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ABSTRACT 
A field study was conducted in Hashenge catchment, Ofla wereda, Southern zone of Tigray, 

Ethiopia. The objective of the study was to assess the causes, indicators, and extent of land 

degradation and to compare the current land use type to the treatment oriented capability 

classification. Comparison of the present and past conditions of lake hashenge(the only lake 

in the region) was one type of indicator. The gullies, springs dried, and exposed tree roots 

were additional examples of indicators of land degradation. Conducting the sample house 

holds was a means used to identify the main causes of land degradation and hence data was 

collected from 132 house holds and analyzed using inferential statistics. To evaluate the 

extent of land degradation soil samples were taken from three land use types with 

replications and the CEC, OM% and BD was analyzed on laboratory. Gullies were quantified 

to evaluate how sever was the land degradation in the area using two transect lines South to 

North and East to west. To compare the current land use system to the treatment oriented 

capability classification a transect line was made and the result was compared to the 

recommended one. The lake surface area was reduced by 128.27 ha during the last 21years. 

29 springs have dried permanently and 17 springs dried temporarily. There are several gullies 

and on average there was 1010.44m3 ha-1 of gullies with in the catchment. The main causes 

of land degradation in the area were: Open nutrient cycle, Poor farming system and Poor 

livestock management. Accordingly, 1852.76 kg of fuel wood, 1000.32 kg of dry dung, 

626.94 kg of dung cakes and 953.16 kg of crop residue was consumed per house hold per 

year. A total of 4433.18 kg of biomass fuel was consumed per household per year. There was 

a significant difference of BD%, CEC (cmol/110gm) and OM% on the three land uses. The 

current land use system of the study area match with the recommended one only by 15%.  
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 INTRODUCTION 
1.1 Background  

Land degradation is a process, which lowers the current and/or potential capability of soil to 

produce (quantitatively and/or qualitatively) goods. FAO (1979) distinguishes the main groups of 

degradation processes: 1) water erosion 2) wind erosion, 3) chemical degradation 4) physical 

degradation 5) biological degradation and land degradation implies reduction of resource 

potential by one or a combination of the above processes acting on the land.  

Ethiopia is one of the most environmentally affected countries in the Sahel belt. The principal 

environmental problem on Ethiopian highlands is land degradation, which is caused by water 

erosion that has lead into soil fertility loss, which results in soil depth reduction and loss of 

organic matter and severe soil moisture stress (Fitsum et al., 1999) whereas the causes of land 

degradation in the dry lands of Ethiopia are poor farming practices, population pressure, over 

grazing, wind erosion, deforestation, salinity and alkalinity problems. The use of livestock 

manure and crop residue as energy resource in the rural household contribute to land degradation 

(Cesen, 1986) cited in Tamirie Hawando (1996). 

Tigray contains the largest degraded land in Ethiopia’s highlands. And for the last few years 

effort is under way to redress these problems through the introduction of conservation methods 

such as stone terraces, soil bunds, area enclosure and afforestation (Fitsum et al., 1999). 

The soils of Tigray are highly degraded and more than half of the highlands are severely 

degraded, and have less than 35cm depth (Hurny, 1988). Soils in Tigray have lost 30-50% of 

their productive capacity compared to their original state some 500 years ago (Hurni and Perch, 

1992). 

Like any part of the region, clearing of natural forests for agriculture, poor grazing and farming 

systems and topographic features make the Hashenge catchment vulnerable to land degradation. 

To mitigate degradation, it is important to assess major causes and extent. In addition, 

assessment of current landuse is required to evaluate alternatives. The present work was designed 

accordingly. The work conducted on Hashenge catchment attempted to identify the main causes 
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of land degradation through socio - economic questionnaires. Attempt was also made to evaluate 

how the current landuse practice in the catchment is compatible with Treatment - Oriented 

capability classification. The extent of degradation of different landuse types was also quantified 

by selecting key parameters and indicators of lad degradation were identified.  

1.2 Statement of the Problem 
 
The main reasons which necessitated this research are the following:- 

1. The study area includes Lake Hashenge, the only lake in Tigray region. The impacts of the 

degradation of the catchment area on the lake volume are not studied. 

2. Gullies are common in the study area and very limited and poor quality check dams have been 

constructed. But depth and width of gullies and soil loss was not studied. 

3. The main causes of land degradation were not identified and their effect on soil degradation was 

not quantified.   

4. To recommend the correct soil and water conservation measures, the extent of land degradation 

and its impact on using agricultural inputs was not known. 

 5. Due to high human and livestock population pressure prevailing in the study catchment, land 

which shouldn’t have been used for cultivation is now being tilled and appropriate protection 

measures are not performed accordingly. This shows that there might be a problem of land use 

system in the study area. 

The above points are the main problem areas, which the research tried to give answers.  
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1.3 Objective of the Study 

1.3.1 Main objective  
Main objective of the research is to assess the causes and extent and identify indicators of land 

degradation in Hashenge catchment. 

1.3.2 Specific objective 
1. To identify the main causes and extent of land degradation; 

2. To assess the change in the lake surface area in recent years; 

3. To estimate amount of soil loss from the catchment by gully erosion; 

      4. To evaluate current land use practices against treatment oriented capability            

classification scheme.    
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REVIEW OF LITRATURE 

2.1. Land degradation ingeneral 

The question of environmental degradation is central to the discourse of mainstream sustainable 

development. In the industrialized world, concern about environmental degradation has centered 

on the impacts of urbanization and industrialization, for example in the pollution, toxic and other 

waste, and loss of wildlife and diverse habitats. These issues are increasingly important in the 

third world also, particularly in those countries that are industrializing (Adams, 2001). 

Land degradation, a decline in land quality caused by human activities, has been a major global 

issue during the 20th century and will remain high on the international agenda in the 21st century. 

The importance of land degradation among global issues is enhanced because of its impact on 

world food security and quality of the environment. High population density is not necessarily 

related to land degradation; it is what a population does to the land that determines the extent of 

degradation. People can be a major asset in reversing a trend towards 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 (Eswaran et al., 2001). 

Land degradation can be considered in terms of the loss of actual or potential productivity or 

utility as a result of natural or anthropogenic factors; it is the decline in land quality or reduction 

in its productivity. In the context of productivity, land degradation results from a mismatch 

between land quality and land use (Beinroth et al., 1994). Mechanisms that initiate land 

degradation include physical, chemical, and biological processes (Lal, 1994). Important among 

physical processes are a decline in soil structure leading to crusting, compaction, erosion, 

desertification, anaerobism, environmental pollution, and unsustainable use of natural resources. 

Significant chemical processes include acidification, leaching, salinization, decrease in cation 

retention capacity, and fertility depletion. Biological processes include reduction in total biomass 

carbon and decline in land biodiversity (Eswaran et al., 2001). 

Land degradation results from mismanagement of land and thus deals with two interlocking, 

complex systems: the natural ecosystem and the human social system. Interactions between the 

two systems determine the success or failure of resource management programs. To avert the 
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catastrophe resulting from land degradation, which threatens many parts of the world, the 

following concepts from Eswaran and Dumanski (1994) as cited in (Lal et al., 1997) are 

relevant: 

• Environment and agriculture are intrinsically linked and research and development must 

address both of them.  

• Land degradation is as much a socioeconomic problem as it is a biophysical problem.  

• Land degradation and economic growth or lack of it (poverty) are intractably linked; 

(people living in the lower part of the poverty spiral are in a weak position to provide the 

stewardship necessary to sustain the resource base. As a consequence, they move further 

down the poverty spiral, a vicious cycle is set in motion).  

• Implementation of mitigation research to manage land degradation can only succeed if 

land users have control and commitment to maintain the quality of the resources.  

• The focus of agricultural research should shift from increasing productivity to enhancing 

sustainability, recognizing that land degradation caused by agriculture can be minimized 

and made compatible with the environment.  

Soil erosion is process of land degradation that affects the physical and chemical properties of 

soils. The physical properties are primarily, structure, texture, bulk density, infiltration rate, 

rooting depth, and water-holding capacity. Changes in chemical properties are largely a function 

of changes in chemical parameters such as soil reaction, nutrient composition and forms, ion 

exchange and rotation.  

 

Soil erosion by water is a major worldwide problem. Removal of organic matter and clay by 

water erosion is not only removing nutrients but reducing the soil’s nutrient retention capacity. 

Erosion reduces the volume of soil available for water storage and root expansion. Under 

extreme erosion condition where deep gullies are developed farm machinery and animals cannot 

move from field to field. Soil lost from one field is often deposited on another or it is carried into 

a stream, river, or lake, where the sediment becomes a pollutant. Thus, erosion is a two 

dimensional problem: A loss of soil fertility and soil depth in the eroding place (in-situ 

problems) and the addition of unwanted sediment at the receiving place (ex-site problem) (Brady, 

1985).  
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According to Stocking and Murnaghan (2001), erosion-induced loss in soil productivity may 

occur through a variety of processes, such as 

•  loss of nutrients and organic matter reduce the total stock of nutrients in the remaining soil that 

will be available to future crops; 

•  reduction in moisture holding capacity of soils increases the chances of drought stress; 

•  increase in bulk density, surface crusting and other physical effects of soil prevent seed 

germination and disrupt early plant development; 

•  reduction in depth of topsoil and exhumation of subsoil by long term soil erosion decrease the 

soil volume for plant roots; 

•  reduction in micro-faunal and micro-floral populations affects beneficial processes, such as 

nitrification, nitrogen fixation etc; 

•  development of poor soil properties leads into loss of seeds and fertilizers, poor germination 

and affects farming operations. 

 

 The severity of soil erosion in Tigray particularly and in Ethiopia ingeneral, is the result of the 

geomorphic feature, torrential rainfall, and poor vegetation cover. According to Hamilton (1977), 

deforestation, which has caused erosion, started already 2000 years ago. In many parts of Tigray, 

soil erosion has made cultivation of old farmland impossible. Thus, farmers have been forced to 

bring more marginal areas into cultivation. 

2.2. Type of degradation 

The land degradation process is generally divided into three classes:  physical degradation, 

biological degradation, and chemical degradation (Barrow, 1991). 

2.2.1 Chemical land degradation 

Significant chemical processes include acidification, leaching, salinization, decreasing in organic 

carbon content and nutrient depletion and change in soil chemical properties such as cation 

exchange capacity (CEC). 
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2.2.1.1 The cation exchange capacity (CEC) 

Cation exchange capacity (CEC) is the capacity of a soil to exchange ions between the soil solid 

and the soil solution. Cation exchange capacity is used as a measurement of fertility, nutrient 

retention capacity, and the capacity to protect groundwater from cation contamination (URL1). 

  The higher the content of 2:1 type of clay minerals and organic matter content, the higher the 

CEC of the soil. Soils with a high CEC will hold more nutrients better than soils with a low 

CEC. The CEC of a soil will increase with increasing the soil’s organic matter content (URL2). 

2.2.1.2 Organic carbon content 
 
Organic matter plays a variety of roles in nutrient, water, and biological cycles. For simplicity, 

organic matter can be divided into two major categories. The stabilized organic matter, which is 

highly decomposed and stable, and the active fraction, which is being actively used and 

transformed by living plants, animals, and microbes (URL 3).  

Organic matter can be considered an important component of the soil because of its role in 

physical, chemical, and biological processes.  For example, high cation exchange properties 

could be a reflection of organic matter.  Organic matter is able to bind soil particles together to 

form more stable structure.  The reactive regions present in humus are numerous, and these give 

molecules a capacity to bind to each other and to mineral soil particles, and to react with cations 

(Sparrow et al., 2006). 

Organic matter is a pool of nutrients for plants, chelates (binds) nutrients, to prevent nutrients 

from becoming permanently unavailable to plants, and is food for soil organisms from bacteria to 

worm. Soil organisms have the potential to hold nutrients and release them in forms available to 

plants. Organic matter improves water infiltration, decreases evaporation, and increases water 

holding capacity especially in sandy soils. It also reduces crusting, especially in fine-textured 

soils. As a result it encourages root development, improves aggregation, preventing erosion and 

prevents compaction (URL 4).  
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Table1. Functions of soil organic matter 

Physical functions Chemical functions Biological functions 

• Bind soil particles together in stable 

aggregates  

• Influence water holding and aeration 

•  Influence soil temperature 

• Major source of CEC 

• Source of pH buffering  

• Binding site for heavy metals 

and pesticides 

• Food source for microbes 

and small animals  

• Major reservoir of plant 

nutrients 

Source: Sparrow et al., (2006) 
 

 
Table 2. Rating of organic matter 
 

Rating Total organic matter (%) 

Very high >6.0

High 4.3-6.0

Medium 2.1-4.2

Low 1.0-2.0

Very-low <1.0

                                    Source: Ilaco (1985) 

2.2.2 Physical (mechanical) soil degradation  

Important among physical processes are a destruction of soil structure crust formation, 

compaction, erosion, and un-wise use of natural resources. Physical degradation basically 

includes a negative impact on physical soil properties, such as structure, texture, aggregate 

stability, porosity, permeability and crusting. Soil erosion is 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 Haile et al., 2006). 

Increasing in soil bulk density is one component of soil physical degradation. Bulk density 

values typically range between 0.8 and 2.0 g cm3 depending on soil texture and state of 

compaction. Bulk density changes are not proportional to the load increase. Each increase in 

compactive load raises bulk density, but the changes come in smaller increments as the bulk 
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density approaches a maximum. Changes in bulk density are sensitive only to changes in total 

pore space, so cannot readily reflect changes in pore size distribution (FAO, 1996).  

2.2.3 Biological degradation 

Biological degradation includes reduction in total biomass carbon, and decline in land 

biodiversity. The latter comprises important concerns related to eutrophication of surface water, 

contamination of groundwater, and emissions of trace gases (CO2, CH4, N2O, NOx) from 

terrestrial/aquatic ecosystems to the atmosphere (Eswaran et al., 2001).  The process of land 

degradation usually starts with a decrease in organic matter content of the top layer of the soil. 

This results in a rapid decline of biological activity in the soil. A deficit in the humus balance 

leads to destabilization of soil aggregates and a reduction of soil fertility. Consequently, soil 

pores disappear and water-holding capacity is drastically reduced. Less vegetation can be 

sustained and more bare soil will be unprotected from the impact of rain or wind (resulting in 

erosion). When the topsoil is washed or blown away, sub-soil material with low fertility and high 

acidity will be exposed to the surface. More rocks, stones and hard structures make more 

difficult the workability of the soil and reduce the biomass production and thus the yields (Snel 

and Bot, 2000). 

2.3 Land degradation in Ethiopia 

Land degradation is the most notable phenomenon in Ethiopia and particularly in the northern 

part of the country. At the beginning of the 19th century, greater than 40% of the land mass of 

Ethiopia was covered by natural forests. However, currently this figure is below 3% (EFAP, 

1994). Out of the estimated 60 million ha of agriculturally productive land in Ethiopia, about 27 

million ha is experiencing erosion, 14 million ha considered eroded and requiring rehabilitation 

and 2 million ha is considered lost; with an estimated total loss of 2 million m3 of top soil per 

year with an average annual soil loss from cultivated lands of 100 tones/ha (FAO, 1986). 

The northern Ethiopian highlands, including the Tigray highlands, are at high risk of 

desertification (Nyssen et al., 2004). Land degradation particularly by water erosion, is an 

important factor in both the long-term decline and the seasonal reduction in food crop reduction 

(FAO, 1986). The severity of this land degradation process makes large areas unsuitable for 
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agricultural production, because of the topsoil and even part of the sub soil in some areas has 

been removed, and stones or bare rock are left at the surface (Esser et al., 2002).  

2.4 Soil and water conservation in Tigray 

 
The cereal/livestock based ox-plough agriculture in Tigray has been described as less stable than 

agroforestry systems in more humid southern and south-western regions of Ethiopia (Getahun, 

1984). This is mainly due to differences in climatic, vegetation, and demographic conditions 

between the regions. Tigray is characterized by torrential rains and frequent droughts, steep 

slopes, sparse vegetation and a relatively high population density. In addition, crop residues are 

commonly used as fodder for livestock, and manure is burned for heating and cooking, thus 

removing virtually all organic litter from the soils (Esser et al., 2002). 

 

In Tigray region farmers are familiar with physical and biological soil conservation measures. 

There are traditional terraces and grass strips established in their farmlands. In addition to the 

physical and biological soil and water conservation works done by individual farmers on their 

farmland and by the community as food for work in hillsides, each year there is a 20 days 

campaign on cultivation land. As a rule, every farmer has to participate in the 20 days free labor 

soil and water conservation works. Based on this almost all farmlands have physical 

conservation structures. However, because of high run off and animal trampling the structures 

become out of use within short period. 

 

An afforestation and bench-terracing program was started in Tigray in 1971 under the auspices 

of a USAID food-for-work program. This was later complemented by a UN/FAO World Food 

Program Project (Hunting, 1976). From 1974, the World Food Program (WFP) was the sole 

supporter of the project under the administration of the State Forest Development Agency. The 

Extension and Project Implementation Department (EPID) undertook implementation of 

terracing and reforestation. The initial stage of implementation had technical failures like 

incorrect spacing and alignment of terraces, poorly organized nurseries and wrong choices of 

species (Hunting, 1976). Soil conservation programs were implemented by the contemporary 

new regime in 1976, with the assistance of donors, following the drought in Wello and Tigray. 

People mainly participated in these programs to receive food for survival. There was a general 
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lack of commitment and awareness among farmers concerning the soil conservation efforts. 

(Esser et al., 2002). From 1988 to 1990, the Tigray Peoples Liberation Front (TPLF) and the 

Relief Society of Tigray (REST) took over the soil and water conservation programs in the 

previously government held areas. The objectives of the soil and water conservation led by TPLF 

and REST were; (1) to promote food security, (2) to prevent environmental degradation and 

desertification by physical rehabilitation measures, and (3) to secure water supply for irrigation, 

livestock and domestic use. The program also emphasized the importance of community 

involvement at all levels including problem identification, planning, implementation, and 

evaluation. Demonstration centers were established in order to train farmers in soil and water 

conservation techniques. Food aid was used as a source of motivation for soil and water 

conservation activities (Esser et al., 2002). 

 

The aim of soil conservation is to facilitate optimum level of production from a given area of 

land while keeping soil loss below a critical value. The soil loss tolerance value is defined as the 

rate of erosion at which soil fertility can be maintained over at least 25 years (de Graaff, 1993 

cited in Esser et al., 2002). The effect of a conservation measure in reducing soil loss generally 

varies with soil type, topography, climate and intensity of the measure, e.g., the distance between 

terraces or density of vegetation cover.  

2.5 Livestock feeding systems in the highlands of Tigray 

 
The grazing system in the region varies by season. During the rainy season, when most arable 

lands are under crops, livestock are confined to graze on valley bottoms, farm strips and steep 

hillsides (Tsigeweyni Tekleab, 1997). The grazing animals cause significant soil disturbance by 

trampling on the hillsides during the wet season, thus contributing to soil erosion. During the dry 

season, arable lands become grazing areas. Free and uncontrolled grazing is the dominant 

grazing system in the region. In most parts of the region, grazing lands are common property 

resources. Most of the grazing lands are grazed and trampled the whole year round without any 

resting period, resulting in depletion of the palatable species and invasion by less palatable or 

unpalatable ones. Moreover, grazing on cropland contributes to soil compaction and the need for 

frequent tillage to prepare fields for crops, making practices such as reduced tillage less feasible. 
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In addition to its contribution to the degradation of grazing lands, the grazing system has a 

negative effect on the conservation efforts underway in the region. The free grazing livestock 

damages physical conservation structures such as stone terraces and soil bunds. Biological 

conservation practices such as grass strips and tree plantations are also being destroyed or 

trampled, reducing the chance for establishment and regeneration (Berhanu Gebremedhin et al., 

2002). 

 

Free grazing reduces vegetative cover thus contributing to soil erosion, reduction of soil fertility, 

decrease in soil organic matter and deterioration of the soil structure. The farmers who own the 

land but who own no livestock are forced to bear the cost of maintaining the fertility of the land 

(for example, by applying commercial fertilizer or manure), or face the consequence of declining 

yields. However, landowners may also benefit from increased soil fertility due to the manure left 

by the grazing animals. Whether the externality costs outweigh the benefits remains an empirical 

question (Berhanu Gebremedhin et al., 2002). 

 

In the study area free grazing is a common practice. During the wet season grazing animals 

concentrate in a restricted area because the farmlands are covered by crops. Considerable amount 

of grass become out of use not only the mechanical damage by animal foot but also urine and 

dung make the grass not edible. If the cut and carry system is adopted in this area, much amount 

of grass will be saved from damage and the pressure on crop residue will be minimized. But, 

whether the cost of grass saved from damage exceeds the cost of cut and carry or not needs 

further investigation. 
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MATERIALS AND METHODS 

3.1. Description of the study area 

3.1.1. Location and Physiography 
      
Hashenge catchment is located in Ofla Wereda, Southern Tigray Administrative Zone, Tigray 

Regional State, Ethiopia. It is about 628 km North of Addis Ababa and about 152 km South of 

Mekelle and 8 km North of Korem town. The main road from Addis Ababa to Mekelle passes 

through this catchment. The catchment is found within 13086' -13099' latitude and 5051' - 5059' 

longitude. The boundaries of Ofla wereda are: Endamohoni wereda from North, Alamata wereda 

from South, Wag-Humra wereda (Amhara Regional State) from West and Raya-Azebo wereda 

from East. The boundaries of the study catchment are, Tselgo and Adishimbereket kebeles from 

West, Part of Hgumbirda kebele from North, Hgumbirda state forest from East, and parts of 

Menkere and Adigolo kebeles from South. Within boundaries of this catchment there is Lake 

Hashenge, (the only lake in the region). The altitude of the study area ranges from 2440 masl 

(which is boundary of Lake Hashenge) up to 3500 masl (the highest mountain in the catchment). 

 

The study catchment includes four kebeles namely, Hashenge, Menkere, part of Hgumbirda, and 

part of Adigolo. According to the 2005/2006 Ofla Wereda Agriculture and Rural Development 

Annual Report the topography of the area of the wereda comprises, 25% plain land, 20% gentle 

slopping, 15% undulating and rugged terrain and, 40% steep mountains. It has a total area of 

133,500 hectares. Out of this 25275 hectares are cultivated land, 24340 hectares grazing land, 

44635 hectares forest and bush land, 1750 hectares the lake and the rest 37500 hectares are waste 

land. The area of the study catchment is 80.99km2. 
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Fig. 1. Map of Hashenge catchment 
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3. Fig. 2. Digital elevation model of Hashenge Catchment 

3.1.2. Climate 
 
According to the Ofla Wereda Agricultural and Rural Development Annual Report 2005/2006 

the wereda has a combination of two agro-climatic zones, namely Dega and Woynadega. But the 

study catchment is found in Dega agro-climatic zone. The mean minimum and mean maximum 

temperatures for Lake Hashenge which is part of the study catchment is presented below (table 

3) (Raya valley project study, 1998). 
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Table 3. Mean minimum and mean maximum temperatures of Lake Hashenge. 

Month Jan. Feb. Mar. Apr. May June July August Sep. Oct. Nov. Dec. 

Mean 

minimum 

10.4 8.7 8.5 11.1 11.3 11.6 12.4 11.9 11.0 10.0 9.3 9.3 

Mean 

maximum 

21.6 21.3 22.6 22.9 23.0 23.6 22.7 22.5 23.0 21.7 21.5 20.8 

The difference in the mean minimum and mean maximum temperature between months is very 

minimal. The study area has two rainy seasons (Short and Long). The rainfall of the short season 

on average is 250 mm and the long season 800 mm and the annual rainfall of the catchment on 

average is 1050 mm, which is the highest in the region. 

3.1.3. Vegetation, crop and land use 
 

The planting or sowing time of different crops varies depending on the onset and continuity of 

the rainfall. There are two distinctly known and traditionally used cropping seasons. Short 

cropping season is the one, which starts as soon as the last harvest of the previous crop is over. 

Successful short rainy season crops are meant to leave the land for the second crop season and 

hence will be harvested around May, allowing enough time for land preparation and sowing of 

the long rainy season crops. The second cropping season is the long rainy season as it is 

practiced in most parts of the country. The catchment is characterized by two soil types namely 

Vertisols and cambisols (WBISPP, 2002). 
Table 4.   Major trees and shrubs of the study area 

A ) Indigenous 

Amharic name Scientific name Local name 

Abesha tid Juniperus procera Tshdi habesha  

Asta Erica arborea  Hasti 

Agam Carissa edulis Egam 

Abesha girar Acacia abyssinica Chea 

Atat Maytenus senegalensis Atsats 

Weira Olea europaea Awlie 

Endod Phytolacca dodecandra Shifti 
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Chat Catha edulis Chat 

Gesho Rhamnus prinoides Gesho 

Kega Rosa abyssinica Kaga 

Beles Ficus carica Beles 

Kitkita Dodonea viscosa Tahses 

koso Hagenia abyssinica Habi 

Wanza Cordia africana Awhi 

Kulkal Euphorbia abyssinica Kulkuala 

 

B) Exotic 

Amharic name Scientific name Local name 

Nech bahirzaf Eucalyptus globulus Tsaeda kalamitos 

Kulkual Opuntia ficus-indica Kulkual bahri 

Kundoberbere Schinus molle Tselim bebere 

Saligna Acacia saligna Acacha 

Yeferenge tid Cupressus lucitanica Tshdi ferengi 

Sasbania Sesbania sesban Sasbania 

 

 

The major land use types are cultivated land, forest land, grazing land, water body, settlement, 

and unproductive land. Because of high number of population in the study area, steep slopes 

were used as farm lands and grazing land.  

 

 

3.1.4. Population and socioeconomic features. 
 

The wereda has a population number of 141,585 and 33,944 households and a population density 

of 106.06 persons per km2 (Wereda Agricultural and Rural Development Report, 2005/2006). 

The study area has a population of 15,970 and 2,979 households. The main activities carried out 

in the study area are crop production and animal husbandry. There are also some supportive 

activities like food for work in governmental and non governmental organizations. They also sell 

their labor in different infrastructure activities like in the main road under construction. The 
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farmers have cooperative association to supply agricultural inputs (fertilizer, seed, pesticide, etc) 

and make available on time and within the catchment.  

 

As the study area is mountainous, soil erosion by water has been one of the problems that 

affected the area. This situation creates a pressure on the plain area surrounding the lake. 

Farmlands, grazing lands, and other infrastructure are concentrated in this plain area. One field 

observation from the survey study was that the farmers of one kebelle (Adigolo) were cultivating 

the land up to the lake boundary. During heavy rain, much amount of sediment enters the lake. 

While on the other hand there was a gap between the farmland of another kebelle (Menkere) and 

the lake. As a result, the grazing and swampy area between the lake and the farmland serves as a 

buffer zone and minimizes the sediment that would enter to the lake.  

 

3.2. Data collection and analysis 

3.2.1. Identification of the main causes of land degradation 
 
To identify the main causes of land degradation in the study catchment, data was collected from 

the four sub catchments namely Menkere, Hashenge, Adigolo and Hgumbrda using open and 

close ended questionnaire at household level. First the total number of population and total 

number of households of the four sub catchments (kebeles) were registered. This data was 

acquired from the kebele administrative office and agricultural and rural development office of 

the Ofla wereda. The number of sample house hold farmers selected for the questionnaire was 

determined by using the formula (Cochran, 1977):  

  
no = z2pq   n =     no 
         d2     1+no-1     
             N            
Where      no = the desired sample size when the population is greater than    10,000 

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

                 z = 95% confidence limit that is 1.96 

                 p = 0.1 (proportion of the population to be included in the sample that is 10%) 

                 q = 1-0.1 that is (0.9).    

                 N= Total number of population 
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                d=margin of error or degree of accuracy desired (0.05). 

Based on the above formula it was decided to take a total of 132 households and distributed in 

the four sub catchments according to the number of total households in each sub catchment. At 

each of the four catchments, sample households were chosen using simple random sampling 

techniques from the list of residents. Data collectors and supervisors were sent and each sample 

household was asked all the questions and each respondent took 2-2.5 hours to answer all the 

questions. According to the information from the data collectors it was difficult to get answers to 

some of the questions. For instance, the question “what is the cost of basket of dry dung?” could 

not be answered by most of the respondents. This was because; it was not their culture to sell dry 

dung. Finally data collected through the questionnaire was analyzed using inferential statistics. 

 

To estimate the amount of biomass fuel consumed the sample households were asked the average 

baskets of dry dung consumption per month, average number of dung cakes per week, average 

number of bundles of crop residue consumed for fuel per week and the average number of days 

one bundle of fuelwood can serve. 

 

 To determine the average weight of fuelwood, 20 sample bundles were measured. Ten samples of 

men’s bundle and ten samples of women’s bundle were randomly selected. Finally the average 

weight of a bundle was calculated. To determine the weight of dung cakes 10 house holds were 

selected randomly and 10 dung cakes were measured from each of the 10 households and the 

average weight of dung cake was computed. To determine the weight of dry dung collected from 

the field, 15 females were randomly selected from three sub catchments (kebeles). These sub 

catchments were, Hashenge, Menkere, and Adigolo.  

 

To determine the amount of crop residue consumed, 20 collectors were randomly selected from 

four sub catchments namely, Hashenge, Adigolo, Menkere, and Hgumbirda.  

3.2.2 Gully quantification 
 
To quantify gullies in the study catchment two transect lines were made, one from East to West 

and the other from South to North. Every 300m walk a 30m by 30m sample plot was laid and 

gully dimensions such as depth, width at base, width at tip, and length were recorded. Finally 

 19



gully volume per plot was calculated using the formula, Gully volume (m3) = average width (m) 

x average depth (m) x length (m), and the result was changed to hectare bases and the total 

volume of gullies in the catchment was estimated (Stocking and Murnaghan, 2001). 

Average volume of gully= total volume of gullies within the plots 
                                           Number of sample plots in the transect line 
  

3.2.3 Measuring surface area of the lake 

To check whether the lake surface area is decreasing, increasing or constant; the boundary of the 

lake from topographic map of 1986 was scanned, geo-referenced and digitized using Arc view 

GIS software. GPS readings of the current boundary of the lake was taken and this data was 

entered to Excel and saved in DBF 4 in order to be read by GIS software program and the map of 

the new boundary was produced. Finally, the two boundaries (from 1986 topographic map and 

current GPS reading) were overlapped, the difference was identified, and its area was calculated 

using arc view GIS.  

3.2.4 Assessing the extent of land degradation. 
 

To asses the extent of soil degradation on the study area soil samples were collected from three 

land use types namely farm land, grazing land and forest land. In the study catchment there are 

four sub-catchments (Hashenge, Adigolo, Menkere and Hgumbirda). Sub-catchment Hashenge 

contained the three types of land uses. Thus, to reduce variability that could arise as a result of 

site difference, soil samples were taken from sub-catchment Hashenge. Three soil samples were 

taken from 20 cm depth at a space of 20m within a triangular shape. The parameters to be 

determined were organic matter content and cation exchange capacity to evaluate the soil 

chemical properties and bulk density to asses the extent of physical property. For all types of 

land use the upper part containing litter was first removed. To measure bulk density, the soil 

sample was collected from undisturbed soil. For this purpose a core sampling method was used, 

using a coring cylinder of a thin walled stainless steel, chamfered on the outer rim of one end to 

give a cutting edge. The dimension of the tube was 5cm long by 5cm diameter. During sample 

collection the cylinder was driven or pressed vertically in to the soil, taking care to prevent 

material movement until the end of the cylinder was filled with the soil surface inside the core. 
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The cylinder was carefully removed after digging around the core and the samples were trimmed 

flush with the ends of the cylinder. 

 

The samples were taken to laboratory and made dry at 1050C for 24 hours. Then each sample 

was weighted and recorded. Bulk density was calculated using the formula: 

 
)cm3(

)(.
mplevolumeofsa

gmmpleweightofsaDB =  

 

Volume of sample = r2h 

Where:      = 3.14 

                  r = the radius of the internal diameter of the core sampling tube (2.5cm), 

                  h = height of the core sampler tube (5cm).The volume of the tube was (3.14 x 

(2.5cm)2 x 5cm = 98.125cm3.Then the result was analyzed using John's Macintosh Product 

(JMP) statistical software. 

  

One of the parameters used to study the extent of chemical degradation was cation exchange 

capacity (CEC). Data for CEC was collected using auger. The soil sample was made air dry and 

grained and sieved to remove gravel and un-decomposed organic litter. CEC value is expressed 

in cent moles per kg of soil (CMol(+)/kg). In the laboratory the ammonium acetate method was 

used.  

 

The second parameter used to asses the extent of chemical degradation was percent of organic 

matter content. Soil organic matter is oxidized under standard conditions with potassium 

dichromate in sulfuric acid solution. A measured amount of k2 cl2 co7 was used in excess of that 

needed to destroy the organic matter and the excess was determined by titration with ferrous 

ammonium sulfate. 
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3.2.5. Evaluating the current land use against treatment oriented capability classification. 
 

To check whether the current land use type matches with the treatment oriented capability 

classification, a transect line was made from Southern part to Northern part of the catchment 

which is the longest side of the study area. It was not necessary to randomize transect line as 

mentioned in Sutherland (1996). The transect walk was done starting from the mountain in the 

southern part of the catchment to the lower altitude up to the lake and then continued up to the 

Northern end of the study area. Every 300m walk a 30m by 30m sample plot was taken and the 

soil depth, slope percentage, current land use type, and the kinds of soil and water conservation 

measures were recorded. To compare whether the current land use practices match with the 

recommended land use type the treatment-oriented scheme of classification developed by 

Belay(2003) was used, (Table 7). Values of slope percentage, soil depth and kind of soil and 

water conservation structure were checked against the treatment-oriented capability classification 

table developed by Sheng (1972). 

 

Table 5 . A Modified TO Capability Classification for use in the Northern Ethiopian Highlands 
Gentle Sloping Moderate 

sloping 

Strong sloping Very strong 

sloping 

Steep  Very 

steep 

Soil Depth 

<12%(<7o) 12-26%(7-15o) 27-36%(15-20o) 36-47%(20-25o) 47-58%(25-30o) >58%(

>30o) 

Deep(>90cm) C1 C2 C3 C4 FT F 

Moderately 

deep(50-90cm) 

C1 C2 C3 P FT/F F 

Shallow (20-

50cm) 

C1 C2/P C3/P P F F 

Very shallow 

(<20cm) 

P P P P F F 

Source: Belay (2003) 
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Table 6. Characteristics and recommended treatments of capability units of the treatment 

oriented classification scheme. 

Group Class Characteristics and recommended treatments 

C1 Cultivable land: up to 70(12%) slope; require no or few intensive 

conservation measures, e.g., contour cultivation and strip cropping, 

vegetative and rock barriers and broad based terrace.  

C2 Cultivable land slope upto 150(12-27%) with moderately deep soil; 

need more intensive conservation, i.e. bench terracing, hexagons, 

mini convertible terracing, conservation measure can be constructed 

by small sized bulldozers;   

C3 Cultivable land; slope 15-200(27-36%); bench terracing, hexagons, 

mini convertible terracing on deeper soils and hill side ditching, 

individual basin on less deep soils; conservation measures are 

constructed by small bulldozers 

C4 Cultivable land; slope 20-250(36-47%); bench terracing, hexagons, 

mini convertible terracing; all conservation measures are done by 

manual labor. 

P Pasture; slope approaching 250(47%); soil depth too shallow for 

cultivation use for improved or managed pasture and rational 

grazing; zero grazing where land is very steep and too wet: 

FT Food/fruit trees on slope of 25-300(47-58%); soil depth over 50cm; 

use for tree crops with orchard terracing; inter terraced areas in 

permanent grass; contour planting; diversion ditches; mulching;   

Suitable for 

tillage 

F Forest land; slope over 300(>58%)or over 250(47%); where soil is 

too shallow for any of the conservation treatments; 

P Wet land; slope below 250(<47%);use as pasture; Wet land, 

liable to 

flood; also 

stony land  

F Very stony land; slope over 250 (>47%); maintain as forest; 

Gully land  Maintain as forest land 

Source: Sheng (1972) 
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Table 7. Rating fitness of recommended versus existing soil conservation structures on each 

sampling plot. 
Kinds of recommended 

measures in number 

Kinds of existing measures in 

number 

Rating in percentage 

1 0 

1 

0 

100 

2 0 

1 

2 

0 

50 

100 

3 0 

1 

2 

3 

0 

33.33 

66.66 

100 

4 0 

1 

2 

3 

4 

0 

25 

50 

75 

100 

 
 

The above table show how ratings of soil conservation measures are evaluated. For example if 

the existing conservation measure is only stone bund, while the recommended measures are 

stone bund and grass strips, the rating will be 50%. 
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 RESULT 

4.1 Causes of land degradation 

4.1.1 Open nutrient cycle 
 
According to the respondents, the following results show how much biomass fuel was taken out 

of the study catchment: 

1) One bundle of fuel wood serves for 5 days. 

2) Average dry dung consumption per month was 8 baskets. 

3) Average number of dung cakes consumed: 

i) for dry season = 15 per week 

ii) for wet season =20 per week 

4) Amount of crop residue consumed (for fuel only) = 3 bundles per week. 

 

1. The average weight of male’s bundle was 27.30 kg whereas that of female’s bundle was 23.60 

kg, which averaged to 25.45 kg. One field observation during this weight measurement was that 

fuelwood collected from distant areas has less stacked volume but good quality fuelwood. While 

fuelwood collected from short distances has relatively big stacked volume but less quality. After 

the average weight per bundle is known the amount of fuelwood consumed annually per 

household was computed. According to the survey study one bundle of fuelwood serves for 5 

days. Accordingly, 1852.76 kg of fuel wood year-1 household -1 was consumed.  

 

2. Average weights of dung cakes were ranging between 0.56 kg and 0.86 kg. The average of 

averages became 0.729 kg. The consumption rate of dung cakes per household was computed for 

two seasons that consists eight dry and four moist months. According to the information obtained 

from the respondents a household consumes 516 and 344 dung cakes during dry and wet seasons, 

respectively, which is equivalent to 626.94 kg year-1. 

 

3. The weights of dry dung cakes collected carried by female showed wide range between sub-

catchments due to variation in the size of backs and baskets. Thus, the weight of dry dung 

collected by the female from Hashenge sub-catchment was ranging between 10 kg and 21.6 
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kg,with an average of 16.9 kg,  Menkere sub-catschment was ranging between 8.5 kg - 19.4 kg 

with an average of 13.18 kg and that of Adigolo sub catchment was ranging between 9.5 kg - 

22.7 kg with an average of 16.88 kg. From the three sub-catchments an average of 15.63 kg was 

collected by female. During the dry months 1000.32 kg of dry dung is collected per household 

per year. During the 4 months of wet season, there was no collection of dry dung and crop 

residue. 

4. The most commonly used crop residue types for fuel in this catchment were maize and 

sorghum. Residue of wheat and barley were collected for roof thatching. Moreover most types of 

crop residue were collected for animal feed. 

Table 8. Main crops of the study catchment 
Type of crop Scientific name Local name 

Maize Zea mays Mashla bahri 

Zengada Sorghum bicolor Zengada 

Wheat Triticum sotivum Sernai 

Barley Hordeum vulgare Segem 

Bean Vicia faba Ater 

Flax Linum usitatissimum Entatie 

Teff Eragrostis teff Taf 

 

 The weight measurements of the bundles of crop residue in Sub-catchment Hashenge, Sub 

catchment Adigolo, Sub-catchment Menkere and Sub-catchment Hgumbirda were, 11.5 kg - 15.8 

kg with an average of 13.8 kg, 8.4 kg - 14 kg with an average of 11.36 kg, 10.2 kg - 14.8 kg with 

an average of 12.32 kg and 9.5 kg - 15.2 kg with an average of 11.4 kg respectively. 
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Fig.3. Teenagers collecting crop residue at Hashenge catchment  
 

 

The amount of crop residue carried by female shows difference (figure 3) and the average weight 

of the bundles of maize and sorghum residue was 12.22 kg. According to the respondents, the 

average consumption of crop residue was 3 bundles for week. Thus the annual consumption for 

six months is 953.16 kg per household. The total consumption of a household reaches 4433.18 

kg /year (table10). 

 

Table 9. Total weight of Biomass fuel consumed per household per year. 

s/n Fuel type Weight of fuel consumed 

annually (kg)/House hold 

Percent from 

the total 

1 Fuel wood 1852.76 41.79 

2 Dung cakes 626.94 14.14 

3 Dry dung 1000.32 22.57 

4 Crop residue 953.16 21.50 

 Total 4433.18 100 
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All the respondents indicated that they did not buy or sell dry dung and dung cakes. In this 

catchment, even buying of fuelwood was not widely practiced. It was only restricted to few 

households who live by selling a local drink known as “Korefe”. But there are some landless 

people who sell fuelwood in Korem town, which is outside the catchment. 

 

The Hgumbirda state forest, situated in eastern part of the study area was one of the main sources 

of fuelwood for the people of the Korem town. According to the information from the guards of 

the forest, the number of forest guards and the area of the forest were not balanced. This 

condition created good opportunity to the fuelwood sellers to collect illegally.  

 

According to the Report of the Agriculture and Rural Development Office of Ofla wereda 

2005/2006, the wereda has the highest rain fall in the region. That is 450-800 mm during the 

long rainy season and 180-250 mm during the short rainy season (annually 630-1050 mm) and 

this rain fall and high altitude of the catchment have created good condition for growth of 

Eucalyptus globulus and Cupressus lucitanica. These two species were widely planted by Alage 

Forest Development and Utilization (AFDU).  According to the information from the AFDU 

branch office in the wereda, there are 1,610,511 trees of Eucalyptus globulus, 70,490 trees of 

Eucalyptus camaldulensis and 2,986,268 trees of Cupressus lucitanica which have the same age.  

The survey study revealed that the price of one bundle of fuelwood was on average 10Birr. But 

the price of a bundle of crop residue, a basket of dry dung, or piece of dung cake was not 

possible to get, as the local people did not sell or buy dry dung, dung cake or crop residue. 

According to the survey study, on average each house hold had 141 Eucalyptus trees. 95% of the 

respondents had trees on their homestead and farm boundaries that range from 2 - 800 

trees/household. These trees were used for house construction and as source of income.  

 

4.1.2. Poor farming system 
 

Poor agricultural practice was one of the main causes of land degradation in the study area. 

Among the traditional agricultural practices that were very important, but now not practiced 

in the study area, are traditional agroforestry and fallowing. In this catchment it was too rare 

to see trees in farmlands, because the farmers think that, trees could be host of birds that can 

 28



cause damage on their crops and consider that shade can affect crops negatively, and can 

encourage weed. 

 

The average land holding of the local farmers, according to the respondents, was 0.58 ha per 

household. The shortage of land was main cause for the absence of fallowing practice in the 

study area. Farmers were forced to cultivate the same plot twice a year. The study survey 

showed that the average family size per house hold was 5.36. When youngsters were married 

they were given small land from their parents. According to the respondents 79% obtain their 

lands during land redistribution, 18% from their family and 3% from clearing natural forest. 

Sample households were asked whether they would want to have trees on their farm lands, 

and 71% answered yes and 29% no. But, practically even the 71% did not plant trees on their 

farmland and their reasons was that trees are harboring birds that damage crops, have shading 

effect and moreover land ownership. On the other hand almost all of the respondents have the 

need to plant income generating trees like Eucalyptus species on their farm boundary. They 

are discouraged from doing this, however, due to official position on the tree as explained to 

the data collectors. From 1992 up to 1995 they were given seedlings free of charge by the 

Bureau of Agriculture and Natural Resource (BoANR) branch office in the wereda as a 

reforestation program and they had planted Eucalyptus plants on their farm boundaries. 

However the position of the office was changed and it was forbidden to plant eucalyptus 

trees on farm boundary.  Reasons given to the farmers were that, the species has an 

allelopathic effect, springs could dry because of it, and it has a shading effect on crops. Due 

to the above reasons, the farmers were also obliged to destroy all the saplings they had. For 

example one of the respondents said that he had destroyed 2-4 years old of 3000 eucalyptus 

saplings. Therefore, because of the information they were provided, the farmers have a fear 

to plant trees on their farm land and farm boundaries. But on their homestead, eucalyptus 

species were common.  

4.1.3 Poor livestock management 
 

According to the sample households, sheep have the highest number in the catchment. On 

average there are 9.5  sheep/household. Figure 4 shows the average number of animals in the 

study catchment. When the average number of animals is multiplied by the number of 
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households in the catchmet (2,979 households), there were 11,618 bovine, 4,171 equine, 

11,022 goats and 28,301 sheep. Therefore, the total number of livestock estimated within this 

catchment area was 55,112. Figure 5 shows how the livestock were concentrated in the 

grazing land. 
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                Fig .4. Average number of animals per household in Hashenge catchment. 

 
               Fig. 5. Livestock grazing on Hashenge catchment. 
 
The survey result showed that 91% of the respondents feed their animals from free grazing and 

collecting crop residue. Only 9% use cut and carry system. The free gazing system of animal 

feeding had negative impact on the catchment and has caused Gullies development and destroy 
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crop residue due to animal trampling. Though, they have “Hizaeti” (local name for grazing land 

closed for months until the grass has well developed), more than 90% of the local people did not 

use cut and carry system.  

4.2 Indicators of land degradation 

Although there are many indicators of land degradation in the study catchment, reduction in the 

surface area of Lake Hashenge, drying of springs and exposed roots of plants were some of them. 

4.2.1 Reduction of surface area of Lake Hashnge 
 

The area that was covered by water during 1986 but now remained without water was then 

delineated (fig. 6). 

  

 
                       Fig. 6. Overlapped maps of Lake Hashenge in 1986 and 2007. 

 

The reduction of water volume was one of the indicators of land degradation in the study area. 

The total area of the catchment including the lake was 80.99 km2 or 8099.33 hectares. 
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Table10. Area of catchment and lake in 1986 and 2007  

Year Catchment area Lake area 

1986 67195108.8m2 (6719.5ha) 13798221.173m2 (1379.82ha) 

2007 68477774.18m2 (6847.78ha) 12515555.796m2 (1251.56ha) 

 

The above result was computed using Arc view GIS software and it shows that, within the 21 

years period (1986-2006) the lake surface area has reduced by 128.27 ha.  

4.2.2 Drying of springs 
 

In the study area one important land degradation indicator was drying of springs. According to 

the response from the sample households 29 springs have dried permanently and 17 springs dry 

in the dry season and appear in the rainy season. The permanently dried springs were: 

Awdoawdo, Gerb-tirke, Shife-lemlem, Aregshen, Golo, Hangoro, Mai-tsahli, Filflo, Mai-

godagud, Gereb-beles, Gereb-shanfakuhala, Gereb-tselgo, Gereb-fertsay, Mariam-cherer, Emba-

mizan, Maino-shkal, Grasendedo, Mai-hadenet, Gra-ewur, Mai-wuey, Mai-muchu, Gereb-bahro, 

Menchaechaeta, Kueha, Mai-behe, Mai-gezamu, Gereb-adewta, Mai-afkura, and Grahebret. 

Springs dry temporarily were: Mai-ferede, Gereb-mainehase, Grabo-kuhl, Mai-adibrur, Gereb-

hangoto, Gereb-debesu, Gereb-dekoko, Mai-chilchalo, Graseheta, Ashera, Bahbahta, Mai-adiala, 

Mai-dedeo, Mai-awano, Gereb-aini, Graewal, and Nefasito.  

4.2.4 Gullies and Gully quantification 
 
Gullies are indicators of presence of physical land degradation. To measure the amount of soil 

loss through gullies formed in the study area, two transect lines were made from South to North 

and from East to West of the catchment. Every 300m a 30m by 30m dimension sample plot was 

taken and the top width, base widths were measured at the upper and lower parts of the gully 

which was located inside the sample plot. Finally the length of each gully was measured. 
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Table 11.  Data of gully quantification of the East to west transect walk. 
Width at tip(m)  Width at base(m) Depth(m) Plot 

no Upper lower upper lower upper lower 

Length(m) Average 

width 

Average 

depth 

Volume 

1 6.5 2.50 1.40 4.40 3.90 1.00 20 3.70 2.45 181.30 

2 - - - - - - - - -- -- 

3 6.50 7.00 5.30 2.10 2.00 6.00 25 5.23 4 523.00 

4 13.00 23.50 12.80 23.30 1.00 .80 15 18.15 .9 245.03 

5 - - - - - - - - - - 

6 - - - - - - - - - - 

7 7.00 4.70 3.50 4.10 2.10 .95 17 5.35 1.53 139.15 

8 12.00 13.00 10.50 11.00 2.30 1.80 16 11.63 2.05 381.46 

9 - - - - - - - - - - 

10 - - - - - - - - - - 

11 6.00 13.00 5.30 10.70 1.2 1.50 19 8.75 1.35 224.44 

12 7.00 10.00 5.00 8.60 .75 .80 23 7.65 .78 137.24 

13 - - - - - - - - - - 

14 - - - - - - - - - - 

15 - - - - - - - - - - 

16 7.00 4.00 6.10 3.60 1.00 1.10 15.00 5.18 1.05 81.59 

17 - - - - - - - - - - 

18 14.00 16.00 10.50 14.90 1.40 0.90 24 13.85 1.15 382.26 

19 8.00 12.00 6.60 6.10 2.70 2.10 20 8.18 2.40 392.64 

20 - - - - - - - - - - 

21 6.00 4.50 3.70 4.20 0.90 0.70 25 4.60 0.80 92.00 

22 - - - - - - - - - - 

23 7.00 8.00 5.00 6.10 2.20 3.40 16 6.53 2.85 297.77 

24 - - - - - - - - - - 

25 - - - - - - - - - - 

26 11.50 13.00 12.50 14.00 1.30 1.50 14 12.75 1.40 249.90 

27 9.00 10.50 10.60 11.00 1.50 1.80 22 10.28 1.65 373.16 

28 - - - - - - - - - - 

29 5.50 6.00 7.50 8.00 .75 1.25 18 6.75 1.00 121.50 

Total  3822.44 

 

In the transect walk from Eastern part to the Western part of the catchment there were 29 

samples. Out of these, 13 of them had one gully each and one sample plot had two gullies. The 
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total amount of soil removed from the gullies inside the 14 sample plots was 3822.44m3 (table 

11) and the average amount of soil removed from all the sample plots of this transect line was 

131.81m3. 

 
In the second transect line there were around 40 sample plots. Out of these, only 13 of them had 

gullies. The width, depth, and length measurement of each gully is shown below (table 12). 

 
Table 12. Data of gully dimensions of the south to north transect walk.  

Width at tip(m) Width at base(m) Depth(m) Plot 
No upper lower upper lower upper lower 

Length(m) Average 
width(m) 

Average 
depth(m) 

Volume 
M3

1 3.5 4.20 5.50 6.00 2.20 2.50 21.5 4.80 2.35 242.52 
2 2.6 3.60 2.90 3.30 1.50 1.50 25 3.10 1.50 116.25 
3 4.8 5.00 5.30 5.50 0.50 0.40 15 5.15 0.45 34.76 
4 9.5 11.00 10.20 11.50 1.80 1.80 12.5 10.55 1.80 237.38 
5 7.5 6.00 8.00 9.20 2.00 1.70 9.5 7.68 1.85 134.98 
6 5.6 7.30 6.20 8.60 0.90 1.10 17 6.93 2.00 235.62 
7 12.5 14.00 13.60 14.60 2.50 2.80 20 13.68 2.65 725.04 
8 6.3 7.00 6.50 7.50 1.00 1.20 14 6.83 1.10 105.18 
9 2.00 2.10 2.20 2.60 0.75 0.85 10.5 2.23 0.80 18.73 
10 5.6 6.20 7.00 7.50 1.50 1.20 19 6.58 1.35 168.78 
11 8.00 6.50 9.50 7.20 1.90 2.30 22 7.80 2.10 360.36 
12 1.9 2.30 2.10 2.50 1.40 1.10 12 2.20 1.25 33.00 
13 2.50 2.70 2.80 3.00 1.20 1.30 14 2.75 1.25 39.75 
Sum         2452.35 
 
The total amount of soil removed from these gullies was 2452.35m3 and the average amount of 

soil removed from all the sample plots of this transect line was 61.31m3. 

 

In the two transect lines there were 69 sample plots and out of these, there were 28 gullies lie 

within the sample areas. Therefore, the total volume of gullies within the two transects were 

6274.79m3. The average volume per sample plot (900m2.) was 90.94m3. 

4.3. Assessment of extent of land degradation 

To study the extent of land degradation, chemical, physical, and biological types of land 

degradation should have to be taken into consideration. In this study, the parameters included 

were: 

A). Soil chemical properties degradation expressed in terms of:- 

 i) Organic matter content (%), 

ii) Cation exchange capacity (cmol(+)/kg) 

B).Soil physical properties degradation expressed in terms of:- 
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i). Bulk density (gm/cm3) 

ii). Gully quantification (m3/ha)(see sub title 4.2.4). 

4.3.1. Soil chemical properties degradation 

4.3.1.1. Organic matter content (%) 
Ho: There was no significant difference in the organic matter content of the soils of the               

three land use types namely farmland, grazing land and forestland. 

HI: At least the organic matter content of one land use type would be significantly different 

because of the presence of degradation. 

Table 13.Laboratory results showing OM% 
Treatments replications 

 Cultivation land  Grazing land Forest land 

1  1.32 3.14 4.85 

2  1.53 2.86 3.62 

3  1.22 1.87 8.30 

 Sum 4.07 7.87 16.77 

 Mean 1.36 2.62 5.59 
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Fig . 7. One-way Analysis of OM % By land use type 
 
The One-way Analysis of OM % By land use type (fig. 7) shows that the OM content percent of 

the soil samples from the forest land use is greater than the average of the three land uses. 
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Table 14. Oneway Anova Summary of Fit for OM% 
  
Rsquare 0.690224 

Adj Rsquare 0.586966 

Root Mean Square Error 1.455629 

Mean of Response 3.19 

Observations (or Sum Wgts) 9 

 

Table 15. Analysis of Variance for OM%  

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

land use type 2 28.326667 14.1633 6.6844 0.0297 

Error 6 12.713133 2.1189   

C. Total 8 41.039800  

 

 

  

 
The ANOVA for OM% (table 15) shows that the F-calculated (6.6844) is greater than the F-

tabulated (3.06815) and the P-value 0.0297 is less than the level of significance 0.05.  

4.3.1.2. Cation exchange capacity (cmol(+)/kg) 
 
Ho: There was no significant difference in the CEC of the three land use types. 

HI: At least the CEC of one land use type differed significantly. 

Table 16. Laboratory results of CEC value for soils from different land use types (cmol(+)/kg). 
 

Treatments Replication 

cultivation grazing forest 

1  48.22 45.06 49.20 

2  46..05 42.89 66.56 

3  37.17 37.37 69.91 

 sum 131.44 125.32 185.67 

 Mean 43.81 41.77 61.89 
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Fig. 8 .One-way Analysis of CEC cmol(+)/kg By land use type 
 

Table 17. Oneway Anova Summary of Fit for CEC cmol(+)/kg 
    

Rsquare 0.679378 

Adj Rsquare 0.572504 

Root Mean Square Error 7.606567 

Mean of Response 49.15889 

Observations (or Sum Wgts) 9 

 

 

Table 18. Analysis of Variance for CEC(cmol(+)/kg) 
Source DF Sum of Squares Mean Square F Ratio Prob > F 

land use type 2 735.6078 367.804 6.3568 0.0330 

Error 6 347.1591 57.860   

C. Total 8 1082.7669    

 

The average CEC value of soil sample from forest land use is greater than grazing and 

cultivation land uses (figure 8). The F-calculated (6.3568) is greater than the F-tabulated 

(3.06815) and the P-value (0.0330) is less than the level of significance (0.05) (Table 18). 
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4.3.2. Physical degradation 

4.3.2.1. Bulk density gm/cm3 

 
Ho: There was no significant difference in bulk density for the three land use types. 

HI: At least bulk density of one land use type differed significantly. 

 

Table 19. Laboratory results of BD value for soils from different land use types (gm/cm3). 

Treatments replications 

 Cultivation land Grazing land Forest land 

1  1.35 1.78 0.82 

2  1.27 1.67 0.79 

3  1.21 1.62 0.88 

 Sum 3.83 5.07 2.49 

 Mean 1.28 1.69 0.83 
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Fig .9. One-way Analysis of BD gm/cm3 By land use type 
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Table 20 Oneway Anova Summary of Fit for BD gm/cm3

Rsquare 0.975852 

Adj Rsquare 0.967802 

Root Mean Square Error 0.067659 

Mean of Response 1.265556 

Observations (or Sum Wgts) 9 

 

Table 21. Analysis of Variance for BD( gm/cm3) 

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

land use type 2 1.1099556 0.554978 121.2330 <.0001 

Error 6 0.0274667 0.004578   

C. Total 8 1.1374222    

 

The average BD value of the grazing land is greater than the forest and cultivation land uses 

(Figure 9). The F-calculated (121.2330) is greater than F-tabulated (3.06815) and the P-value 

(<0.0001) is less than the level of significance (0.05) (table 21). 

 

4.5 Evaluation of current land uses against treatment oriented capability classification. 

 
After measuring the soil depth, slope percentage, and the kinds of existing soil conservation 

structure existing in the 26 sample plots, current land use compatibility was compared  with the 

recommended land use type and rating of existing versus required soil conservation structures 

are presented below (Table 22). 
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 Table 22. Evaluation of current land use types against Treatment oriented capability 

classification scheme. 
Recommended  Current/existing Plot 

NO
. 

Soil 
depth 

Slo
pe 
% 

Lan
d 
use 

Soil conservation practice Land 
use 

Soil Conservation 
practice 

Reco.vs
. 
Existing 
land use 

Rating 
fitness of 
reco.vs.ex. 

1 45cm 78 F Tree plantation F -Hillside terrace 
-Tree planting  
-Trench  

Match > 1oo 

2 50cm 73 F Tree plantation F -Hillside terrace 
-Tree planting  
-Trench 

Match >100 

3 55cm 57 FT/
F 

-Contour planting 
-Diversion ditches 
-Mulching 
-Terrace 

F -Hillside terrace 
-Tree planting  
-Trench 

Match 75 

4 75cm 35 C3 -Bench terrace 
-Hillside Ditching 
-Individual basins on less 
deep soil 

C -Contour ploughing  Not 
match 

0 

5 >90c
m 

20 C2 Bench terrace or terracing C No Not 
match 

0 

Around 5km distance (16 samples) was covered by water body. - - 
7 >90c

m 
3 C1 -Contour cultivation 

-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

P No  Not 
match 

0 

8 >90c
m 

4 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

P No Not 
match 

0 

9 >90c
m 

4 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

P No Not 
match 

0 

10 >90c
m 

5 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

P No Not 
match 

0 

11 >90c
m 

5 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

P No Not 
match 

0 
 
 
 
 

12 >90c
m 

7 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

C No Not 
match 

0 
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Recommended Current/existing Plot 
NO 
 

Soil 
depth 

Slo
pe 
% Lan

d 
use 

Soil conservation practice Land 
use 

Soil Conservation 
practice 

Reco.vs
. 
Existing 
land use 

Rating 
fitness of 
reco.vs.ex 

13 >90c
m 

7 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

C No Not 
match 

0 

14 >90c
m 

5 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

C No Not 
match 

0 

15 >90c
m 

11 C1 -Contour cultivation 
-Strip cropping 
-Vegetative and rock 
barrier 
-Broad based terrace 

C Soil bund Match 25 

16 65cm 25 C2 Bench terrace or terracing C -Soil bund 
-Bench terrace  

Match 100 

17 15cm 35 P -Managed pasture 
-Rational grazing or zero 
grazing 

 No not 
match 

0 

18 8cm 41 P -Managed pasture 
-Rational grazing or zero 
grazing 

 No Not 
match 

0 

19 5cm 43 P -Managed pasture 
-Rational grazing or zero 
grazing 

 No Not 
match 

0 

20 30cm 60 F Tree planting C -Contour ploughing 
-Bench terrace 
-Grass strips 

Not 
match 

0 

21 25cm 65 F Tree planting C Contour ploughing 
-Bench terrace 
-Grass strips 

Not 
match 

0 

22 30cm 75 F Tree planting F No Not 
match 

0 

23 35cm 82 F Tree planting F/P No Not 
match 

0 

24 20cm 89 F Tree planting P No Not 
match 

0 

25 25cm 70 F Tree planting P Managed pasture Not 
match 

0 

26 15cm 73 F Tree planting P Managed pasture Not 
match 

0 

27 5cm 75 F Tree planting bare Managed pasture Not 
match 

0 

 : Represents land use type of settlements, scattered trees and waste land. 
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 DISCUSSION 

Open nutrient cycle 
 
One of the main causes of land degradation in the study area was open nutrient cycle, which is 

caused due to biomass energy consumption.100% of the people in the study area were dependent 

on biomass energy for cooking, heating and as a source of light during the night time. The 

consumption of these energy sources (fuel wood, dry dung, crop residue and wood stumps) has 

aggravated the undergoing land degradation process in different ways. Animal dung was used as 

a fuel in two ways. The first one is collection of dry dung from the field and locally known as 

“Akor”. This is collected from common grazing area where animals freely graze and is done in 

the dry season. The second one is collecting when it is fresh and wet. According to the 

information from the local people, every day morning the wet dung, locally known as “Eba”, was 

collected and mixed with some crop residue. After that, a circular shape of dung cake was 

prepared and put in a suitable area open for direct sun light and air dry. After it is well dried, 

either it is directly used for fuel or stored. The reason why crop residue was added during dung 

cake preparation is to serve as binding material and to make easy for ignition.  

 

In this study area dry dung collection and dung cake preparation was female’s task. The range of 

weights measured for dry dung cakes was very wide. This was because the containers used for 

dry dung collection were different, and these were sacks (big and small) and locally made 

baskets. 

 

 The most commonly used crop residue types for fuel in this catchment were maize and Zengada 

(Sorghum bicolor). Residue of wheat and barley were collected for roof thatching. More over, almost 

all types of crop residue were collected for animal feed. 

 

Naturally, the different types of wood, crop residue, and the dung used as source of household 

energy have different types of nutrients, which would have been added back to the soil. However, 

because of the high need of biomass for fuel, these nutrients were constantly taken out of the 

catchment.  
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percent of fuel types from the total biomass fuel 
consumed annually per household

Fuelwood, 
41.79

Dry dung, 
22.57

Crop 
residue, 21.5

Dung cakes, 
14.14

 
Fig.10 Biomass fuels consumed household-1 year-1 in percent  

The result on biomass fuel needs in the catchment indicated that every year 4433.18 kg of 

biomass per household was consumed. Fuelwood covers 41.79 percent; and this indicates that 

there is a high pressure on the forests of the study catchment. The 2979 households in the 

catchment consumed 13206.44 tons of biomass per year. If it was left in the catchment it would 

have been decomposed and improve the fertility of the soil. Moreover, if it has been left as 

mulch it could have conserve moisture and protect the soil from water erosion. Ingeneral leaving 

the biomass could have minimized the degradation of the catchment. 

 

In addition to the above biomass fuels consumed at this catchment, there were also other biomass 

fuels like wood stumps and other crops residue other than maize and sorghum. However, it was 

difficult to quantify. 

 

The highland treeline species, Erica arborea (Asta), which is naturally found above 3000 masl, 

was one of the main sources of fuelwood. This species has a special behavior that burns even 

when it is wet. The local people use it intensively because it saves the time for drying the 

fuelwood. 
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The elevation of the catchment ranges from 2440 to 3500 masl. Due to this, the catchment area is 

characterized by cold and foggy climate. This has its own impact on the consumption of biomass 

fuel for heating purpose especially in the evening and early morning time. 

 

 Poor farming system 
 

Clearing natural forests had also a big impact on aggravating land degradation in the study area. 

The land feature of the study catchment is a lake, grazing and farming areas at center surrounded 

by mountains of steep slopes. Shortage of farmland and increasing population number force the 

farmers to cultivate very steep slopes. This was one of the main causes of soil erosion and gully 

formation and at the same time main cause of sedimentation of the lake. The combination of 

different factors has a big role in increasing the rate of land degradation in the study area. 

 

 Poor livestock management 
 

Through long-term experience the farmers have developed traditional bench terrace on their 

farmlands. As a result of free grazing for the crop residue, destruction of bench terraces by 

livestock was common. Moreover, such poor livestock management has become one of the 

significant causes for destruction of soil conservation structure. 

 

In the study area there was a replacement of one land use type by another. As the swampy area 

near the lake dried, it becomes grazing land and the grazing land is replaced by farmland. In the 

catchment there were two topographically different grazing areas. The first one was the plain 

near the lake and the other was the highest altitude of the catchment above 3000 masl. Though 

grazing areas are available, there was shortage of fodder; because of the high livestock 

population.  
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Lack of soil and water conservation  
 
The topographic nature of the catchment is a plain area in the center surrounded by steep slope 

mountains. These steep terrains naturally increase the energy of runoff. As a result tons of soil 

was taken away and gullies were created. This type of topography had to be treated by intensive 

physical and biological soil conservation measures, which would have two advantages. The first 

one is that, if upland area was conserved, the farmlands, grazing lands, and even the forestland 

would be protected from gully formation and could improve the soil fertility. Secondly, 

conservation of the whole catchment would minimize the sediment entering to the lake. But the 

conservation measures taken were limited in type and area coverage. The types of soil and water 

conservation works observed during the survey were, soil bund, check dam, pond, trench, 

hillside terrace, grass strips and traditional bench terraces on farmlands, foot of mountains and 

plantation forests. Their quality was poor and almost all of them were dismantled by grazing 

animals. The upper slops have no conservation structures (fig. 11) 

 
Fig .11. Part of the catchment showing different land uses. 

 
Reduction of surface area of Lake Hashnge 
 

The condition of Lake Hashenge can be viewed as suffering from natural phenomena and human 

interference. As per the information from the elder people during the survey study, it was learnt 

that about 20 meters draw down in the lake level in the past 40-50 years could be anticipated.  
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According to Raya valley project study, (1996) residual deposit of soft, friable and 

unconsolidated lacustrine deposit, most probably calcareous nature around the periphery of the 

lake indicates the gradual draw down of the lake level. 

According to the data from the Raya valley project study, 1998,  

In 1965 - Net catchment area excluding the lake surface =64.90km2  

 -Surface area of the lake  =17.50km2  

In 1986    -net catchment area excluding the lake surface=68.60km2   

 -surface area of the lake =13.80km2  

Increase in catchment area  =3.70km2

Decrease in surface area of the lake =3.70km2

From the above information it can be deduced that aerial coverage of Lake Hashenge in 1986 

was reduced by about 20% from that of 1965. On the other hand, the net catchment area of 

the lake in 1986 was increased by 5.7% from that of 1965. This obviously shows that the 

gradual decrease in lake level and hence decrease in storage of the natural reservoir. The 

draw down in lake level was approximately estimated to be 7 meters during 20 years and 8 

months time. This could result in reduction of water in lake by about 110x106m3. 

Table 23 .Computation of surface inflow and out flow components of Lake Hashenge. 
Inflow component Outflow component Month 

Run of from the 

catchment(mm) 

Rain fall on the 

surface 

Total 

evaporation(mm) 

Net 

evaporation(mm) 

JAN 0.026 27.8 83.9 56.1 

FEB. 0.152 41.1 87.7 46.6 

MAR. 0.462 81.3 109.0 27.7 

APR. 0.824 93.7 104.9 11.2 

MAY. 1.427 102 108.5 6.5 

JUNE 0.002 12.6 105.9 93.3 

JULY 2.337 161.4 101.7 -59.7 

AUG. 5.508 224.1 102.2 -121.9 

SEPT. 0.249 75.2 102.4 27.2 

OCT. 0.952 70.6 94.2 23.6 

NOV. 0.134 24.2 87.0 62.8 

DEC. 0.312 51.9 81.3 29.4 

SUM 12.385 965.9 1168.7 202.8 

Source, Raya valley project study, (1996). 
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On the reduction of the lake surface area the following points were reasons provided by the 

respondents and was also confirmed personal observations of the researcher: 

 The clearance of forests in the area for expansion of farmlands exposed the area for direct 

sunlight and increases evaporation, thus, change the micro climate, 

 Removal of vegetations from the area as biomass fuels, reduce the fertility of the soil, this 

also decrease the infiltration capacity of the soil and at the same time the amount of water 

entering to ground could have been reduced,  

 The drying of 29 springs permanently and 17 springs in the dry season had reduced the 

amount of water entering the lake, 

 Increasing in temperature because of climate change may be one reason for increasing 

evaporation of the lake water, 

 There was a big spring near Korem town known as “Gando” which is 4 km away from 

the lake. The elevation of the spring is 2420 masl, whereas the elevation of the lake level 

was 2440 masl. Since there is a difference on elevation of 20 meters, the source of water 

for this big spring may be the lake and hence this spring could be one factor for the 

reduction of the lake.  

Surface area of Lake Hashenge 1986 and 2007.
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Fig. 12.  Area of Lake Hashenge in 1986 and 2007. 
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According to the respondents’ information, in the periphery of the lake there were exposed stone 

layers which were covered by water some years ago but now exposed and not found in other 

parts of the catchment (Figure 13). 

 
Fig .13. Exposed stones at the periphery of Lake Hashenge. 

 The continuous sediment accumulation, which was transported by water erosion, would increase 

the level of the lake. But the actual measurement from the comparison of the boundary from 

1986 topographic map and the boundary of the current GPS data showed that surface area of the 

lake has decreased through time. This indicates that the reduction in water volume must be much 

more than what can be accounted from the area difference. 

 
 
 Drying of springs and Exposed tree roots 
 
According to the information from the respondents the reason for drying of springs was drought 

followed by shortage of rain. Most of the dried springs originated in the steep mountains. These 

mountains were covered by indigenous tree species, (as indicated by presence of scattered trees), 

that had a big role in increasing soil fertility and increasing infiltration rate. These forests have 

been cleared for farmland expansion, fuel wood, and construction wood. As a result infiltration 

must have been reduced and evaporation increased, which may explain the drying of the springs.  

 
 
Another important indicator of land degradation was exposed roots of trees (Figure 14). In the 

study area there were scattered indigenous trees (e.g. Juniperus procera). The roots of old trees 
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of this species are seen exposed. Some random measurements on the height of exposed roots 

were done and it was from few centimeters up to one meter. The roots of the trees had little soil.  

 
 

Fig .14. Exposed tree roots as soil is removed by water. 

 
 Gullies and Gully quantification 
 
The total area of the study catchment including the lake is 8099.33ha. Out of that, 1251.56 ha 

was water body and the remaining 6847.78ha was catchment of the lake at the time of data 

collection. In this area a total of 6,919,270.8m3 of soil had been removed and most probably 

entered to the lake as the lake has no outlet. 

 
The total length of gullies within the sample plots was 501m. On hectare bases, it is 80.67m per 

hectare, which shows the severity of the physical degradation of the study area. Gully density of 

greater than 5000 m/100 ha (50 m/ha) is categorized as severely degraded (Graham, 1989). 

However, the reality in the study catchment was greater than this. 

 

Gullies of the catchment are characterized by deeper and wider dimensions at the upper part but 

shallow in depth in the lower part. This shows that, the energy of the water at the steeper slope is 

higher and flows fast. As a result high quantity of soil is transported and big gullies formed. The 
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lower parts of the gullies, where the area has less slope gradient than the upper part, water flows 

slowly and stones and other heavier materials starts to settle to the ground as a result gullies are 

shallower. 

 

In addition to the problem of removal of tons of soils because of these gullies, farmers are facing 

problems on their daily activities. For example, farmers are forced to change their access road, 

some farmlands and grazing lands became out of use, and flooding is becoming a problem in this 

catchment. 

 

Organic matter content  
 

From the One-way Analysis of OM % by land use type, the null hypothesis was rejected because 

the P value was less than 0.05 or F-calculated was greater than F-tabulated. This indicated that 

there was a significant difference in OM% in land use types and the R-square value 0.690 shows, 

how strong the variation is in soil degradation among land use types. It was also important to 

identify which land use type was significantly different. The Tukey-Kramer LSD method was 

used for this analysis. 

 

 Table 24. Means Comparisons of OM% 

Dif=Mean[i]-Mean[j] forest grazing cultivation 

forest 0.0000 2.9667 4.2333 

grazing -2.9667 0.0000 1.2667 

cultivation -4.2333 -1.2667 0.0000 

                     Alpha=  0.05 , q*=3.06815 

 

Table ( 25) Comparisons for all pairs using Tukey-Kramer LSD 

Abs(Dif)-LSD forest grazing cultivation 

forest -3.6466 -0.6799 0.5868 

grazing -0.6799 -3.6466 -2.3799 

cultivation 0.5868 -2.3799 -3.6466 

Positive values show pairs of means that are significantly different. 
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Table  26. Significant deference of OM% on land use types 

Level   Mean 

forest A   5.5900000 

grazing A B 2.6233333 

cultivation   B 1.3566667 

Levels not connected by same letter are significantly different.  

 

In the above table the forest land use is assigned by letter “A” and the cultivation land use is 

assigned by letter “B”. This shows that there is a significant difference in the OM% of forest land 

and cultivation land. But the grazing land is assigned by both letters “A” and “B”. This shows 

that the OM% of grazing land is not significantly different from forest land and cultivation land.  
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Fig. 15. Average OM values for different land use types. 
 

Based on the rating of organic matter content percent (Ilaco, 1985) (table 2), the OM% of the 

forestland was high (5.59%), that of grazing land was medium (2.62) and for the cultivation land 

was low (1.37). 

 

In the forest land use there are indigenous tree species that add their litter to the forest floor. The 

microorganisms inside the forest decompose the leaf, dead branches, barks, seeds and fruits. This 

process continues as long as the forest land exists. At the same time there is less erosion problem 

in the forest area. This is the reason why the forest land use has better organic matter content. On 

the other hand, as the crop residues are used for fuel and animal feed, the organic matter content 

of the cultivation land use become low.  
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Cation exchange capacity  
 

From the result of the analysis of CEC, the null hypothesis was rejected because the P value was 

less than 0.05 or the F-calculated was greater than F-tabulated. This indicated that there was 

significant difference in CEC in land use types and the R-square value 0.679 shows, how strong 

the variation is in soil degradation among land use types. It was also important to identify which 

land use type was significantly different. The Tukey-Kramer LSD method was used for this 

analysis. 
 

Table  27. Means Comparisons of CEC (cmol(+)/kg) of land use type. 
Dif=Mean[i]-Mean[j] forest grazing cultivation 

forest 0.000 18.077 20.117 

grazing -18.077 0.000 2.040 

cultivation -20.117 -2.040 0.000 

Alpha=0.05 

 

Table 28. Comparisons for all pairs using Tukey-Kramer LSD 

Abs(Dif)-

LSD 

forest grazing cultivation 

forest -19.055 -0.979 1.061 

grazing -0.979 -19.055 -17.015 

cultivation 1.061 -17.015 -19.055 

Positive values show pairs of means that are significantly different. 

 

Table 29. Significant deference of CEC (cmol(+)/kg) on land use types 

Level   Mean 

forest A   61.890000 

grazing A B 43.813333 

cultivation   B 41.773333 

 Levels not connected by same letter are significantly different.  
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In the above table the forest land use is assigned by letter “A” and the cultivation land use is 

assigned by letter “B”. This shows that there is a significant difference in the CEC of forest land 

and cultivation land. But the grazing land is assigned by both letters “A” and “B”. This shows 

that the CEC of grazing land is not significantly different from cultivation land and forestland.  
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 Fig 16. Average CEC values for different land use types. 
 
The average CEC value of soil from forest land use type was greater than the other two. This 

shows that there are more exchangeable bases in the forest land of the study catchment and hence 

there was better soil fertility. The forestland is not deteriorated because of less external pressure 

and the litter falling to the ground. On the other hand the soils of the cultivation land and grazing 

land have less exchangeable bases. Because the relatively less organic matter content of these 

two land use types adsorb those bases in small amount. As a result these bases can be easily 

taken away by water or can be leached. 

 

Bulk density  
 

From the result of one-way Analysis of BD gm/cm3 by land use type, the null hypothesis was 

rejected because the P- value was less than 0.05 or the F-calculated is greater than F-tabulated. 

This indicated that there was significant difference in bulk density between land use types and 

the R-square value 0.975 explains, the variation in soil degradation among land use types was 

high. It was also important to identify which land use type was significantly different. The 

Tukey-Kramer LSD method was used for this analysis. 
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Table 30. Means Comparisons of BD gm/cm3 on land use type. 

Dif=Mean[i]

-Mean[j] 

grazing cultivation forest 

grazing 0.00000 0.41333 0.86000 

cultivation -0.41333 0.00000 0.44667 

forest -0.86000 -0.44667 0.00000 

Alpha= 0.05 

 

Table 31 Comparisons for all pairs using Tukey-Kramer LSD 

Abs(Dif)-LSD grazing cultivation forest 

grazing -0.16950 0.24384 0.69050 

cultivation 0.24384 -0.16950 0.27717 

forest 0.69050 0.27717 -0.16950 

Positive values show pairs of means that are significantly different. 

 

Table 32. Significant difference of BD gm/cm3 on land use types 

Level    Mean 

grazing A     1.6900000 

cultivation   B   1.2766667 

forest     C 0.8300000 

Levels not connected by same letter are significantly different. 

 

 In the above table the grazing land use is assigned by letter “A” and the cultivation land use is 

assigned by letter ”B” and the forest land is assigned by letter “C”. This shows that there is a 

significant difference in BD between the three land use types.  
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Fig .17. Average BD values of three land use types. 
 

In the study catchment, because of compaction by animals, and whole year grazing, the bulk 

density of grazing land was greater than farming and forestlands. The relatively high organic 

matter inside the forestland makes the forest soil to have low bulk density (Figure 17).  

 
 Degradation index 
 
Table 33. Degradation index  

Average values Degradation indices (%)  
Soil property Natural 

forest 
Cultivation 
land 

Grazing 
land 

Cultivation 
land 

Grazing 
land 

Organic matter (%) 5.59 1.36 2.62 -75.67 -53.13 
CEC (cmol(+)kg-1 61.89 43.81 41.77 -29.21 -32.51 
Bulk density 
(gmcm-3) 

0.83 1.28 1.69 -54.22 -103.61 

Cumulative degradation indices. -159.1 -189.25 
(Belayneh, 2005) 

 

Among the properties of soil, bulk density was found to be the most deteriorated parameter (table 

33) i.e., -104% for the grazing land and -54% for the cultivation land. The main reason for this 

deterioration was the frequent trampling effect of livestock. In the wet season, when the 

farmlands are covered by crops the livestock concentrate on the available grazing land and this 

increases soil compaction. 
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Organic matter content was also the second deteriorated parameter that is -76% for cultivation 

land and -53% for grazing land. The more deterioration on cultivation land was due to the 

removal of biomass as source of energy (dung and crop residue) and soil organic matter by water 

erosion. When the cumulative deterioration index of grazing land and cultivation land were 

compared, the grazing land was more deteriorated. 

 

 Evaluation of current land uses against treatment oriented capability classification. 
 

The result from the evaluation of current land use systems in the study catchment 

 indicated that the existing land use types and soil conservation measures match with the 

recommended land use and soil conservation measures only by 15%. This shows that 85% of the 

existing land use types and soil conservation measures did not match with the recommended land 

use and soil conservation measure. Therefore, it can be concluded that in the study catchment the 

mismatch of the current land use with the recommended one has a big impact on increasing soil 

erosion and land degradation. In this study area slopes upto 65% have been used for farm land 

with no soil conservation measures.  

 

The plain area surrounding the lake has very deep soil as a result of sedimentation from the up 

slopes, whereas the mountains surrounding this plain area have very shallow soil. Although the 

treatment oriented capability classification scheme prohibits the tillage on such types of very 

steep slops and soil depth less than 20cm, there were farm plots in the study area with soil depth 

less than 15cm. This shows that there is a problem of land use system in the study catchment. 

The problem aggravated soil erosion and resulted in land degradation.  The loss of soil due to 

improper land use system results yield reduction. As a result farmers were forced to search new 

farmland and plough steep slopes and remove remnant forests, which had magnified the problem. 

 

Presence of high population in the study catchment (197 persons/km2) and shortage of farmland 

forced the youngsters to cultivate steep and undulating area by clearing the scattered indigenous 

trees and shrubs. 
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If this trend continued, there will be no more forest in the area, land degradation in the catchment 

will be aggravated, and the farmers will be unable to feed their family. Finally they will be 

characterized as food insecure with very much-degraded environment.   

 

The present land ownership policy has its own impact on degradation. Farmers do not know who 

will be the owner of their farmland in the future. Therefore, they are reluctant to invest and 

conserve their land, as much as they could, to last for many years. As a result, most of the 

conservation measures done by the farmers have a life span of one year.  
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 CONCLUSIONS AND RECOMMENDATION 
 

 The existence of sever gullies, exposed roots of indigenous trees, disappearance of many 

springs, sedimentation of the lake and reduction in organic matter content of farmlands 

are some of the indicators that clearly show land degradation in the study catchment. 

 The reduction of the surface area of the lake was also one indicator of land degradation 

because the springs that would add water to this lake had disappeared. Another important 

factor for the reduction of the surface area of the lake might be also global warming that 

probably increased the evaporation rate of the water of the lake. 

 Full dependence of the local people on biomass fuel that exploits tremendous amount of 

nutrients from the catchment, poor livestock management, poor farming system, high 

population (197persons/km2) and lack of enough conservation measures were some of the 

main causes of land degradation in the study area. 

 

 Low CEC and OM of soils of cultivation land and grazing land, when compared to the 

forest land, but greater bulk density of cultivation land and grazing land than the soils of 

natural forest show that the catchment area was undergoing degradation process. 

 The shallow soil depth and exposed tree roots in the upper slope and accumulation and 

deposition of sediments on the lower slope indicted that erosion is a two-part problem: a 

loss of fertility, soil depth and biodiversity in the eroding place (in-situ problem) and the 

addition of an wanted sediments to the lake and lower farm lands (ex-situ problem). 

 The 85% mismatch of the recommended treatment oriented capability classification 

scheme to the current land use types showed that there was a problem of land use system 

and lack of land use policy in the area. 

 

 To stop the undergoing degradation process and to reverse (if it is possible) the land to its 

previous condition, integrated watershed management works should have to be carried 

out in the catchment. 
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 The local people must be aware on the causes and consequence of land degradation and 

they need to be trained and initiated how to mitigate the problems.  

 Measure must be taken on the sub catchment Adigolo, where the farmers are cultivating 

the land upto the boundary of lake without leaving any buffer zone (like grass strips). 

 The full dependence of the local people on biomass fuel must be reduced by providing 

environmentally friendly sources of energy. 

 Since Lake Hashenge is the only lake in the region, attention must be given to protect 

from disappearance. 
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8. APPENDICES 

Annex 1. Results of soil lab analysis 
s/n Field 

code 
OM% CEC cmol(+)/kg Bulk Density gm/cm3

1 AE1 - 48.22 - 
2 AE2 - 46.05 - 
3 AE3 - 37.17 - 
4 AO1 1.32 - - 
5 AO2 1.53 - - 
6 AO3 1.22 - - 
7 FE1 - 49.20 - 
8 FE2 - 66.56 - 
9 FE3 - 69.91 - 
10 FO1 4.85 - - 
11 FO2 3.62 - - 
12 FO3 8.30 - - 
13 GE1 - 45.06 - 
14 GE2 - 42.89 - 
15 GE3 - 37.37 - 
16 GO1 3.14 - - 
17 GO2 2.86 - - 
18 GO3 1.87 - - 
19 AB1 - - 1.35 
20 AB2 - - 1.27 
21 AB3 - - 1.21 
22 FB1 - - 0.82 
23 FB2 - - 0.79 
24 FB3 - - 0.88 
25 GB1 - - 1.78 
26 GB2 - - 1.67 
27 GB3 - - 1.62 

Annex 2. Household questionnaires 
Sex…………………….. 
Age………………………. 
Marital Status……………………. 
Academic Status……………………. 
Family Size………………………… 
1.Do you have trees in your farmland? Yes, no. 
2. What kind of damage do you observe from trees that are found in your farmland? 

Harbor bird, leaf drip, encourages weed growth and shading effect, no damage, it has both 
damage and benefit, and it takes undue space. 

3.Do you want to plant scattered trees on your farmland? 

 64



 Yes, why?…………………………………………………………. 
 No, why?……………………………………………………………. 

4. What kind and how many trees do you have around your homestead? 
      ………………………………………………………………………………….. 
5. Where is the source of seedling for your need? I raise seedling, I am buying, freely from state 
nurseries.             
6. What are the main sources of fuel? Wood, cow dung, crop residue, Kerosene 
7. 3. How long does it take to collect fuel wood? One day, half a day, quarter a day, other. 
8. Whose share is to collect fuel wood?  Male, Female, both. 
9. How much is the price of one bundle (‘shekim’) fuel wood in birr in your vicinity? 
          2-5, 5-7, 7- 10, >10. 
10. For what purpose do you use cow dung?  

 for fuel, I throw it, for manure, I sell it as a ‘kubet’ other  
11. How much is the price of one basket dry cow dung ‘kubet’ in birr in your vicinity? 1-       2, 
2-3, 3- 4, 4-5, >5, other. 
12. For how many days one bundle (‘Shekim’) fuelwood serves? 

         3-5, 5-7, 7-10, 10. 
13.How many dung cakes do you use per week? 

 For dry season………………………………………….. 
For wet season………………………………………….. 

14.How long  does it take you to collect a basket of dry dung ('kubet') from field? 
 Up to 1 hr, 1- 2hrs, 2-3 hrs, 3-4 hrs, 4-5 hrs. 

15.How many basket of dry dung ('Kubet') do you use per month? 
 1-3, 3-5, 6-8,  >8. 

16.  Do you sell dung cake? Yes, no. 
17.How many 'timad' of land do you posses? 
18.How do you get your farmland?................................................... 

 During land distribution, from family, From clearing a forest 
19.Do you have members of your family that don’t have land while his age is greater than 18? 

Yes, no. If yes how many?………… 
20.How many Animals do you posses?  
      Bovine,………… equine, …………..sheep………….. and goat……………………... 
21.How do you feed these animals? 

Tying and feeding, from grazing field, both from grazing and cultivation fields, other feed 
types in addition to conventional feeding ('Chid', hay, oil cakes cut and carry). 

22.    Do you have Hizaeti? Yes, no. 
23. Do you use fallowing in cultivation fields? Yes, no. 
24. Do you get enough food to feed your family? Yes, no. 
25.What kind of soil and water conservation structures do you construct by your own on   your 
farmland? Stone bund, Soil bund, I don’t construct, I plant seedlings, I use good   tillage practice, 
others.                       
26.What kind of benefits do you observe from soil and water conservation structures? 

Good yield, Retain the soil, I don’t realize, No flood damage, others. 
27. List the name of spring dried ever in your lifetime in the catchment. 

28. Do you observe reduction of water volume of lake hashenge from past to present? Yes, 
no, I don’t perceive. 
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Annex3. Some plates of the study area  

 
Soil data collecting group (left), Measuring gully depth(right) 

 
 
 
 

 
Accumulated sediment at Lake Boundary 

Soils from gully entering the lake. 
 

 
 

Crop residue collected around home for animal feed (left), Grazing & farmland with no scattered trees (right). 
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