regosols/ Leptosols 48854.17 7.63 

10 Fluvisol/ Leptosol 45314.39 7.08 

 Total 640000 100.00 

Source: Tigray Bureau of Agriculture and Natural Resource Development (1998). 
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Fig. 1:  Map of Kafta-Humera wereda 

Idris Boundary not to scale 
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3.1.2 Climate 
 

There is a phenomenon whereby mean annual rainfall increases from west to southwest 

from 448.8 mm at the northern part to 1102.5 mm at the southern part at Banat and the 

highlands of Kafta. It has unimodal rainfall pattern 80 to 85% of the rain falling in the 

summer (wet season). Usually the highest rainfall is recorded in the months of July and 

August (Fig. 2).  The mean annual temperature of the area is 250C to 27.50C in the 

lowlands and 200C to 250C in the highlands. The mean maximum temperature varied 

from 41.70C in April to 330C in August, while the mean minimum temperature varied 

from 22.20C in May to 17.50C in January (EARO, 2002). The rainy season of the study 

area is from June to September. The remaining 8-9 months is dry and hot. 
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Figure: 2 Monthly average rainfall (mm) of Humera  

Source: Adapted from EARO (2002).   

 

3.1.3 Socio-economic features 
 Table 4 shows the demographic composition of the sample households. The total 

population of the study area was 6452.   The total population of the 117 households was 

496. The average household size was 4.2.  
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Table 4: Demographic composition of  sample households 

Age group Male Female Total  %Total 

15-64 106 8 114                      97.4 

>65 3 0 3 2.6 

Total 109 8 117 100 

 
Most of the people in the study area settled along the Tekeze river and the Shiraro- Humera road

Enough preparation was made to make the resettlement program effective.  

 

The officials reported that the settlers were allocated 2 hectares of land per household that has to

utilized for crop production. The land holding of the settled families in areas of origin will remain 

unchanged for at least two years to give the settlers the opportunity to return or to leave part of th

family behind while preparing the resettlement for a permanent residence. 

 

About 69% of the sample households confirmed that their major occupation was 

mixed farming. Crop production is the major source of income for the farmers in the 

study area. Sesame (Sesamum indicum) and sorghum (Sorghum bicolor) are the 

important crops cultivated. According to the Woreda department of Agriculture report 

(2006), sesame and sorghum are cultivated annually in descending order of area 

coverage in the Woreda. Sesame is the leading crop (70 percent of total cultivated 

land), followed by sorghum (30 percent). All the crops are produced only once a 

year, because of the unimodal rainfall distribution mixed cropping is virtually 

unknown to the farmers. The types of crops grown and the cultivation practices have 

important implications on soil erosion and land degradation processes.  Table 5 

shows the major cultivated crops in the study area.  
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Table: 5 Major cultivated crops of the study area  

 
Type of crop Scientific name Local name 

Sesame Sesamum indicum Selit 

Sorghum Sorghum bicolor Meshela 

 

The major vegetation types of the study area were Acacia seyal, Acacia senegal, 

Balanites aegyptiaca, Boswellia papyrifera, Acacia mellifera, Zizyphus spina-cristi, 

Dichorostachys cinerea and Dalbergia melanoxylon. Table 7 the major trees and 

shrubs of the Woreda.  

 

Table 6 shows livestock population of Idris resettlement scheme. Livestock provide draft 

power, food, and cash income. Livestock are also an important source of marketable 

wealth, and provide farmers with economic security in times of crises. 

 

Table 6:  Total number of livestock owned in the study area 

Livestock Total number 

Cattle 1532 

Sheep 246 

Goat 2128 

Equine 141 

Source:  Woreda Department of Agriculture (2006).  
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Table: 7 Major trees and shrubs of the woreda 

                                                                                    

          Vegetation Type: Savanna Bush land   

Scientific Name Local Name 

Acacia seyal Cha-a, grar, wacho 

Acacia senegal Kentib, kontir, grar, edab 

Balanites aegyptiaca Bedena, mageb, mekii, goza 

Zizyphus spina-cristi Gaba, kurkura, abateri 

Acacia mellifera Ketrit, kitr, kontir 

Boswellia papyrifera Meker, ye-etan-zaf 

Combretum hertmannianum Tankalawa, ink’away, kanrod 

Stereospermum kunthianum Qashta, zana, gunki adizana 

Dichorostachys cinerea Gonok, kadad 

Dalbergia melanoxylon Zibe, zobi, babanusi, African ebony 

Sclerocarya birrea Gomales, kumal, abengul 

 

Anogeissus leiocarpus Hanseh, kinchib, kirkir, sahab 

Boscia angustifolia Shisha, kermed, sibihi-t’el 

Cadoba farinosa Hermed, hurmut, tekelsha 

Comiphera boiviana Kana, debirek, ankua 

Cassia agustifolia Indian chena 

Acacia nubica Gumru, gumari, wangai 

Capparis decidua Kontir, malusa, irir 

Calotropis procera Bo’ah, gendai, tonafi, ginda 

Adansonia digitata Bamba, hemer, baobab, tebeldi, judas 

bag 

Source: Tana Dashen Trading Company Consultancy Group (1994) 

 

 

 



-  - 32

 

  Vegetation type: Woodland area 

Anogeissus leiocarpus Hanseh, kinchib, kerkir, sahab 

Combretum hartmannianum Tenkalawa, ink’away, adizana 

Boswellia papyrifera Meker, ye-etan-zaf, walba 

Stereospermum kunthianum Washta, zana, gunki 

Oxytenanthera abysinica Arkay, shimel, t’amia, sankara, bambou

Acacia campylacantha Gomoro, kakamat 

Acacia senegal Kentib, kontir, grar, edab 

Acacia seyal Cha-a, grar, wacho 

Zizyphus spina-cristi Gaba, kurkura, abateri 

Hypaene thebaica Acat, dom, zembaba, dum palam, 

kambush 

Sclerocarya birrea Gomales, kumal, abengul 

Maytenus senegallensis Nech-at’ay, ko’l’oba, at’iat’l, tetalo 

Grewia flavescens Madera, mesek’wa, badeno 

Terminalia brownii Zabat, shabat, weiba, biiris 

Balanites aegyptiaca Bedena, mageh, mekii, goza 

Dicrostachys cinerea Gonok, kadad 

Boscia angustifolia Shisha, kermed, sibihi-t’el 

Cadaba farinosa Kermed, kurmut, tekelsha 

Source: Tana Dashen Trading Company Consultancy Group (1994). 

 

3.2 Data collection and analysis 

 

3.2.1 socioeconomic survey 
 
The purpose of these data is to assess the cause of land degradation, the perception of 

local land users, as to the nature of the problem and the degree of implementation of the 

control measures. A combination of the natural and social science methods is obviously 
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preferable, since this takes into consideration the complexity and trans- disciplinary 

nature of the degradation problem. 

 

To identify the major causes of land degradation in the study area, data was collected 

from the resettlement scheme using open and close-ended questionnaire, at the 

household level (Appendix 2).  A complete and fresh listing of households was carried 

out because some of the settlers returned back to their original place. The number of 

sample household farmers selected for the questionnaire was determined using the 

formula developed by Cochran (1977). Based on this 117 households were selected 

after complete listing and screening of the agricultural households. During the listing 

operation, the settlers were serially numbered. The systematic random sampling 

technique was employed in this case, because its application is simple and it can easily 

yield a proportionate sample.  

2

2

d
pqzno =   

N
no
non

11 −
+

=  

 

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

n= number of samples size when population is less than 10,000 

Z=95 percent confidence limit, i.e., 5 percent (0.05) 

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

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

N= total number of population 

d= margin of error or degree of accuracy (0.05) 

 

Data recorders were assigned who went to each household and filled the format by 

asking the respondents orally.  Each respondent was informed about the purpose of the 

survey before starting the survey. The other method of data collection was informal 

discussions were similar to those covered by the structured survey questionnaires. The 
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rational of obtaining information about the same fact from multiple methods is to 

increase validity and reliability of the data.  

 

3.2.2 Soil survey 
 
The purpose of the soil survey is to assess the status of land degradation through the 

analysis of some physical and chemical soil properties. The following procedures were 

used to select the sampling point.  Three representative land use systems namely 

cultivated land; forestland and grazing land were selected. The grazing area and forest 

area are located adjacent to each other with similar altitude, slope and soil type. One 

criterion in the selection of the cultivated field was it had been cultivated after the 

resettlement program as a result of forest clearance. Cultivated land is situated about 

2km away from grazing and cultivated land. The soil type was similar with the other 

types of land use. The three land use types are situated in the surrounding locality 

(Maykomat). The soil type of the three-land use type was Vertisol. Soil samples were 

then collected in five replicates from a square of 2100100 m× plot at each land use type. 

Pits were dug at the four corners and in the center of the square plots and samples were 

removed from 0-10 cm and 10- 20 cm increments with auger uniformly along each 

depth.  Samples were collected in plastic bags, labeled, and taken to Mekele University 

for soil analysis.  

 

. 3.2.3 Data analysis 

 

The data obtained from the soil analyses were subjected to analysis of variance for each 

sample depth to detect whether differences in soil attributes studied differed significantly 

between the land uses. Least Significance Difference (LSD) was used for mean 

separation for those properties that were found to be significantly different. The level of 

Significance used was 0.05. 

 

 Data generated by structured questionnaires was analyzed using the frequencies and 

descriptive procedures, quantitative results from the structured questionnaires of the 
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SPSS soft ware. The qualitative data generated by the informal discussions was used to 

substantiate results from the questionnaires.   
 

The soil samples were air dried, mixed well and passed through a 2 mm sieve for 

chemical analysis. Organic matter content, total nitrogen, available phosphorous 

content, soil pH and EC were analyzed.  Organic matter content was determined 

following the Walkey- Black (1934) procedure. This method involves a wet oxidation of 

the organic carbon with a mixture of potassium dichromate, sulfuric acid and titrated by 

ferrous sulphate hepatahydrate. Total nitrogen was determined following the Kjeldahl 

(1883) procedure for converting organic nitrogen to ammonium-nitrogen that can be 

readily estimated. Available phosphorous of soil samples was determined following the 

Olsen et al., (1954). pH and electrical conductivity of soil samples was measured from a 

soil suspension solution prepared with 1:5 soil water ratios. 

 

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

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

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

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

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

volume, using the core length and the diameter of the cutting edge of the sampler. Soil 

texture was analyzed using Hydrometer method. 
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4.   RESULTS AND DISCUSSION 

 
4.1 Causes and indicators of Land degradation 

 

4.1.1. Fuel wood consumption and deforestation 
 

Knowledge of farmers’ perceptions and attitudes toward land degradation is an 
important first step to tackling the problem. Current planting is mainly limited to 
homestead. Respondents were asked whether they plant trees or not. About 95% of 
farmers used to plant trees during the summer season around their homes mainly for 
the purpose of shade and wood for farm implements. 

 

Rural households are totally dependent on biomass for energy. For example, as 

indicated, almost all sample households in the study area derived their energy source 

from fuel wood (Table 8). Woody biomass accounts the total fuel needed for domestic 

cooking and heating. Firewood and charcoal are the main sources of energy in the study 

area. Fuel wood is the major source of energy since there is no shortage of biomass 

fuels for their energy source. The use of forests as the only source of energy has 

accelerated land degradation. According to the survey, collecting wood from open forest 

access has now become more the responsibility of men (65 %) while 35% is contributed 

by women. 

 

The ever-increasing demand for forest resources by rural and urban sectors is 

responsible for the massive scale of deforestation. Deforestation in the study area   is 

happening as a result of expansion of agricultural activities, wood consumption for fuel, 

construction and other uses. Respondents were asked the state of the land before they 

started farming. They indicated that 40.3% was forestland, 20.5% fallow land and 39.2% 

cultivated.  

 

 

 

Table 8:  Principal energy sources in the study area 
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Energy source Number of households Percentage of household 

using 

Fuel wood 116 99.1 

Cow dung 1 0.9 

Crop residues 5 4.3 

Total 122 104.3 

 

Number of households greater than sample household because some of the sample 

households use more than one energy source. They are counted twice.  

 
Farmers were asked to rank the major causes for deforestation in their community. More 

than 77% perceived bringing forestland in to agriculture as the major cause of 

deforestation that is far in excess of the rate at which forests have been allowed to 

regenerate while 5.1 % thought that human consumption for fuel and other necessities, 

2.6% livestock grazing and fodder, and 15.4% settlements as the major causes of 

deforestation (Table 9).   
 

 Of the available tree species Acacia seyal, Acacia senegal, Acacia melifera, Anogeissus leiocarp

and Terminalia brownii were used for fuel, while Balanites aegyptiaca, Boswellia papyrifera, Acac

seyal and Accacia senegal were used for forage and Balanites aegyptiaca, Combretum 

hertmannianum and Anogeissus leiocarpus were used for construction activities. Almost all the 

respondents showed that there was no shortage of fuel wood. 
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Table 9:  Farmers perception as to the causes of deforestation 

Causes of deforestation Number of households ranking 

 1 2 3 4 

Agriculture 91 17 4 5 

Fuel wood 5 45 48 18 

Overgrazing 3 13 46 55 

Settlement 18 41 20 38 

Total 117 117 117 117 

 

1, 2, 3, 4 represent the first, second, third, and fourth most important causes of 

deforestation, respectively. 

 

 Farmers leave multipurpose trees (mainly Balanites aegyptiaca, Acacia seyal, and 

Zizyphus spina-cristi) intentionally in the farmlands or on the borders of the plots for the 

purpose of shade and wood for farm implements. On some of the fields, there are not 

any woody species left on the farmlands and soil erosion hazard is higher in the area. 

Therefore in this kind of land clearing, clear cutting of wood/ bush land areas should be 

avoided so as to minimize soil erosion hazard occurring in the area. 

  

4.1.2 Poor agricultural practices 
 
 Based on assessment made for this study, 98% of the farmers have confirmed that the 

good agricultural, pastureland, and relative amount of rain fall in these areas have been 

able to attract the population to settle in the study area. As more and more people are 

being attracted to the area to settle and live permanently, there is a clear need for 

planned settlement patterns, conducive for the rational utilization of the existing natural 

resource base and balanced social and economic development of the surrounding 

areas. 

 

At present, there is no orderly system of crop rotation in the study area. Many of the farmers are 

inexperienced and lack of knowledge on improved farming practices. Respondents were asked 
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whether they practice crop rotation or not. More than 95% of them replied that they have stopped

crop rotation. The principal crops cultivated in the study area are sesame and sorghum. The price

sesame is getting increasing from time to time. As a result, many of the farmers were attracted to

cultivate sesame year after year due to increasing demand for sesame cultivation. This clearly sh

how price incentive could be taken as sufficient reason for the abandonment of crop rotation. 

 

The other poor agricultural practice that facilitates land degradation was the way that farmers use

crop residues. In the study area the straw of sesame was burned on the field on the assumption t

weeds, pests, and diseases would be protected. Sorghum straw was collected for animal feed.  L

of fertility is manifested through soil and organic matter burning, no use of chemical fertilizers, 

declining fallow periods, and soil erosion. Concerning declining soil fertility, manure is not sufficie

used to improve soil fertility. Until now, the inputs of chemical fertilizers were not used. For examp

in the household level according to socio-economic survey of the study area, about 6.8% of the 

farmers use manure to maintain soil fertility, while 59.8% use plant residues, almost none used 

chemical fertilizers. Generally, the people of the study area are entirely dependent on nature. The

is no use of chemical fertilizers. Other modern agricultural inputs such as herbicides and pesticide

are simply unknown to the farmers. 

 

 Furthermore, while only 12% thought that their land was fertile, 88% thought that their land was 

moderately fertile and not fertile compared when they started farming. About 58% of the farmers 

thought that the decline in soil fertility was severe while 13.7% thought that fertility decline was ve

severe and 1.7% said it was minor and 21.4% said fertility decline was not a problem. Farmers w

asked to rank their perceptions on the causes of soil erosion. About 57.3% perceived deforestatio

as the major cause of soil erosion while 42.7% thought that the improper cultivation methods wer

the primary causes.     

4.1.3 Poor Livestock Management 
As in all other parts of the Ethiopian highlands, livestock are an integral part of the 

sedentary life of the people in the study area. Traditional mixed farming systems 

(cultivation of sorghum and sesame and livestock rearing) are predominant farming 

systems of most of the sample households. The integration of livestock rearing and crop 

cultivation is limited to the post harvest grazing on the farmland. 
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The total number of farm animals of the households represents 5.6 farm animals per household. T

composition of the farm animals was such that cattle accounted for 55.1 percent, sheep and goat

37.5 percent and camels and donkeys for 7.3 percent. Oxen provide the drought power needed fo

farming. Sheep and goat are very important sources of cash and food. The contribution of livestoc

as cash sources of the farmers is significant. In nearly all observed areas, free grazing affects 

seriously the natural vegetation. Grazing and browsing of livestock prevents natural regeneration 

trees and excess livestock rearing leads to serious land degradation followed by soil erosion. The

farmers confirmed that the trend in livestock numbers had been an overall increase at the 

resettlement. The increase in the overall livestock population implies a growing pressure on land 

resource base (Table 10). 

Table: 10 Total numbers of livestock owned                                                           

                                                                                                                        

Livestock Total number of 

livestock 

Oxen 98 

Cow 164 

Calf 92 

Goat 211 

Sheep 17 

Equine 47 

Total 692 

  

 4.2 Indicators of land degradation 
 
One important indicator of land degradation was the growth of weed striga, which 

thrives, in infertile soils. The main reason for this is poor agricultural practices:  no crop 

rotation, no fallowing or use of fertilizers, non-application of manure, harvested crop and 

stover burning (nutrient mining). The other indicator of land degradation was yield 

reduction from the cultivation fields. In the household survey of sample households 
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conducted in the study area (idris) about 76% of the farmers perceived decline in yield 

while the remainder perceive an increase or no change at all.  

 

The other indicator for accelerated land degradation was the dynamics in land cover use 

(specifically devegetation). Expansion of land resources for crop production was a 

strategy in the study area to react on land shortage to achieve food security. Changing 

conditions for crop production were frequently observed related to increasing pressure 

on the land. Conservation measures of protective character like area closure and 

afforestation sites are limited because more attention was given to increase land for 

agricultural crops. 

 

 4.3 Soil quality analysis 
4.3.1 Organic matter 
 

There was no significant difference in organic matter content in land use types for both 

soil depths (Table 12 and table 14). The Average OM (%)  (0-10cm) for cultivated land, 

grazing land and forestland were 1.58, 1.36, and 1.23 respectively. The average OM (%) 

(10-20cm) for cultivated land, grazing land and forestland were 1.48, 1.20, and 1.69 

respectively . Average values OM(%) is shown in Figure 3. Barber (1984) rates that 

percent of organic matter greater than 10 percent to be very high, 5-10 percent high, 2-5 

percent medium, 1-2 percent low and less than 1 percent very low (Table 1). Employing 

this rating, we found that the OM (%) content of all sampled plots of the three land uses 

to be low for both soil depths.  

 

Soil organic matter contents in the 0-10cm-soil depth on the cultivated land were higher 

than forestland and grazing land. The higher soil organic matter contents in the topsoil 

layers of cultivated land might probably have emerged from organic matter incorporation 

from the sub-soil layers to surface soil layers because of mixing effect of tillage. The 

substantial amounts of organic materials added from the root biomass after the slash 

and burn, perhaps increase the organic matter of cultivated land. Particularly, the woody 
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roots left in the below ground after slashing decompose gradually and continue 

enriching the soil organic matter for some time after the forest clearance. This might be 

one reason that contributes higher organic matter content compared to forestland and 

grazing land for soil depth of 0-10cm. 

 

On the other hand the reasons for the low content of organic matter compared to the 

scientific rating (Table 1) could be probably be explained by reduced use of crop 

residues, no use of chemical inputs, a higher soil disturbance as a result of tillage and 

absence of soil organic matter management. This reduction could probably be explained 

by reduced use of crop residues, no use of chemical inputs, a higher soil disturbance as 

a result of tillage and absence of soil organic matter management. The other reason 

could be continuous cropping with out replacement of nutrients, while crop residues 

(sorghum stalks and sesame straw) are collected and burned for ease of cultivation and 

protection of pests. The other reason might be due the prolonged exposure of the soil to 

high temperature, which does not favor the organic matter accumulation and moisture 

conserving capacity of these soils. The soils of warmer climates normally contain less 

organic matter, but have a higher percentage of mineralization each year than the soils 

of cooler climates. Legesse and Tsegai (1998) indicated that the organic matter content 

for the different soil types of Kafta-Humera Wereda to be not more than 2%, which is low 

to medium. The Humera integrated Agricultural Development study (1994) also revealed 

that the organic matter in the Vertisol areas to be very low. Organic matter content of 

soils for soil depth of 0-10cm and 10-20cm is shown in Table 11 and 13 respectively.  
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Table 11: Organic matter (%) content of the soil samples (0-10cm) collected from 

cultivated, grazing and forestland. 

                                   

Replications               Treatments 

 Cultivation land Grazing land Forest land 

1 1.61 1.44 1.17 

2 1.44 0.89 0.82 

3 1.44 1.23 1.10 

4 1.75 1.68 1.92 

5 1.65 1.58 1.17 

Sum 7.89 6.82 6.18 

Mean 1.58 1.36 1.23 

 Std. Deviation 0.1359 0.3142 0.4086 

Std. Error of Mean 0.13 0.13 0.13 

 

 Table 12: ANOVA for organic matter ( %) (0-10cm) 

Source Sum of Squares df Mean Square F Prob>F 

Land use 0.3022933 2 0.151147 1.5932 0.2434 

 Error 1.1384400 12 0.094870   

C.Total 1.4407333 14    
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Table 13: OM (%)  (10-20cm) content of soil samples collected from cultivated, grazing 

and forestland  

Replications                                           Treatments 

 Cultivated land Grazing land Forest land 

1  1.30 1.58 1.85 

2  1.54 0.96 2.26 

3  1.65 0.89 0.93 

4  1.51 1.68 2.09 

5  1.47 0.89 1.35 

Sum 7.47 6 8.48 

Mean 1.48 1.20 1.69 

Std. Deviation 0.1273 0.3951 0.5485 

Std. Error of Mean 0.17751 0.17751 0.17751 

 

Table 14 : Analysis of Variance OM (%) (10-20cm) 

Source DF Sum of Squares Mean Square F Ratio Prob > F 

Land use 2 0.6198533 0.309927 1.9671 0.1824 

Error 12 1.8906400 0.157553   

C. Total 14 2.5104933    



-  - 45

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Cultivated land Grazing land Forestland

Fig.3 Average values OM (%)  for the different land use types

O
M

(%
)

OM(%) 0-10cm
OM(%) 10-20cm

 

 

4.3.2 Total nitrogen 
 

There was significant difference in total nitrogen content in land use types (Table 16) for 

soil depth 0-10 cm and to identify which pair of land use types varied significantly in their 

total nitrogen content, the LSD method was used.  

 

The LSD result (Table 16) revealed that the mean difference between cultivated land 

and forestland was significant at 0.05 level. Mean difference between cultivated land 

and grazing land was not significant at 0.05 level. The same was true between 

forestland and grazing land. . Employing the scientific rating of more than 0.4 percent N 

to be very high, 0.3-0.4 percent high, 0.2-0.3 medium 0.1-0.2 percent low and less than 

0.10 very low, we found that the total nitrogen content of all the samples of land use 

types to be low (Table 1). There was no significant difference for soil depth of 10-20cm 

for the different land use types (Table 19). 

 

The average total N (%) for cultivated land, grazing land and forestland were 0.24, 0.16 

and 0.15 respectively. Average values TN (%) for the different land use types is shown 

in Figure 4. Soils were found low in total nitrogen content. Reduction in organic matter 

content of a soil is an obvious reason to expect low nitrogen content. A decline in total 
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nitrogen has resulted from unchecked soil erosion and nutrient removal by the burning 

of crop residues after harvesting, clear cutting of the nitrogen fixing trees where there is 

no recycling of crop residues and no addition of inorganic fertilizers. 

 

The lower N value in the natural forest indicates low activities of N-

losing processes, which is due to relatively minimal disturbance in the 

natural forest system. The higher values on the farm fields could be as 

a result of conventional tillage, which increases aeration of the soil 

and thus accelerates decomposition. Total N(%) content for soil 

depths of 0-10cm and 10-20cm is shown in Table 15 and 18 

respectively.  

 

Table: 15 Total N (%) content (0-10cm) of soil samples collected from cultivated, grazing 

and forestland   

            Replications                                                   Treatments 

  Cultivation land Grazing land  Forest land 

1  0.17 0.20 0.10 

2  0.37 0.11 0.12 

3  0.18 0.16 0.15 

4  0.20 0.16 0.18 

5  0.29 0.18 0.19 

 Sum 1.22 0.8256 0.7642 

 Mean 0.24 0.16 0.15 

 Std. Deviation 0.0886 0.0340 0.0387 

 Std.Error of Mean 0.025 0.025 0.025 

 

Table: 16 ANOVA for Total Nitrogen (%) (0-10cm) 
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Source Sum of Squares df Mean Square F Ratio Prob>F 

Land 0.02345333 2 0.011727 3.5607 0.0611 

 Error 0.03952000 14 0.003293   

C. Total 0.06297333 14    
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Table: 17 Comparisons for each pair using Student's t 

 

Abs ( Dif)-LSD Cultivated land Grazing land Forestland 

Cultivated land -0.07908 -0.00308 0.01092 

Grazing land -0.00308 -0.07908 -0.06508 

Forestland 0.01092 -0.06508 -0.07908 

Positive values show pairs of means that are significantly different 

 

Level   Mean 

Cultivated land A  0.24000000 

Grazing land A B 0.16400000 

Forest land  B 0.15000000 

Levels not connected by same letter are significantly different 

Table: 18 Total Nitrogen (10-20cm) content of soil samples collected from cultivated 

land, grazing land and forestland 

               Replications                                            Treatments 

  Cultivated land Grazing land Forest land 

1  0.333 0.135 0.125 

2  0.215 0.174 0.143 

3  0.171 0.194 0.192 

4  0.189 0.140 0.166 

5  0.153 0.187 0.158 

 Sum 1.0634 0.8330 0.7869 

 Mean 0.210 0.158 0.164 

 Std. Deviation 0.0711 0.0268 0.0250 

 Std. Error of Mean 0.02041 0.02041 0.02041 
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Table: 19 ANOVA for total nitrogen (10-20cm) 

 

Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob > F 

 Land use 2 0.00809333 0.004047 1.9424 0.1859 

 Error 12 0.02500000 0.002083   

C. Total 14 0.03309333    
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4.3.3 Available phosphorous 

 

There was significant difference in available phosphorous content in land use types for 

both soil depth (Table 21 and 24). To identify which pair of land use types varied 

significantly the LSD method was employed. 

  

The LSD result (0-10cm) revealed that mean difference between cultivated land and 

grazing land was significant at 0.05 levels. The same was true between forestland use 

and grazing land. Mean difference between cultivated and forestland was not significant 
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at 0.05 level (Table 22). The mean difference between Grazing land and forestland was 

significant at 0.05 level. Mean difference between forestland and cultivated land was not 

significant at 0.05 level. The same was true between cultivated land and grazing land 

(Table 25) 

 

 Using the Olsen method and rating of more than 50 ppm very high, 25-50 ppm high, 10-

25 medium, 5-10 ppm low and less than 5 ppm available phosphorous as very low, we 

found that the sample plots of all land use types had very low available phosphorous  

(Table 1). This was associated with the soil organic matter. The presence of low organic 

matter thus decreases the amount of available phosphorous in soils.   

 

The laboratory and stastical analysis result showed that the mean available 

phosphorous value of grazing land is lower from the forestland and cultivated land. In 

most soil samples, the amount of available phosphorous decreases with depth. The 

highest phosphorous concentration was found in the topsoil (0-10cm). As the values of 

available phosphorous are very low phosphorous deficiency in the soils of the three land 

use types seem critical problem. Previous studies also indicate the most essential 

macronutrients like Nitrogen, phosphorous are drastically decreasing. Available P 

(mg/kg) for soil depths of 0-10cm and 10-20 cm is shown in Table 20 and 23 

respectively.  Average values of AVP ( mg/kg) for the different land use types is shown 

in Figure 5. 
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Table: 20 Available phosphorous (mg/kg) ( 0-10cm) content of the soil samples collected from 

cultivated, grazing and forestland 

      Replications                                                                  Treatments 

  Cultivation Grazing Forest 

1  11.2 0.27 4.75 

2  3.27 3.72 5.20 

3  6.64 2.57 7.71 

4  5.28 1.79 5.53 

5  7.42 1.34 5.04 

 Sum 33.83 9.73 28.24 

 Mean 6.76 1.94 5.64 

 Std. Deviation 2.9354 1.2975 1.1861 

 Std. Error of Mean 0.88 0.88 0.88 

Table: 21 ANOVA for Available phosphorus (0-10cm) 

Source Sum of Squares df Mean Square F Prob>F 

 Land use 63.75 2 31.87 8.15 0.0058 

 Error 46.89 12 3.90   

C. Total 110.65 14    

 

Table: 22 Comparisons for each pair using Student's t 

Abs(Dif)-LSD Cultivated land Forest land Grazing land 

Cultivated land -2.7241 -1.6061 2.0999 

Forest land -1.6061 -2.7241 0.9819 

Grazing land 2.0999 0.9819 -2.7241 

Positive values show pairs of means that are significantly different 

Level   Mean 

Cultivated land A   6.7640000 

Forest land A   5.6460000 

Grazing land   B 1.9400000 

Levels not connected by same letter are significantly different 
Table: 23 Available phosphorous (10-20cm) content of soil samples collected from cultivated, grazing and forestland 
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               Replications                                                       Treatments 

  Cultivated land Grazing land Forest land 

1  0.279 0.525 6.807 

2  0.7.423 2.208 4.384 

3  5.206 1.593 2.824 

4  1.018 0.484 5.164 

5  4.918 2.742 3.522 

 Sum 18.84 7.55 22.70 

 Mean 3.77 1.5 4.5 

 Std. Deviation 3.0200 1.0044 1.5436 

 
Table: 24 ANOVA for available phosphorous (10-20cm) 

Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob > F 

Land use 2 24.817013 12.4085 3.0012 0.0877 

 Error 12 49.614720 4.1346   

C. Total 14 74.431733    

 

Table: 25 Comparisons for each pair using Student's t 

 

Abs(Dif)-LSD Forestland Cultivated land Grazing land 

Forestland -2.8020 -2.0420 0.2260 

Cultivated land -2.0420 -2.8020 -0.5340 

Grazing land 0.2260 -0.5340 -2.8020 

Positive values show pairs of means that are significantly different 
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Level   Mean 

Forest land A   4.5360000 

Cultivated land A B 3.7760000 

Grazing land   B 1.5080000 
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4.3.4 Bulk density 
 

 There was significant difference in bulk density in land use types for both soil depths  

(Table 27 and 30). To identify which pair of land use types varied significantly the Least 

Significance Difference (LSD) method was used for this analysis.   Mean difference in 

bulk density between grazing land and cultivated land use type was significant at 0.05 

level. Mean difference in bulk density between grazing land and forestland was not 

significantly different at 0.05 for soil depth of 0-10cm (Table 28). The value of bulk 

density on forestland was higher than the cultivated land because most of the main 

grazing is carried out in the forest and on communal grazing since they are adjacent to 

each other.  Even though the difference between grazing land and forestland in bulk 

density was not statistically significant, the grazing field had higher values than the 

forestland, may be due to trampling effect from the livestock population grazing on the 
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area. Overgrazing led to the degradation of vegetation, soil compaction, and wind and 

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

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

significant soil erosion. Lower bulk density values of cultivated land might be explained 

as the result of tillage, which helps to mix the soil and reduce compaction. 

 
Mean difference in bulk density (10-20cm) between grazing land use type and forestland 

use type was significant at 0.05 level. The same was true for mean difference between 

grazing and cultivated land use type (Table 31).  After crop harvest, cattle are allowed to 

graze on the weeds and remaining crop stalks on croplands. The soil sample of all land 

use type had values that fall below 1.63g/cm3. Bulk density for both soil depths of 0-

10cm and 10-20cm is shown in Table 26 and 29 respectively.  Average values of 

BD(g/cm3) for the different land use types is shown in Figure 6. 

Table: 26 Bulk density (gm/cm3)  (0-10 cm) of the soil samples collected from cultivated, 

grazing and forestland 

               Replications                                                    Treatments 

  Cultivation land Grazing land Forest land 

1  1.33 1.65 1.36 

2  1.08 1.40 1.41 

3  1.01 1.65 1.02 

4  1.30 1.39 1.50 

5  1.08 1.39 1.26 

 Sum 5.8 7.48 6.55 

 Mean 1.16 1.49 1.31 

 Std. Deviation 0.1447 0.1406 0.1838 

 Std. Error of 

Mean 

0.070 0.070 0.070 

 

Table: 27 ANOVA for bulk density (0-10cm) 

Source Sum of df Mean F Ratio Prob>F 
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Squares Square 

Land use 0.28332000 2 0.141660 5.70 0.0182 

 Error 0.29812000 12 0.024843   

C.Total 0.58144000 14    
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Table: 28 Comparisons for each pair using Student's t 

 

Abs(Dif)-LSD Grazing land Forest land Cultivated land 

Grazing land -0.21720 -0.03120 0.11880 

Forest land -0.03120 -0.21720 -0.06720 

Cultivated land 0.11880 -0.06720 -0.21720 

Positive values show pairs of means that are significantly different 

 

Level   Mean 

Grazing land A   1.4960000 

Forest land A B 1.3100000 

Cultivated land   B 1.1600000 

Levels not connected by same letter are significantly different 

 

 Table: 29 Bulk Density (10-20cm) of the soil samples collected from cultivated, grazing 

and forestland 

              Replications                                                   Treatments 

  Cultivated land Grazing land Forest land 

1  1.25 1.36 1.19 

2  1.32 1.58 1.08 

3  1.00 1.33 1.25 

4  1.06 1.23 1.03 

5  1.01 1.35 1.19 

 Sum 5.64 6.85 5.74 

 Mean 1.128 1.370 1.148 

 Std.Deviation 0.1472 0.1282 0.0901 

 Std. Error of 

Mean 

0.05552 0.05552 0.05552 
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Table: 30 ANOVA for bulk density (10-20cm) 

 
Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob > F 

Land use 2 0.18041333 0.090207 5.8525 0.0168 

Error 12 0.18496000 0.015413   

C. Total 14 0.36537333    

 

Table: 31  Comparisons for each pair using Student's t 

Abs(Dif)-LSD Grazing land Forest land Cultivated land 

Grazing land -0.17108 0.05092 0.07092 

Forest land 0.05092 -0.17108 -0.15108 

Cultivated land 0.07092 -0.15108 -0.17108 

Positive values show pairs of means that are significantly different. 

 

Level   Mean 

Grazing land A   1.3700000 

Forest land   B 1.1480000 

Cultivated land   B 1.1280000 

Levels not connected by same letter are significantly different 
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4.3.5 pH 
The availability of most plant essential elements depends on soil pH; it is an indication of 

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

soil’s condition and a cause of many of the reactions that occur in soil. 

 

The pH values (0-10cm) were statically different for the different land use considered 

(Table 33).  The tests of pH values revealed that there is significant difference between 

cultivated land and forestland for both soil depths. The same was true between 

cultivated land and grazing land (Table 34). The mean pH value for cultivated land was 

7.75 which is medium alkaline (7-8.50), the mean pH value for grazing land was 6.92, 

which is medium acidic and the mean pH values for forest land use was 6.89, which is 

medium acidic soils (5.5 -7). The highest value was recorded from soil samples of 

cultivated land. Soils of the study areas are moderately to strongly alkaline because of 

low precipitation, which causes little leaching of bases down the soil profile. A mean pH 

value in forestland is lower than cultivated and grazing land because of leaching down 

the soil profile. 

 

The pH values (10-20cm) for cultivated land, grazing land and forestland were 7.72, 

6.94, and 6.83 respectively.   Soil pH values, which had little variations from depth to 

depth, were not significantly different. PH values for 0-10cm and 10-20cm soil depth is 

shown in Table 32 and 35 respectively. 
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Table: 32 pH values (0-10cm) for the soil samples collected from cultivated, grazing and  
forestland 
 
Replications   Treatments  

1  Cultivated land Grazing land Forestland 

2  7.79 7.15 7.30 

3  7.73 6.95 6.39 

4  7.70 6.95 6.93 

5  7.73 6.74 6.69 

  7.83 6.82 7.16 

 Sum 38.78 34.61 34.47 

 Mean 7.75600 6.92200 6.89400 

 Std.Deviation 0.052726 0.155788 0.364870 

 Std. Error of Mean 0.02358 0.06967 0.16317 
 

Table: 33 ANOVA for pH (0-10cm) 

 

Source DF Sum of Squares Mean Square F Ratio Prob > F

Land use 2 2.3989733 1.19949 22.4651 <. 0001

Error 12 0.6407200 0.05339  

C. Total 14 3.0396933  

 
 Table: 34 Comparisons for each pair using Student's t 

Abs(Dif)-LSD Cultivate Grazing Forest 

Cultivated -0.31841 0.51559 0.54359

Grazing 0.51559 -0.31841 -0.29041

Forest 0.54359 -0.29041 -0.31841
 

 

Positive values show pairs of means that are significantly different. 
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Level   Mean

Cultivated A   7.7560000

Grazing   B 6.9220000

Forest   B 6.8940000

Levels not connected by same letter are significantly different  

 

Table: 35 pH values (10-20cm) of the soil samples collected from cultivated, grazing and 

forestland 

 
Table: 36 ANOVA for pH (10-20cm) 
Source DF Sum of Squares Mean Square F Ratio Prob > F

Land use 2 2.3476800 1.17384 50.3866 <.0001
Error 12 0.2795600 0.02330 
C. Total 14 2.6272400  

 
Table: 37 Comparisons for each pair using Student's t 
Abs(Dif)-LSD Cultivated Grazing Forest 
Cultivated -0.21033 0.56967 0.67767
Grazing 0.56967 -0.21033 -0.10233
Forest 0.67767 -0.10233 -0.21033
 
Positive values show pairs of means that are significantly different. 

                  
Replications 

                  
Treatments 

 

  Cultivated land Grazing land Forest land 
1  7.79 7.00 6.74 
2  7.57 7.02 6.56 
3  7.71 7.04 6.90 
4  7.77 6.77 6.82 
5  7.78 6.89 7.16 
 Sum 38.62 34.72 34.18 
 Mean 7.76000 6.94400 6.83600 
 Std. Deviation 0.031623 0.05066 0.220635 
 Std. Error of 

Mean 
0.01414 0.05066 0.09867 
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Level   Mean

Cultivated A   7.7240000
Grazing   B 6.9440000
Forest   B 6.8360000

Levels not connected by same letter are significantly different 
 

4.3.6 EC (mmhos/cm) 
 

Electrical conductivity measurements are used as indications of total quantities of soluble salts in

soils. EC values (0-10cm) were not statistically different for the different land use types (Table 39

The average EC for cultivated land, grazing land and forestland were 1.46, 1.12, and, 1.30 

respectively.  EC values were statistically different for subsoil (10-20cm) the land use considered 

(Table 42).  The average EC for cultivated land, grazing land and forestland were 1.60, 0.85, and

1.44 respectively. EC values test revealed that the mean value for all sampled soils in all land use

types was 1.3mmhos/cm. According to salinity classification shown in Table 2 the salinity class of

land use types of all sampled soils was non- saline (0-4mmhos/cm). EC values of 

 0-10cm and 10-20cm depths is shown in Table 38 and 40 respectively.  

Table: 38 EC (0-10cm) of the soil samples collected from cultivated, grazing and 

forestland 

Replications  Treatments  

  Cultivated land Grazing land Forestland 

1  1.39 1.01 0.71 

2  1.13 1.44 1.48 

3  1.36 0.60 0.8 

4  1.72 1.23 1.29 

5  1.70 1.34 2.26 

 Sum 7.3 5.62 6.54 

 Mean 1.46000 1.12400 1.30800 

 Std. Deviation 0.249499 0.333662 0.622872 

 Std. Error of Mean 0.11158 0.14922 0.27856 
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Table: 39 ANOVA for EC (0-10cm) 
 
Source DF Sum of Squares Mean Square F Ratio Prob > F

Land use 2 0.2830933 0.141547 0.7562 0.4906

Error 12 2.2462000 0.187183  

C. Total 14 2.5292933   

 Table: 40 EC (10-20cm) of soil samples collected from cultivated, grazing and 
forestland 
 
Replications   Treatments  

  Cultivated land Grazing land Forestland 
1  1.67 0.76 1.28 
2  1.45 0.71 1.20 
3  1.47 0.89 0.8 
4  1.68 0.97 1.79 
5  1.77 0.97 2.13 
 Sum 8.04 4.3 7.2 
 Mean 1.60800 0.85400 1.44000 
 Std. Deviation 0.140784 0.113710 0.522350 
 Std.Error of 

Mean 
0.06296 0.05085 0.23360 

 
Table: 41 ANOVA for EC(10 -20cm) 
 
Source DF Sum of Squares Mean Square F Ratio Prob > F

Land use 2 1.5668933 0.783447 7.6909 0.0071

Error 12 1.2224000 0.101867 

C. Total 14 2.7892933  
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Table: 42 Comparisons for each pair using Student's t 
 
Abs (Dif)-LSD Cultivated Forest Grazing 

Cultivated -0.43981 -0.27181 0.31419

Forest -0.27181 -0.43981 0.14619

Grazing 0.31419 0.14619 -0.43981

 
Positive values show pairs of means that are significantly different. 
 
 
Level   Mean

Cultivated A   1.6080000

Forest A   1.4400000

Grazing   B 0.8540000

 
Levels not connected by same letter are significantly different 
 
4.3.7 Soil texture 
  
Texture is one of the physical soil characteristics that influences land use and management. Text

classification of soil samples for cultivated land, grazing land and forestland were sandy clay loam

sand clay, and sand clay respectively for soil depths. Sandy clay loam consists of materials whos

behavior is dominated by sand and clay. It has more clay than the sandy loams. Sandy clay conta

much more sand and less silt. According to the laboratory result (Appendix 1) there was more san

followed by clay. There was less silt. More sand content implies soils tend to be low in organic ma

content and low fertility, low capacity to hold moisture and nutrients and rapidly permeable. Relat

they have high bulk density. Since organic matter content was low, soils of this type are generally

liable to seal or crust under rain impact. Such conditions might be aggravated through excessive 

grazing on crop residues or grazing land, or through nutrient mining under low input arable farmin
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5. Conclusions and Recommendations 
 

Population resettlement is important as a solution to an enduring problem such as food 

insecurity and land degradation in the highlands of Tigray. Population resettlement is 

very sensitive, which needs wise planning, and if it is well done, it could create 

conducive situation for the sustainable use of natural resources and enhance rapid rural 

development. From the socioeconomic survey conducted in the study area, we can 

conclude that the resettlement program was implemented as one strategy to achieve 

food security and environmental rehabilitation by the transfer of farmers from the 

highland areas of Tigray to new resettlement areas with out changing their agricultural 

practices, habits, attitudes, skills and environmental knowledge. As a result, farmers 

continue to undertake their unsound agricultural and environmental practices in the new 

resettlement areas. This unsustainable land management in the end will diminish the 

carrying capacity of the environment in a similar manner in what is happening now in the 

highlands of Tigray from where the settlers were brought. Resettlement should target at 

achieving development, rather than simply shifting people from the densely populated 

areas to sparsely populated areas. Hence careful planning, sensitizing both policy 

makers and the settlers alike in sustainable land management becomes essential tool to 

achieve the intended objectives of resettlement. 

 

The resettlement program has been undertaken with the assumption that there are 

virgin productive and sufficient agricultural resources in the western lowland areas to 

accommodate a large number of settlers from the highly degraded areas of Tigray. 

However, major declines were observed for soil organic matter, which is the principal 

source of plant nutrients such as N, and P in the low input farming system of the areas.  

A soil organic matter is the main supplier of soil N, S and P in low input farming systems, 

a continuous decline in the soil organic matter content of soils is likely to affect the soil 

productivity and sustainability in the long term. 

The organic matter that could have helped to sustain soil fertility by mineralization, 

retention of nutrients, and enhancing the water holding capacity of the soils, also 

declined due to continuous cropping and residue burning. This process of declining 

organic matter caused significant impacts not only on the continuous decline in plant 
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nutrients such as total N and P but also on the soil physical properties such as bulk 

density and texture of the soil. 

 

The existing agricultural practices observed in the study areas should be improved. The 

government should be responsible to change the customary practice of the highlanders. 

Improved and modern agricultural production systems should replace the traditional 

agricultural systems. For this the following points could be helpful: 

• The attitude of the farmers should be changed with regard to the importance 

of conserving and developing natural resources, and the planning and 

management of agricultural activities. 

• For sustainable development of the areas, detailed resource utilization plans 

are required in order to use the resources of the area effectively. Therefore 

areas suitable for crop production, livestock feed production and livestock 

rearing, forest development areas, and wild life reserve areas should be 

delineated 

• Resettlement should be considered as one part of integrated development 

activities rather than considering it as an end by itself. Resettlement must be 

conducted with the overall development potential of the areas. Planned 

resettlement would assist to change the highlanders from the informal and 

illegal occupation of the land and free herding practices to formal and legal 

means.  

• Resettlement should require fulfillment of the overall development and 

conservation of the resources. Therefore, technical support of governmental 

and non-governmental organizations should be in place. 

• The prevailing deforestation activity should be checked. Alternative 

construction materials should be sought to decrease the deforestation 

problem. 

• Research has to support the application of fertilizers, providing a system of 

efficient ways of its utilization in low land agro ecological farming systems. The 

use of natural fertilizers and enhancement of soil organic matter should be 
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given priority over the use of chemicals on poor soils and soils susceptible to 

erosion.    
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APPENDICES 
Annex 1: Results of Soil laboratory Analysis 
 

Land 
use pH 

EC 
mmhos/cm OM (%) Total N% AV. P mg/kg

BD 

(gm/cm
3

) % Sand % Clay % Silt Tex CL
CAI 7.79 1.39 1.61 0.166593 11.200208 1.33 54 28 18 SCL 
CB1 7.73 1.13 1.44 0.374004 3.2764 1.08 54 34 12 SCL 
CC1 7.7 1.36 1.44 0.184717 6.642992 1.01 56 26 18 SCL 
CD1 7.73 1.72 1.75 0.200008 5.2888144 1.3 60 29 11 SCL 
CE1 7.83 1.7 1.65 0.299963 7.423056 1.08 56 29 15 SCL 
FA1 7.3 0.71 1.17 0.105152 4.754416               1.36 52 42 6 SC 
FB1 6.39 1.48 0.82 0.123103 5.206032               1.41 48 42 10 SC 
FC1 6.93 0.8 1.1 0.156496 7.710448               1.02 50 44 6 SC 
FD1 6.69 1.29 1.92 0.182029 5.53448              1.50 60 14 26 SC 
FE1 7.16 2.26 1.17 0.197445 5.041808              1.26 50 42 8 SC 
GA1 7.15 1 1.44 0.207705 0.279312              1.65 56 37 7 SC 
GB1 6.95 1.44 0.89 0.115349 3.728016              1.40 52 42 6 SC 
GC1 6.95 0.6 1.23 0.158982 2.578448              1.65 60 36 4 SC 
GD1 6.74 1.23 1.68 0.16144 1.798384               1.39 50 40 10 SC 
GE1 6.82 1.34 1.58 0.18215 1.346768              1.39 56 37 7 SC 
CA2 7.79 1.67 1.3 0.333183 0.279312 1.25 56 31 13 SCL 
CB2 7.57 1.45 1.54 0.21536 7.423056 1.32 54 31 15 SCL 
CC2 7.71 1.47 1.65 0.171659 5.206032 1 54 32 14 SCL 
CD2 7.77 1.68 1.51 0.189531 1.01832 1.06 60 29 11 SCL 
CE2 7.78 1.77 1.47 0.153675 4.91864 1.01 56 33 11 SCL 
FA2 6.74 1.28 1.85 0.125709 6.807216               1.19 50 44 6 SC 
FB2 6.56 1.2 2.26 0.143352 4.384912              1.08 52 42 6 SC 
FC2 6.9 0.8 0.93 0.192414 2.824784             1.25 54 38 8 SC 
FD2 6.82 1.79 2.09 0.166536 5.164976               1.03 52 40 8 SC 
FE2 7.16 2.13 1.35 0.158928 3.522736              1.19 56 37 7 SC 
GA2 7 0.76 1.58 0.135791 0.525648              1.36 56 38 6 SC 
GB2 7.02 0.71 0.96 0.174396 2.208944              1.58 54 36 10 SC 
GC2 7.04 0.89 0.89 0.194783 1.593104              1.33 60 35 5 SC 
GD2 6.77 0.97 1.68 0.140963 0.484592             1.23 52 41 7 SC 
GE2 6.89 0.94 0.89 0.187157 2.742672             1.35 56 37 7 SC 
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Where:  CA1-CE1 represents cultivated land (0-10cm) 

             CA2- CE2 represents cultivated land (10-20cm) 

              FA1- FE1 represents forestland (0-10cm) 

              FA2- FE2 represents forestland (10-20cm) 

              GA1-GE1 represents grazing land (0-10cm) 

               GA2- GE2 represents grazing land (10-20cm) 

                 Tex CL- represents textural class            

                SCL:   represents sandy clay loam 

                SC:     represents sand clay 

 

Annex 2: Household questionnaire 

Section A 

Sex 

Age 

Marital status 

Educational status 

          Read and write 

           1-5 

            6-8 

            Above 

Family size 

Section B  

1. For how long did you live there (Dates, number of months, years) 

2. Did you have any supplementary occupation? 

Section C 

Let me now ask you why you left your birthplace to this settlement area 

1.What things made you want to leave your birthplace? Which was the most important to 

you? 

2.What other problems were there for people living at your birthplace? 

3.What did you hope to achieve in moving from your birthplace?  
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4.What information did you have before you left your birthplace, which you could have 

helped you, achieve your objective? 

5. What attracted you to this settlement where you live now? 

6. How much land did you cultivate in your first year of farming? 

7. What was the state of the land when you obtained it? 

 Forest--------, Fallow--------, under cultivation---------- 

8. What differences are there in the soil here compared with your birthplace? 

9. What difference are there in climate here compared with your birthplace? 

10. What crops do you grow here? How much land do you have under each crop?  

11. What yields did you get for your crops at your birthplace? 

12. Did you practice crop rotation? Yes------       No-------- 

13. What differences did you observe in yield year after year? 

Section D 

Fuel resources? 

1. What are the main sources of fuel? Wood, Cow dung, Crop residue 

2. Where are the main sources of fuel wood? Homestead, Community forest, 

Buying, Collecting from open forest access, Homestead and open forest access 

3. Who in the household has the major responsibility for collecting the major fuel? 

1. Husband 

2. Wife 

3. Children 

      4. What is the average time you take in collecting your major fuel? 

 

 

       5. Of the available plants, which one do you prefer for fuel? 

       6. Of the available plants, which one do you prefer for forage? 

       7.Of the available plants, which one do you prefer for construction? 

       8. Is there a shortage of fuel wood in your community? 

Section E 

Role of trees 

1. Do you plant trees? 
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2. What do you use trees for, in order of importance? 

3. What are the major causes for the disappearance of forest/ trees in your 

community/ 

 

a. Bringing forest land in to agriculture/ intensive cultivation 

b. Human consumption for fuel and other necessities 

c. Livestock grazing and fodder 

d. Settlements 

 

        Section F 

1.What is the major occupation of the household? 

a. Crop farming 

b. Livestock 

c. Mixed farming 

d. Others 

2.What inputs do you use to maintain soil fertility/ 

a. Chemical fertilizer 

b. Manure 

c. Plant residue 

d. Others 

3. How serious the decline in soil fertility, on your main plot, since you started farming, 

with reference to normal year? 

e. Very severe 

f. Sever 

g. Minor 

h. No problem 

i. Not certain 

 

4. What are the most important causes contributing to decline in soil fertility? In 

order of importance? 

5. Would you prefer to remain on your land or resettle some where else? 
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6. Give reasons for preferring to stay 

7. Indicate the number of cattle and other animals you own  

1. Ox 

2. Cow 

3. Calf 

4. Goat 

5. Sheep 

6. Equines 

8. Have you receive advice/ assistance on how to prevent soil erosion? 

9. Was the advice useful in preventing erosion? 

Section D 

1. What do you like about living here in comparison to your birthplace? 

2. What things do you dislike about living here in comparison to your birth place/ 

3. What things about living at your birthplace you miss now that you are here? 

4. What are the major problems about living here? 

5. Do you think you are economically here better off than you were at your 

birthplace? 

6. Do you like or dislike new people settling in this area? 

Like---------                                                    Dislike---------- 

Not worried------------                                     No response--- 

      7. Did you come here Voluntarily?     Yes-------      No---------  
 

Annex 3: General information about the sample households  
Sex 

Male households Female households Total 

109 8 117 

 

 Age  

Age category 20-30 31-40 41-50 51-60 61-70 >70 

Number of 

households 

37 53 17 7 2 1 
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 Marital status 

Married Not married 

101 16 

 

 Academic status 

Academic 

category 

Read and 

write 

1-5 6-8 Above 

Number of 

households 

35 59 12 8 

 

 Family size 

Number of 

household 

10 11 24 23 21 16 3 6 1 1 1 

Family 

size 

1 2 3 4 5 6 7 8 9 10 11 

 

 


