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Abstract 

Effect of Soil and Water Conservation Measures on Soil Macronutrient and Moisture 
Status in Guba-Lafto Woreda, North Wollo, Ethiopia 

Belay Asnake Sete (belayasnake2005@gmail.com) 
Addis Ababa University, 2016 

This study was conducted to assess the effect of soil and water conservation practices on soil 

macronutrients (N, P, and K), organic carbon content, soil pH, cation exchange capacity (CEC), 

and soil moisture status in Goba-Lafto Woreda of North Wollo, Ethiopia. Two case study kebeles 

were purposively selected representing Dega (highland) and Woina dega (midland) agro 

ecological zones. A total of 130 households were selected for farmer level assessment of the soil 

fertility and moisture status as production constraints and copying mechanisms employed by 

farmers. Sixteen composite surface soil samples (0-20 cm depth) were collected from selected 

sub-watersheds to determine soil macronutrients (N, P, and K), available soil organic carbon, 

soil pH, cation exchange capacity (CEC), and moisture status. The major SWC measures being 

employed in were physical SWC measures (stone bund, hillside terrace, micro water ponds, stone 

faced soil bund, check dam, and  fanya-juu terrace); agronomic conservation measures (contour 

farming, mixed cropping, and crop rotation) ; and biological conservation measures 

(afforestation, agroforestry, area closure, and grass strip). The study found that declining soil 

fertility is among the major crop production problems along with low and erratic rain fall, and 

limited awareness on SWC measures in Guba-Lafto Woreda. Soil laboratory results indicated 

that, SWC practices improves available soil macronutrients (N, P, and K), organic carbon 

content, soil pH, and cation exchange capacity (CEC) as SWC measures reduce runoff and soil 

erosion, helps keep nutrients on the field. In addition, the study revealed that SWC practices are 

essential for soil moisture retentions through reducing run-off velocity, conserving and storing 

water, and then increasing infiltration and percolation rates. Even if SWC measures were 

essential to enhance available soil macronutrients and moisture status, lack of awareness on 

SWC, land shortage, labour shortage, and wealth status of the farmers were challenging the 

households to implement SWC practices on their farmlands. 

 
Key words: Crop production problems, Soil fertility decline, Soil and water conservation 

measures, Soil nutrients, Soil moisture status 
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CHAPTER - ONE 

1. INTRODUCTION 

1.1  Background 

Crop production systems are expected to produce food to keep pace with the global 

population that will amount to 9.1 billion people in 2050 and over 10 billion by the end of 

the century (UNFPA, 2011). The population of the world is growing by approximately 

one billion people per decade. One of the major problems facing the global society is how 

to produce adequate food for these numbers without causing environmental degradation. 

The population size for the next decade or so will probably be only marginally affected 

by soil fertility decisions made now, but these will be critical for future decades (Rao, 

2006). 

Land  degradation  and  consequent decline  in  soil  fertility  has become a  serious  

threat  to  agricultural productivity  in  Sub-Saharan  Africa (Smaling and Storvogel, 

1990). The declining fertility of soils because of soil nutrient mining is regarded as a 

major cause of decreased crop yields and per capital food production in  Africa;  and 

decreasing  soil  fertility  accompanied  with  increasing  population  pressure  is one of 

the major causes of the gap between demand for and supply of food (Henao and 

Baanante, 2006).  

The economy of Ethiopia is based mainly on agriculture that provides employment for 

over 80% of the labor force and 46.3% of the GDP (Gross domestic product). In fact, 

agriculture in Ethiopia is not only an economic activity but also a way of life for which 

agricultural land is an indispensable resource upon which the welfare of the society is 

dependent on. Such dependence obviously leads to increased vulnerability of the 

economy to problems related to land degradation (Wagayehu, 2003). Although land 

provides a means of livelihood, farmers cannot invest enough in protecting the land, 

which resulted in increased land resources degradation mainly due to erosion (FAO, 

1986).  

However, the agriculture sector is plagued by periodic drought, and soil degradation 

caused by overgrazing, deforestation, high levels of taxation and poor infrastructure 

(Matous et al., 2013).   
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Land degradation in the form of soil erosion, soil fertility depletion, deforestation through 

clearance for cultivation and overgrazing is among the basic problems facing farmers in 

the Ethiopian highlands.  Land degradation reduces soil fertility of farmlands and limits 

its ability to increase crop production and reduce poverty and food insecurity. The 

integrated process of land degradation and increased poverty has been referred to as the 

"downhill spiral of un-sustainability" leading to the "poverty trap" (Greenland et al., 

1994). Degradation resulting from soil erosion and nutrient depletion is one of the most 

challenging environmental problems in Ethiopia, which directly reduces soil fertility. The 

Ethiopian highlands have been experiencing declining soil fertility and severe soil 

erosion due to intensive farming on steep and fragile land (Aklilu Amsalu, 2006). 

The government of Ethiopia has made several interventions like mass mobilization and 

soil and water conservation campaigns that have resulted in terraces, soil bunds, area 

closures, and planted with millions of tree seedlings. Nevertheless, the country still loses 

tremendous amount of fertile topsoil, and the threat of land degradation is broadening 

alarmingly (Teklu and Gezahegn, 2003). 

According to FAO (2011), to reduce rural poverty and maintain food security, soil 

fertility need to be maintained, agricultural systems need to be transformed to increase 

the productive capacity and stability of small holder crop production. Greater attention is 

thus being given to alternative means of intensification, particularly the adoption1 of soil 

and water conservation (SWC) practices.  

Chemical fertilizers grow plants but for moisture deficiency periods do nothing to sustain 

the soil (Brady & Weil, 2002). This indicates that fertilizer application must be 

complimented with SWC practices to sustain agricultural production in rural livelihoods, 

where agricultural land is in short supply, where moisture is deficient, and/or where SWC 

practices has the potential to increase yields of high-value crops (Braun et al., 2003).   

                                                 
 

1 Adoption refers to a potential as technical feasibility, economic viability and social acceptability of a 
technology when managed at field scale by a target population of farmers (Franzel & Helen, 1992). 
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According to Braun et al. (2003), implementation of SWC practices improves soil 

fertility and increases crop productivity, which enables farmers to grow more food, which 

translates into better diets and under market conditions that offer a level playing field, 

into higher farm incomes. With more money, farmers are more likely to diversify 

production and grow higher-value crops, benefiting not only themselves but the economy 

as a whole. 

Therefore, SWC practices are increasing food production without further depleting soil 

and water resources, adding high amounts of biomass to the soil, causing minimal soil 

disturbance, conserving soil and water, restoring soil fertility, and increasing the 

resilience of farming systems to climatic risk (FAO, 2009, 2010c). Thus, this study was 

designed to examine farmers’ perceptions on the importance of soil erosion and fertility 

depletion as constraint to crop production and how SWC practices being employed by 

households affect soil macronutrients (N, P, and K), organic carbon content, soil pH, 

cation exchange capacity (CEC), and soil moisture status in Guba-Lafto Woreda.   

1.2  Statement of the Problem 

In Guba-Lafto Woreda, the combined effects of deforestation, overgrazing, shifting 

cultivation, and cultivation on steep slopes without implementing adequate soil and water 

conservation practices have resulted in severe land degradation. During the rainy season, 

the soil is washed away by runoff water in areas where soil and water conservation 

measures are not implemented. For most of the year, the farm fields remain bare because 

the crop residues are removed as cattle feed and household energy. Removal of 

vegetative cover is further intensified through overgrazing and clearance for cultivation 

on marginal areas. All these factors reduce to soil fertility which is not adequately 

redressed through fertilizer application and agronomic measures.  

Land use practices in the Woreda are resulting in land degradation, which in return 

results in decreasing in soil fertility which further undermines the welfare of the society. 

Lack of awareness for high loss of soil fertility is believed to be one reason for limited 

adoption of soil and water conservation measures which are largely driven by NGO-

supported external projects.  
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Understanding farmer’s perceptions of the relative importance of soil degradation and 

fertility loss as crop production constraint is the basic first step to plan targeted 

interventions that may address the problem at farm level. In addition, field evidence on 

the effects of soil and water conservation on crop yields and soil moisture status may 

persuade farmers into action but also help NGOs working in the area (e.g., GIZ 

Sustainable land management programme – SLMP) to plan locally relevant technical 

interventions.  This can happen when development stakeholders and policy makers 

support farmers to adopt and implement SWC practices based on empirical evidences.  

Therefore, this study is set out to examine farmers’ perception on the relative importance 

of soil fertility depletion as crop production problem; to document SWC practices being 

employed by farms; and to determine the effects of SWC practices on soil macronutrients 

(N, P, and K), organic carbon content, soil pH, cation exchange capacity (CEC), and soil 

moisture status.  

1.3  Objective of the Study 

1.3.1 General Objective 

The general objective of the study is to examine farmer’s perception on the relative 

importance of soil fertility depletion as crop production problem; to explore the level of 

adoption of SWC measures and their effect on soil macronutrients (N, P, & K) and 

moisture status in Guba-Lafto Woreda, in North Wollo Zone of Amhara Region, 

Ethiopia.  

1.3.2 Specific Objectives 

The following specific objectives have been put forward to address the general objective 

of this study. 

a) To examine the relative importance of soil fertility depletion as crop production 

problem in Guba-Lafto Woreda. 

b) To assess the extent of implementation of SWC measures in the Woreda. 

c) To identify the main challenges influencing the implementation of SWC practices 

in Guba-Lafto Woreda. 

d) To explore the effect of SWC measures on soil nutrient and moisture status. 
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1.4 Research Questions 

This study answered the following key questions: 

a) Is soil fertility decline perceived as major crop production problem in the 

Woreda? 

b) What is the extent of implementation of SWC measures in the Woreda? 

c) What is the effect of SWC measures on soil nutrient and moisture status? 

d) What are the main challenges influencing the implementation of SWC measures in 

the Woreda? 

1.5  Significance of the Study  

Soil fertility decline and soil moisture stress is well-recognized as crop production 

problem in the study area. Fertilizer application alone has limited impact when moisture 

is limiting and soil is eroding (Brady and Weil, 2002). Even if governmental and NGO 

actors have been promoting SWC measures to increase agricultural production problems, 

effect of soil and water conservation practices on soil nutrient and moisture status is not 

adequately studied in Guba-Lafto Woreda. 

Therefore, this study intends to examine the relative importance of soil fertility depletion 

as crop production problem, to identify the major SWC practices being employed by 

farmers, and to investigate the effects of SWC practices on soil macronutrients (N, P, and 

K), available soil organic carbon, soil pH, Cat-ion exchange capacity (CEC), and 

moisture status in the Woreda. 

The outcome will benefit farmers, through supporting the adoption of SWC practices, 

restore degraded land, and improve soil fertility and potentially leading them to higher 

yields. This study will provide important inputs to policy makers and insights into soil 

management options and livelihood strategies. It is also believed that, this study will 

inform and assist government agencies, extension workers, researchers, policymakers, 

and NGOs which includes sustainable land management project and productive safety net 

program (PSNP) to have an insight on the implication of the ongoing SWC practices so 
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as to inform them about the positive implication of SWC practices on soil nutrient and 

moisture status.  

This study will also make bridge on knowledge gaps that hinder further expansion of 

SWC practices. It can create awareness for households that how SWC practices are the 

corner stone to improve available soil nutrient and soil moisture status thus raise crop 

yield.  Further more this study will be used as a source material for further studies.  

1.6  Organization of the Paper 

The paper is organized into 5 chapters, from introduction to conclusion and 

recommendation.  The first chapter presents introduction, statement of the problem, 

objectives and significance of the study. The second chapter provides review of related 

literature. Research methodology, sampling method and sample  survey,  types  of  data,  

and  methods  of  data collection  and  analysis  along  with description of the study area 

is presented in the third chapter. Chapter four deals with the main body of the paper, it 

presents result of data analyses and their interpretation. The last chapter is about 

conclusions and recommendations of the study. 
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CHAPTER - TWO 

2. LITERATURE REVIEW 

2.1  The Concept of Soil Fertility 

Soil is the most fundamental resource on which the production of food, feed, fuel, and 

fiber depends. Humans cannot survive without soil because it is the basis of all terrestrial 

life. It underpins food security and environmental quality, both essential to human 

existence. Essentiality of soil to human well-being is often not realized until the 

production of food drops or is jeopardized when the soil is severely eroded or degraded to 

the level that it loses its inherent resilience (Blanco and Lal, 2008). 

Soil fertility can be defined as the nutrient supplying ability of the soil, which is the 

ability of a soil to sustain plant growth, i.e. to provide plant habitat and result in lasting 

constant yields of high quality (Follet et al., 1987). Although the term soil fertility is 

normally confused with soil productivity,  there  is  a  clear-cut  difference  between  the  

two,  in  that  soil  productivity  is  the  soil’s  ability  to  produce  a  crop.  Productivity is 

a  function  of  a  soil’s  natural  fertility  plus  nutrients  added  as  fertilizer,  organic  

residue  and  other  sources;  soil  physical  and  biological  properties;  climate;  

management  and  other  non-inherent  factors  used  to  produce crops (Follet and 

Wilkinson, 1985).  

Soil fertility is mainly related to top soil characteristics. Soil fertility largely depends on 

soil organic matter content, which besides supplying nutrients, ensures good physical 

conditions necessary for water infiltration, supply of soil moisture, aeration and plant root 

development. A fertile soil has the following properties (Blanco and  Lal, 2008): 

���� It is rich in nutrients necessary for basic plant nutrition, including nitrogen, 

phosphorus and potassium. 

���� It contains sufficient minerals (trace elements) for plant nutrition, including boron, 

chlorine, cobalt, copper, iron, manganese, magnesium, molybdenum, sulfur, and 

zinc. 
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���� It contains soil organic matter that improves soil structure and soil moisture 

retention. 

���� Soil pH is in the range 6.0 to 6.8 for most plants but some prefer acid or alkaline 

conditions. 

Soil fertility often changes in response to land use systems and land management 

practices.  Increase in cropping intensities enhanced nutrient. This refers to the ability of 

the soil to supply essential plant nutrients and soil water in adequate amounts and 

proportions for plant growth and reproduction in the absence of toxic substances which 

may inhibit plant growth (Saleque et al., 2004). 

2.2  Crop Production Constraints in Ethiopia 

Ethiopia is an agrarian country on which the economy mainly depends. It was reported as 

agriculture provides 47% of the gross domestic product (GDP), 80% of the employment 

and 60% of the export commodity (World Bank, 2011).  Agriculture is mainly in the 

highlands and is predominantly based on mixed-crop-livestock farming (Kassa Belay and 

Degnet Abebaw , 2004).  

According to Kassa Belay and Degnet Abebaw (2004), Ethiopian agriculture is 

characterized by low crop productivity, under farmer cultivation are over 50% less than 

those obtained under improved conditions.  Crop production is challenging and 

constrained by soil erosion, shortage of rainfall, and socio-economic characteristics of 

farmers. But the major reason for declining agricultural productivity in Ethiopia is 

reduced soil fertility due to soil erosion and land degradation (FAO, 2000). This is 

manifested by the decline of crop yields; decline of water and forest resources and by 

gully formation across the grazing and plowing fields.   

2.2.1 Soil Erosion 

The removal of soil particles by the action of water is known as water erosion. Usually 

seen as sheet erosion (a more or less uniform removal of a thin layer of topsoil); rill 

erosion (small channels in the field); or gully erosion (large channels, similar to incised 
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rivers). One important feature of soil erosion by water is the selective removal of the finer 

and more fertile fraction of the soil (Michael & Murnaghan, 2000).  

Soil  erosion  mainly  occurs  in  the  highlands,  which  have  erratic  rainfall  that 

generate  erosive runoff. According to (Oldeman et al., 1991) more than 50% of the 

northern Ethiopian highlands suffer from sheet and rill erosion. Farmers cultivate fragile 

margins on steep slopes previously used for grazing.  Many households, particularly 

those owning little land or with large families, have reduced fallow periods. 

Consequently,  more  intensive  farming  and  farming  on  steep  slopes  undermined  soil 

fertility  while  increasing  the  incidence  of  soil  loss  from  erosion  (Woldeamlak, 

2003).  

Ethiopia  is  one  of  the  Sub-Saharan  Africa  countries  most  severely  affected  by  soil 

erosion. Soil erosion particularly  by  water  erosion,  is  an  important  factor  in  both  

the  long-term decline  and  the  seasonal  reduction  in  food  crop  production  in  

Ethiopia  (FAO,  1986). Erosion problems are perhaps not unexpected given Ethiopia’s 

varied, rugged topography and steep slopes and the removal of vegetation cover in areas 

in recent decades. In addition, the cereal-dominated crop production system with fine 

seed bed preparation provides only little ground cover during the erosive rainy season, 

resulting in high soil erosion rates (IFPRI, 2010).  

The Ethiopian Highland Reclamation Study (EHRS) developed a 1:1,000,000 scale soil 

loss rate map in 1986, which shows the types of soil degradation processes, causes, 

severity and extent. The map is based on the universal soil loss equation (USLE) and soil-

erodibility and land use maps. EHRS assesses the national soil loss rate as ‘moderate to 

high, which is estimated at 30–100 t/ha per year (FAO, 1986). 

Constable (1984) has indicated that soil erosion is very high in Ethiopia and the estimates 

of soil loss from the highlands vary widely from less than a billion tons up to three billion 

tons per year. Moreover, land use and regulatory department of ministry of agriculture 

estimated the gross soil loss from the highlands at up to 1,900 million ton per year, of 

which, 80% (1520 million tons) is from croplands constituting only 22% of the highland 
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areas. In general, the rate of soil loss in the country as a whole is estimated to be 

extremely high where its soil loss varies by type of land cover (Hurni, 983). 

According to Hurni (1983), the rates of soil formation in Ethiopia vary between 2 and 22 

tons/hectare/year, which are much lower than the rate of soil erosion. The average soil 

loss rate is six times greater than the rate of soil formation and it causes an annual 

reduction of 4 mm in soil depth (Tsigie, 1995).   

From average annual loss on agricultural land of 137t/ha/year, there is an annual soil 

depth loss of 10-13 mm. Under agricultural conditions, 10 mm lost topsoil takes up to 

200 years to replenish (IFPRI, 2010). It was reported as northern Ethiopian highlands are 

at high risk of desertification (Nyssen et al., 2004).   

Soil erosion has major ecological and economic consequences, particularly in populated 

areas. Soil erosion causes economic loss because of crop destruction and reduced crop 

productivity. Erosion also leads to shortened investment life of water management 

infrastructures, and greater flood frequency caused by sedimentation and dimensioned 

infiltration capacity of soil (Whitmore et al., 1994).  

2.2.2 Soil Fertility Depletion 

Soil  fertility  decline is  used  as  a  short  term  to  refer  to  what  is  more  precisely  

described  as deterioration(degradation) in  soil  physical,  chemical  and  biological  

properties (Stoorvogel and Smaling, 1990).  Soil fertility decline is a major effect of 

erosion, the term is used here of cover effects of processes other than erosion (Stoorvogel 

and Smaling, 1990).  The main processes involved are:  

i. Reduction in soil organic matter, with associated decline in soil biological 

activity; 

ii. Degradation of soil physical properties as a result of reduced organic matter  

iii.  Changes in soil nutrient content leading to deficiencies, or toxic levels, of 

nutrients essential for healthy plant growth; 

iv. Inability to support plant growth due to the absence of important soil nutrients – 

i.e., soil nutrient depletion. 
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When the overgrazing of livestock, land development or farming reduces the amount of 

forestation, erosion occurs at an accelerated rate. As a result of human activity, soil 

erosion occurs at a much faster pace than soil formation. It occurs whenever the natural 

balances in the landscape are changed by human activity through misuse or overuse of 

soil. Degraded soils which result in poor or no production are also called problem soils 

(UNEP, 1993). 

Soil nutrient depletion occurs when the components which contribute to fertility are 

removed and not replaced, and the conditions which support soil's fertility are not 

maintained. The ultimate consequence of all these is poor crop yields. Topsoil depletion 

occurs when the nutrient-rich organic topsoil, which takes hundreds to thousands of years 

to build up under natural conditions, is eroded or depleted of its original organic material 

(Bjonnes, 1997). 

Soils fertility depletion has become an alarming global environmental problem 

threatening sustainable development in most developing countries. The depletion of oil 

reserves, and its effect on world oil prices, is the most immediate threat to world 

economic stability, but the depletion of soil resources by erosion might be the most series 

long term threat. The unprecedented doubling of world food supplies over the last 

generation was achieved in part by adopting agricultural practices that led to the 

excessive soil erosion, erosion that is draining the productivity of land (Barrett, 1996). 

Degradation of agricultural soil resource in Ethiopia is seriously limiting crop production 

and increasing costs for using excess fertilizers. In economic terms, the annual rate of 

land degradation results in the reduction of crop production by about 2% per year (Hurni, 

983). According to FAO (1986), available estimates on economic impact of soil 

conservation for three agro ecological zones in Ethiopia indicated an annual on site 

productivity loss of 2.2% from the 1985 yield level. 

Soil fertility depletion has major economic consequences, particularly in populated areas. 

Soil fertility depletion causes economic loss because of crop destruction and reduced crop 

productivity (Whitmore et al., 1994). Continuous cropping of cereals, removal of crop 
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residues, low levels of fertilizer usage and unbalanced application of nutrients can led to 

leaching, especially for N and K. Loss of nitrates (N), phosphates (P) and potash (K) 

from the soil in available form for plants results in stunted growth and low crop yields 

(IFPRI, 2010).   

Constable (1984) has also reported that if proper measures are not taken and the present 

(1983/84) rates of soil erosion be allowed to continue, the national cost of soil 

degradation in the highlands alone would amount to about 15, 261 million Ethiopian birr 

by 2010, of which, 77.8% would be due to decrease in crop production and 22.2% to 

decreased livestock production.  

2.2.3 Low and Erratic Rainfall  

Woldeamlak Bewket (2009) has noted that in Sub Sahara Africa, rainfall is the most 

important climatic factor influencing the growth characteristics of crops.  This finding is 

collaborated by earlier works (Befekadu Degefe and Berhanu Nega, 2000). Rainfall  

provides  the water  that  serves  as  a  medium  through  which  nutrients are  transported  

for  crop  development.  In view of this significant role, clearly, inadequate water supply 

has adverse effects on efficient crop growth, resulting in low productivity.  

Most of Ethiopia‘s agricultural highlands utilize rain-fed agricultural practices that rely 

primarily on the intermittent and unreliable rainfall.  As result, food production suffers 

from the adverse effects of climate variation and frequent drought, which have been 

affecting the nation for a number of decades (MoFED, 2006). 

The figure below shows mean historical monthly temperature and rainfall for Ethiopia 

during the time period 1990-2012. The most immediate consequence inadequate and 

poorly distributed rainfall is a fall in crop production, due to Farmers are faced with 

harvests that are too small to both feed their families and fulfill their other commitments.  
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Figure 2.1: Average monthly temperature and rainfall for Ethiopia from 1990-2012 
Source:  World Bank, 2016 (sdwebx.worldbank.org/climateportal/index.cfm) 

2.2.4 Socio-economic Constraints  

Agriculture is an important industry and like all other industries it also requires capital. 

The role of capital input is becoming more and more important with the advancement of 

farm technology. The level of net farm income was expected to affect the effort to afford 

agricultural inputs because farmers  with  higher  net  income  are  less  likely  to  be  

financially  constrained  to  acquire agricultural inputs such as oxen, fertilizer and seed  

(Addisu Damtew, 2011). 

Economic constraints such as wealth status of the farmers, off -farm income, annual 

income, cost of the fertilizers and debt status are factors, which tends to affect agriculture 

(Eleni, 2008). Most agricultural activities in the developing countries are subsistent in 

nature, fertilizers are very expensive and also inadequate; can not procure the most 

sophisticated machines (John, 2008). 

Age-old traditions together with limited knowledge of agricultural risks have a decisive 

role in constraining peasant agriculture. Religious beliefs and customs are deeply 

entrenched in rural Ethiopia. As a result, farmers, on account of holidays, do not work for 

the most part of a month. This has adverse effects on agricultural production, particularly 

during the harvest season, when all hands are required to participate in view of higher 
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labour requirements. In fact, these beliefs aggravate labour shortage during cultivation 

and harvest time (Addisu Damtew, 2011).  

Most small farmers and pastoralists are out of reach of modern transport and information 

systems of the country; their concept of costs and returns is quite limited with the 

consequence that small farmer agricultural development has become insignificant (Van 

Crowder and Fortier, 2000). 

2.3  Measures Taken to Combat Land Degradation  

Land degradation refers to reduction or loss of the biological or economic productivity 

and complexity of rain fed cropland, irrigated cropland, or range, pasture, forest and 

woodlands resulting from land uses or from a process or combination of processes, 

including processes arising from human activities and habitation patterns, such as: (i) soil 

erosion caused by wind and/or water; (ii) deterioration of the physical, chemical and 

biological or economic properties of soil; and (iii) long-term loss of natural vegetation 

(UNCCD, 2012). 

According to UNEP, land  degradation  is  the  temporary  or  permanent  lowering  of  

the  productive  capacity  of  land. It thus covers the various forms of soil degradation, 

adverse human impacts on water resources, deforestation, and lowering of the productive 

capacity of rangelands. Land degradation is a process in which the value of the 

biophysical environment is affected by a combination of human-induced processes acting 

upon the land (Arthur and Jeanette, 1995).  
 

Land degradation is considered an important subject in Ethiopia due to the implications 

land degradation has upon agronomic productivity, the environment, and its effects on 

food security (Eswaran et al., 2001). Land degradation is the long-term loss of ecosystem 

function and productivity caused by disturbances from which the land cannot recover 

unaided. It is estimated that up to 40% of the worlds agricultural land is seriously 

degraded (Bai et al., 2008). 

There are four main ways of looking at land degradation and its impact on the 

environment around it (Stockings et al., 2000): 
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i. A temporary or permanent decline in the productive capacity of the land. This can be 

seen through a loss of biomass, a loss of actual productivity or in potential 

productivity, or a loss or change in vegetative cover and soil nutrients. 

ii. Action in the land's capacity to provide resources for human livelihoods. This can be 

measured from a base line of past land use. 

iii.  Loss of biodiversity: A loss of range of species or ecosystem complexity as a decline 

in the environmental quality. 

iv. Shifting ecological risk: increased vulnerability of the environment or people to 

destruction or crisis. This is measured through a base line in the form of pre-existing 

risk of crisis or destruction. 

Ethiopia is one of the sub Saharan African countries where land degradation has reached 

a severe stage. Land degradation mainly due to soil erosion and nutrient depletion, has 

become the most important environmental problems in the country (Bekele Shiferaw and 

Holden, 1999). A major survey undertaken around the early 1980s concluded that 50% of 

the highland region, roughly 270,000 Km2 had already totally lost its productive capacity 

(Hurni, 983). 

The  implication  of  land  degradation  is  extremely  challenging  since  the  livelihood  

of  many Ethiopian are dependent on the land resource. Land resources degradation 

reduce the production potential  of  land  and  this  make  it  difficult  to  produce  enough  

production  to  supply  the  food demand of growing people. The country is mainly linked 

to the prevailing degradation problem caused by continuous cultivation with limited 

amendment and wide spread use of dung and crop residue  for  household  energy  which  

substantially  contribute  to  the  loss  of  soil  organic  matter (Aklilu Amsalu, 2006).  

2.3.1 Soil and Water Conservation Measures 

Soil and water conservation (SWC) measures are activities which maintain or enhance 

the productive capacity of the soil through prevention or reduction of erosion, 

conservation of soil moisture, and maintenance or improvement of soil fertility. SWC 

measures reduce soil and land degradation whether it is caused by physical (winds, 

runoffs, soil sealing, etc.) or chemical (nutrient leaching, loss of organic matter, etc.) 
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factors. If sustainably managed, the soil will ensure the provisioning of land and 

ecosystem services (UNCCD, 2012).  

Following the 1972/73 drought, the Dergue government of Ethiopia initiated a program 

of soil conservation and afforestation.  A watershed treatment approach was adopted for 

the program and three major conservation activities were undertaken. These are:  i) 

physical  conservation  measures  on  farm  lands  which  included  tied  ridges, soil  or  

stone  bunds  and  various  types  of  terraces;  ii)  soil  conservation  on  grazing  land 

which  combined   area  closure  and  re-vegetation  with  fodder  trees  or  shrubs;  iii)  

soil conservation  on  forest  land  which  included hillside  terracing,  planting  of 

multipurpose tree species and   fruit  (Aklilu Aklilu Amsalu, 2006). 

The implementation of the SWC measures are largely determined by economic status, 

public awareness, and educational level of the stakeholders and the main prerequisite for 

attaining sustainable agricultural development is the formulation of appropriate resource 

management policies which are supported by the farming community to which they are 

willing and able to respond (Aklilu Aklilu Amsalu, 2006).  A variety of SWC measures 

have been popularized among the farming community. According to Rauch (1998) the 

main types of these practices are: 

•••• Physical measures (also termed mechanical or technical measures) 

•••• Biological measures (also termed vegetative measures) 

•••• Agronomic measures (sometimes called best management practices). 

2.3.1.1 Physical conservation measures 

Physical or structural (also termed as engineering or mechanical) measures are essentially 

designed to reduce soil and water losses by reducing the length and the gradient of slopes 

and thus increasing water infiltration into the soil and making the soil on those slopes less 

vulnerable to erosion by the forces of rainfall and runoff (MoARD, 2005). For this 

reason, physical conservation measures are mostly recommended for steep slope hillsides 

with slope gradients > 15%. The major physical soil and water conservation measure 

includes: 
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Hillside terraces 

Hill side terrace is an earth embankment, channel, or a combination ridge and channel 

constructed across an eroding slope to address severe erosion. This practice applies to 

steeply sloping sites where surface flow is causing severe erosion and damaging. Hillside 

terraces used to reduce surface erosion by rainfall runoff; retain runoff for moisture 

conservation; promote establishment trees and shrubs; and safely control the flow of 

water by diverting runoff from upland sloping areas or collection zones to a stable outlet 

sloping upland or collection zone (Nyssen , 2007).  

Fanya-juu terrace 

Fanya-juu means "throw the soil up the hill" in Kiswahili. The terraces formed are ideal 

for fodder grasses and help prevent soil erosion. Fanya-juu terraces are constructed by 

digging ditches and heaping the soil, forming bunds in the upper sides of the ditches. 

Spacing depends on slope and soil depth.  
 

Soil bunds 

Soil bunds act on slopes up to 15 to 30% (depending on rainfall, soil type and land use) 

both by interrupting slope length and reducing its gradient and with proper maintenance, 

eventually lead to terrace formation. Soil bunds are normally built by moving and 

compacting soil downhill (MoARD, 2005). 

Stone bunds 

The stone bunds form a barrier that slows down water runoff, allowing rainwater to seep 

into the soil and spread more evenly over the land. This slowing down of water runoff 

helps with building-up a layer of fine soil and manure particles, rich in nutrients. From 

the perspective of climate change adaptation, contour stone bunds protect the land from 

heavy rain in years with high rainfall. In drought years, they improve rainwater 

harvesting, retention and infiltration into the soil, increasing the amount of water 

available to plants and guaranteeing the harvest. If a good vegetation cover is developed 

on the stone bunds, they also lower soil temperature, provide protection against wind 

erosion and help to conserve biodiversity. However, interactions of SWC measures with 
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fertilization optimizes water and nutrient use efficiency, boosting crop production and 

inducing economic benefits for poor resource farmers (MoARD, 2005). 

2.3.1.2 Biological conservation measures 

Biological measures for soil and water conservation work by their protective impact on 

the vegetation cover. It is most effective way of soil conservation. According to (Morgan, 

1999), a dense vegetation cover used to prevent splash erosion; reduces the velocity of 

surface runoff; facilitates accumulation of soil particles; increases surface roughness 

which reduces runoff and increases infiltration. 

These effects entail a low soil erosion rate compared with an uncovered soil which shows 

in general a high soil erosion rate. Even cultivated crops in agricultural areas are a better 

protection against soil loss than uncovered soil (relatively high soil erosion rate) 

(Morgan, 1999). Other positive impacts have been observed, such as improved soil 

moisture condition (or protection against erosion by wind).Thus, biological measures are 

an effective method of soil and water conservation, especially since they are low in cost 

(Heathcote, 1998). The major Biological measure for soil and water conservation 

includes: 

Area closure 

Area closure of degraded hillsides is a practice applied to rehabilitate degraded land that 

has lost its vegetative cover and thus, extremely depleted in soil fertility. The area to be 

closed from the interventions of human and livestock interference is fenced and usually 

guarded (Nyssen , 2007).   

The rate by which closed areas regenerate depends on the degree of degradation, 

climatic factors and the scale of management it receives. Experience shows that well 

managed and protected area enclosure rehabilitates very fast compared with those areas 

which are not protected from external interferences. Physical measures which retain soil 

moisture are applied in integration with closures (MoARD, 2005). 

Area closure directly or indirectly contributes to the increase of crop yields, fodder 

production and improvement of farm income and improves livelihoods. Its long term 
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benefits can be tremendously, especially in areas where productive land is short. It is 

expected that land previously useless for productive purpose will produce sustainably 

again after 3-5 years of area closure. However, if cash crops, trees or fodder bushes can 

be grown on terraces and benches, farmers will receive income in the short or medium 

term, depending on the time needed for the first harvest (MoARD, 2005).  

The impact of area closure has been significant conservation programs. 1.2 million 

hectares are under vegetation enclosure since 1975 in Ethiopian highlands. Each year 

some 40 million tree seedlings are planted with a 56% survival rate in Tigray region 

(Nyssen , 2007).  These interventions have led to demonstrated significant improvements 

in terms of soil conservation, infiltration, groundwater recharge and prevention of flood 

hazard.  

Afforestation and reforestations 

The IPCC Guidelines define afforestation as the "planting of new forests on lands which, 

historically, have not contained forests." Afforestation is the establishment of a forest or 

stand of trees in an area where there was no forest. Reforestation is the reestablishment of 

forest cover, naturally (by natural seeding, coppice, or root suckers), artificially (by direct 

seeding or planting). 

Forests can significantly influence the regulatory characteristics of a catchment. Their 

influences are complex and interrelated. A forest cover and the litter it produces 

intercept rainfall, detain surface runoff, and allow more time for infiltration. Decayed 

roots help maintain and improve the infiltration capacity of the soil. The most  

important  measure  to  restore  the  disturbed  rural ecology  is  the  implementation  of  

afforestation  and reforestation on  a  scale  large  enough  to  cope  with  the problems 

of soil erosion and water wastage.  An   estimated  500  million  tree  seedlings  were  

planted  and  about  80,000  hectares  of  hillsides  closed  for regeneration between 

1976 and 1985 (MoARD, 2005).  
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Agro-forestry  

Agro-forestry is described as a new name for a set of old practices (Nair and Muschler, 

1993). It is a collective term  for  land-use  systems  and  technologies  where  woody 

perennials  (trees,  shrubs,  palms,  bamboo,  etc.)  are deliberately  used  on  the  same  

land-management  units as agricultural  crops  or  animals,  in  some  form  of  spatial 

arrangement or temporal sequence. According to  Nair  and  Muschler (1993),  

Agroforestry represents  an  interface  between agriculture  and  forestry  and  

encompasses  mixed  land-use practices  that  have  developed  in  response  to  the  

special needs and conditions of the tropical developing countries.  

2.3.1.3  Agronomic conservation measures 

Agronomical measures are the science and technology of producing and using plants for 

soil and water conservation as well as for land reclamation. Agronomic practices improve 

soil quality, enhance water use, manage crop residue and improve the environment 

through growing vegetation and better soil fertility management 

(http://www.monsanto.com/products/pages/agronomic-practices.aspx). 

Furthermore, it is the cheapest way of soil and water conservation. Agronomic 

conservation measures are reducing the impact of raindrops through interception and thus 

reducing soil erosion; increasing infiltration rates and thereby reducing surface runoff and 

soil erosion (Tidemann, 1996). Some possible agronomic measures can be applied 

together with physical or biological soil and water conservation measures. In some 

systems they may be more effective than structural measures (Heathcote, 1998).  

Mulching  

Mulch is a layer of material applied to the surface of an area of soil. Its purpose is to 

conserve moisture, improve the fertility of the soil, reduce weed growth, and enhance the 

visual appeal of the area. Mulch is usually but not exclusively organic in nature. It may 

be permanent (e.g. plastic sheeting) or temporary (e.g. bark chips). It may be applied to 

bare soil, or around existing plants. Mulches of manure or compost will be incorporated 

naturally into the soil by the activity of worms and other organisms. The process is used 
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both in commercial crop production and in gardening, and when applied correctly can 

dramatically improve soil productivity. A variety of materials are used as mulch: Organic 

residues: grass clippings, leaves, hay, straw, kitchen scraps comfrey, shredded bark, 

Compost, Rubber mulch, Plastic mulch (MoARD, 2005). 

Crop-Rotation  

Crop rotation entails growing various crops on the same piece of land in a planned 

recurring sequence. The crop sequence is selected in such a way to provide a high degree 

of soil cover and provide an adequate amount of organic residue to help maintain or 

improve the soil tilth. This sequence may alternate production of high residue producing 

crops with production of low residue producing crops. This alternation is often 

recommended, as properly managed levels of crop residue can increase soil moisture, 

which in turn, can increase crop yields and residue production. Rotating deep rooted 

legumes with shallow cereals permit the intensification of the farm system, which results 

in increased overall productivity and biodiversity; the recycling of organic material; 

water management; soil erosion protection; and pest and disease suppression (WDEQ, 

2013). 

Appropriate crop rotation increases organic matter in the soil, reduce pests and diseases, 

improves soil structure, reduces soil degradation, and can result in higher yields and 

greater farm profitability in the long-term. Increased levels of soil organic matter 

enhances water and nutrient retention, and decreases synthetic fertiliser requirements. 

(Kwesiga et al., 1999). 

Contour farming  

Contour farming is the practice of tilling, planting, cultivating, and harvesting crops 

laterally across slopes as a means to reduce runoff and sheet and rill erosion. Downslope 

runoff can be intercepted and redirected by using ridges and furrows formed by crop 

farming operations. Farming on the contour also reduces velocity and volume of runoff, 

as the ridges and furrows block water movement, promote infiltration, and prevent soil 

particles from moving (WDEQ, 2013). 
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The practice of contour farming benefits water quality by reducing slope runoff and 

preventing the transport of sediment and its associated contaminants. In addition, by 

increasing infiltration rates, more pesticides or nutrients can be infiltrated into the soils 

instead of being transported and introduced to natural water bodies. Increased 

infiltration of water and nutrients can also promote better crop growth and soil tilt. 

Contour farming is most effective on slopes that are between 2 and 10 percent. The 

practice is not well suited to areas with rolling topographies that have a high degree of 

slope irregularity because it makes it difficult to meet grade criteria (WDEQ, 2013).  

2.3.2 SWC measures Implemented in Ethiopia 

In Ethiopia, the problem of intolerable soil erosion and its adverse effects has been 

repeatedly reported for many watersheds. The traditional physical SWC measures, such 

as stone terraces, have been practiced in a few areas for several hundred years (e.g. 

Konso area) for which awareness and experience have been confined in that particular 

area. The structures having certain technical designs and specifications have been 

introduced to many new areas, assuming that land users can adopt it sooner or later. 

Since, the 1970s, pilot projects, campaign work, food for work programs (grain and 

edible oil support), etc. were initiated and are ongoing by both government and non-

governmental organizations (Berhe W/Aregay, 1997). 

The governments of Ethiopia launched a massive soil conservation program in the 1970’s 

to arrest and reverse the process of soil degradation. According to (Bekele Ambaye and 

Holden, 1998); despite the increasing land degradation a problem, the issue of conserving 

agricultural land was largely neglected until the early 1970's. But awareness of the 

problem was incited by the devastating famine in Wollo in 1973/74. Reforestation, 

terracing, pond construction and road construction program were begun initially in the 

Northern regions and followed by Eastern regions. 
 

In Ethiopia, to solve the problem of land degradation enormous inputs including 

technical, educational and incentives in soil conservations have been made since the 

1970s. it is shown in Table 2.1 below that,  between 1980 and 1994 an area of 1,045,130 

ha was covered with soil bunds and hillside terraces, 17880 km of check dams and cut of 
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drains 1,259,760 ha were covered by closure and afforestation, and about 170 small earth 

dams were constructed. This seems very impressive but is not very significant as it covers 

less than 10% of all cultivated land in need of soil and water conservation (Berhe 

W/Aregay, 1997).  

Table 2.1: Terracing, afforestation and bunding achievements from 1980 -1994 

Total  conserved areas (1980 -1994) 

Bunds and hill side terrace 1,045,130 ha 

Check dams & cut of drain (Km) 17880 km 

Area closure and afforestation 1,259,760 ha 
Source: (Berhe W/Aregay, 1997) 

Nowadays, the government is trying to minimize the problem of land degradation based 

on the voluntary involvements of smallholders and implementation of soil conservation 

project and programs. Moreover, most agricultural development projects consider natural 

resource developments in general and promotion of soil and water conservation activities 

in particular as the potential area of intervention for sustainable crop production and 

rehabilitating degraded areas of the country.  

2.4  Effects of SWC Measures on Soil Nutrient and Moisture Status 

Soils and waters are supports the growth of most of our food and fiber; so, its 

productivity is a major factor in the overall development of all nations of the world. As 

part of development  and  modernization,  trees  are  cut  and  vegetation  is  chopped  off,  

leading  to  large scale erosion (Addisu Damtew, 2011). 

2.4.1 Effects of SWC Measures on Soil Nutrient Status 

The fundamental roles of SWC structures are to significantly reduce soil loss and its 

consequences. The SWC measures are identified as the first line of defense that mostly 

acts as barrier due to the creation of obstacles against surface runoff. Most structures 

gradually develop into bench terrace and decrease the slope gradient and velocity of 

runoff.  Tenge et al. (2004) reported that grass strips, bench terraces and fanya juu 
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reduced soil loss by 40, 76 and 88%, respectively, compared to the land without those 

structures.  

SWC practices are important so that the soil nutrient has to be preserved and the 

environment kept neat, tidy, and productive in order to preserve our human health and 

nutrition. The roles of SWC practices in increasing agricultural productivity have been 

indicated in many studies. Joyce & Musiwa (1999) confirmed that the benefits of SWC 

practices in agriculture is proven and it can enrich available soil nutrient via reducing soil 

erosion, controlling nutrient leaching, safe guard the land and reduce the risks of total 

crop failure in drought years. 

According to Brady and Weil (2002), SWC practices are essential to enhance available 

soil phosphorus, soil potassium and soil nitrogen. Field research indicated that the  mean 

total  nitrogen  content  of  the  terraced  site  with  the  original slope  of  15,  25  and  

35%  were  higher  by  26,  34  and  14%, respectively,  compared  to  the  average  total  

nitrogen contents  of  their  corresponding  non-terraced  sloping lands Million 

Alemayehu (2003). It is also reported that, deficiency of available soil phosphorus and 

potassium enhances with soil and water conservation measures (Shober et al., 2013).  

According to FAO (1978) soil organic matter (SOC), total N, and available phosphorous 

(P) found to be significantly different (p = 0.05) between conserved and non- conserved 

watersheds. Quraishi et al. (1980) reported similar findings. The non - conserved  micro -

watershed  had  the  lowest  soil  organic  matter  (SOC),  total  N  and infiltration rate 

compared to the conserved twin-catchment. The values of organic carbon, nitrogen, 

phosphorus, and potassium were found significantly higher under terrace than 

unprotected land. 

2.4.2 Effects of SWC Measures on Soil Moisture Status 

According to Sutcliffe  (1993), SWC measures are  justifiable  in  moisture  stressed  

areas  of  Ethiopian  highlands,  where moisture conservation plays an important role in 

increasing yield. Mechanical structures such as terraces check dams, tranches and micro-

basins modify terrain through changing slope length and angel, which in turn reduces 
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runoff velocity, enhances water infiltration and modifies available soil moisture (Nyssen 

et al., 2009). 

Biological SWC measures such as enclosure, homestead tree plantation, reforestation and 

enrichment tree plantation help to restore vegetation cover and diversity (Carla et al., 

2003). With vegetation cover restoration, beside soil fertility improvement through 

regular organic matter addition, the soil surface can also be protected from raindrop 

splash and scoring effects of runoff water. The vegetation intercepts the rainwater, which 

enhances infiltration and reduces runoff. The infiltrated water percolates into the soil 

which in turn improves the hydrology. 

Terraces such as soil bunds, fanya juu, stone bunds, hillside terraces and grass strips or 

hedgerows are barriers either divert runoff into safe channels, such as grassed waterways, 

or reduce it by promoting infiltration. The barriers are commonly introduced to many 

new areas of Ethiopia and it has also been practiced traditionally for a considerably long 

period. The function of terraces in humid areas are to decrease the length of hillside 

slopes and thereby reduce erosion and allow for sediment to settle, whereas in drier areas 

it serve to retain runoff, increase infiltration, thus increase available soil moisture for 

plant growth (Schwab et al., 2002).  

Moreover, channel and embankment of the SWC measures impound excess water and 

enhance the possibility of its infiltration thus, soil moisture can be improved. SWC 

measures like terrace, tied ridges, fanya juu and grass strip were effective in conserving 

moisture (26-36%) compared to the land without those structures (Tenge et al., 2004). 

The second order stochastic dominance analysis in the Hunde-Lafto area, in eastern 

Ethiopia, implied SWC measures mitigated the adverse effects of moisture stress in crop 

production, especially in the case of unfavorable rainfall (Wegayehu Bekele, 2005) 

2.5  Challenges to Implement SWC Measures 

Factors such as income level, labor and education level, farming experience, conservation 

attitude and family size are factors which influence adoption of SWC practices. Higher 

education levels are hypothesized to be associated with improved knowledge about 
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conservation measures, the productivity, and effects of erosion may persuade them to 

choose particular SWC practices (Addisu Damtew, 2011). 

Severe erosion can be attributed to weak knowledge dissemination and limited 

enforcement of land management guidelines, rather than a lack of identified technologies 

and practices. For example, Ethiopian government designed national conservation 

strategy launched in 1997 was comprehensive, covering management guidelines for soil, 

forest, and water resources, but implementation through extension has proved difficult 

and has largely stalled (IFPRI, 2010).   

 The level of net farm income was expected to affect soil and water conservation effort 

because farmers  with  higher  net  income  are  less  likely  to  be  financially  

constrained  to  adopt  soil  and water conservation measures (Addisu Damtew, 2011). 

Economic constraints such as wealth status of  the farmers, off  -farm income, annual 

income, cost of the fertilizers and debt status are factors,  which  tends  to  increase  or  

reduce  incentives  for  soil-water  conservation  (John, 2008). 

Lack of proper awareness among policy makers of the extent and impacts of land 

degradation, lack of awareness of the nature and technical requirements of SWC 

practices, top-down planning approach to technical assistance, weak linkage during 

technology generation and dissemination, limited capacity to plan and implement SWC 

practices at all levels, poor networking of information on SWC practices were also the 

challenges influence implementation of successful SWC practices in Ethiopia (EEPFE & 

IFPRI, 2006).  
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CHAPTER – THREE 

3. METHODS OF THE STUDY 

3.1  Description of the Study Area  

3.1.1 Location 

Figure 3.1 presents the location map of Guba-Lafto Woreda within the Amhara Region of 

Ethiopia. The Woreda is bordered in the south by the South Wollo Zone, Delanta and 

Wadla Woreda in the west, Meket Woreda in the north-west, Gidan Woreda in the 

northeast by the Logiya River which separates it from Kobo, and on the southeast by 

Habru. Woldiya is an enclave inside this Woreda and it is the major town in the area. 

Geographically the area is located between 3906’9” and 39045’58’’East and 

11034’54’’and 11058’59’’North. 

 
Figure 3.1: Location map of the study area 

3.1.2 Population  

Based on the 2014/2015 national census conducted by the Central Statistical Agency of 

Ethiopia (CSA), with an area of 900.49 square kilometers, Guba-Lafto Woreda has a 

population of 139,825, an increase of 0.48% over the 1994 census. Of which 70,750 are 

men and 69,075 women; 4,886 or 3.49% are urban inhabitants. A total of 33,676 

households were counted in this Woreda, resulting in an average of 4.15 persons to a 

household, and 32,824 housing units. The majority of the inhabitants practiced Ethiopian 
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Orthodox Christianity, with 86.58% reporting that as their religion, while 13.32% of the 

population said they were Muslim. 

3.1.3 Topography and Agro-ecology 

The topography of the Woreda is mostly characterized by a chain of mountains, hills and 

valleys ranging from 1379- 3809 meter above sea level (m a.s.l). It is characterized by 

20% flat, 30% undulating, 35% mountainous and 15% gorges or Valleys. Guba-Lafto 

Woreda has there agro-ecological  zones,  namely,  lowland  (Kolla)  1379-1500  m  a.s.l,  

Mid-altitude (Woinadega) 1500-2300 m a.s.l, and Highland (Dega) 2300-3200 m a.s.l. 

Most of the rural population is settled on the highlands and plateaus.  

A bi-modal nature of rainfall characterizes most parts of Guba-Lafto Woreda. The short 

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

(Meher), occurs between June and September. Figure 3.2 and Figure 3.3 shows mean 

historical monthly temperature and rainfall for Guba Lafto Woreda during the time period 

1990-2012. 

 

Figure 3.2: Average monthly temperature and rainfall at Woreda from 1990-2012 

Source:  World Bank, 2016 (sdwebx.worldbank.org/climateportal/index.cfm) 
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Figure 3.3: Average monthly rainfall trend of Guba Lafto Woreda 
Source: (Alemu Eshetu, 2011) 

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

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

their  crop production. The principal feature of the rainfall in most parts of the Woreda is 

seasonal character, poor distribution and variability from year to year, an erratic 

distribution of rainfall has been the major climatic factor affecting crop yields in the area. 

3.1.4 Soil type 

Dominant soil types in the area are Eutric Leptosols, while Eutric Cambisols, Lithic 

Leptosols, and Vertic Cambisols are also observed in the Woreda (Ali Mohammed, 210).   

According to FAO (2007), Cambisol is a soil with a beginning of soil formation. The 

horizon differentiation is weak. Cambisols are developed in medium and fine-textured 

materials derived from a wide range of rocks. Most of these soils make good agricultural 

land and are intensively used. Cambisols in temperate climates are among the most 

productive soils on earth. They are common in areas with active erosion where they may 

occur in association with mature tropical soils. 

Leptosol is a very shallow soil over hard rock or highly calcareous material or a deeper 

soil that is extremely gravelly and/or stony. Leptosols are particularly widespread in 

mountain areas. Elsewhere, Leptosols can be found on hard rocks or where erosion has 
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kept pace with soil formation or removed the top of the soil. The very shallow, acid rock, 

and less than 10 cm deep, Lithic Leptosols in mountain regions are the most extensive 

Leptosols on Earth. Leptosols are unattractive soils for rainfed agriculture because of 

their inability to hold water (FAO, 2007).   

 

Figure 3.4: Soil map of Guba-Lafto Woreda  

(Ali Mohammed, 2010). 

3.1.5 Land Use Pattern  

Based  on  the  data  obtained  from  Guba-Lafto  Woreda  environmental  protection,  

land administration  and  use  office,  most  of  the  land  is  mountainous  and  

characterized  by  steep slopes, unsuitable for agricultural purpose thus; the cultivated 

land is limited only to 36.42 per cent of the total area. Farmers own different types of 

fields the so called “Wojed” 2 and “Berha”3 (Ali Mohammed, 2010).  

                                                 
 

2  “Wojed” are plots close to the homestead, and the outfields. 
3 “Berha”, are plots which may be as far as 3 to 5 kilometers from the house (Ali Mohammed, 2010). 



~ 31 ~ 
 

Table 3.1 presents the major land use practices in the area. the major Land use categories 

in the Woreda include agricultural land, rural settlement, bare land, bush land and forest. 

It is reported that, the land use pattern of the Woreda includes arable land (34.1%), 

grazing land (17.9%), forest (27.1%), and water bodies (6%), rocky land (5%) and others 

(9.9%), respective (Dereje Mengistie and Desale Kidane , 2016). 

Table 3.1: Land use patterns of Guba-Lafto Woreda (1976, 1986 and 2005) 
Land use 
patterns 
 

1973 1986 2005 
Area(Km2 ) Area (%) Area (Km2 ) Area (%) Area (Km2) Area (%) 

Agriculture 317.79 36 283.54 32.3 346.02 39.4 

Settlement 55.17 6.3 36.33 4 82.19 9.4 

Bare land 143.19 16.3 259.02 29.5 257.24 29.3 

Bush land 300.63 34.3 281.15 32 161.6 18.4 

Water body 26.67 3 6.23 0.7 22.29 2.5 

Forest 34.4 4 11.58 1.3 8.51 1.0 
       Total 877.85 100.00 877.85 100.00 877.85 100.00 

Source: Estifanos Lemma (2010) 

Agricultural land is scares in the high land areas. The low land agro ecology zones have 

better agricultural land and some kebeles like, Sanka, Lay Alewuha (Dorogibr), Laste-

gerado, have access to irrigation. The most commonly produced crops in the zone are 

annual crops such as sorghum, wheat, teff,  maize,  haricot  beans,  horse  bean,  cheek  

pea  and  cash  crops  like  onion,  pepper (Estifanos Lemma, 2010).    

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

vegetation.  Farm borders and riversides are severely overgrazed, and in the eroded 

wastelands only few shrubs and scattered small trees are common. Firewood is now so 

scarce that dung cakes and agricultural residues are used as fuel.  Some farmers plant 

eucalyptus around their homesteads, carefully protecting it with stone walls (Ali 

Mohammed, 2010). 
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3.2  Types and Source of Data 

As per the requirement of the research objectives, the study applied combination of 

primary and secondary data sources. Primary sources were obtained from soil laboratory 

experiments, household survey, group discussion, and personal observation. While books, 

articles, journals, legal documents, and website sources were compromise secondary 

sources of data.  

3.2.1 Qualitative Data Sources 

3.2.1.1 Key Informant Interview 

For  the  sake  of  in  depth  understanding  of  effects of SWC measures on soil 

macronutrient and moisture status in the study area, the  researcher  had conducted in-

depth  interview with kebele administrator and one DA totally 2 key informants in each 

kebeles. All these key informants had better understanding on crop production problems 

and the effects of SWC practices on soil Macronutrients and soil moisture. They could 

easily explain from their experience as decline in soil fertility due to soil erosion and land 

degradation change for  crop  production. 

3.2.1.2  Focus Group Discussion 

Total of two focus group discussions were administered from two kebeles.  The group 

members were included total member of 6 who are 2 elders, 2 religious leaders, and 2 

teachers from both men and women. The aim of the discussion was on major challenges 

to adopt SWC practices which used to enhance soil fertility and supporting crop 

productivity. In addition, the discussion was focus on identifying perceived crop 

production problems. 

3.2.1.3 Direct Observation 

Direct observation is one of the important methods of primary data collection. This study 

was carried out through systematic watching, listening and recording of data. It helps to 

generate ideas helpful to modify questionnaire for survey, group discussion and key 

informant interview and also to acquire information about the physical setting of the area, 
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conditions of land degradation, and status of the present soil and water conservation 

practices. 

Transect walk with farmers and kebele administer were conducted mainly on the 

observation of degraded areas, soil and water conservation activities of individual 

farmers’ plots.  

3.2.2 Quantitative Data Sources 

3.2.2.1 Household Survey and Data Analysis 

Questionnaire survey was applied to collect primary data from sampled households using 

structured questionnaire. Key topics covered in the questionnaire include demographic 

and socio-economic characteristics of households; farmers’ perceptions on the 

importance of soil erosion and fertility depletion as constraint to crop production; 

implementation status of soil and water conservation measures; effects of SWC measures 

on crop yields.  

Kebeles in the Woreda were stratified in to two agro-ecological zones highland and 

midland. One kebeles from each agro ecological zone totally two kebeles; Shewat kebele 

(highland), and Amaymicha kebele (midland) have been selected purposively as SWC 

practices are more available in these kebeles. These kebele provide us an opportunity to 

find out different SWC practices and to investigate the roles of these practices on soil 

nutrient and soil moisture status. From selected kebeles, a total 130 representative 

households were selected proportionally (90 from Shewat, and 41 from Amaymicha).  

The sample size household is determined by using the following formula with some 

degree of precision for general household head (Cochran, 1977). 

� =
�����

��	� − 1� + ����
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Table 3.2: Household size of the study  

Sample Kebele Total number of households Sample households 

Shewat Kebele (026) 1321 90 

Amaymicha Kebele (08) 600 41 

Total 1921 131 

Where:  n = sample size of housing units (household head); P= Housing unit variable 

(residential houses); Q= Non-residential houses (different sectoral offices, schools, etc. in 

terms of percentage) = 1-P; N= Total number of housing units (1921); Z= Standardized 

normal variable and its value that corresponds to 95 % confidence interval equals 1.96; d 

= Allowable error (0.05) and after calculated n is Sample size (n) =130. 

3.3 Soil Sampling and Methods of Laboratory Analyses 

3.3.1  Soil Sampling Procedure 

From two selected kebeles which are Shewat and Amaymicha kebeles, soil samples were 

collected from two selected watersheds4, which are Wege Alba watershed and Tikur 

Wuha watershed representing Shewat and Amaymicha kebeles respectively. In each 

watershed, four representative areas which are both the upper (loss zone) and lower 

streams (deposition zone) were selected purposefully to collect composite surface soil 

samples (0-20 cm). 

From both watersheds, 8 composite soil samples were collected from farmlands with 

stone faced soil bund and 8 composite soil samples from non-conserved farmlands giving 

a total sample size of 16 composite samples. Soil samples were taken by Auger to a depth 

of 20 cm from different sampling locations. The soil samples represent upper stream and 

lower streams of selected watersheds to explore variability in nutrient and moisture 

contents as function of slope gradient and land use practice.  

                                                 
 

4 Watersheds  or  water  catchments  is an  area  where  rainfall,  surface  runoff drains  into  one  common  
stream,  river  or  other  water  body.  It  can  be  a  spatial unit  which  covers  geographical  surface  that  
contributes  to  a  major  watershed (Sarah, 2007) 
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3.3.2  Laboratory Analyses  

The soil samples were submitted to Dessie regional soil laboratory to determine the 

contents macro nutrients (N, P, & K), organic carbon, cat-ion exchange capacity (CEC), 

soil pH, and moisture status.  

Total Nitrogen (Tot N%) was analyzed using the Kjeldahl wet oxidation process as 

described by (Blakemore et al., 1987). Nitrogen in the sample was converted to NH4-N 

by sulfuric acid digestion in the presence of a copper catalyst and sodium sulphate to 

raise the boiling point of the mixture. The completed digest was diluted to avoid 

precipitation, nitrogen in the digest was determined colorimetrically as NH4-N using the 

indophenol reaction with sodium salicylate and hypochlorite (Lachat et al. , 1998). 

Available soil Phosphorus (mg/ kg of soil) was analyzed based on Olsen method (Olsen et 

al., 1954). In this method, soils were shaken end-over-end at a 1:20 ratio, with 0.5M 

sodium hydrogen carbonate adjusted to pH 8.5, for 30 minutes, then filtered. This process 

was carried out at 25 °C. Using a QuikChem 8500 flow injection analyzer, 

orthophosphate, PO4-P, in the extract reacts with ammonium molybdate and antimony 

potassium tartrate under acidic conditions then a molybdenum blue complex was formed 

after ascorbic acid reduction. 

Exchangeable potassium (cmol (+)/kg) was analyzed through ammonium acetate 

extraction. In this method dry soil was extracted with an ammonium acetate solution; the 

NH4-N ions in solution displaced K on soil cation exchange sites; for that reason this 

procedure is often referred to as the “exchangeable” K test.  

Soil organic carbon content (Org C%) was determined according to the Walkley-Black 

titration method. The method is based on the oxidation of organic matter by potassium 

dichromate (K2Cr2O7)-sulfuric acid mixture followed by back titration of the excessive 

dichromate by ferrous ammonium sulfate (Fe(NH4)2(SO4)2*6H2O). Soil pH was 

measured in distilled water and potassium chloride (1M KCl) suspension in a 1:2.5 ml 

(soil: liquid ratio) using pH meter. Cation exchange capacity (CEC) was estimated 
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titrimetrically by distillation of ammonium that was displaced by sodium from NaCl 

solution (Van Reeuwijk, 2002). 

The percentage of soil moisture content was determined using Gravimetric method. The 

fresh weights of sixteen soil samples with soil tin were weighed on the field.  Then, after 

oven dried for 24 hours at Dessie regional soil laboratory, the samples were reweighed. 

Then by using the formula; %Moisture = ((Wf - Wod) / (Wod))*100, the available soil 

moisture in percentage was calculated. Where:  

� Wf = weight of fresh soil sample  and  

� Wod = weight of oven-dried soil sample. 

 

3.4  Data Analyses  

After the data from household survey and soil laboratory result was collected; data entry 

were done and analyzed by using statistical package for social studies (SPSS) version 20.  

By using SPSS version 20, both descriptive and inferential statistics were used for data 

analysis. Quantitative data which was gathered from household survey and soil 

experiment were analyzed, summarized and presented in tables, graphs, and percentage. 

Qualitative data from direct observation, key informant interviews, and group discussions 

were also summarized and narrated.   
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CHAPTER - FOUR 

4. RESULTS AND DISCUSSION 

4.1 Socio-economic Conditions of Households 

4.1.1  Family Size and Age Structure 

Table 4.1 indicates the age characteristics of the sample household respondents.  The age 

from18-25 years old were accounted for 23.1% in Shewat, and 9.2% in Amaymicha 

kebeles.  The household members whose age is above 60 were accounted for 5.4% in 

Shewat, and 3.1% in Amaymicha kebeles. Over all 75% of member of the households are 

between the age group of 18-60. Reports indicate that age groups above the age of ten are 

involved in economic activities.  

Table 4.1: Age distribution of respondents by kebeles  

Age categories Shewat Amaymicha Total 

18 to 25 

25 to 40 

40 to 60 

>60 

30(23.1%) 

23(17.7%) 

31(23.8%) 

7(5.4%) 

12(9.2%) 

11(8.5%) 

12(9.2%) 

4(3.1%) 

42(32.3%)  

34(26.2%) 

43(33.1%) 

11(8.5%) 

Total 96 (53.3%) 42 (23.3%) 180 (100% 

Table 4.2 indicates the family size of households by kebele. The major of households in 

across all kebeles had 4 family members.  

Table 4.2: Family size of households by kebele 

NO of family members Shewat Amaymicha Mean 

1 to 3 50(38.5% 14(10.8% 2 

4 to 6 27(20.8% 14(10.8% 4 

>6 14(10.8% 11(8.5% 6 

Overall Mean   4 

The number of family in a household is somewhat reducing due to the implementation of 

family planning strategies. In group discussion, respondents discussed that “in addition to 
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family planning strategy, family members in Guba-Lafto Woreda is reducing because of 

immigration of rural youngsters to the urban areas”. 

4.1.2  Headship of the Households 

Figure 4.1 shows that the sex composition of the respondents in the study area. Out of the 

total respondents of two kebeles, 81 % are male-headed and the remaining 19 % are 

female-headed. Since the number of household in Shewat kebele were greater than each 

Amaymicha, the rate of both female and male households in Shewat kebele were greater 

than Amaymicha kebel. 

 
Figure 4.1: Distribution of male and female headed households by kebele 

4.1.3  Educational Status of the Household Heads 

As shown in Table 4.3, 35.4% of the respondents are illiterate; 20.0% have completed 

primary school; 14.6% of the respondents were completed secondary school; and 30.0% 

of the respondents were diploma and first degree holders. Among 35.4% of illiterate 

households Shewat kebele covers 28.5% which is dominated Amaymicha kebele, which 

covers 6.9% of illiterate respondents. Overall 14.6% of the respondents were general 

secondary school students in which 11% were in Shewat kebele which dominated 
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Amaymicha  kebele. Among 30% of diploma and degree holder respondents, 20% of the 

respondents were in Shewat kebele which is also dominated Amaymicha kebele. 

 

These indicated that there was a significant difference between the two kebeles in 

secondary school attendance. Farmer’s education has serious implication with regard to 

adoption of soil and water conservation practices in agriculture in general (Table 4.3). 

Table 4.3: Educational status of household heads  

Educational status Shewat Amaymicha Total 

Illiterate 37(28.5%) 9(6.9%) 46(35.4%) 
Read and write 17(13.1%) 9(6.9%) 26(20.0%) 

Secondary school 11(8.5%) 8(6.2%) 19(14.6%) 
>College diploma 26(20.0%) 13(10.0%) 39(30.0%) 

4.1.4  Employment of Households 
 

In the study area the key employment reported by respondents can be divided in to crop 

farming, mixed farming (crop and livestock), pastoralist, wage labour, and civil servant. 

Mixed farming is the major economic activity in which 53.1% of the over all respondents 

depend on mixed farming for their source of income.  In Guba-Lafto Woreda mixed 

farming which is arable farming with the raising of livestock at the same time; where 

most farms have a mixture of fields and pastures, which are the key source of their 

income (Table 4.4). 

Table 4.4: Employment of households by kebele 

 

Employment  of housholds Shewat Amaymicha Total  

 
 

Mixed farming 47(36.2%) 22(16.9%) 69(53.1%) 
Pastoralist 

0(0.0%) 2(1.5%) 2(1.5%) 

Wage labour 
3(2.3%) 1(0.8%) 4(3.1%) 

Civil servant 
31(23.8%) 9(6.9%) 40(30.8%) 

Student 10(7.7%) 5(3.8%) 15(11.5%) 
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According to group discussant, on a farm along-with crop production, some other 

agriculture based practice like keep cattle and sheep, farming and bee keeping is adopted, 

but this system of farming is used for subsistence life in Guba-Lafto Woreda. 

From overall respondents, 36.2% of Shewat and 16.9% of Amaymicha kebeles reported 

that both livestock and crop farming are primary bases of their livelihood.  Pastoralist is 

less important as livelihood source in Shewat (0%) and Amaymicha (1.5%) kebeles. This 

difference has been reflected as the result of relatively higher level of opportunities for 

crop production than any other livelihood sources (Table 4.4).                

Crop  production  is  the  major  activity  in  Guba-Lafto Woreda  together  with  

livestock production. Group discussant reported that it is important to note that given the 

farming and livestock keeping are the main livelihood sources in Guba-Lafto Woreda 

(Table 4.4). These livelihood sources diversify the income of the society in the study area 

and in return it increases coping capacity of environmental problems on crop production 

and productivity.   

In the study area farmers used to produce the small rainy (Belg) and the main rainy 

(Meher) seasons.  Recently,  food  crop  production  is  largely  from  main  rainy seasons  

whereas  belg production  is  mainly  in  areas  of  irrigation  schemes.  Even if adopting 

high value crops (vegetable and fruits) is one of the adaptation mechanisms, in the study 

area the production of cash crops is under developed. 

4.2  Farmers’ Perceived Crop production problems in Guba-Lafto Woreda 

4.2.1  Low and Erratic Rainfall 

Low and erratic rainfall is ranked as the first crop production problem in Guba-Lafto 

Woreda (93.3%) (Table 4.5), which is supported by the time serious data presented in the 

previous chapter. This also emanates from the fact that Ethiopia‘s agricultural highlands 

utilize rain-fed agricultural practices that rely primarily on the intermittent and unreliable 

rainfall (MoFED, 2006). 

According to key informant respondents, Guba-Lafto Woreda is known for its climatic 

shocks usually resulting in drought and crop failures and famine. The Woreda has 
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suffered from repeated seasonal droughts. Survey informants indicated that, the most 

immediate consequence of low and erratic rainfall in the Woreda is a fall in crop 

production, due to inadequate and poorly distributed rainfall.  

The immediate result is crop failures or at best low harvests that cannot support the 

household members throughout the year. As result, many of the households are enlisted 

for the productive safety-net interventions in which able-bodied family members are 

engaged in community development works (e.g., construction of soil and water 

conservation structures, feeder roads, ponds, etc) for food payments in return. The old, 

the sick and the weak are continuously receiving relief assistances for most of the year.  

Resource-rich households use sale of small animals to purchase food. Livestock sales act 

as a buffer in times of hardship, farmers disinvesting in these assets to buy food.  

According to key informants, “low and erratic rainfall causes poor pasture growth and 

may lead to a decline in fodder supplies from crop residues in the Woreda”. Insufficient 

fodder supply causes weight loss and increased morbidity among the livestock.  This in 

return reduces the draft power of the oxen to till the fields when the rains arrive and to 

quickly initiate planting. Delayed field preparation and planting also leads to crop failure 

as result of moisture stress at grain filling stage and disease and pest attacks.  

Table 4.5: Farmer’s perceived crop production problems across kebeles 

Crop  production problems Shewat Amaymicha Total 

 N % N % N Percent 
Low and erratic rain fall 

83 63.8% 39 30% 120 93.3% 

Lack of irrigation facility 
81 62.3% 39 30.0% 120 92.3% 

Soil fertility depletion 
81 62.3% 39 30.0% 120 92.3% 

Limited awareness on SWC 
87 66.9% 32 24.6% 119 91.5% 

Weed and pests 
72 55.4% 37 28.5% 109 83.8% 

Absence of improved seed 
66 52.0% 28 22.0% 94 74.0% 
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4.2.2  Lack of Irrigation Facility 

Given the erratic and low rainfall nature, small-scale irrigation facilities at household 

level remain crucial (92.3%). Although, homestead ponds and infiltration pits are 

constructed, irrigation facilities are still limited for most households. As result, famers 

perceive lack of irrigation facilities as the second most important crop production (Table 

4.5). 

Only 6.4% of the household have currently been able to practice household irrigation as 

an input for their crop production. Surface irrigation particularly flood irrigation system 

is the most common form of irrigation in the area in which water moves across the 

surface of agricultural lands, in flooding or near flooding of the cultivated land in order to 

wet it and infiltrate into the soil. According Mollaye Tadsse, who is the Administrative 

Head of Shewat (026) kebele, “Guba-Lafto Woreda cannot achieve sustained progress in 

agriculture unless and until more than half of the cropped area is brought under assured 

irrigation because of low & erratic rainfall”. 

4.2.3  Declining Soil Fertility 

Declining soil fertility is the second most important constraint following moisture strees 

(due to low rainfall and lack of irrigation) which was mentioned by 92.3% of the 

respondents (Table 4.5). During the Focus group discussions, one informant stated the 

following: 

 “Land degradation due to intense cultivation, soil erosion and overgrazing is the 

major cause of declining soil fertility, declining crop productivity, persistent food 

insecurity and rural poverty in Guba-Lafto Woreda” 

Different factors like Soil erosion, plowing ups and downs the slope,  absence of soil and 

water conservation measures and shifting cultivation results in soil fertility depletion. 

Declining soil fertility  of  farmlands  threatens  the  very livelihood  of  rural  Ethiopia  

where  the  majority  of  the  poor  reside (MoFED, 2006). As the severity of land 

degradation increases, desertification takes precedence, characterizing the greater 

proportion of agricultural lands. At present, key component problems in land degradation 
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include loss of vegetation  cover  and  biodiversity,  escalating  soil  erosion,  siltation,  

declining  soil  fertility, expanding  salinization,  and  soil  compaction,  as  well  as  

aridity  through  hydrological  cycle disruption  (MoFED, 2006). 

4.2.3.1 Trends of Soil Fertility Status  

Table 4.6 presents that, majority of the farmers (65.4%), recognized that the fertility 

status of the soil on their farmland is continuously declining especially on the farmland 

where mono-cropped cereals intensively practiced.  From  the total  about (21.5%) 

claimed that  no  change  in  fertility status on their farmland at least for the current 

cultivation season,  and  followed  by  those  who  don’t  know (5.4%). ,  and respond 

increasing fertility status (7.7%).   

     Table 4.6: Trends in soil fertility status in the Woreda  
Trends in soil fertility status Responses(N=180) 

N Percent 
Increasing 10 7.7% 
Declining 85 65.4% 
No change 28 21.5% 
I don’t know 7 5.4% 
Total 130 100% 

Farmers  were used parameters of identifying soil fertility status such as soil  color  

change,  productivity  decline, appearance  of  sand  in  the  field,  poor  seedling 

germination  immediately  after  sawing,  yellowing  and other  coloration  of  crop  

leaves  during  crop  growth. According to Stoorvogel and Smaling (1990), the reasons 

for soil fertility decline is that unable of using different soil and water conservation 

(SWC) measures.  

4.2.4  Limited Awareness on SWC Measures 

Less Awareness on SWC is perceived as another major crop production problems in 

Guba-Lafto Woreda (91.5%) (Table 4.5).  Ato Moges Abebaw who is administrative 

head of Shewat kebele agricultural office stated the following regarding the subject: 
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“Agricultural education and awareness creation programs for farmers related to 

SWC measures are very important solution for crop production problems in the 

Woreda and used to achieve maximum agricultural yield, and youngsters are not 

driven to the urban centers in search of formal employment, as the only option for 

survival. Unless we are investing enough time and budget on our farmlands by 

changing our backward traditions, we can’t address poverty and food insecurity 

in the Woreda he added”. 

According to Key informant respondents, when the rural farmers lack access to 

knowledge and information that would help them achieve maximum agricultural yield, 

they are not only grope in the dark but are driven to the urban centers in search of formal 

employment, as the only option for survival. The lack of access to basic agricultural 

knowledge and information in Guba-Lafto Woreda has made farmers to stick to their old 

traditional methods of farming system and animal husbandry practice, hence resulting in 

poor crop and livestock productivity. 

Van Crowder and Fortier (2000) supported that, the major inputs for improved rural 

agricultural development is adequate access to knowledge and information in areas of 

new agriculture. This information can be made available to farmers via extension 

workers, community libraries, and state and local government agricultural agencies. It is 

reported that, age-old customs and tradition, limited agricultural knowledge, and 

celebration of many religious days hinders the farmer to invest enough time and budget 

on their farmland and finally leads to crop fail and starvation (Addisu Damtew, 2011).   

4.2.5  Weed and pests 

 Weed and pests are other crop production problems which are reducing crop productivity 

in Guba-Lafto Woreda (83.8%) (Table 4.5). It is supported that, one of the biggest 

environmental challenges facing agriculture today is Pests. Pests, germs and weeds cause 

heavy loss to crops (FAO et al., 2013). Even if distribution of Biocides (pesticides, 

herbicides and weedicides) in the Woreda is very low, some households were using 

biocides to save the crops and to avoid losses.  
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4.2.6  Shortage of Improved Seed 

Table 4.5 also shows that, lack of improved seeds of crop varieties is serious agricultural 

production problem in Guba-Lafto Woreda (74.0%). Distribution of assured quality seed 

is as critical as the production of such seeds. Unfortunately, good quality seeds are out of 

reach of the majority of farmers, especially small and marginal farmers mainly because of 

absence of improved seed, and exorbitant prices of better seeds (Eleni, 2008).  

4.3 SWC practices Being Employed by Farmers 

Farmers in Guba-Lafto Woreda used different soil conservation practices in which 

agronomic and biological conservation methods are limited, but stone and soil bunds are 

widely acknowledged as being effective in arresting soil erosion and as having the 

potential to improve land productivity by the development agents in the Woreda. 

4.3.1 Physical Conservation Measures  

Physical conservation measures are structures which are built on farm and range lands for 

soil and water conservation as well as to increase the time of concentration of runoff, to 

increase infiltration rate, reducing the amount velocity of surface runoff (MoARD, 2005).  

Table 4.7: Physical SWC measures employed across kebeles 

Physical SWC measures 
Shewat Amaymicha Total 

 N % N % N Percent 
Stone faced soil bund 83 63.8% 37 28.7% 119 92.2% 
Hillside terrace 82 63.1% 37 28.5% 119 91.5% 
Stone bund 60 46.2% 23 17.7% 83 63.8% 
Check dam 27 20.8% 11 8.5% 38 29.2% 
Micro water ponds 74 56.9% 29 22.3% 103 79.2% 
Fanya-juu 11 8.5% 5         3.8% 16 12.3% 
 

4.3.1.1 Stone Faced Soil bund 

Table 4.7 presents that, stone faced soil bund was mostly practicable soil and water 

conservation measures for the Woreda (92.2%). When we see the level of stone faced 

soil bund across the kebeles, Shewat kebele (63.8%) was dominated Amaymicha 
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(28.7%). This indicated that farmlands in Shewat kebele are more mountainous than 

Amaymicha kebele.  

Soil bunds act on slopes from 0-30% (depending on rainfall, soil type and land use) both 

by interrupting slope length and by reducing its gradient. With proper maintenance, this 

may eventually lead to terrace formation by moving and compacting soil downhill 

(FAO, 1986).  

 
Figure 4.2:  Stone faced soil bund in Guba-Lafto Woreda. 

4.3.1.2 Hillside terraces 

Hillside terraces apply to steeply sloping sites where surface flow is causing severe 

erosion and damaging. Table 4.7 shows that, the extent of adoption of hillside terraces 

were 91.5%.  When we see the extent of hillside terraces across the kebeles, Shewat 

kebele (63.1%) was dominated Amaymicha (28.5%). This also shows that there were 

more hilly and mountains farmlands in Shewat kebele.  

Hillside terraces used to reduce surface erosion by rainfall runoff; retain runoff for 

moisture conservation; promote establishment trees and shrubs; and safely control the 

flow of water by diverting runoff from upland sloping areas or collection zones to a 

stable outlet sloping upland or collection zone (Nyssen , 2007).  

4.3.1.3 Stone bund  

Stone bund was also practicable soil and water conservation measures in the Woreda 

(63.8%). When we see the level of adoption of stone bund across the kebeles, Amaymich 

kebele (17.7%) was dominated by Shewat (46.2% (Table 4.7).   
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According to key informant respondents, if large stones are plentiful on the land, these 

may be used to make the bunds. Stone bunds form a barrier that slows down water runoff, 

allowing rainwater to seep into the soil and spread more evenly over the land. This 

slowing down of water runoff helps with building-up a layer of fine soil and manure 

particles, rich in nutrients. 
 

In drought years, they improve rainwater harvesting, retention and infiltration into the 

soil, increasing the amount of water available to plants and guaranteeing the harvest. 

Under water limiting conditions, the stone bunds are efficient measures to improving soil 

water content through runoff control (MoARD, 2005). When rainfall is erratic, the stone 

bunds contribute to conserving more moisture in the soil for longer, which helps to 

alleviate water stress during dry spells (Figure 4.3). 

 
Figure 4.3: Stone bund in Guba-Lafto Woreda 

4.3.1.4 Check dam 

Comparing to stone bund and hill side terrace, check dam was also slightly being 

implemented in the Woreda (29.2%). When we see the level of adoption of check dam 

across the kebeles, Shewat kebele (20.8%) was dominated Amaymicha (8.5%) kebele.   

A check dam placed in the ditch, swale, or channel interrupts the flow of water and 

flattens the gradient of the channel, thereby reducing the velocity of run-off (MoARD, 

2005). Check dam can be used not only to slow flow velocity but also to distribute flows 

across a swale to avoid preferential paths and guide flows toward vegetation (Figure 4.4). 
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Figure 4.4: Check dams from Gabion and Sand field bag in Guba-Lafto Woreda 

4.3.1.5 Micro-Water ponds 

Following low and erratic rainfall, water reservoirs were very important water 

conservation measures in Guba-Lafto Woreda (79.2%).  (Table 4.7). According to Ato 

Tadesse Tefera, who is a model farmer living in Shewat kebele, “providing him with 

access to a range of water stores in Guba-Lafto Woreda can help him to overcome dry 

spells and prevent their crops from fail”. In the Woreda as the drought is very common, 

using small planting basins to 'harvest' water boost agricultural yields, whether rainfall is 

abundant or scarce (Figure 4.5). 

 
Figure 4.5: Micro water ponds in Guba-Lafto Woreda 

4.3.1.6 Fanya-juu Terrace 

Comparing to other physical SWC measures above, Fanya-juu terrace was not much 

implemented in the Woreda (12.3%). When we see the level of Fanya-juu terrace across 

the kebeles, Shewat kebele (8.5%) was dominated Amaymicha kebele (3.8%) (Table 4.6).  

Fanya-juu terraces are constructed by throwing soil up slope from a ditch to form a bund 

along a contour. Several of these terraces are made up the slope following the contour 
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lines. The distance between bunds depends upon the slope and may be from 5 m apart 

on steeply sloping lands to 20 m apart on more gently sloping lands (Figure 4.6).  

 

Figure 4.6: Photos of fanya-juu terrace. 
Source: (http://www.accessagriculture.org/node/893/en) 

4.3.2  Agronomic Conservation Measures 

Agronomic conservation measures are important measures for reduce the impact of 

raindrops through interception and thus reducing soil erosion, increasing infiltration rates 

and thereby reducing surface runoff and soil erosion (Tidemann, 1996; Heathcote, 1998).  

4.3.2.1 Crop Rotation 

Crop rotation entails growing various crops on the same piece of land in a planned 

recurring sequence (WDEQ, 2013). Crop rotation is well known agronomic measures in 

the Woreda (89.2%). Crop rotation was much implemented in Shewat kebele (63.8%) 

than Amaymicha kebele (25.4%) (Table 4.8). 

Crop rotation increases organic matter in the soil, reduce pests and diseases, improves 

soil structure, reduces soil degradation, and can result in higher yields and greater farm 

profitability in the long-term. Increased levels of soil organic matter enhances water and 

nutrient retention, and decreases synthetic fertiliser requirements (Kwesiga et al.,1999). 

4.3.2.2 Mixed Cropping 

Mixed cropping is the practice of growing two or more crops in the same piece of land 

during a single growing season (WDEQ, 2013). Compare to contour farming, mixed 

cropping is well known agronomic measures in the Woreda (66.2%). Mixed cropping 
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was much implemented In Shewat kebele (50.0%) than Amaymicha kebele (16.2% 

(Table 4.8).  

Table 4.8: Major agronomic conservation measures in Guba-Lafto Woreda 

Agronomic  measures 
Shewat Amaymicha Total 

 N % N % N Percent 
 
 
Crop Rotation 83 63.8% 33 25.4% 116 89.2% 

 Mixed cropping  65 50.0% 21 16.2% 86 66.2% 

 Contour plowing 28 20% 20 15.3% 48 35.0% 

4.3.2.3 Contour Farming  

Contour farming is field activities, such as ploughing, furrowing and planting are carried 

out along contours, and not up and down the slope. Contour farming is also to some 

extent being implemented in Guba-Lafto Woreda (35.0%) in which, it is dominated in 

Shewat kebele (20%) followed by Amaymicha kebele (15.3%) (Table 4.8).  

Contour farming may involve construction of soil traps, bench terraces or bunds, or the 

establishment of hedgerows. Contour ploughing ensures that rainfall and runoff are 

spread evenly over a field by making furrows parallel to the contours (Figure 4.7). The 

purpose of contour farming is to prevent surface runoff downslope and encourages 

infiltration of water into the soil. Contour plowing can increase crop yields from 10 to 50 

percent, partially as a result from greater soil retention (USDA, 1997). 

 
Figure 4.7: Contour ploughing in Guba-Lafto Woreda 
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4.3.3  Biological Conservation Measures 

Biological measures are an effective method of soil and water conservation measures 

which work on their protective impact on the vegetation cover. A dense vegetation cover 

prevents splash erosion; reduces the velocity of surface runoff; facilitates accumulation of 

soil particles; increases infiltration; improved soil moisture condition (Morgan, 1999). 

Table 4.9: Major biological conservation measures in Guba-Lafto Woreda 

Biological measures 
Shewat Amaymicha Total 

N % N % N Percent 

Afforestation  80 61.5% 34 26.2% 114 87.7% 
Area closure 66 36.7% 28 15.6% 94 52 % 

Grass strip 26 14.4% 19 10.6% 45 25% 

Agroforestry 12 6.7% 5 2.8% 17 9% 

4.3.3.1 Afforestation 
In Guba-Lafto Woreda public mobilization in afforestation program is dramatically 

increasing in the last 10 years. Since the Woreda is endowed with mountainous 

topography, afforestation is currently becoming the best biological conservation measures 

in Guba-Lafto Woreda (87.7%). When we see the degree of implementation Shewat 

kebeles (61.5%), it leads Amaymicha kebele (26.2%) (Table 4.9). 

Afforestation and re-forestation programs has made and is making a very substantial 

contribution to conservation in the Highlands by the reclamation and protection of steep 

and/or severely degraded slopes, thus reducing run-off, improving water flow and storage 

regimes, and increasing availability of fuel wood, there by decreasing the proportion of 

dung and crop residues used for fuel (FAO, 1986). 

4.3.3.2 Area closure 

It is a practice applied to rehabilitate degraded land that has lost its vegetative cover and 

thus, extremely depleted in soil fertility. Recently area closure is becoming public in 

Guba-Lafto Woreda (52 %). The extent of implementation of area closure in Shewat 

kebele (36.7%) is better than Amaymicha kebele (15.6%) (Table 4.9).  
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Area closure directly or indirectly contributes to the increase of crop yields, fodder 

production and improvement of farm income and improves livelihoods. Its long term 

benefits can be tremendously, farmers will receive income in the short or medium term 

especially in areas where productive land is short (MoARD, 2005). Area closure has led 

to demonstrated significant improvements in terms of soil conservation, infiltration, 

groundwater recharge and prevention of flood hazard (Nyssen , 2007).    

4.3.3.3 Grass strip  

In Guba-Lafto Woreda grass strip is not well implemented form of biological soil and 

water conservation measures (25%). The degree of implementation of grass strip in 

Shewat kebele (14.4%) is better than Amaymicha kebele (10.6%) (Table 4.9). 

Grass strips are alternative to terracing in which Grass is planted in dense strips, up to a 

meter wide, along the contour. These lines create barriers that minimize soil erosion and 

runoff, increases soil moisture, and silt builds up in front of the strip. The cut grass can be 

used as livestock fodder or as mulch (Figure 4.8). 

 
Figure 4.8: Grass and shrub strips in Guba-Lafto Woreda 

Grass strips uses for the slops of the area from 0-8% in which buffer strips of vegetative 

materials of 0.5 to 1.0 m width retard water movement, both by interrupting slope length 

and by gradually (because much sediment is deposited in the grass) reducing slope 

gradient (FAO, 1986). 
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4.3.3.4 Agroforestry 

Agroforestry which involves deliberate growing of the trees, shrubs and grasses in and 

around crop fields in various ways.  Comparing to afforestation and area closure, 

agroforestry is a little bit being employed in by some households in the Woreda (9%). 

The level of implementation in Shewat kebele (6.7%) is better than Amaymicha kebele 

(2.8%) (Table 4.9). 

Agroforestry or agro-sylviculture is a land use management system in which trees or 

shrubs are grown around or among crops or pastureland. Agroforestry trees have great 

potential for improving soil fertility in areas dominated by N deficiency. Agroforestry 

technologies also provides benefits such as increased production of wood, restoring the 

soil fertility, reduced nutrient and soil runoff, and increasing crop stability, fuel wood, 

poles, fodder, and help reduce soil erosion (Kwesiga et al., 1999).  

4.4 Challenges to Implement SWC practices  

Farmers’ decision to utilize soil SWC practices is often governed with benefits and 

resource implications of particular practices. The followings are the major challenges to 

implement SWC practices in Guba-Lafto Woreda. 

4.4.1  Limited Awareness on SWC 

Less awareness of the nature and technical requirements of SWC practices as well as lack 

of awareness on agricultural knowledge and SWC measures are the major challenges 

which are limiting households to adopt and implement SWC practices at their farmlands 

(82.3%) (Table 4.10).   

Implementation of national conservation strategy through extension has proved difficult 

in the Woreda due to absence of enough awareness related to SWC measures. As with 

any agricultural production system, the soil conservation also requires different 

conservation methods for long time to achieve more production levels. Many farmers in 

the study area did not implement in this way. This is mainly because much awareness 
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creation was not done regarding the impacts or farmer’s perception in implementation of 

different conservation method has misleading in the study. 

Higher education levels are hypothesized to be associated with improved awareness and 

knowledge regarding conservation measures and the productivity, and effects of erosion 

may persuade them to choose particular SWC practices (Addisu Damtew, 2011). 

4.4.2  Land Shortage 

Land shortage was negatively affecting households in the Woreda related to adoption of SWC 

measures (81.6%) (Table 4.10).  Due to shortage of farm lands, conversion of forest and 

grazing lands to cultivated land took place even on steeper slopes in the study area. The 

expansion, continuous and intensive cultivation of soils of cultivated land at the expense 

of forest and grazing lands was the main cause for soil erosion, sedimentation, soil 

fertility loss and a resultant reduction in crop and livestock production in the Woreda. 

Instead of planting trees, logging of the existing forests for agricultural land is 

challenging and hindering the household to adopt SWC practices in the Woreda. 

In Ethiopia, it was recommended that fanya juu occupies 2-15% of the land area for a 

slope of 3-15%, stone bunds occupy 5-25% for a slope of 5-50% and soil bunds occupy 

2-20% for a slope of 3-30% (Teshome et al., 2013). Vancampenhout et al. (2006) 

estimated that stone bunds occupy about 8% of the farmland in northern Ethiopia. In 

experimental plots established in the central highlands of Ethiopia, soil bunds occupy 8.6 

percent of cultivable land (Adimassu Tilahun et al., 2012).  

4.4.3  Labour Shortage 

Labour shortage specially the number of family size of the households largely influences 

the adoption of SWC measures in the Woreda (60%)  (Table 4.10).  The construction and 

maintenance of physical SWC structures require intensive human labour for which 

machinery has not been developed or introduced in most developing countries. The 

labour demand appears much more than the requirement for most ordinary farming 

businesses. Even though the durability of structures mainly depends on slope, rainfall 

intensity, soil stability and land use as well as management at the upper watershed and in 
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inter-structure, it, in general, requires frequent maintenance such as de-silting and 

repairing broken parts. 

The study revealed that, construction of soil bunds requires 75 and 150 persons per day 

(PD) ha-1 in Debre Mewi and Anjeni watersheds, respectively. In those watersheds, stone 

bunds require 125 PD ha-1 and in the Anjeni watershed fanya juu demands 150 PD ha-1 

(Teshome et al., 2013). 

4.4.4  Poor Household Resource Endowment 

Wealth statuses of the farmers are influencing the decision of households to implement 

particular SWC measures (48 %) (Table 4.10).  The level of net farm income was 

expected to affect soil and water conservation effort because farmers  with  higher  net  

income  are  less  likely  to  be  financially  constrained  to  adopt  soil  and water 

conservation measures (Addisu Damtew, 2011).   

Table 4.10:  Challenges to implement SWC practices in Guba-Lafto Woreda 

Challenges to implement SWC practices Responses (N=180) 
N Percent 

 
 
Limited awareness on SWC 107 82.3% 

 Land shortage 106 81.6% 

 Labour shortage 78 60% 

 Poor resource endowment 63 48 % 

 

4.5 Effect of SWC practices on Soil Nutrient and Moisture Status 

From three major nutrients in the soil, nitrogen is the most readily lost because of its high 

solubility in nitrate form. Phosphorus does not leach as readily as nitrate because it is 

more tightly bound to soil particles. Potassium is tightly held by soil particles and so can 

be removed from fields by erosion, but generally not by leaching (Clark et al, 1985). 

According to Eyasu Elias and Daniel Fantaye (2000), several management options like 

crop rotation are used for soil fertility enhancement and as amendments of soils nutrients.  

SWC practices are essential to enhance available soil nutrient including; organic carbon, 

available phosphorus, soil potassium, exchangeable bases, soil nitrogen and moisture 
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status. This is also supported by Brady & Weil (2002).  Wadera Lemma (2013) also 

found relatively  higher  average  total  nitrogen  and  available  phosphorus  for  bunded  

farm  plots  on average ground slops of 3%, 8% and 13% compared to the corresponding 

values on adjacent non-bunded farm plots on similar slope ranges.  

4.5.1 Effect of SWC practices on Soil Chemical Property 

4.5.1.1 Soil pH   

Table 4.11 presents that treated plots with stone faced soil bund had significantly higher 

soil pH than non-treated soil. A statistical paired samples t-test showed that, there is no 

significant differences [t =2.222; p=0.062] between the mean of soil pH from treated 

plots with stone faced soil bund and non-conserved farmlands.  The mean soil pH value 

for treated plots was 6.2, compared to 5.1 for the non-treated plots. This is in agreement 

with previous studies elsewhere (Mulugeta Demelash and Stahr, 2010).  

Table 4.11: Effect of SWC measures on soil pH 

Sub-Watersheds  Sample pH –H2O 
Treated Non-treated 

Upper stream of Wege Alba 
watershed 

1 6.43  6.18 

2 4.43  3.05 
Mean 5.43  4.62 

Lower stream of Wege 
Alba watershed 

1 6.28 5.79 
2 5.28 5.4 
Mean 5.78 5.6 

Upper stream of Tikur 
wuha watershed 

1 8.23 5.15 
2 7.23 4.65 
Mean 7.73 4.9 

Lower stream of Tikur 
wuha watershed 

1 6.40 5.92 
2 5.43 4.84 
Mean 5.92 5.38 

 Overall Mean 6.2138 5.1218 
Std. D 1.18634 0.99058 

Test statistics    t-value =2.222; p-value =0.062 and d.f.=7         @ 95% Conf.In. 

The higher pH values for the treated fields might be related to the higher organic matter 

content (Table 4.11) which is also confirmed by the works of  Mulugeta Demelash and 

Stahr (2010) who reported that soils with  high  organic  matter  content  have  a  higher  
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soil  pH which  favors  better  exchange  of  bases  and  increase availability  of  nutrients  

that  are  needed  for  the  growth  of plants  in  a  given  soil  and  ecology. Soil pH 

associated with the type of parent material and extent of soil erosion. For every half-unit 

drop in soil pH, percent base saturation declines by about 15% (Baruah and Barthakur, 

1998).   

Considering the soil pH difference along slope gradient, the plots in the upper sub-

catchments have significantly lower soil pH compared to the foot slope positions (Table 

4.11). This relates to the fact that the upper catchment is erosional area while the lower 

catchment is depositional where the finer soil particles, exchangeable bases, and organic 

humus are deposited.  

4.5.1.2 Soil Organic Carbon    

Table 4.12 presents that the mean value of organic carbon content for treated plots with 

stone faced soil bund is 9.04% compared to 7.5% for the non-treated plots. A statistical 

paired samples t-test showed that, there is significant differences [t =2.407; p =0.047] 

between the mean of organic carbon content from treated plots with stone faced soil bund 

and non-treated plots.   

Table 4.12: Effect of SWC measures on soil organic carbon content 

Sub-Watersheds  Sample Organic carbon (%) 
Treated Non-treated 

Upper stream of Wege 
Alba watershed 

1 7.05 4.88 

2 8.9 7.85 
Mean 7.98 6.37 

Lower stream of Wege 
Alba watershed 

1 6.60 7.43 
2 11.27 7.26 
Mean 8.94 7.35 

Upper stream of Tikur 
wuha watershed 

1 9.16 6.94 
2 11.5 9.6 
Mean 10.33 8.27 

Lower stream of Tikur 
wuha watershed 

1 9.58 7.43 
2 8.3 9.40 
Mean 8.94 8.42 

 Overall Mean 9.0450 7.5988 
Std. D 1.76519 1.47889 

Test statistics    t-value =2.407; p-value =0.047 and d.f.=7            @ 95% Conf.In. 
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4.5.1.3 Total Nitrogen (N) Status 

Table 4.13 presents that the plots treated with stone faced soil bund had significantly 

higher total nitrogen content compared to that of non-treated plots. The mean total 

nitrogen content for treated plots with stone faced soil bund is 0.07% and 0.03% for 

untreated plots, which is significantly difference [t =5.73; p=0.001 ] in between. 

Table 4.13: Effect of SWC measures on total soil nitrogen (tot N) status  

Sub-Watersheds Sample Total Nitrogen (%) 
Treated  Untreated  

Upper stream of Wege Alba 
watershed 
 

1 0.050 0.027 

2 0.047 0.040 
Mean 0.048 0.034 

Lower stream of Wege Alba 
watershed 
 

1 0.064 0.020 
2 0.070 0.054 
Mean 0.067 0.037 

Upper stream of Tikur wuha 
watershed 

1 0.087 0.034 
2 0.086 0.003 
Mean 0.0865 0.018 

Lower stream of Tikur wuha 
watershed 
 

1 0.084 0.034 
2 0.085 0.031 
Mean 0.0845 0.031 

 Overall Mean 0.072 0.033 
Std. D 0.016 0.010 

Test statistics    t-value =5.73; p-value =0.001 and d.f.=7           @ 95% Conf.In. 
 

This finding is in agreement with  the findings of  Million Alemayehu (2003) that  the  

mean total  nitrogen  content  of  the  terraced  site  with  the  original slope  of  15,  25  

and  35%  were  higher  by  26,  34  and  14%, respectively,  compared  to  the  average  

total  nitrogen contents  of  their  corresponding  non-terraced  sloping lands. It is 

important to note that the pattern of the N-status of the soil follows that of the carbon 

content. 

The soil nitrogen in both treated and non-treated plots along slop gradient is low in upper 

stream compared to lower stream of selected watersheds. The reason is that lower zones are 

deposition zones and upper streams area most of the time soil loss zones in which, nitrogen is 

the most readily lost because of its high solubility in the nitrate form.  
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4.5.1.4   Available Phosphorus (P) Status 

Table 4.14 shows that mean value of available phosphorus (mg/kg) on treated plot with 

stone faced soil bund is 3.65 which is significantly higher than non-treated plots with 

mean value of 1.78.  

Table 4.14: Effect of SWC measures on available phosphorus (mg/kg) 

Sub-Watersheds  Sample Available Phosphorus (mg/ Kg)  
Treated Untreated 

Upper stream of Wege Alba 
watershed 

1 3.86 2.06 

2 0.96 0.86 
Mean 2.41 1.46 

Lower stream of Wege Alba 
watershed 

1 5.16 5.66 
2 3.8 2.44 
Mean 4.48 4.05 

Upper stream of Tikur wuha 
watershed 

1 3.22 0.7 
2 5.12 0.02 
Mean 4.17 0.36 

Lower stream of Tikur wuha 
watershed 

1 3.52 1.12 
2 3.6 1.4 
Mean 3.56 1.26 

 Overall Mean 3.6550 1.7825 
Std. D 1.3064 1.74269 

Test statistics    t-value =3.13; p-value =0.017 and d.f.=7              @ 95% Conf.In. 
 

A statistical paired samples t-test showed that, mean of available phosphorus (mg/kg) is 

significantly difference [t =3.13; p =0.017] between treated and non-treated plots. It is in 

agreement that phosphorous  (P)  in  the  studied  micro-watersheds  were found  to  be  

significantly  different  between  the  conserved and  non-conserved plots. It is also 

reported that available phosphorus is much higher in the conserved one (Mulugeta and 

Stahr, 2010).  

When we compare mean of available phosphorus (mg/kg) in both treated and non-treated 

plots along slop gradient, it is low in upper stream compared to lower stream of selected 

watersheds. The reason is that lower zones are deposition zones and upper streams are most of the 

time soil loss zones corresponding high erosion rate in soil particles.  
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4.5.1.5 Status of Exchangeable Potassium (K)  

Table 4.15 shows that, the mean of exchangeable potassium from conserved plots with 

stone faced soil bund is 0.28 which is significantly higher than non-conserved farmlands 

with mean value of 0.26. A statistical paired samples t-test showed that, mean of 

exchangeable Potassium (cmol (+)/ kg) is not significantly difference [t  =1.03; p =0.34] 

between treated and non-treated plots.  

Table 4.15 Effect of SWC measures on exchangeable potassium 

Sub-Watersheds  Sample Exchangeable  Potassium (cmol (+)/ kg) 
Treated Non-treated 

Upper stream of Wege Alba 
watershed 

1 0.28 0.31 

2 0.24 0.23 
Mean 0.26 0.27 

Lower stream of Wege 
Alba watershed 

1 0.29 0.25 
2 0.26 0.21 
Mean 0.28 0.23 

Upper stream of Tikur 
wuha watershed 

1 0.31  0.33 
2 0.21  0.28 
Mean 0.26  0.31 

Lower stream of Tikur 
wuha watershed 

1 0.38 0.29 
2 0.30 0.19 
Mean 0.34 0.23 

 Overall Mean 0.28 0.26 
Std. D 0.051 0.049 

Test statistics    t-value =1.033; p-value =0.34 and d.f.=7              @ 95% Conf.In. 
 

This study is in agreement with that of Wadera Lemma (2013) that, showed that adoption 

of SWC practices enhances the available soil potassium.  It is reported that, Plants 

deficient in potassium are unable to utilize nitrogen and water efficiently and are more 

susceptible to disease (Shober et al., 2013). 

The mean of exchangeable Potassium (cmol(+)/ kg) along slop gradient is low in upper 

stream compared to lower stream of selected watersheds. The reason is that lower zones are 

deposition zones and upper streams area most of the time soil loss zones in which, potassium is 

tightly held by soil particles and so can be removed from fields by erosion.  
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4.5.1.6 Cation   Exchange Capacity (CEC)   

The  cation  exchange capacity  (CEC)  is  a measure  of  the  number  of  adsorption 

sites  per  unit  weight  of  soil  at  a  particular  pH.  CEC (cmol (+)/kg)  is affected quite 

dramatically by pH changes. Soils with high in organic matter have a high CEC.  In 

contrast,  soils  dominated  by  kaolinite  and  hydrous  oxide clays  generally  have  a  

low  CEC (Mulugeta and Stahr, 2010).  

Table 4.16: Effect of SWC measures on cation exchange capacity (CEC) 

Sub-Watersheds  Sample CEC (cmol (+)/ kg) 
Treated Non-treated 

Upper stream of Wege 
Alba watershed 

1 21.13 20.68 

2 30.54 25.06 
Mean 25.84 22.87 

Lower stream of Wege 
Alba watershed 

1 19.60  15.87 
2 39.57 24.89 
Mean 29.59 20.38 

Upper stream of Tikur 
wuha watershed 

1 20.03  18.10 
2 21.08  13.74 
Mean 20.56  15.92 

Lower stream of Tikur 
wuha watershed 

1 22.78 19.45 
2 21.28 20.33 
Mean 22.03 19.89 

 Overall Mean 24.4975 19.7638 
Std. D 7.00055 3.96197 

Test statistics    t-value =2.807; p-value =0.026 and d.f.=7             @ 95% Conf.In. 

 

Table 4.16 presents that, treated plots with stone faced soil bund with mean value of 24.4 

has significantly higher cation exchange capacity (CEC) than non-treated plots with mean 

value of 19.7.  A statistical paired samples t-test showed that, mean of cation exchange 

capacity (CEC) is significantly difference [t =2.807; p =0.026] between treated and non-

treated plots. It is in agreement with Million Alemayehu (2003) that, terraced area with 

original slope of 25 and 35% had higher mean CEC value than that of the corresponding 

non-terraced slopes by 6 and 49%, respectively. 

The mean of cation exchange capacity (CEC) along slop gradient in both treated and non-

treated plots, is low in upper stream compared to lower stream of selected watersheds. The 
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reason is that CEC content positively correlates with organic matter content and soil 

organic carbon. The CEC of a soil can be reduced by soil erosion through the loss of soil 

organic matter and clay particles (Brady and Weil, 2002). 

4.5.2  Effect of SWC practices on Soil Moisture Status 

Table 4.17 presents that, mean value of soil moisture (%) on treated plots with stone 

faced soil bund is 33.5% which is significantly higher than non-treated plots with mean 

value of 25.6%.  A statistical paired samples t-test showed that, mean of available soil 

moisture (%) is significantly difference [t =4.6; p =0.002 between treated and non-

treated plots. Joyce & Musiwa (1999) confirmed that SWC practices reduce the risks of 

total crop failure in drought years through enhancing soil moisture. Sutcliffe  (1993)  

indicated that SWC practices are  justifiable  in  moisture  stressed  areas  of  Ethiopian  

highlands,  where moisture conservation plays an important role in increasing yield. 

The mean of available soil moisture (%) in both treated and non-treated plots along slope 

gradient is low in upper stream compared to lower stream of selected watersheds. The 

reason is that lower zones are deposition zones corresponding with reduction in run-off 

velocity results in high levels of percolation and infiltration rate.  

Table 4.17: Effect of SWC measures on soil moisture status 

Sub-Watersheds  Sample Available soil moisture (%)  
Treated Non-treated 

Upper stream of 
Wege Alba watershed 

1 34.84 22.05  

2 35.05 26.9  
Mean 34.95 24.48  

Lower stream of 
Wege Alba watershed 

1 38.17 26.7 
2 30.75 34.78 
Mean 34.46 30.74 

Upper stream of 
Tikur wuha 
watershed 

1 30.80 23.94 
2 32.39 21.69 

Mean 31.6 22.82 
Lower stream of 
Tikur wuha 
watershed 

1 35.04 23.62 
2 31.43 25.21 

Mean 32.24 24.42 
 Over all Mean 33.5588 25.6113  

Std. D 2.63819 4.17287 
Test statistics    t-value =4.611; p-value =0.002 and d.f.=7            @ 95% Conf.In. 
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CHAPTER - FIVE 

5. CONCLUSION AND RECOMMENDATIONS 

5.1     Conclusion 

The study found that declining soil fertility is among the major crop production problems 

along with low and erratic rain fall, and limited awareness on SWC measures in Guba-

Lafto Woreda.  Soil erosion as result of deforestation and removal of vegetative cover is 

the main driver of land degradation in the area. The effect of low and erratic rainfall is 

aggravated by the lack of irrigation facilities for household level small-scale irrigation 

during the dry season.  

With the help of the NGO projects (e.g. PSNP) and the extension services, farmers are 

implementing various soil conservation measures primarily the physical structures such 

as terraces and bunds. The major SWC measures being employed in the Woreda were 

physical SWC measures (stone bund, micro water ponds, stone faced soil bund, check 

dam, and fanya-juu terrace); agronomic conservation measures (contour farming, mixed 

cropping, and crop rotation); and biological conservation measures (afforestation, 

agroforestry, area closure, and grass strip).  

The study showed that SWC measures play a considerable role in enhancing soil nutrient 

and moisture status, maintaining and/or restoring soil fertility, enhancing crop production 

and productivity, and mitigating anthropogenic land degradation. In this study, farmers’ 

perceptions on the importance of soil erosion and fertility depletion as constraint to crop 

production; major SWC practices being employed in the Woreda; effects of SWC 

measures on soil macronutrients, organic carbon content, soil pH, cation exchange 

capacity (CEC), and moisture status; as well as challenges to fully implement SWC 

practices were examined. 

A statistical paired samples t-test showed that, mean value of total nitrogen, available 

phosphorus, available potassium, organic carbon content, soil pH, cation exchange 

capacity (CEC), and moisture status were significantly difference [at t and  p-value ] 

between farm land with stone faced soil bund and non-conserved farmlands. That is why 

SWC practices are essential to enhance available soil nutrients by reducing runoff and 
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soil erosion, helps keep nutrients on the field, and improves available soil moisture 

through storing water, and then increasing infiltration and percolation rates. 

Finally this study indicates that, even if SWC measures were essential to enhance 

available soil nutrients and moisture status, lack of awareness on SWC, land shortage, 

labour shortage, and wealth status of the farmers were challenging the households to 

implement SWC practices on their farmlands. 

5.1   Recommendations 

Soil fertility decline and moisture stress were a significant crop production constraints in 

the Woreda. Thus, this study determined that SWC measures improve soil characteristics 

including soil macronutrients (N, P, and K), organic carbon content, soil pH, cation 

exchange capacity (CEC), and moisture status.  Above all, to solve soil fertility decline 

and moisture stress in Guba-Lafto Woreda, the following key recommendations should 

be taken in to account. 

The first recommendation is that, farmers need to be encouraged to implement SWC 

measures through the use of the productive safety net and Food-for Work payments. Most 

of the households are economically weak that they cannot afford to provide the labour 

required to construct the structures. In addition, awareness raising campaign must be 

intensified demonstrating the soil nutrient and moisture-enhancing role of the 

conservation structures. By way of limitation of this study, we were unable to explore 

how the enhanced soil nutrient and moisture status of the SWC structures affect crop 

yields. Such assessment in terms of the effects on crop yields will improve the awareness 

and adoption of SWC measures. 

Secondly, construction of SWC practices should be followed up by other inputs. On areas 

that are rehabilitated and having a better moisture status, soil fertility inputs (e.g., 

fertilizer application) must be considered along with the use of improved crop varieties. 

Application of organic fertilizers such as compost will have the added advantage of 

improving the soil fertility status as well as moisture content. Studies have shown that 
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areas that received organic inputs are more resistant to soil erosion and give higher crop 

yields eve during the drought seasons. 

Thirdly, we should increase fallowing period, prevent cropland encroachment onto 

communal grazing areas, and control overstocking of dairy cows and oxen as it leads to 

overgrazing and further soil depletion. The continuous intensive cultivation in hilly area 

without appropriate soil management has affected most of the important soil 

characteristics. Therefore, reducing intensive cultivation in hilly land, integrated use of 

SWC practices, and extension of micro-irrigation systems could replenish the degraded 

soil characteristics and improve crop production. 

Finally, federal and local governments should support and encourage further studies in 

the Woreda to improve soil fertility and to solve subsistence crop production problems, 

hence leads to increasing of production and productivity of farmlands.  
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7. APPENDIXES 

Appendix I:  Questionnaire for Household survey 

Addis Ababa University 
College of Natural Science 
School of Graduate Studies 

Environmental Science Program 
Introduction  

The purpose of this questionnaire is to gather information on farmers’ perception of the relative 
importance of soil fertility decline as crop production problems and major SWC practices which 
are being employed by small holder farmers in Guba-Lafto Woreda. The study will be used to 
forward possible solutions, advice policy, extension and research interventions that favor the 
farmers. This information will be delivered to those who are extremely confidential and who 
really want and willing to see your agricultural development.   

Thank you for your time and cooperation!! 

Date of interview: Day___________, Month___________, Year__________ 
 

1. Respondents General Information 

1.1. Name of the respondent…………………………………….  

1.2. Age………   

1.3. Sex………  

1.4. Educational status………………  

1.5. Marital status…………… Kebele……………Religion--------------------- 

1.6. Occupation (major sources of income): 

(1) Mixed farming  

(2) Pastoralist  

(3) Daily Laborer  

(4) Agro-Pastoralists 

(5) Government employee  

(6) Others (specify) …………………………  
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2. Assets & family size of the Respondents 

2.1  The size of the total area of cultivated land in hectares_________________________. 

2.2  Number of persons lives in the household by gender  

Sex Male Female Total  

No.    

 

2.3  Total number of animals owned by the household 

Type of animal Number owned 
Oxen  
Cows  
Calves  
Donkeys  
Horses  
Mules  
Sheep  
Goat  
Total  

 

3 Major crop production problems and their perceived solutions. 

3.1 What are the crop production problems in your area?  What are the solutions for these 

problems? Please mark (√√√√) in the space provided and Rank these problems and solutions in 

the order of importance?  

Environmental problems mark  Solutions for these problems mark 
Low and erratic rainfall  Small and micro water reservoirs  
soil fertility depletion  Soil and water consternation 

measures 
 

Soil erosion and flood  Tree plantation   
Shortage of draught power(oxen)  Implementing SLM innovations  
  Natural resource management  
others  Livestock raring   

 others  
  

 

3.2 What are the major socio-economic problems which are reducing crop productivity and 

what are the solutions for these problems? Please mark (√√√√) in the space provided and Rank 

the problems in the order of importance?  
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Socio-economic problems mark  Solutions for these problems mark 
Lack of technical knowledge     

 
Awareness creation programs  

Lack of labor to invest on SLM 
innovations 

 Training on SLM and SWC measures  

Conflicts over resource use  Allocate enough time and resources  
on farm 

 

Poverty  Avoiding backward cultural attitudes  
Absence of training for farmers on 
SLM 

 others  

Cultural attitudes   
Population expansion,   
Unable to allocate reasonable time 
and resources to work on farm 

 

Others 
 

3.3   What are the major agronomic problems which are reducing crop productivity and 

what are the solutions for these problems? Please mark (√√√√) in the space provided and 

Rank the problems in the order of importance 

Agronomic problems mark  Solutions for these problems mark 
Decline in soil fertility   Using organic fertilizer  
Absence of water for irrigation   Using chemical fertilizer  
Absence of soil and water 
conservation practice 

 Using high yielding crop and 
Livestock varieties 

 

Absence of high-yielding crop 
varieties  

 Implementing SWC measures  

Lack of Chemical fertilizer  others   
Lack of improved livestock breeds    
Crop pests and weeds    
Plowing fields up and down  
Shifting cultivation  
others   
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4 Level of adoption of SWC practices at farm level. 

4.1 If reduction in soil fertility is a major issue for you, what are the major causes for reduction 

in fertility of your fields? Explain please? 

___________________________________________________________________________
___________________________________________________________________________
_______________________________________________________________. 

4.2 If there is reduction of soil fertility at your farmland, what measures do you use to curb soil 

erosion problems? Please mark ( √√√√) your choice in the space provided and Rank these 

measures in the order of importance?  

Physical measures mark  
 

Agronomic 
measures 

mark  Biological measures mark 

Stone bund  Strip cropping  Grass Strip   

Soil bund   Mixed cropping   Mulching  
Hill side terrace   Crop rotation  Agroforestry  

Faynajuu terrace  Manure 
application 

 others  

Gabion check dam   Others   
Micro water pond    

 

4.3 What are the main benefits do you get from SWC practices? Please use the space provided. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_______________. 
4.4 What are the opportunities which are helping you for applying the major SWC practices at 

your farmland? Please mark ( √) your choice in side the box. 

� Existence of environmental protection strategies in the Woreda 
� Public mobilization and community participation on watershed management 
� Availability of indigenous knowledge  
� Availability of scientific knowledge 
� Training and awareness creation programs about SLM practices  
� Existence of donor support 
� Public support for private investment on soil and water conservation 
� Sound natural resources management  
� Robust local capacity building by nongovernmental 
� Others, specify(-----------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------
---------------). 
4.5 What are the main constraints and challenges that hindering you for adopting and 

implementation of SWC practices at your farmland? Please mark ( √) your choice in side the 
box. 
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���� Lack of awareness of the nature and technical requirements of SLM practices,  
���� Top-down planning approach to technical assistance,  
���� Shortage of land 
���� Shortage of labour 
���� Weak linkage during technology generation and dissemination,  
���� Limited capacity to plan and implement SLM practices at all levels,   
���� Limited availability and poor networking of information on SLM 
���� Wealth status of housholds 
���� Climate change and natural catastrophes 
����  Others specify (-----------------------------------------------------------------------------------------------
---------) 
 
4.6 What are the major opportunities to adopt and disseminate SWC practices? 
 

���� The presence of public mobilization  
���� The presence of enough labour force 
����  Existence of traditional knowledge  
����  Existence of modern knowledge  
���� The need to improve soil fertility 
���� The need to improve range land  
���� The need to maintain soil nutrient and soil moisture 
���� The need to increase over all crop production 
����   Others specify (------------------------------------------------------------------------------------------) 

 
4.7. Do you remove crop residue and animal manures from fields? 1. Yes  2. No. if yes, 

what do you do with crop residues and animal manures removed from fields? 

1. Burn as household fuel 

2. Feed animals 

3. Both 1 and 2 

4. Other, specify   (-----------------------------------------------) 

 

 

 

 

 

 

 

 



~ xvii ~ 
 

5. Effects of SWC practices on crop yields. 
5.1. Do you agree that SWC practices are the solution to restore and rehabilitate degraded lands 

as well as increase soil fertility? A) Agree   B) Disagree;   if you agree, how? Please put your 
opinion. 

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________. 
5.2. Do you agree that SWC practices are the solution for reducing rural poverty? A) Agree   

B)Disagree; If you agree how? Please put your explanation. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________. 
5.3. What are the effects of SWC practices on crop yields? Please put down your explanation. 
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________. 
 
5.4. How SWC practices can increase crop productivity?  
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________. 
 
6. Effect of  SWC practices on soil nutrient and soil moisture statuss. 
 
6.1. SWC practices decrease the rate of soil erosion. 1. Agree 2. Disagree; if agree, please explain 

how? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
____________________________________________________. 
6.2. SWC practices increase soil nutrient content.  1. Agree 2. Disagree; if agree, please explain 

how? 
 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
___________________________________________________. 
 
6.3. SWC practices increase soil moisture content.  1. Agree 2. Disagree;   if agree, please explain 

how? 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
____________. 
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Appendix II:  List of Technical Terms 

 

Annual plant A plant that grows for only one season (or year) before dying, in contrast to a 
perennial, which grows for more than one season. 

Belg  

Bega  

A short rainy season in Ethiopia, in March and April. 

It is the long dry season in Ethiopia from September to February. 

Bund A ridge of earth placed in a line to control water runoff and soil erosion. 

Crop residue The portion of a plant that is left in the field after harvest, e.g. maize stover. 

Contour An imaginary line joining all points of the same height on a land surface. A 
contour terrace is laid out on a slope at right angles to the direction of the 
slope and nearly level throughout its course. A contour ditch is sometimes 
constructed along the contour to store and conserve water. 

Dega 

 

It is a cool zone above 2440 metres in elevation with an average annual 
temperature of about 16 degree Celsius with annual rainfall between 
1270 and 1280 millimetres 

Dry spell Shorter period of drought during the cropping season. 

Fallow Land resting from cropping, which may be grazed or left unused, often 
colonized by natural vegetation. 

Fodder Parts of plants which are eaten by domestic animals. These may include 
leaves, stems, fruit, pods, flowers, pollen, or nectar. 

Infiltration  The process by which water enters the soil surface. 

Infiltration 
rate 

The maximum rate at which water can enter a soil under specific conditions. 

Kebele  It is the smallest administrative unit of Ethiopia similar to a ward, a 
neighborhood or a localized and delimited group of people. 

kola Is tropical zone below 1830 meters in elevation and has an average 
annual temperature of about 27 degree Celsius with annual rainfall 
about 510 millimeters.  

Meher  It is the harvest season from mid-September to October. 

Minimum 
tillage 

Land preparation and tillage without turning the soil over. 

Soil moisture  Water held in the soil and available to the plants through their root system, 
also called soil water. 
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Soil structure The arrangement of soil particles to form lumps or clods of soil. 

Topography The physical description of land; changes in elevation due to hills, valleys and 
other features. 

Woina dega  It is subtropical zone includes the highlands areas of 1830 - 2440 
meters in elevation has an average annual temperature of about 22 
degree Celsius with annual rainfall between 510 and 1530 millimeters. 

 
 

Appendix III:   Wege Alba and Tikur wuha watershed from two selected Kebeles 
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Appendix IV:  Results of soil laboratory Analyses  

(Dessie regional soil Laboratory, 2016) 

 Samples 
in each 
Sub-

watershe
d 

Total 
Nitroge
n (N) 
(%) 

Available 
Phosphor
us (mg/ 

Kg of soil) 

Exchangeab
le Potassium 
(cmol (+) / 

kg) 

Organi
c 

carbon 
content 

(%) 

Soil 
pH ( 
pH  

meter
) 

Cat ion 
exchang

e 
capacity 
(CEC) 
(cmol 

(+) / kg) 

Moistur
e  (%) 

On stone 
faced soil 

bund 
(Conserve
d areas) 

 

Ad1 0.050 0.86 0.38 7.05 6.28 21.13 34.84 

Ad2 0.047 0.96 0.30 8.9 5.28 30.54 35.05 

Ad3 0.064 5.16 0.29 6.60 6.433 19.60 38.17 

Ad4 0.070 13.8 0.26 11.27 4.433 39.57 30.75 

Ad5 0.087 3.22 0.31  9.16 8.233 22.78 30.80 

Ad6 0.086 5.12 0.21  11.5 7.233 21.28 32.39 

Ad7 0.084 3.52 0.28 9.58 6.40 20.03 35.04 

Ad8 0.085 3.6 0.24 8.3 5.434 21.08 31.43 

Mean 
Std. D 

 0.072 0.3000 0.28 9.045
0 

6.21
3 

24.497 33.5588 

 0.016 0.14803 0.051 1.765
1 

1.18 7.0005
5 

2.63819 

On non-
Conserve
d areas 

 

N.Ad1 0.027 2.06 0.31 4.88 6.18 20.68 26.7 
N.Ad2 0.040 0.86 0.23 7.85 3.05 25.06 34.78 
N.Ad3 0.020 5.66 0.25 7.43 5.789 15.87 22.05 
N.Ad4 0.054 2.44 0.21 7.26 5.398 24.89 26.9 
N.Ad5 0.034 0.7 0.33 6.94 5.15 18.10 23.94 
N.Ad6 0.003 0.02 0.28 9.6 4.65 13.74 21.69 

N.Ad7 0.034 1.12 0.29 7.43 5.917 19.45 23.62 
N.Ad8 0.031 1.4 0.19 9.40 4.841 20.33 25.21 

Mean 
Std. D 

 0.033 1.78 0.26 7.59 5.12 19.76 25.61  
 0.010 1.74 0.049 1.47 0.99

0 
3.96 4.17287 

NB: 
• Ad1-Ad8:  Soil samples from Adopters plots 
• N.Ad1-N.Ad8: Soil samples from non 

adopters plots 
• Soil samples like Ad1 Vs.  N.Ad1 are taken 

from similar soil types and climatic condition 
(the same to others) 

Wege Alba watershed 
(Sub-watershed) 

 
Ad1 & N.Ad1=upper 1 
Ad2 & N.Ad2= upper 2 
Ad3 & N.Ad3=lower 1 
Ad4 & N.Ad4=lower 2 

Tikur wuha Watershed (Sub-
watershed) 

 
Ad5 & N.Ad5=upper b1 
Ad6 & N.Ad6=upper b2 
Ad7 & N.Ad7=lower b1 
Ad8 & N.Ad8=lower b2 
 


