
 
 

 

 

 

 
Analyzing Performances of Selected Sustainable Land 

Management Practices in Gina Beret Watershed,  
North Shoa  

  

 Yeron Tekalign Beyene 
 

A Thesis submitted to 

Center for Environmental Science 

School of Graduate Studies  

Presented in partial Fulfillment of the Requirement for the Degree 

of Master of Science, in Environmental Science 

 

Addis Ababa University 

Addis Ababa, Ethiopia 

December, 2016 
 

 

 



 
 

                                                                      

ADDIS ABABA UNIVERSITY 

COLLEGE OF NATURAL SCIENCES 

CENTER FOR ENVIRONMENTAL SCIENCES 

 

This is to certify that the Thesis prepared by Yeron Tekalign Beyene, entitled: Analyzing 
Performances of Selected Sustainable Land Management Practices in Gina Beret Watershed, 
North Shoa and Submitted in Partial Fulfillment of the Requirements for the Degree of Master of 
Science (Environmental Science) complies with the regulations of the University and meets the 
accepted standards with respect to originality and quality. 

                            

                               Signed by Examining Board: 

  Name                                                     Signature  Date 

1. __________________________          ______________________      _________________ 

          (Examiner)   

2. __________________________         ______________________     _________________ 

          (Examiner)   

3. __________________________          ______________________     _________________ 

           (Advisor)    

4. __________________________         _______________________     _________________ 

           (Chairman)  



i 
 

Acknowledgements 

First of all, I would also like to express my special appreciation to my advisor Dr. Mekuria 

Argaw Associate Professor, Center for Environmental Sciences, Addis Ababa University for his 

consistent and stimulating advice, valuable suggestions, unreserved support and insightful 

academic assistance in every bit of my work for the completion of the thesis.  Without his 

encouragement, suggestion and support this paper would not have come to a successful end.  

My heartfelt appreciation goes to International Livestock Research Institute, Addis Ababa for 

financial support and technical support they rendered to my research work. I am very much 

grateful to Dr. Kindu Mekonnen and Dr. Lulseged Tamene for their willingness and giving me 

the opportunity to work with them.Also for helping me in providing necessary materials 

constructive comments and guidance.  

I would also like to acknowledge Gudo Beret kebele Administration and Basona Werana Woreda 

Agricultural Office staffs who have given me necessary data and information needed for the 

research work during the study area survey.  

Furthermore, I would also like to express my deepest and most heart-felt gratitude to my beloved 

families for their prayers, moral support, strength and encouragement to me in completing my 

study.  

Last but not least I would like to thank my friends and colleagues for always being there for me. 

To those who indirectly contributed in this research, your kindness means a lot to me. Thank you 

very much.   

 

 

 



ii 
 

Table of contents 
Table of Contents 

LIST OF TABLES ....................................................................................................................... V 

LIST OF FIGURES .................................................................................................................... VI 

LIST OF APPENDICES .......................................................................................................... VII 

ACRONYMS ............................................................................................................................ VIII 

1. INTRODUCTION..................................................................................................................... 1 

1.1. BACKGROUND OF THE STUDY ................................................................................................ 1 

1.2. STATEMENT OF THE PROBLEM ............................................................................................... 4 

1.3. OBJECTIVES ........................................................................................................................... 6 

1.3.1. General objective ........................................................................................................... 6 

1.3.2. Specific objectives ......................................................................................................... 6 

1.4. SCOPE OF THE STUDY ............................................................................................................. 6 

1.5. SIGNIFICANCE OF THE STUDY ................................................................................................ 7 

2. LITERATURE REVIEW ........................................................................................................ 8 

2.1. EXTENT OF LAND DEGRADATION .......................................................................................... 8 

2.2 SOIL FERTILITY DECLINE ...................................................................................................... 11 

2.2.1. Organic Matter ............................................................................................................. 11 

2.2.2. Total Nitrogen.............................................................................................................. 13 

2.2.3. Available phosphorus .................................................................................................. 14 

2.3. THE CONCEPT OF SUSTAINABLE LAND MANAGEMENT ........................................................ 15 

2.4. LAND MANAGEMENT PRACTICES IN ETHIOPIA .................................................................... 18 

2.5. SOIL AND WATER CONSERVATION PRACTICES TO COMBAT THE PROBLEM ........................... 20 

2.3.1. Physical/Mechanical/ Soil conservation Measures ...................................................... 21 

2.3.2. Biological /Vegetative/ Soil Conservation Measures .................................................. 21 

3. MATERIALS AND METHODS ........................................................................................... 24 

3.1. DESCRIPTION OF THE STUDY AREA ...................................................................................... 24 

3.1.1. Location ....................................................................................................................... 24 



iii 
 

3.1.2. Climate......................................................................................................................... 26 

3.1.2.1. Rainfall .................................................................................................................. 26 

3.1.2.2. Temperature .......................................................................................................... 27 

3.1.3. Topography .................................................................................................................. 28 

3.1.4. Soil ............................................................................................................................... 28 

3.1.5. Land Use ...................................................................................................................... 28 

3.1.6. Agro-ecology of the Study area ................................................................................... 29 

3.1.7. Demographic Features ................................................................................................. 29 

3.1.8. Economic Activities .................................................................................................... 29 

3.1.9. Agriculture and Land Management Practices ............................................................. 31 

3.1.9.1 Tree Lucerne/ (Chamaecytisus palmensis/ proliferus) along stone bund .............. 32 

3.1.9.2 Phalaris /Phalaris arundinacea/ along stone bund .................................................. 34 

3.1.9.3 Stone bund ............................................................................................................. 35 

3.1.9.4 Without SLM practice............................................................................................ 36 

3.1.10 Map of SLM practices within the study area .............................................................. 37 

3.2. METHODS ............................................................................................................................ 38 

3.2.1 Reconnaissance Survey ................................................................................................ 38 

3.2.2. Biophysical Survey ...................................................................................................... 38 

3.2.3. Study design and sampling strategy ............................................................................ 38 

3.2.3.1 Design of the study ................................................................................................ 38 

3.2.3.2. Sampling Technique ............................................................................................. 41 

3.2.4. Type and Source of data .............................................................................................. 43 

3.2.5 Soil survey .................................................................................................................... 43 

3.2.6 Soil analysis .................................................................................................................. 44 

3.2.7. Socio-economic survey................................................................................................ 45 

3.2.7.1 Household survey................................................................................................... 45 

3.2.8 Method of data collection ............................................................................................. 45 

3.2.9 Data Analysis ................................................................................................................ 46 

3.2.9.1 Soil data Analysis .................................................................................................. 46 

3.2.9.2 Socio-economic data analysis ................................................................................ 46 

 



iv 
 

4. RESULT AND DISCUSSIONS ............................................................................................. 47 

4.1 RESULTS ............................................................................................................................... 47 

4.1.1 Effects of SLM practices on Soil quality...................................................................... 47 

4.1.1.1 Soil organic matter ................................................................................................. 47 

4.1.1.2 Total nitrogen ......................................................................................................... 48 

4.1.1.3 Available phosphorus............................................................................................. 48 

4.1.2 Variability of Soil Properties within the Inter-structural Spaces of the soil conservation 

structures ................................................................................................................................ 49 

4.1.3 Farmers Perception and response on Effectiveness of SLM practices ....................... 51 

4.2 DISCUSSIONS ........................................................................................................................ 55 

4.2.1 Effects of SLM practices on Soil quality...................................................................... 55 

4.2.2 Variability of Soil Properties within the Inter-structural Spaces of the soil conservation 

structures ................................................................................................................................ 56 

4.2.3. Farmers response and perception on effectiveness of Selected SLM practices .......... 57 

5. CONCLUSIONS AND RECOMMENDATIONS ................................................................ 63 

5.1 CONCLUSIONS ...................................................................................................................... 63 

5.2 RECOMMENDATIONS ............................................................................................................ 64 

REFERENCES ............................................................................................................................ 65 

 

 

 

 

 

 

 

 



v 
 

List of Tables  

Table 1: Rating of organic matter and its categories .................................................................... 13 

Table 2: Classification of Soil based on Total Nitrogen content .................................................. 14 

Table 3: Relationship between soil nutrient levels and soil chemical rating ................................ 15 

Table 4: Different land use types in the study area ....................................................................... 28 

Table 5: Major Food crops of the study area ................................................................................ 30 

Table 6: Significant difference test for soil Organic matter of the four practices ........................ 47 

Table 7: Significant difference test for Total Nitrogen of the four practices ................................ 48 

Table 8: Significant difference test for Available Phosphorus of the four practices .................... 49 

Table 9: The difference in mean values of Soil parameters of the four practices ........................ 49 

Table 10: The difference in mean values of Soil parameters of the four practices at lower and 

upper part of the bund ................................................................................................................... 50 

Table 11: Farmers‟ perceptions of soil erosion in Gina Beret Watershed .................................... 51 

Table 12: Distribution of household heads land holding and crop production information ......... 52 

Table 13: Distribution of farm plots by slope category, level of fertility, soil color, degree of 

erosion and type of land management practices ........................................................................... 52 

Table 14: Farmers responses on effectiveness of selected SLM practices ................................... 53 

Table 15: Livestock ownership and Feed availability by the sample households ........................ 54 

Table 16: Labor and Gender sensitivity of SLM practices ........................................................... 54 

 

 

 

 

 

 

 

 



vi 
 

List of Figures 

Figure 1: Map of the study area .................................................................................................... 25 

Figure 2: Mean monthly rain fall of the study area for the years 1988-2015 ............................... 26 

Figure 3: Mean monthly temperature of the study area for the years 1988-2015......................... 27 

Figure 4: Tree Lucerne shrub as conservation plant along SWC practices .................................. 33 

Figure 5: Tree Lucerne (Tagastate) shrub as a Bee Forage .......................................................... 33 

Figure 6:  Phalaris grass along SWC practice ............................................................................... 34 

Figure 7:  Phalaris grass as a Rodent refuge  ................................................................................ 35 

Figure 8: Stone Bund as conservation structure ........................................................................... 36 

Figure 9: Area without SLM practice ........................................................................................... 36 

Figure 10: Map of SLM practice areas within the study area ....................................................... 37 

Figure 11: Flow chart of study design .......................................................................................... 40 

Figure 12: Flow chart of soil sampling technique ........................................................................ 42 

Figure 13: The difference in mean values of Soil parameters of the four practices at lower and 

upper part of the bund ................................................................................................................... 51 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

List of Appendices 

Appendix 1: Soil sample sites coordinate point with in the study area ........................................ 75 

Appendix II: Result of soil laboratory analysis ............................................................................ 76 

Appendix III: Questionnaire for the household survey ................................................................. 77 

Appendix IV: Results of one-way ANOVA of soil parameter ..................................................... 84 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

Acronyms 

ADF                                     Africa Development Fund 

ANOVA                               Analysis of Variance 

Av.P                                     Available Phosphorus 

BWAO                                 Basona Werana Agricultural Office 

CSA                                     Central Statistics Authority 

EHRS                                   Ethiopian Highland Reclamation Study 
FAO                                     Food and Agricultural Organization of the United Nations 

FFW                                     Food for Work 

Fig.                                       Figure 

GBAO                                  Gudo Beret Agriculture Office 

GDP                                     Gross Domestic Product  

Ha.                                       Hectare 

IFAD                                   International Fund for Agricultural Development 

ILRI                                     International Livestock Research Institute 

LD                                        Land Degradation 

M.a.s.l.                                 Meter above sea level 

NGOs                                   Non Governmental Organizations 

NMSA                                  National Meteorological Service Agency  
OM                                       Organic Matter 

PPM                                      Parts Per Million 

SLM                                     Sustainable Land Management 

SPSS                                    Statistical Package for Social Sciences  

SWC                                    Soil and Water Conservation 

TN                                        Total Nitrogen 

UNEP                                   United Nation Environmental Program 

UNESCO                             United Nations Educational, Scientific and Cultural Organization 

USAID                                 United States Agency for International Development  

WFP                                     World Food Program 

WOCAT                              World Overview of Conservation Approaches and Technologies 



ix 
 

Analyzing Performances of Selected Sustainable Land Management Practices in Gina Beret 
Watershed, North Shoa 
Yeron Tekalign Beyene, MSc.Thesis 

Addis Ababa University, 2016 

Abstract 

The study was conducted at Basona Werana Woreda North Shewa zone. Land degradation, 
which includes degradation of vegetation cover, soil degradation and nutrient depletion, is a 
major ecological problem generally in Ethiopia and particularly in the study area. As a response 
of the ever expanding land degradation, rehabilitation of degraded lands through intervention of 
Sustainable land management has been practiced in the study area. Despite these efforts, there 
are no studies in the area, which would provide information on the effectiveness of different 
intervened sustainable land management practices for further up scaling in the study area. The 
main aim of the study is to identify, characterize and examine the performance of selected 
sustainable land management practices in the study area. Selected sustainable land management 
practices include Tree Lucerne with stone bund, Phalaris with Stone bund, only stone bund, 
which was introduced in the past three years and area without Sustainable Land Management 
practice as a control was compared with each other in selected farm lands. All 30 houses hold 
farmers of the watershed, 5 five key informants and 12 farm lands were selected purposively for 
the survey and data obtained from agriculture experts of the Kebele. Data collection method 
include transect work, questionnaire survey, key informant interviews and field observation. 
Transects were used to collect soil samples and questionnaires to gather the necessary 
information from the sampled households and key informants. A total of 24 soil samples were 
taken from selected areas. Six soil samples were taken from each practice site. The samples were 
compared for selected nutrient. The results of soil chemical property analysis revealed that, the 
status of soil organic matter, total nitrogen and available phosphorous of the soil with each 
selected sustainable land management practice showed significant difference. Sustainable land 
management practices improved farm land soil fertility through maintaining organic matter and 
plant nutrients and improving soil structure increasing water infiltration and reducing run off. 
The reason for soil fertility differences may not only be the introduction of set of sustainable land 
management practices but also to the difference in land management history of the farm lands. 
The decline in fertility of the soil without the practices may be the removal of plant nutrient by 
erosion and depletion of soil. The farmers prioritize sustainable land management practices 
phalaris with stone bund first Tree Lucerne with stone bund second and finally the stone bund 
are very effective in improving farm land soil fertility. Finally, based on the findings of the study, 
it has been recommended that farmers has to be encouraged and need to be aware from planning 
phase to implementation in improving the quality of measures. They have to protect bunds from 
grazing, practice cut and carry for stall feeding and carry out the maintenance of the structures 
by themselves. They have to introduce combinations of land management practices with good 
land management for effective crop land improvement in order to achieve sustainability and food 
security. 
 

Keywords: Soil degradation, Sustainable land management, farmers’ perception, soil quality, 
Stone bund, Tree Lucerne, Phalaris. 
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1. INTRODUCTION 

1.1. Background of the study 

Ethiopia is the most populous country in Eastern Africa and second populous on the continent, 

currently numbering more than 96 million (IFAD-UNESCO, 2011).With presently more than 2% 

annual population growth, the number may reach 120 million by 2030 (GoE, 2012). 

Approximately 85% of people live in rural areas, with 84% of these residing in the highlands as 

smallholder farmers, and 16% living in the lowlands as pastoralists or agro-pastoralists; whose 

livelihood is almost entirely dependent on agriculture and agricultural products. Smallholder 

farmers operating under entirely rain-fed conditions of dominate the sector and it accounts to 

95% of the total area under crop cultivation (ADF, 2002). However, Agriculture is not only the 

main means of livelihoods for both smallholders and pastoralists, but also the mainstay of the 

national economy, contributing 45% of gross domestic product GDP, 85% employment and 90% 

of national exports earning (EPA, 1997). 

Despite its role, the sector is characterized by low productivity and high exposure to risk due to 

adversely varying environmental conditions (Bekele and Holden, 1998). Annual agricultural 

production cannot keep pace with the growing number of the human population (World Bank, 

1995), and this exposed the country‟s agricultural population to food insecurity. The interplay 

between the physical environment and population distribution in Ethiopia explains, to a great 

extent, the ever worsening problem of environmental degradation and the problem of land 

degradation in particular (Aklilu, 2001). 

Land degradation in the form of soil erosion and declining fertility is serious challenge to 

agricultural productivity and economic growth in Ethiopia (Mulugeta Lemenh, 2004). As such, 
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the health of our soil resources is a primary indicator of the sustainability of our land 

management practices (Acton and Gregorich, 1995). Improper land management can lead to land 

degradation and a significant reduction in the productive and service functions of watersheds and 

landscapes. But not all areas of the country are equally suffering of land degradation. Both the 

extent and severity of the problem manifest spatial variations depending on difference in relief, 

ecology, rainfall, land use, land cover and soil types. In Ethiopia land degradation is especially 

severe and extensive in the highlands where the average soil loss from farmland is estimated to 

be 100 t/ha/y(FAO, 1986).  

According to FAO (1986), almost 75% of Ethiopian highlands are known to have been so 

degraded that their future use depends on the application of conservation measures. 

Environmental management in Ethiopia is therefore not only closely related to the improvement 

and conservation of ecological environment, but also to the sustainable development of 

Ethiopia‟s agricultural sector and its economy at large.  

In Ethiopia, efforts towards this conservation goal were started since the mid-1970s and 80s 

(Aklilu, 2006; Wogayehu and Drake, 2001; Bekele and Holden, 1998). However, some of the 

management approaches were successful and others not. The current practice is to promote the 

same technology in all agro-ecology types as assuming one size fits all. It is not clearly known, 

however, which technology works where.  

Therefore, in order to meet these problem, Sustainable Land Management knowledge-based 

procedures  helps in   integrating land, water, biodiversity, and environmental management to 

meet rising food and fiber demands while sustaining ecosystem services and livelihoods and also  

is necessary to meet the requirements of a growing population. SLM also includes ecological, 
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economic and socio-cultural dimensions (Hurni, 1997). Ecologically, SLM technologies in all 

their diversity effectively combat land degradation. But a majority of agricultural land is still not 

sufficiently protected, and SLM needs to spread further. Socially, SLM helps secure sustainable 

livelihoods by maintaining or increasing soil productivity, thus improving food security and 

reducing poverty, both at household and national levels. Economically, SLM pays back 

investments made by land users, communities or governments. Agricultural production is 

safeguarded and enhanced for small-scale subsistence and large-scale commercial farmers alike, 

as well as for livestock keepers. Furthermore, the considerable off-site benefits from SLM can 

often be an economic justification in themselves.  

Therefore, to sustain the use and productivity of land and particularly farm land sustainable soil 

management technologies and practices, which have been supported by research finding, were 

transferred to the farming communities and introduced in the study area. In light of this, it is 

important to conduct a research, assess the performances of these different soils and water 

conservation practices undertaken and to prioritize them depending on different indicators for 

further up scaling. 
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1.2. Statement of the problem 

The well-being of present and future generations depends on the fertility status of soil in 

agriculture countries like Ethiopia. It is widely understood that land degradation is reducing the 

productive capacities of cropland, rangeland and woodland during a time of rising demand for 

food, fiber, fuel, freshwater, fodder, household energy and income. This is particularly alarming 

in Africa and Ethiopia, where land is the key asset of the rural poor (FAO, 2009). 

According to Teshome (2010), the performance of Ethiopian agriculture has been poor over the 

last three decades. One of the root causes of this problem is poor and unsustainable land 

management practices. What were once considered to be sustainable land management practices 

such as soil and water conservation, soil fertility management, controlled-grazing and other land 

management practices were introduced to halt the problem.  

Over the study area, secondary data showed that some biological and physical land management 

practices were undertaken in order to improve land productivity. In this case sustainable soil 

management technologies and practices, which have been supported by research findings, were 

transferred to the farming communities in the study area. Farmers are likely to select land 

management practices on their plots based on endowments and abilities of the farm household 

and the quality and attributes of their plots. It is important to develop and disseminate SLM 

practices or technologies that are appropriately tailored to agro-ecological zones instead of 

making blanket recommendations that promote similar practices or technologies to all farmers.  

Therefore, this study is so significant to investigate the impact of different sustainable land 

management practices on soil fertility and prioritize them based on their performance with a 
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particular focus on selected practices. It helps in mapping and identifying suitable land 

management practices for further up scaling through sampled farmers interview.  

It was crucial to identify and prioritize a suitable and sustained land management practices to 

increase land productivity and sustainable use as well as to identify and validate solutions to the 

problems experienced by smallholder crop-livestock farmers in the study area. Thus, it is 

important to conduct a research to assess how land productivity has been improved through 

application of best land management practices intervened in the study area.  
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1.3. Objectives 

1.3.1. General objective 

The general purpose of the study is to assess, examine and evaluate the role and effectiveness of 

selected land management practices in improving and sustaining farm land soil fertility in the 

study area. 

1.3.2. Specific objectives 

1. To examine and compare Soil fertility status of selected SLM practices-based on macro 

nutrients. 

2. To compare the variability of Soil fertility within the Inter-structural Spaces of the soil 

conservation structures. 

3. To assess the effectiveness of selected Sustainable land management practices being 

practiced in the study area. 

4. To compare the role and investigate suitable SLM practices in improving farm land 

productivity for further up scaling. 

1.4. Scope of the study 

The study was conducted at Basona Werana Woreda: Gina Beret Watershed specifically by 

considering selected representative areas. Although land management can take many forms the 

research will mainly focus and considers on performance analysis of selected land management 

practices. 
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1.5. Significance of the study 

The economy of Ethiopia in general and particularly the specific study woreda primarily depends 

on agriculture. Also land degradation in general and soil erosion in particular is the most serious 

environmental problems threatening the study area. Hence sustainable agricultural production 

and process of economic development depends on the appropriate and sustainable soil fertility 

management. Since the well-being of our population is highly dependent on land resource, 

particularly soils, soils have to be managed properly and economically.  

Over the study area, reconnaissance survey and some secondary data showed that some 

biological and physical land management practices were undertaking in order to improve 

cropland productivity. Therefore, this study is important that it helps in, Performance analysis of 

effective practices for further up scaling through sampled household. Also identifies 

opportunities to promote and scale up the successful best management practices and identifies 

challenges to put into practice different management practices which give preparation for 

environmental managers. Hence, it is essential to identify a suitable and relevant land 

management practices to increase production of food grain for economic growth and 

development. 

The study results will be useful for land management practitioners, agricultural development 

agents, environmental analysts and researchers to make best of the selected and prioritized land 

management practices for improving farmland productivity in the study area. 
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2. LITERATURE REVIEW 

2.1. Extent of Land Degradation   

Land degradation is a reduction in the capability of the land to support a particular use (Blaikie 

and Brookfield, 1987), is considered to be one of the major problems facing the world (UNEP, 

1992). Land degradation is a major challenge in agricultural production in many parts of the 

world; especially in developing nations like Ethiopia despite number of SWC measures were 

introduced. Across the world, over 20% of cultivated areas, 30% of forests and 10% of 

grasslands are suffering from degradation, affecting about 1.5 billion people.  

Land degradation, resulting from unsustainable land management practices, is a threat to the 

environment as well as to livelihoods, where the majority of people directly depend on 

agricultural production. Agricultural land uses occupy 36.5% of the earth‟s land mass 

(FAOSTAT, 2008). This large area once considered for food production, is now viewed as 

increasingly for providing local and global environmental goods and services. The quality and 

volume of these services depend not only on the amount of land occupied but also on the land 

management strategies and practices used in production.  There is a potentially devastating 

downward spiral of overexploitation and degradation, enhanced by the negative impacts of 

climate change leading in turn to the reduced availability of natural resources and declining 

productivity: while  jeopardizes food security and increases poverty.  

The Ethiopian economy has its foundation in the agricultural sector. This sector continues to be a 

fundamental instrument for poverty reduction, food security, and fueling economic growth. 

Smallholder farmers (backbone of the agricultural sector) produce 90-95% of the country‟s 

cereals, pulses and oilseeds. In most parts of the densely populated highlands, cereal yields 
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average less than one metric ton per hectare (Pender and Gebremedhin, 2007). Such low 

agricultural productivity, compounded by recurrent problems of famine, contributes to extreme 

poverty and food insecurity. On one hand, the African population is growing at over two percent 

a year (FAO, 2008), requiring a doubling of food production by 2030 to keep pace with demand; 

on the other hand, productivity of natural resources is in general in decline. However, the sector 

continues to be undermined by land degradation in the form of depletion of soil organic matter, 

soil erosion, and lack of adequate plant-nutrient supply (Pender et al., 2006).  

Over the last few decades, as a cumulative effect of land degradation, increasing population 

pressure, and low agricultural productivity, Ethiopia has become increasingly dependent on food 

aid and has been forced to importer food grains. Studies show that Ethiopia annually encores cost 

that worth 2-3% of its GDP due to land degradation. Even if all areas of the country are not 

equally suffering there is evidence that these problems are getting worse in many parts of the 

country. The problem of degradation is particularly escalating in the highlands, where 90% of its 

arable lands are occupied by 90 percent of the human population and 60 percent of all livestock 

and over 90% of all human food and livestock feed is produced on land, on soils of varying 

quality and extent (Hurni et al., 2010). According to the Ethiopian Highland Reclamation Study 

(EHRS, 1986), over 14 million hectares (ha) of the highlands are seriously eroded, and about 15 

million ha were found to be susceptible to erosion. Almost 75% of Ethiopian highlands are 

known to have been so degraded that their future use depends on the application of conservation 

measures (FAO, 1986). 

According to Gete (2010), the Ethiopian highlands, once endowed with rich natural resources are 

agriculturally used since millennia and now heavily degraded. This degradation may be the result 
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of numerous factors or a combination there of, including anthropogenic activities such as 

unsustainable land management practices and climatic variations. Land degradation in Ethiopia 

is especially severe in the highlands where the average soil loss from farmland is estimated to be 

100t/ha/y (FAO, 1986). In 1986, it was estimated that as much as half of the highlands (270 000 

km2) were significantly eroded (FAO, 1986). It is an alarming challenge in the Amhara region 

where erosion is the main cause of the loss of approximately 2 to 4 billion tons of soil annually 

leaving between 20,000 to 30,000 hectares of land unproductive (Taffa, 2009).  

The scale of the problem, is accelerated and dramatically increased due to human modification of 

the environment by deforestation, overgrazing, over cultivation, inappropriate farming practices, 

and increasing human population. Removing vegetative cover on steep slopes (slopes ranging 

between 15 and 50 percent) for agricultural expansion, firewood and other wood requirements as 

well as for grazing space has paved the way to massive soil erosion (Yihenew et al., UD1).  

Although natural factors are to some extent the cause for environmental degradation, coupled 

with the effects of a long history of settlement, prevailing farming methods and increasing 

population pressure which forces people to cultivate even steeper slopes have exacerbated the 

devastating land and resource degradation in the region (Belay, 2010). The interplay between the 

physical environment and population distribution in Ethiopia explains, to a great extent, the ever 

worsening problem of environmental degradation (Aklilu, 2001).  

Hence, Environmental management in Ethiopia is therefore not only closely related to the 

improvement and conservation of ecological environment, but also to the sustainable 

development of Ethiopia‟s agricultural sector and its economy at large. Therefore there is an 
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urgent need to reverse the current serious levels of land degradation through promoting and 

scaling up successful Sustainable Land Management (SLM) technologies and approaches.  

2.2 Soil fertility decline 

According to Enters (1998), soil degradation is a narrower term for declining soil quality, 

encompassing the deterioration in physical, chemical and biological attributes of the soil. The 

major evidence for soil fertility decline includes soil organic matter depletion, with associated 

decline in soil biological activity negative nutrient balances (imbalances between nutrient input 

and output flows), reduction in availability of major nutrients (Nitrogen, Phosphorus and 

Potassium) and micronutrient deficiencies, soil degradation of physical properties such as 

structure, aeration, water holding capacity, etc as brought about by reduced organic matter (FAO, 

1994).  

According to Young (1989), the principal adverse effect of erosion is lowering of fertility, 

through removal of organic matter and nutrients. Since changes in chemical parameters are 

largely a function of changes in physical composition it is better to look at chemical degradation. 

Therefore, the study of chemical property or chemical degradation of a given land use type 

requires selecting an appropriate and inclusive parameter because the presence of one attribute 

indicates the status of other. Among the chemical properties that indicate the level of degradation 

of a given site, organic matter content and cation exchange capacity are assumed to be 

fundamental (Brady, 1984).  

2.2.1. Organic Matter  

Soil organic matter is the fraction of the soil that consists of plant or animal tissue in various 

stages of breakdown (decomposition). It is the organic component of soil, consisting of three 



12 
 

primary parts including small (fresh) plant residues and small living soil organisms, 

decomposing (active) organic matter, and stable organic matter (humus). With the expansion of 

agriculture and its intensification, natural processes, human activity and socio-economic factors 

soil organic matter levels have declined. The overall amount of organic matter stored in the 

world‟s soils is decreasing (Lal, 2004). The related decrease in topsoil depth also causes a loss of 

soil quality mainly due to the loss of organic matter and plant nutrients (Kangalawe and Lyimo, 

2010). Land use and management, i.e., human activities, are likely to contribute most to these 

changes (Baldock & Nelson, 2000). Compared with natural ecosystems, the carbon content of 

cultivated soils is depleted by 30-40 tones/ha (Lal, 2015).Therefore, restoration of soil carbon 

stocks is essential to restoring soil performance and ecosystem services. This can be achieved 

through sustainable intensification of agro-ecosystems producing more from less land, water, 

fertilizer, energy, and other inputs (Lal, 2015).  

Organic matter enhances the soil in many different ways. It is essential for physical, chemical 

and biological properties of soil. It influences soil stability, susceptibility to erosion, soil 

structure, water-holding capacity, oxygen-holding capacity, and nutrient storage and turnover, 

and it provides a habitat for extremely large numbers of soil fauna and micro flora. It is the most 

important component of soils that serves as a reservoir of nutrients for crops, provides soil 

aggregation, increases nutrient exchange, retains moisture, reduces compaction, reduces surface 

crusting, and increases water infiltration into soil.  According to Teklu Erkossa (2005), soil 

organic matter reduces compaction by promoting soil aggregation and increasing porosity.  

In general, soils with comparatively higher organic matter content are considered more fertile 

than soils with low organic matter content. Thus, assessment of soil organic matter is a necessary 
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step towards identifying the overall quality of soil. The table below shows that the rating of soil 

organic matter according to (Tan, 1996). 

Table 1: Rating of organic matter and its categories 

Rating Total Organic matter% 

Very low <1 

Low 1.0-2.0 

Medium 2.1-4.2 

High 4.3-6.0 

Very high >6 

Source: Tan (1996) 

2.2.2. Total Nitrogen 

Nitrogen (N) is the most abundant element in the atmosphere and is usually the most limiting 

crop nutrient. Nitrogen is a dynamic nutrient and it is being continuously cycled between the 

atmosphere, the soil and living organisms. Besides nitrogen gas within soil pore space, nitrogen 

is found in both organic and inorganic forms in soil.  

According to Buruah and Barthakur (1997), of the total amount of nitrogen present in soils, 

nearly 95-99% is in the organic form and 1-5% in the inorganic form as ammonium and nitrates. 

Organic forms occur in soil organic matter which consists of three primary parts including small 

(fresh) plant residues and small living soil organisms, decomposing (active) organic matter, and 

stable organic matter. Some processes are necessary to convert N into forms which plants can 

use. Thus, predominate inorganic forms of N in soils are ammonium (NH4) and nitrate (NO3), 

which are both useable by plants.  

Even though, total nitrogen is not a measure of available nitrogen to plants, but it is an important 

indicator of the soil potential for the element. Also Nitrogen contents of soils are also needed for 
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the evaluation of C-N ratios of soils, which give an indication of the processes of transformations 

of organic N to available N like ammonia nitrite and nitrate (Buruah and Barthakur, 1997). The 

amount of N fixed is dependent on yields as well as on the efficiency of fixing N. In soils with 

high nitrate levels the rate of N-fixation will also be suppressed (Herridge, 2011). According to 

(Buruah, 1998), soil total nitrogen can be classified from  low to high in total nitrogen as 

indicated in (Table 2).  

Table 2: Classification of Soil based on Total Nitrogen content 
Total nitrogen (%) Classes 

< 0.03 Low 

0.03 – 0.06 Medium 

>0.06 High 

Source: Buruah (1998) 

2.2.3. Available phosphorus 

Phosphorus is a complex nutrient that has wide influence on both natural and agricultural 

ecosystems than any other essential elements. Since it is macro nutrient it is frequent deficient 

for crop production and is required by crops in relatively large amounts. The total P 

concentration in agricultural crops generally varies from 0.1 to 0.5 percent. Its functions cannot 

be performed by any other nutrient, and an adequate supply of P is required for optimum growth 

and reproduction. 

Soil organic matter is only one source of the nutrient. Soil organic matter can be a source of P 

when it is mineralized. The estimate is that about 40% of P is in an organic form in the soil 

organic matter (Rice, 2002), although this can vary from 25 to 80% (Probert, 1993). Plants 

usually take P as the orthophosphate anions (H2PO4- and HPO42-) which are present in the soil 
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solution (Stevenson, 1982). In most soils, the main source of orthophosphate is organic matter 

(Buruah and Barthakur, 1997).                                                    

According to Barber (1984), Phosphorus deficient plants are often severely stunted, since this 

element takes part in the synthesis of several essential compounds upon which all plant and 

animal life depends. Table below illustrates the relationship between soil nutrient levels and soil 

chemical rating of available phosphorus in ppm according to (Barber, 1984). 

Table 3: Relationship between soil nutrient levels and soil chemical rating 
Soil chemical value                                    Soil chemical ratings of available P(ppm) 

Very low < 5 

Low 5-10 

Medium 10-25 

High 25-50 

Very high >50 

 Source: Barber (1984)    

2.3. The concept of Sustainable Land Management 

Sustainable land management (SLM) has emerged as an issue of major international concern. 

SLM is a knowledge-based procedure that helps integrate land, water, biodiversity, and 

environmental management (including input and output externalities) to meet rising food and 

fiber demands while sustaining ecosystem services and livelihoods (World Bank, 2006). 

According to UN Earth Summit (1992), SLM can be defined as „the use of land resources, 

including soils, water, animals and plants, for the production of goods to meet changing human 

needs, while simultaneously ensuring the long-term productive potential of these resources and 

the maintenance of their environmental functions.‟ Sustainable land management has also been 
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defined as the utilization of the land and its resources to meet the present needs while 

maintaining its productive capacity for future use (Lawas, 1997). 

SLM is necessary to meet the requirements of a growing population. This is not only because of 

the increasing population pressure on limited land resources, demanding for increased food 

production, but also by the recognition of the fact that the degradation of land and water 

resources is accelerating rapidly. ((Mitiku Haile et al., 2006).) observed that land and water 

degradation may be unintentional and unperceived; it may result from carelessness or from the 

unavoidable struggle of vulnerable populations for the necessities of survival. 

In many countries in general and Ethiopia in particular it is also becoming clear that the limits to 

lands, which are suitable for agriculture, are now being reached. If the lands which are 

moderately or well suited for agriculture are currently in use then it follows that further increases 

in production to meet the food demands of rising populations must come about by the more 

intensive use of existing agricultural lands.  

To combat the often cited deleterious effects of intensification particularly with regard to 

environmental effects requires the development and implementation of technologies and policies 

which will result in sustainable land management (Gisladottir, and Stocking, 2005; Compbell 

and Hagmann, 2003). Sustainable land and natural resource management is fundamental to 

ensuring adequate food and fiber production. Because, sustainable productive agricultural base is 

essential for global food security. For this reasons sustainable land management is now receiving 

considerable attentions from different corners. 
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Understanding the soil resource is central to sound soil and land management in this regard 

knowledge of the nature and properties of soils is vital in regions where soil productivity is often 

limited by poor soil fertility and where the need for food production is large (Lal, 2004; Sanchez, 

2002).In addition to the low soil fertility soil degradation is an increasing threat in many parts of 

Ethiopia (Nyssen et.al., 2003a; Hurni, 2000). Improper land management can lead to land 

degradation and a significant reduction in the productive and service (biodiversity niches, 

hydrology, carbon sequestration) functions of watersheds and landscapes. There is an urgent 

need to understand the processes involved to that remedial action can be put in place with a view 

to achieving sustainable land management. 

One out of every three people on earth is in some way affected by land degradation. Latest 

estimates indicate that nearly 2 billion ha of land worldwide – an area twice the sizes of China 

are already seriously degraded, some irreversibly. This includes large areas of cropland, 

grassland, woodland and forest areas whose degradation reduces productivity, disrupts vital 

ecosystem functions, negatively affects biodiversity and water resources, and increases 

vulnerability to climate change FAO, 2008). 

Thus, SLM is crucial to minimize land degradation, rehabilitating degraded areas and ensuring 

the optimal use of land resources for the benefit of present and future generations. It is based on 

four common principles: land-user-driven and participatory approaches; integrated use of natural 

resources at ecosystem and farming systems levels; multilevel and multi-stakeholder 

involvement; and targeted policy and institutional support, including development of incentive 

mechanisms for SLM adoption and income generation at the local level (World Bank, 2006). 



18 
 

Its application requires collaboration and partnership at all levels; land users, technical experts 

and policy-makers to ensure that the causes of the degradation and corrective measures are 

properly identified, and that the policy and regulatory environment enables the adoption of the 

most appropriate management measures  

2.4. Land Management Practices in Ethiopia 

In Ethiopia, since the 1970s, considerable efforts have been made to reverse the problem of land 

degradation recognizing that land degradation as a major environmental and socioeconomic 

problem. The government of Ethiopia and NGOs had intervened to alleviate the problem and 

vast public resources have been mobilized to develop physical SWC technologies (Shiferaw, et 

al., 2007). These projects were supported by development food aid, USAID and the World Food 

Program (WFP).  

The main activities under those projects were reforestation and soil and water conservation in the 

drought prone areas of the country. Several soil and water conservation measures were 

introduced to improve land management practices. What were once considered to be sustainable 

land management practices such as soil and water conservation, soil fertility management, 

controlled-grazing and other land management practices were introduced. 

In the 1980s, the WFP consolidated its support to include rehabilitation of forest, grazing and 

agricultural lands. On government‟s part, the watershed or catchment approach became its key 

strategy. The major elements of the soil conservation activities were a range of physical 

structures such as farmland and hillside terracing, cut-off drains and waterways, micro-basins, 

check dams, water harvesting structures like ponds and farm dams, spring development, 

reforestation, area closure and management and gully rehabilitation (Betru, 2003).  



19 
 

Traditionally through time, farmers have developed different soil conservation practices of their 

own. With these practices, farmers have been able to sustain their production for centuries. Even 

up to now, it has been acknowledged that these technologies, which include ploughing of narrow 

ditches on sloping fields to control run-off, farmland terraces, traditional ditches and furrows, 

contour ploughing, fallowing, crop rotation, farmyard manure and agro forestry continue to play 

a significant role in the production of subsistence agriculture (Betru, 2003).  

However, the impact of those efforts did not curb the impact of land degradation in a meaningful 

and sustainable manner. Various reasons are often given for the lack of success. Among these the 

most commonly cited factors include failure to consider land management practices, high initial 

costs which are not affordable to poor farmers and also trying to apply uniform techniques in 

different agro-ecological regions (Aklilu, 2006). Similar Sustainable land management practices 

such as soil and water conservation technologies (e.g., stone bunds, soil bunds), reduced tillage, 

and chemical fertilizer and much more physical and Biological practices have been promoted in 

all agro-ecologies regardless of their performance under different environmental conditions and 

even in the same agro-ecology. 

In addition, efforts made up to the early 2000 were considered inadequate as they covered only 

7% of the total land area that needed treatment, and at that rate, it was estimated that treating all 

the remaining land could take seven decades. Evaluations of efforts made concluded that the 

interventions were ineffective, insufficient and unsustainable (Woldeamlak, 2003).  

In general failure of past conservation efforts can be attributed to a range of factors that make the 

recommended strategies inappropriate to local conditions. In particular, these have tended to 

focus on arresting soil erosion without considering the underlying socioeconomic causes of low 
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soil productivity, thus promoting technologies that are not profitable or are risky or ill suited to 

farmers‟ food security needs and financial constraints (Pagiola, 1999). 

A significant land management paradigm change in recent years involves assessment of the 

impacts of management of land and water at field levels on the larger watershed (catchment) and 

even landscape. Because agro ecological landscapes are diverse, farmers and land users have 

developed a broad set of cropping and natural resource management strategies to cope with the 

diversity of production and ecological conditions. 

2.5. Soil and water conservation practices to combat the problem 

Soil and Water Conservation practice (SWC) is defined as the rational use of land resources, the 

application of erosion control measures and water conservation technologies, and the adoption of 

appropriate cropping patterns to improve soil productivity and prevent land degradation and 

thereby enhance the livelihood of the user communities (Hudson, 1987; Tiwari et al.,2008). They 

are first a response to the perceived land degradation problem. It includes all forms of human 

actions to prevent and treat soil degradation (Grohs, 1994, cited in Demeke, 1998). SWC is 

important to control the loss of nutrients from agricultural land. Therefore, SLM can be further 

accomplished by better implementing soil conservation measures which help prevent soil loss by 

hampering detachment and runoff and increasing infiltration and sedimentation (Roose and 

Barthès, 2001; Hammad  et al., 2006; Guto, 2011). 

Soil and water conservation practices consist of two major categories; biological (Vegetative), 

and Physical (mechanical) measures. The first category refers to management practices that 

make use of agronomic skills and biological material rather than physical structures. Mechanical 

http://www.tandfonline.com/doi/full/10.1080/14735903.2012.744906#CIT0014
http://www.tandfonline.com/doi/full/10.1080/14735903.2012.744906#CIT0047
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practices, on the other hand, refer to practices that involve physical structures, often with a 

barrier function.  

2.3.1. Physical/Mechanical/ Soil conservation Measures  

Physical or structural measures refer to practices that involve physical structures, often with a 

barrier function which include earthworks aimed at controlling and diverting the run off in the 

arable areas. There are various physical land management practices that are applied to control 

erosion in the Highland parts of the country. These measures include: stone bund, soil bund, 

check dam, cutoff drain, bench terrace Water harvesting pond, eyebrow basin, Micro basin etc. 

These measures are applied to maximize infiltration, to drain excess water from rainstorms and 

to retain moisture in the soil. Also these measures aim to control run off, improve soil fertility 

and harvest water. The improved type of soil and water technologies refers to the recommended 

type of structures, which have standard length, width, and height (Wegayehu, 2003). These 

structures have specific design requirements and need major investments of labour in 

construction, often during a single period (Scoones et al., 1996). Hence, this particular measure 

has been widely constructed within the food for work (FFW) programme areas (Wegayehu, 

2003). 

2.3.2. Biological /Vegetative/ Soil Conservation Measures 

Biological measures refers to particular management practices that make use of agronomic skills 

and biological material rather than physical structures and are farming practices, which help to 

minimize erosion, improve fertility and soil structures. These include; vegetative barriers, 

agronomic and soil fertility improvement practices, which help in controlling surface runoff, 

reduce soil losses, improve productivity and stabilize soil along the physical structures.  
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Various vegetative measures are widely applied in the highlands of Ethiopia. These include: 

grass strip planting bamboo (Arundinaria alpina), planting Phalaris grass /Reed grass/ 

(Arundinaria donax), planting sisal, planting trees on stone bunds like Tree Lucerne 

(Chamaecytisus palmensis (Proliferus)), planting Eragorostis grass, and area closure. It is noted 

that most of the time the vegetative measures are applied on physical measures or alone (Lakew, 

2000). According to Ministry of Agriculture (2001), Vegetative measures are practiced as the 

second line of defense in erosion control exercise while mechanical/physical measures are 

primary. Therefore, Soil and water conservation technologies and approaches are critical factors 

toward the sustainable use of the natural resource base for agriculture.  

Soil conservation must be an integral component of intensified agriculture the choice of effective 

and adequate conservation measures will need to be based on an assessment of the form and 

intensity of the degradation process, and the choice of management practices adapted to the 

environmental conditions, economic feasibility, and the social acceptability of the proposed 

control techniques. Avoidance of soil loose by improved Management and conservation of 

natural resources is therefore important to maintain the function of the soil and contribute to food 

security today and for the future generation (Ehui and Pender, 2005).  

In this study with respect to SWC, it is identified that, different types of physical and biological 

SWC measures practiced by farmers and introduced by SWC Program operating in the study 

area. However, this study is concerned with the performance of selected sustainable land 

management measures practiced by farmers in the study area. 

Therefore, to ensure sustainable adoption of practices and their beneficial impacts on 

productivity and other outcomes, rigorous empirical research is needed on where particular land 
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management interventions are likely to be successful and effective. And this particular research 

will focus in identifying, Characterizing, mapping, comparing and prioritizing SLM practices 

introduced at the study area for further up scaling through sampled household at Basona Werana 

Woreda, Gina Beret Watershed. Hence, it was crucial to identify effective and sustained land 

management practices to increase production of food crops for economic growth and 

development and to ensure food security in the area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

3. MATERIALS AND METHODS 

3.1. Description of the study area 

3.1.1. Location 

The study site is located in Basona Werana ("Baso and Werana") Woreda Semien Shewa Zone, 

Amhara National Regional State of Ethiopia. The Woreda is located at about 120 kms North East 

of Addis Ababa. Basona Werana is bordered on the south by Angolalla Tera, on the southwest by 

the Oromia Region, on the west by Siyadebrina Wayu, on the northwest by Moretna Jiru, on the 

north by Mojana Wadera, on the northeast by Termaber, and on the east by Ankober.  

The woreda is Located at the eastern edge of the Ethiopian highlands in the Semien Shewa Zone 

at latitude and longitude 9o50‟N 39o20‟E and it covers a total area of 1,208.17 square kilometers, 

with a total population of 120,930 people. Gudo Beret is one of the towns in this woreda where 

the study site is located. It is 32km north of Debre Birhan. 

 

 

https://en.wikipedia.org/wiki/Ethiopia
https://en.wikipedia.org/wiki/Angolalla_Tera
https://en.wikipedia.org/wiki/Oromia_Region
https://en.wikipedia.org/wiki/Siyadebrina_Wayu
https://en.wikipedia.org/wiki/Moretna_Jiru
https://en.wikipedia.org/wiki/Mojana_Wadera
https://en.wikipedia.org/wiki/Termaber
https://en.wikipedia.org/wiki/Ankober_%28woreda%29
https://en.wikipedia.org/wiki/Ethiopian_highlands
https://en.wikipedia.org/wiki/Semien_Shewa_Zone
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 Figure 1: Map of the study area 
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3.1.2. Climate  

The rainfall and temperature data collected from the National Meteorological Service Agency 

(NMSA) was used to describe the climate of the study area.  

3.1.2.1. Rainfall 

The rainfall has a mono-modal nature in which the months from June to September are the long 

rainy season marked by relatively higher rainfall records and during which crop cultivation takes 

place in the area.(Fig 2). Monthly rainfall data was available for the years from 1988 to 2015. It 

receives a mean annual rainfall between 950-120 mm. 

 

 

Figure 2 : Mean monthly rain fall of the study area for the years 1988-2015 

 Source: NMSA, 2016 
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3.1.2.2. Temperature 

Temperature data within the time frame considered in this study i.e., between 1988 and 2015 

shows that the highest mean maximum monthly temperature was generally observed during the 

summer season. The mean maximum temperature was 19 oC, occurred during June; while the 

mean minimum temperature was 6.8 oC occurred during November (Fig. 3).  

 
Figure 3: Mean monthly temperature of the study area for the years 1988-2015 

Source: NMSA, 2016 
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3.1.3. Topography  

Basona Werana woreda has an altitude range of 1300-3400m above sea level. But, in the case of 

Gudo Beret Kebele the altitude ranges between 2650 and 3350 meters above sea level. It has 

topography of flat and gentle slope covering 3758.06 ha (75%) and valley (steep slope, very 

steep slope) covering 1252 ha or 25% agriculturally moderately suitable land in terms of 

topography. Flood is a series problem in the flat areas.  

3.1.4. Soil  

According to FAO classification system, the most dominant soil in the area is Vertisols and 

cambisols covering the whole study area (UNDP/FAO, 1984).The color of the study area soil is 

brown 83% and black 17%. 

3.1.5. Land Use  

The total area of the Woreda is estimated as it covers 1,208.17 square kilometers and area of 

Gudo Beret kebele is 5540 ha. This total land  of Gudo beret is allocated to cultivated land, 

grazing land, forest land, bushes and shrubs, construction and unclassified land  according the 

data obtained from ILRI,2014.  

Table 4: Different land use types in the study area 
No Land use Coverage in hectares Coverage in % 

1 Cultivated land 2734 ha 49.35 % 

2 Grazing land  923 ha 16.66 % 

3 Forest land  1418 ha 25.59 % 

4 Bushes and shrubs  24 ha 0.43 % 

5 Home construction 116 ha 2.09 % 

6 Unclassified land 325 ha 5.86 % 

   Source: ILRI, 2014 
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3.1.6. Agro-ecology of the Study area 

Basona Werana Woreda has Wurch-2% (afro-alpine), Dega-50% (temperate) and Woynadega-

48% (subtropical) agro ecological zones. While Gudo Beret Kebele has Dega (75%) and Weyna 

Dega (25%) agro ecological zones according to (CSA, 2007) and Gudo Beret Administration 

Office. 

3.1.7. Demographic Features  

According to  the 2007 national census conducted by the Central Statistical Agency of Ethiopia 

(CSA,2007), this woreda has a total population of 120,930, an increase of 7.81% over the 1994 

census, of whom 61,924 are men and 59,006 women; 1,219 or 1.01% are urban inhabitants. With 

an area of 1,208.17 square kilometers, Basona Werana has a population density of 100.09, which 

is less than the Zone average of 115.3 persons per square kilometer. A total of 27,753 households 

were counted in this woreda, resulting in an average of 4.36 persons to a household, and 26,918 

housing units. And Gudo Beret kebele has 1,502 households; 1045 are male headed and 457 are 

female headed. 

The largest ethnic group reported in Basona Werana was the Amhara (99.46%), and Amharic 

was spoken as a first language by 99.33%. The majority of the inhabitants practiced Ethiopian 

Orthodox Christianity, with 99.96% reporting that as their religion. 

3.1.8. Economic Activities 

In the study area agriculture is the dominant economic activity, which includes crop farming and 

livestock production. Mixed crop- livestock system is the predominant farming system in the 

study area. Cropping patterns in the area mostly follow rainfall. Crops grown in Basona Werana 

Woreda include barley, wheat, faba bean, field pea, sorghum, teff, lentil, chickpea, onion, potato, 

https://en.wikipedia.org/wiki/Central_Statistical_Agency_%28Ethiopia%29
https://en.wikipedia.org/wiki/Amhara_people
https://en.wikipedia.org/wiki/Amharic_language
https://en.wikipedia.org/wiki/Ethiopian_Orthodox_Christianity
https://en.wikipedia.org/wiki/Ethiopian_Orthodox_Christianity
https://en.wikipedia.org/wiki/Ethiopian_Orthodox_Christianity
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temperate fruits, and oil crops. The woreda has 144638 heads of cattle, 145785 sheep and goat, 

96821 chickens, 39038 horses and donkeys, and 4810 traditional and modern beehives; it has 

6828 forest plantation. 

The main crops grown in the study area are wheat, faba beans, barley and field pea. Livestock 

include cattle (local and crossbred), sheep, horses and donkeys and poultry (local and improved). 

The most common feed sources are hay, crop residues (straw, stovers and hawlms from cereals 

and pulses), grazing land, concentrate (cakes, molasses, wheat bran) and cultivated feeds (oat, 

vetch, Tree Lucerne, desho grass and phalaris). The main trees growing in the study area are 

Eucalyptus globulus, Eucalyptus camaldulensis and Cupressus lusitanica which serve the wood 

product processing firms in Debre Birhan and neighboring towns. And also used for firewood 

and some sold the surplus for income. The following are the major food crops of the study area.   

Table 5: Major Food crops of the study area 
No. Common name Local name Scientific name 

 

1 Barely Gebs Hordeum vulgare 

2 Wheat  Sindie Triticum vulgare 

3 Faba beans  Bakela Vicia faba 

4 Field pea  Ater Pisum sativum 

5 Lentils  Miser Lens culinaris 

6 Chickpea  Shimbera Cicer arietinum 

7 Flax (linseed)  Telba Linus usitatissimum 

8 Teff  Teff Eragrostis tef 

9 Sorghum  Mashela Sorghum bicolor 

10 Potato Dinich Solanum tubersum 

11 Onion Shinkurt Allium cepa 

  Source: BWWARDO (2008) 
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3.1.9. Agriculture and Land Management Practices 

Many local and introduced land management works were intervened in the study area. In 

addition to land management practices for improving soil fertility and crop land productivity, 

majority of the farmers except a few farmers are using Inorganic fertilizers and Organic 

fertilizers like manure for soil fertility amendment. DAP and UREA fertilizers are widely applied 

according to farmers‟ recommendation rate. Oxen power is the main power source for ploughing 

and threshing activities. Crop weeding is mostly practiced by hand pulling but they have started 

to use herbicide for controlling weeds from farm. Rainfall is the main source of water for 

agriculture in the area. Besides supplementary irrigation water is also used for agriculture.  

In the study area soil erosion was a serious; not only did erosion lead to loss of soil nutrients, it 

also led to loss of cultivatable land/ soil, thereby reducing land under crop cultivation. However, 

the farmers understood how erosion control structures functioned, hence were adopting both 

physical structures and biological measures to prevent soil erosion and to help conserve soil. The 

main physical structures constructed were: stone bund, soil bund, cut off drains, Trenches, Stone 

faced soil bund, Micro basin, Eyebrow basin and Water harvesting pond.  

The main function of these physical structures, which are usually were constructed across the 

slope in the upper parts of the field/ landscape was to reduce the speed of surface runoff, and 

enhance soil interception and water infiltration, thereby reducing soil erosion. These physical 

structures were being reinforced using biological measures such as planting trees and grasses 

along the soil and water conservation structures. In order to strengthen and stabilize the physical 

structures, biological measures were employed namely: Tree Lucerne (Chamaecytisus proliferus) 

plant, Phalaris grass. 
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The role of biological interventions was to stabilize soil along the physical structures; and also to 

reduce the speed of surface run‐off, thereby increasing the infiltration rate of water, which 

resulted into high interception rate of the soil. This in return reduced loss of soil and ultimately 

lowered severity of soil erosion, which led to availability of more soil nutrients to crops, thereby 

boosting productivity. 

Based on field observation relatively the very common somewhat old aged identified land 

management practices that are practiced by the local farmers were: Tree Lucerne with Stone 

bund, Phalaris with stone bund, Only Stone bund. and relatively rare and newly introduced 

practices: Soil bund, Stone faced soil bund, Trench, Cut off drain, Micro basin, Eyebrow basin, 

Water harvesting pond and  Hill side terrace. But in order to make it suitable for the study to 

analyze their performance the practices were grouped in to four major groups: Tree Lucerne 

(Chamaecytisus proliferus) with Stone bund, Phalaris with stone bund, Only Stone bund and area 

without practice is taken as control. 

3.1.9.1 Tree Lucerne/ (Chamaecytisus palmensis/ proliferus) along stone bund 

Named also as Tagastate, this multipurpose evergreen, small shrubby, leguminous plant was 

introduced in the watershed along the soil and water conservation structures in 2013. Branches 

often are long leafy and drooping, flowers are white, fragrant and abundant. It is propagated by 

transplanting and direct seedling. . It covers about 341416.47m2 or 34.141647 hec. of land. The 

spacing distance between each plant is 0.5 to 1m. Since, Tree Lucerne grows well in a range of 

environments it is well adapting to the area. 

Limitations are that they will not tolerate poor drainage or water logging. It was introduced by 

the cooperation of Gudo Beret agriculture office and NGO‟s like Africa Rising, SLM project and 
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with the community participation. They are in combination with Physical structures like stone 

bunds to be more viable. At the time of study it is three years old and it was used for different 

purposes for conservation, fodder, bee forage, windbreak, fire wood and as Agro-forestry plant. 

The seeds are source of income for the farmers. 

 
 
Figure 4: Tree Lucerne shrub as conservation plant along SWC practices 

                (Photo by Yeron Tekalign, 2016) 

 

 

Figure 5: Tree Lucerne (Tagastate) shrub as a Bee Forage (Photo by Yeron Tekalign, 2016) 
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3.1.9.2 Phalaris /Phalaris arundinacea/ along stone bund 

Phalaris is a genus of grasses also named as reed canary grass. It is a more productive, a fast-

growing, stable and reliable temperate, rhizomatous perennial grass specie that have superior 

long term persistence, deep root development and drought tolerance. This genus of grass was 

introduced in the watershed along the soil and water conservation structures in 2013. It is 

propagated by transplanting. It covers about 122531.2m2 or 12.25312 hec. of land within sub-

watershed. The spacing distance between each plant is 0.30 to 0.5. Since, phalaris has ability to 

adapt in a broad range of habitats from below sea level to thousands of feet above sea level and 

from wet marshy areas to dry places it is well adapting to the area. They are in combination with 

Physical structures like stone bunds to be more viable.  

It was introduced by the cooperation of Gudo Beret agriculture office and NGO‟s like Africa 

Rising, SLM project with the community participation. At the time of  study it was three years 

old and  it was used mainly for  conservation i.e. stabilize ditches, Controls erosion and runoff, 

increases soil moisture and as a fodder. The limitation is that the grasses serve as a refuge for 

rodents and takes up land that otherwise might have been used for food production. Similar 

increases in rodent abundance in the course of crop development and increasing vegetation cover 

have been reported by (Brown et al. 2007) and Jacob (2008). 

 
Figure 6:  Phalaris grass along SWC practice (Photo by Yeron Tekalign, 2016) 
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Figure 7:  Phalaris grass as a Rodent refuge (Photo by Yeron Tekalign, 2016) 

 
3.1.9.3 Stone bund 

Stone bunds are constructed with stones. It was constructed alone in the watershed in 2011 

without combining them with vegetative measures. It covers about 183448.7m2 or 18.34487 hec 

of land within sub watershed. It was constructed by the cooperation of Gudo Beret agriculture 

office and NGO‟s like Africa Rising, SLM project with the community participation. The 

technology is best described as local because there is no historical record telling from where the 

technology has originated (EthiOCAT, 2010). Stone bunds vary in height depending on the 

slope. The height of the stone wall increases with increasing slope gradient. Stone bunds are 

suitable to all agro climatic conditions. 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. 

At the time of study it was five years old and it was mainly used as conservation structure to 

reduce the speed of surface runoff, and enhance soil interception and water infiltration, thereby 

reducing soil erosion. Stone bunds are effective when implemented along with supplementary 

activities (EthiOCAT,   2010). Therefore, in the future it is better to reinforce these physical 

structures with biological measures to be more viable.  
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Figure 8: Stone Bund as conservation structure (Photo by Yeron Tekalign, 2016) 

3.1.9.4 Without SLM practice 

This is farm land without any Sustainable land management practice with in the watershed in 

which the researcher takes it as a control for the study. And others are areas with different land 

use types grazing land, flat agricultural land, local roads and forest areas within sub-watershed. 

In total it covers about 1,389,928.5298m2or138.992853hec.of land within the study site.

 

Figure 9: Area without SLM practice (Photo by Yeron Tekalign, 2016) 
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3.1.10 Map of SLM practices within the study area 

As illustrated in fig.10 taking the whole area each practices; Tree Lucent with Stone bund, 

Phalaris with stone bund, Only Stone bund and area without SLM practice are covering, map of 

major SLM practices practiced within the study area are identified and delineated.   

 
 

Figure 10: Map of SLM practice areas within the study area 
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3.2. Methods 

3.2.1 Reconnaissance Survey 

Reconnaissance survey was conducted on first December, 2015 to have a mental picture and 

visual information on the area under study. Also identification of intervened Sustainable land 

management practices the research was focusing on was carried out in the study area. 

3.2.2. Biophysical Survey 

Biophysical environment existing within the study area was identified through field survey: 

Survey of soil, land management practices and also the general geography of the study area 

climate; rainfall, altitude and topographic features, land use and cropping history was identified. 

Mapping of the study area Gina Beret watershed and SLM practices with in this study area was 

undertaken by taking the coordinates of each practice with GPS. Also characterization of the 

identified SLM measures was carried out.  

3.2.3. Study design and sampling strategy 

3.2.3.1 Design of the study 

The Gina Beret Watershed was purposively selected for the study because different SLM 

practices were undertaken with in this study area. Based on field observation relatively the very 

common three somewhat old aged  intervened land management practices such as  Tree Lucerne 

on Stone bund, Phalaris on stone bund and Only Stone bund were identified. Area without SLM 

practices was taken as control. Even if slope is important factor in order to compare this practices 

it is not taken in to consideration. Thirty (30) households of the watershed and 12 purposively 

selected farm lands were selected for the study. 
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The design is allowed to explore wide range of data regarding land management practices which 

have been collected with the help of data gathering tools such as questionnaire, key informants 

discussion, observation .Soil samples were collected from the selected fields. 

The data were interpreted by quantitative and qualitative approaches. In quantitative approaches, 

structured data obtained by questionnaire and soil laboratory analysis results were categorized 

and computed making use of simple statistical measures (SPSS) like mean and percentages 

supported by brief discussions. In qualitative approaches data gathered through Key informants 

discussion and field observation were described and were incorporated in the analysis.  
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Design of the study 

In order to evaluate the effectiveness of selected SLM Measures and understanding farmers‟ perception, the study was designed as 

shown in the figure below. 

   

 

 

 

 

 

   

 

 

Figure 11: Flow chart of study design

Basona Werana Woreda 

Gudo Beret Kebele 

Gina Beret Watershed 

 

Identification, 

Mapping and 

Characterizing SLM 

Interventions 
 

Socio economic 

Survey 

Reconnaissance survey 
 

Analysis of 

Farmers 

Perception on 

SLM 
interventions 

Key Informant 

Interview 

Questionnaire 

Soil 

Survey 

Soil sampling/soil 

Laboratory 

analysis 

Evaluating and 

comparing Soil 

fertility status in 
4 selected SLMP 
 

Comparing variability 
of Soil Properties 
within the Inter-
structural Spaces of the 
Soil conservation 
structures 

Selection of 

best practice 



41 
 

3.2.3.2. Sampling Technique 

The research was conducted within Basona Werana Woreda Gudo Beret Kebele. Gina Beret 

Watershed was selected purposively based on practical Land management works; i.e land 

management practices practiced on the farmers field and the focus area of the research. All 30 

household farmers of the watershed and 12 farmlands were selected purposively through survey 

and data obtained from agriculture experts of the Kebele. 

Additionally, 5 key informants were selected by researcher‟s judgment from different sections of 

the community such as farmers who were models in land management, elderly farmers who had 

long experience of indigenous practices, manager of the kebele Agricultural and Rural 

Development Office and development agents .So, the total size of respondents was the sum of 30 

household heads, 5 key informants all taken from the kebele.
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Figure 12: Flow chart of soil sampling technique
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 3.2.4. Type and Source of data 

To conduct this research both relevant qualitative and quantitative data were collected from primary 

and secondary sources. The primary data for qualitative study was collected from reconnaissance 

survey (Observation), and Interview with different key informants who have adequate knowledge and 

information about the past and present environmental conditions of the study area. The knowledge and 

information of these informants include available natural resources and its managements, agricultural 

production, land use, and land management practices, institutional support and so on. The primary data 

which were collected from sample household farmers for quantitative study include: household 

characteristics, farm characteristics, livestock information, different land management practices and 

their performance, labor availability, gender sensitivity, agricultural extension. 

Secondary data for quantitative study such as description of the study area; location, topography, 

climate, population, agricultural production, land management practice were collected from published 

and unpublished documents of different agricultural development agents and Governmental 

organizations. In addition review of related theoretical works that shows conceptual links with 

sustainable land management practices, and structured data obtained by questionnaire were used. 

3.2.5 Soil survey 

In order to assess and investigate soil fertility status among selected SLM Practices through the 

analysis of some physical and chemical soil properties, soil samples were taken from four different 

practice sites. Three sample sites from area with SLM practice and one site from area without SLM 

practices, i.e.: from Tree Lucerne plus stone bund, from Phalaris plus stone bund, from Only Stone 

bund and  One from area Without SLM practice as a control within the watershed  at a depth of 0-20 

cm.  



44 
 

Six replicate soil samples were collected from each four sites by using auger at 20cm depth and taken 

to laboratory for soil physic-chemical properties analysis and analyzed in the laboratory for its Organic 

matter, Total Nitrogen and Available Phosphorus. Generally, a total of 24 soil samples were taken 

(Appendix I). All soil samples have been taken from farm land on the slope range of 3-15% at a 

distance of not more than 100 m2 between the four sites. 

3.2.6 Soil analysis 

The soil physical and chemical analysis was carried out at the Horticoop Ethiopia (Horticultural) PLC 

Soil and water analysis Laboratory Bishoftu, Ethiopia. 

The soil samples were air dried, crushed with mortar and pestle, mixed well and passed through a 2 

mm sieve for the following physic-chemical analysis; organic matter content, total nitrogen, and 

available phosphorous. The Walkly and Black method (1934) wet digestion method was used to 

determine soil carbon content and percent soil organic matter was obtained by multiplying percent soil 

organic carbon by a factor of 1.724 following the assumptions that organic matter is composed of 58% 

carbon. Organic carbon content was determined by wet oxidation method (Walkly, 1947). This method 

involves a wet oxidation of the organic carbon with a mixture of potassium dichromate, sulphuric acid 

and titrated by ferrous sulphate solution. Conversion of carbon to organic matter was done with the 

empirical factor of 1.724. Total nitrogen was analyzed using the Kejeldhal distillation method as 

described by Black (1965) by oxidizing the organic matter in concentrated sulfuric acid solution (0.1N 

H2SO4). Available phosphorous of soil samples was determined by measure absorbance on 

spectrophotometer (Olsen et al., 1954).  
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3.2.7. Socio-economic survey 

Quantitative data were collected from household respondents using structural questionnaires (both open 

and closed ended questionnaires) which have been developed prior to interview schedule. Semi-

structured questionnaire were used to gather both quantitative and qualitative data from household 

interview and key informants by open-ended questions. 

3.2.7.1 Household survey 

Socioeconomic data were collected from the households through a semi-structured questionnaire. 

(Appendix III). Data and information about their perception on the selected SLM practices with in the 

watershed were collected from household respondents and key informant interview. Households are 

selected purposively based on the criteria those having farm land with SLM practice with in the 

watershed. The survey was conducted from 28th March to 3rd April. Interviews were conducted by the 

student and trained development agents from Gudo Beret Kebele.  

3.2.8 Method of data collection 

For qualitative data; reconnaissance survey (observation) and Key informant individual and group 

interview were the main methods used for data collection where semi-structured interview have been 

used primarily. Observations and identifications of all introduced land management practices practiced 

in the study area, and selection of specific Land Management Practices and transect survey where the 

research was focusing on were also done. To map SLM practices within the watershed coordinate 

points for the practices was also taken by rounding using GPS. The researcher and two enumerators 

have collected all data until the end of the fieldwork. 

After several preparatory activities were carried out the primary data required for the quantitative study 

were collected from sample households through formal survey using structured questionnaires. Two 

Development agents of Agricultural Development Office (enumerators) who have better knowledge 
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and experience on the farming and land management system of the study area were participated in data 

collection both at household and field level. 

3.2.9 Data Analysis 

The qualitative and quantitative data that have been obtained through data collection methods were 

analyzed by using appropriate methods for each analysis.  

3.2.9.1 Soil data Analysis 

The quantitative data obtained from laboratory test and analysis for each soil chemical property of soil, 

were subjected to statistical sample analysis using SPSS computer software like; mean, standard 

deviation and standard error of mean for mean separation of each soil parameters between land 

management practices. 

To detect the presence of significant difference between the four Land management practices in soil 

physic-chemical properties conducted by using SPSS-16 software computer at 0.01, 0.05 and 0.1 

significance level and Excel spread sheet. The final output of the analysis was interpreted in words and 

figures depending on criteria stated for accepting or rejecting null hypothesis and the mean values of 

each variable were displayed on tables and figures. 

3.2.9.2 Socio-economic data analysis 

The household survey data which were collected from household respondents about state and 

effectiveness of introduced Land management practices on their farmland by using questionnaire were 

analyzed using descriptive statistics to examine the difference and relationship between the variables. 

Map of the study area and SLM practices with in the watershed was done using collected coordinate 

points and Arc GIS. The qualitative data generated by the informal interview was used to substantiate 

results from the questionnaires. Finally mean and computed percentages of each variable was displayed 

on tables and charts and interpreted in words accordingly. 
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4. RESULT AND DISCUSSIONS 

4.1 Results 

4.1.1 Effects of SLM practices on Soil quality 

4.1.1.1 Soil organic matter  

One of the soil attributes selected for evaluating the nutrient status of soils under different SLM 

practices was organic matter content. The results of soil analysis of ANOVA  soil organic matter 

content between the four practice areas showed that, there was statistically significant difference (P = 

0.000466) (Annex V). According to average values of OM (%) shown in table1, Tan(1996) rates that 

percent of organic matter greater than 6 percent to be very high, 4.3-6.0 percent high, 2.1- 4.2 percent 

medium, 1- 2 percent low and less than 1 percent very low. Employing this rating, we found that the  

OM (%) content of the four practices to be medium for Phalaris with Stone bund and only Stone bund 

and low for  Tree Lucerne with Stone bund and the area without SLM practice(for the control). 

Table 6: Significant difference test for soil Organic matter of the four practices 
No Practices Mean P-Value 

1 Tree Lucerne+ Stone 

bund 

1.45 0.000466 

2 Phalaris +Stone bund 2,42 0.000466 

3 Only Stone bund 3.47 0.000466 

4 Without SLM 1.99 0.000466 

Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 
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4.1.1.2 Total nitrogen 

One of the soil attributes selected for evaluating the nutrient status of soils under different practices 

was total nitrogen content. The results of soil analysis of total nitrogen content between the four 

practice areas showed that, there was statistically significant difference (P =0.0005) (Annex V).  

Based on average values of TN (%) shown in table 2. Buruah (1998) rates that percent of Nitrogen 

greater than 0.06 percent to be high, 0.03-0.06 percent medium and less than 0.03 percent low. 

Employing this rating, we found that the TN (%) content of all the four practices to be high including 

the control area.  

Table 7: Significant difference test for Total Nitrogen of the four practices 
No Practices Mean P-Value 

1 Tree Lucerne+ Stone bund 0.08 0.0005 

2 Phalaris +Stone bund 0.15 0.0005 

3 Only Stone bund 0.20 0.0005 

4 Without SLM 0.09 0.0005 

 Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

4.1.1.3 Available phosphorus 

Phosphorus is an essential plant nutrient which is taken up by plants in the form of inorganic ions. The 

results of soil analysis of available phosphorus content between the four practice areas revealed that, 

there was statistically significant difference (P = 0.00324) (Annex V).  

According to average values of Av.P (%) shown in table 3. Barber(1984) rates that percent of 

phosphorus greater than 50 percent to be very high, 25-50 percent high, 10-25 percent medium, 5-10 

percent low and less than 5 percent very low. Employing this rating, we found that Phosphorus (ppm) 

content of the four practices to be high for only Stone bund while  low for Phalaris plus Stone bund, 

tree Lucerne plus stone bund and the area without SLM practice(for the control).  
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Table 8: Significant difference test for Available Phosphorus of the four practices 
No Practices Mean P-Value 

1 Tree Lucerne+ Stone bund 6.90 0.00324 

2 Phalaris +Stone bund 5.30 0.00324 

3 Only Stone bund 27.30 0.00324 

4 Without SLM 7.68 0.00324 

 Significance Codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1 

Table 9: The difference in mean values of Soil parameters of the four practices 
No Practices Mean of OM Mean of TN Mean of Av.P 

1 Tree Lucerne+ Stone bund 1.45 0.08 6.90 

2 Phalaris +Stone bund 2.42 0.15 5.30 

3 Only Stone bund 3.47 0.20 27.30 

4 Without SLM 1.99 0.09 7.68 

 

4.1.2 Variability of Soil Properties within the Inter-structural Spaces of the soil conservation 

structures 

Erosion also causes significant redistribution of soil materials and fertility within the space between the 

structures. Soil materials eroded from upper inter-structural position are deposited at the lower inter-

structural position of conservation structures. Soils at the deposition sites experience a net gain of soil 

and fertility while those in the upper undergo net losses. Significant redistribution and subsequent 

fertility variation within the space between structures were also observed in the study areas. To 

compare variability in soil property within inter-structural space, mean values of selected soil 

properties of the conservation structures and treated plots were compared in the area.  
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Because of the conservation measures, significant differences (p ≤ 0.05) were observed among the 

inter-structural Positions in the soil physico-chemical properties. Considerable differences were also 

observed in the nutrient content at the two inter-structure positions (Table 10). 

Organic matter, Total Nitrogen and Available Phosphorus was significantly different (p ≤ 0.05) 

between the lower and the upper positions. The highest amount of organic carbon, total nitrogen and 

available phosphorus was found in the lower positions.  

Table 10: The difference in mean values of Soil parameters of the four practices at lower and 
upper part of the bund 
No Soil 

Nutrient 
Tree Lucerne 
with stone bund 

Phalaris with 
stone bund 
 

Only Stone bund Control/Without 
SLM practice 

  Upper 
part of 
the 
bund    

Lower 
part 
(On) of 
the 
bund 

Upper 
part of 
the 
bund    

Lower 
part 
(On) of 
the bund 

Upper 
part of 
the 
bund    

Lower 
part 
(On) of 
the 
bund 

Upper 
part of the 
bund    

Lower 
part 
(On) of 
the 
bund 

1 OM 1.08 1.82 2.31 2.53 3.19 3.75 2.54 1.43 
2 TN 0.06 0.1 0.14 0.15 0.18 0.21 0.11 0.07 
3 Av.P 4.42 9.38 3.1 7.46 25 29.60 5.3 10.06 
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Figure 13: The difference in mean values of Soil parameters of the four practices at lower and upper 
part of the bund 

4.1.3 Farmers Perception and response on Effectiveness of SLM practices 

Table 11: Farmers’ perceptions of soil erosion in Gina Beret Watershed 

Perception on erosion  Description Proportion of total 
respondents % 

Perceived cause of soil degradation Over grazing 51% 
Poor agricultural practices 40% 
Deforestation 9% 

Whether soil degradation  is perceived as a 
problem on the  plot 

Yes 100% 

No 0% 

Severity of the problem Severe 37.2% 
Medium 57.6% 
Small 5.2% 

Believing that SLM works  can reverse the 
problem 

Yes 100% 
No 0% 

Observed changes after the introduction of Has become more severe 0% 
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SLM works Has become less severe 96.77% 
No change 3.33% 

Source of information about SLM works DA‟s  65% 
NGO‟s 35% 

 

Table 12: Distribution of household heads land holding and crop production information 
Plot characteristics Description %  
Area in ha Up to 1ha  

1-2 ha  
2-3 ha  
>3 ha  

Land tenure system Own land 93.3% 
Rented   6.7% 

Main farming system Mono cropping 6.7% 
Mixed cropping 93.3% 

Potential crops Barley  86.6% 
Faba bean 66.6% 
Field pea 40% 
Wheat 30% 

Type of fertilizers used Organic fertilizer 10(33.3%) 
Inorganic fertilizer 5 (16.6%) 
Both Organic and inorganic 
fertilizer users 

10 (33.3%) 

None 5(16.66%) 
 

Table 13: Distribution of farm plots by slope category, level of fertility, soil color, degree of 
erosion and type of land management practices 
Plot Characteristics Description  % 

Slope Category Flat slope <3 10% 

Gentle slope  3-15 73.33% 

Steep Slope  16-30 16.66% 
Very Steep Slope  30-50 - 

Degree of plot Fertility  Poor 37.2% 

Medium  57.6% 
Good 5.2 % 

Soil Colour Brown 80% 
Black 20% 
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Red - 
Sandy - 

Degree of Erosion 
 
 

Severe 37.2 % 
Medium 57.6% 
Low 5.2% 

Types of practices  Tree Lucerne + stone bund 24% 
Phalaris +Stone bund 26% 
Only Stone bund 18% 

 

In order to set priority it is necessary to evaluate performance of selected SLM practices in the study 

area based on household survey. The results of socio-economic survey indicated in the table 14 

compares the effectiveness of selected SLM practices introduced within the study area. Though, they 

ranked first Phalaris with stone bund as it is highly effective in improving crop land productivity and 

ranked second Tree Lucerne with stone bund and ranked last only stone bund.  

Table 14: Farmers responses on effectiveness of selected SLM practices 

 

 

 

 

 

 

No Type of 
Practices 

Local/Introduced Year of 
Introduction 

Highly 
effective 
no=30 

Moderately 
effective 
no=30 

Less 
effective 
no=30 

1 Tree Lucerne 
+ Stone bund 

Introduced 2005 24(80% 6(20%) 0 

2 Phalaris +  
Stone bund 

Introduced 2005 26(86.7%) 4(13.3%) 0 

3 Only Stone 
bund 

Introduced 2003   18(60%) 12(40%) 0 

4. Without SLM 
practice 

Introduced - 0 0 0 
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Table 15: Livestock ownership and Feed availability by the sample households 
Livestock production Description Out of total households in% 

Livestock ownership Yes 28(93.4%) 
No 2(6.6%) 

The major sources of animal feed Grasses from grazing land 30(100%) 

Crop Residue 30(100%) 
Tree Lucerne 23(76.6%) 
Phalaris 24(80%) 

Status of animal feeding Sufficient 87% 

Deficit 13% 

Excess 0% 

 

Table 16: Labor and Gender sensitivity of SLM practices 
Labor and gender sensitivity 

information 

Description Out of total households 

in% 

Main source of labour in introduction 

of SLM practices 

Family labour  90% 

Hired Labour 10% 

Do you have labor problems in 

introducing land management practices 

Yes 6.6% 

No 93.4% 

Who performs SLM works in own plot Males 100% 

Females 100% 

Do you think that lack of labor is the 

reason for less effectiveness of the land 

management works in own plot   

Yes 6.6% 

No 93.4% 

Do you think that lack of full 

participation of females is the reason 

for less effectiveness of the land 

management works in own plot   

Yes 0% 

No 100% 
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4.2 Discussions 

4.2.1 Effects of SLM practices on Soil quality 

The improvement in organic matter content following Phalaris with Stone bund and only Stone bund is 

an important sign of soil restoration. There was relatively higher organic matter content in the soils 

taken from only stone bund than the other practices because due to added organic matter input to the 

soil through decaying of plant biomass, maintenance of the available organic matter and plant nutrients 

and by improving the physical structures of the soil by reducing run off  because according to 

(Hornbeck et.al, 2011), soil OM could increase more than 2 percent in a garden or area receiving large 

amounts of compost or other organic residue.  

Organic matter content of Tree Lucerne with stone bund is low possibly due to low amount of organic 

matter applied to the soils and complete removal of biomass from the cultivated field (Yihenew 

Gebreselassie, 2002). Also climatic and edaphic factors may have a share in affecting the nutrient 

content of tree and shrub species (Palm, 1995). However, the control plot was found to have 

significantly lower values of organic matter since it is untreated plot. 

Total soil N was positively and strongly correlated with OC under the four practices including the 

control area. Such a correlation of N with OC was expected as the amount of the former parallels with 

soil organic matter (Schlesinger, 1997; Brady and Well, 2002). The relatively higher amount of 

nitrogen in the only stone bund and Phalaris with stone bund may probably be due to its good mean 

organic carbon content. Tree Lucerne is a legume that fixes nitrogen by symbiosis with rhizobial 

bacteria from the atmosphere in to the soil and that is why it has N in a high range. Even if the amount 

of nitrogen for Tree Lucerne with stone bund is in the range of high but it is relatively lower than 

others because of low organic carbon content in this practice. Increase in amount of nitrogen in the 



56 
 

control area may be due to the residual effects of past years crops and land management. The amount 

of Plant Available Nitrogen released from soil organic matter is dependent on soil temperature, 

moisture, and many other soil management factors. 

The mean value of available Phosphorous for the only stone bund is higher than that of the other three 

i.e. Tree Lucerne with stone bund, Phalaris with stone bund, and the control area without any SLM 

practice. Hence, the relatively higher amount of organic carbon content in the stone bund might have 

contributed to the relatively higher amount of available Phosphorus. Surface soil had slightly higher 

amount of available P than the subsoil and a larger proportion of the P-fraction appeared to in 

organically bounded form (Berhane and Sahlemedhin, 2003). They also found a strong correlation 

between organic matter and organically bounded P content of the majority of the soils. 

The low amount of phosphorus in Tree Lucerne with stone bund is due to low organic matter and it is 

similar in agreement with the report that the presence of low organic matter decreases the amount of 

available phosphorous in soils (Haile Fesseha, 2007). The low amount of Phosphorus in Phalaris with 

stone bund could be due to the presence of Phosphorous in its unavailable forms. 

4.2.2 Variability of Soil Properties within the Inter-structural Spaces of the soil conservation 

structures 

The highest amount of organic matter, total nitrogen and available phosphorus was found in the lower 

positions. The possible reason for this could be the removal of top soils by erosion from the upper than 

the lower position. (Kruger, 1994) found that the course of the erosion process that forms the terrace, 

the topsoil below the structure is gradually moves down the slope and accumulates above the next soil 

and water conservation structure. Also (Weigel, 1986) had observed such soil and fertility 

redistribution along transect in a six year old well established terraces in the conservation treated 

catchment of Gununo Soil Conservation Research Station. He reported that the soil immediately above  
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the bund had more organic matter, total N and available P than the upslope. Bunds can reduce soil loss 

up to 68% (Gebrermichael et al., 2006). 

Moreover, much of the runoff from the upslope area is retained and halted as it approaches the bunds, 

and subsequently much of it is allowed to infiltrate in to the soil. Also at the lower slope position 

sediment eroded from the upslope positions are deposited and consequently soil fertility and topsoil 

depth are increased on the bunds stabilized by vegetative, soil bund and stone bund treated plots. In 

general erosion causes a decline in soil fertility and loss of productivity on soils with no conservation 

measures. 

4.2.3. Farmers response and perception on effectiveness of Selected SLM practices 

In the study area all the respondents perceived soil erosion as a problem in their own farm. And set the 

severity of the problem as 37.2 %( severe), 57.6% (medium), 5.2% smaller.  They ranked the main 

causes of soil erosion as overgrazing followed by poor agricultural practices in the study area. This 

finding is consistent with findings in the Debre Mewi watershed reported by Tigist (2009), in which 

gully erosion in the overgrazed area was the source of most of the soil loss. Perceived impacts due to 

soil degradation were increase in soil erosion, Soil fertility loss, decrease in crop land productivity, and 

decrease in crop yield and finally decrease in food and feed.  

Theoretically, those farmers who perceive soil erosion as a problem having negative impacts on 

productivity and who expect positive returns from conservation are likely to decide in favor of adopting 

available conservation technologies (Semgalawe and Folmer, 2000; Gebremedhin and Swinton, 2003). 

Thus, all the respondents believe that SLM works can reverse the problem. They enthusiastically 

expressed the belief that they could control erosion on their farm plots. Such a view agrees with the 

results of Belay (1992) in the southwestern highlands and Bewket and Sterk (2002) in the northwestern 
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highlands of Ethiopia. Almost all farmers perceived erosion problems while many of them also 

believed that SWC measures are profitable (Teshome et al., 2013). All the interviewed farmers told that 

they have seen change in soil quality, vegetation cover and get different benefits from the intervention 

of SLM measures particularly in their plots and generally from the watershed. Fodder is the major 

benefit for the households for maintaining their livestock.  As 97.6% were engaged in mixed  farming 

where by farmers practice both crop production and animal husbandry. Results of key informant 

interview indicated that mixed farming assisted land management practices in different ways. In one 

way, mixed farming availed animal manure, which is very important to improve soil fertility. Besides, 

it provided oxen which function as sources of labor for cultivation of land.  They are also experiencing 

runoff reduction and gully rehabilitation in their locality of SLM measures.  

From key informants and household interview source of information regarding conservation strategies 

of land management for the farmers were government, non-governmental organization and other 

concerned bodies. They are participated in community Mobilization, on farm demonstration of 

technologies, farmer training, output marketing, input supplies, natural resource management. Effective 

management practices of land demand teamwork of stakeholders, which include land users, the 

government, non-governmental organizations and other concerned bodies. Access to information on 

new technologies is crucial to creating awareness and attitudes towards technology adoption.  

In this case, contact with extension services gives farmers access to information on innovations, advice 

on inputs and their use, and management of technologies. In most cases, extension workers establish 

demonstration plots where farmers get hands-on learning and can experiment with new farm 

technologies. Consequently, access to extension is often used as an indicator of access to information 

(Adesina et al., 2000; Honlonkou, 2004). Though, they perceived as it was beneficial to gain 

knowledge and skill to solve practical problems. In the study area regarding the use of fertilizer in order 
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to improve and maintain the fertility and productivity of soil; out of the total house hold farmers 

10(33.3%) use organic fertilizers manure and compost, 5(16.6%) use inorganic fertilizers, 10 (33.3%) 

use both organic and inorganic fertilizers and 5(16.66%) use neither organic nor inorganic fertilizers.  

The potential crops grown in the study area are barley, wheat, faba beans and field pea. The type and 

total number of livestock owned across all households is 52 Oxen, 48 Cows, 14 Horses, 226 Sheep, 25 

Goats, 47 Donkeys, 14 Horses and 75 Chickens. Sample farmers rear livestock for various purposes; 

farm, milk, meat, eggs, transport and other purposes. Livestock plays a very important role by serving 

as a store of value, source of traction (especially oxen) and provision of manure required for soil 

fertility maintenance (Yirga, 2007). Livestock is generally considered to be an asset that could be used 

either in the production process or be exchanged for cash or other productive assets (Wegayehu, 2003). 

It was, therefore hypothesized that the livestock holdings of the household to affect farmers‟ land 

management decision positively. Concerning animal feed all the farmers use crop residue and grass, 

23(76.6%) use Tree Lucerne and 24(80%) use phalaris. Regarding the status of feeding 87% of the 

respondents believe as it is sufficient and 13% deficit. 

Land management practices are the activities that land related stake holders perform making use of 

various technologies in order to improve the productive capacity of the land. Any land management 

practice, to be effective, needs to be economically feasible, socially acceptable and environmentally 

friendly. The researcher focused on selected measures Tree Lucerne with stone bund, Phalaris with 

stone bund, only Stone bund and area without any practice as a control. They ranked phalaris with 

stone bund first, Tree Lucerne and stone bund second and only stone bund as last. It is known that the 

cumulative application of both biological and physical land management practices is very effective in 

improving crop than constructing physical structures alone for that is why they gave priority to the 

combinations. Because planting narrow strips of plants on field contours can be very effective at 
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helping trap crop residues and sediments from moving off field. The combination of land management 

practices can improve crop land productivity and crop production by providing vegetative cover, 

organic matter which improves physical structure of soil, reduce soil erosion and as result nutrients are 

more available to the plants. 

Phalaris develops shoots all along its rhizome axis. This allows to rapidly expand its local territory and 

a single rhizome or stem can infest an entire drainage. Grass strips control erosion effectively and also 

provide valuable biomass meant to increase animal feed because are palatable by live stocks. Are 

perennial and persistent, compete with suppress weeds, provide good ground cover, slow down the 

water flow and hence conserve the soil and moisture. Besides, they provide valuable fodder or other 

materials of use by the farmers (MOA, 2005). Cost of construction is much lower than physical structures 

may be that is why the farmers took Phalaris with stone bund in the first place.  

With the added advantages of improving the soils, reducing soil erosion and providing animals with an 

alternate high protein animal fodder Particular emphasis has been placed for Tree Lucerne which is an 

effective farm management tool for animal fodder, windbreaks and hedges because of its high 

productivity, excellent nutritional characteristics and good palatability, especially for small ruminants 

even if its use is not known well in the study area because of its early growth stage. 

Regarding gender sensitivity on the introduction of SLM practices out of the total 115 households 

number; including household family members in the study area 52 (45.2%) are women and 63(54.8%) 

are men. And out of the total number of women 19(36.5%) are age under fifteen (<15) and 3(5.8%), are 

above sixty four (>64) and only 30(57.7%) are within the productive age range between 15 and 64. 

It is known that women are also more involved in regular household activities than men. In the study 

area, a woman takes most of the household responsibilities (child care, food processing and harvesting, 
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weeding and bringing water). Having all this responsibilities they participate in SWC practices with 

men in the study area.  

In addition implementation of SWC structure is labor intensive and therefore implementation is related 

to labor availability. In the study area out of the total 115 household‟s number; including household 

family members in the study area 35(30.43%)  are age under fifteen (<15), 6(5.2%) are above sixty 

four (>64)  and 74(64.3%) are within the productive age range between 15 and 64.  The main source of 

labor for 27(90%) of household farmers is their family labour and 3(10%) used hired labour for 

construction of SWC practices. However, using family size as a proxy for available family labour, and 

taking into account that family labour is often complemented by hired labour and through labour 

exchange, the study found no indication that differences in terms of labour availability were linked to 

the decision to invest in SWC.  

Key informants were asked to supply their opinion on what factors were influencing their practices of 

land management. Their responses indicated that households with large family labor or who were 

organized in team were in a better position to implement labor intensive conservation practices as 

compared to those with low family labor or who act alone. This underscores the importance of labor 

availability to technology adoption, consistent with the findings of Shiferaw and Holden (1998). 

The problem encountered in implementing land management practices was Rodent abundance that is 

observed in the fields of these practices especially in vegetative barriers.  Similar increases in rodent 

abundance in the course of crop development and increasing vegetation cover have been reported by 

(Brown et al. 2007). According to Meheretu et al., 2010 in Northern Ethiopia have ranked rodents as 

the number one pre and post-harvest crop pests.  The stone bunds potentially provide extensive and 

continuous suitable refugia for rodents within cropping areas, and there are concerns that high stone 
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bund densities in crop fields are associated with high rodent abundance, leading ultimately to more 

crop damage (Meheretu et al., 2010). Also during informal discussions with key informants including 

women, most of the new SWC structural measures that were constructed in the past years were not 

maintained. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The finding of the study revealed that there is statistically significant difference between selected land 

management practices and have a significant role in improving soil fertility based on its impact on soil 

quality like; soil organic matter content, total nitrogen and available phosphorous. The reason for soil 

fertility differences are not only due to the introduction of set of SLM practices but due to the 

difference in land management history of the farm lands. To sustain the use and productivity of land 

and particularly farm land sustainable soil management technologies and practices, which have been 

supported by research finding, were transferred to the farming communities and introduced in the study 

area.  

From soil laboratory results and household survey, application of the combination of   practices on 

farmland is highly a suitable practice in improving cropland productivity. Therefore, vegetatative 

barriers i.e., phalaris with stone bund followed by  Tree Lucerne with stone bund  play a significant 

role in improving farm land productivity by better matching land  management to local crop and soil 

conditions.  

Accordingly, both biological and physical land management practices are different faces and one 

supports the other, and one without the other is not as much effective in improving farm land fertility 

unless the land has good management history.  
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5.2 Recommendations 

Based on the findings and conclusions of the study, the following recommendations have been 

suggested. 

 Physical soil erosion structures should be reinforced (Integrated properly) with biological 

approaches for effective crop land improvement. 

 Protecting bunds from grazing by introducing controlled grazing system and  practice cut and carry 

for stall feeding,  

 Continual awareness creation of the community and land users from planning phase to 

implementation, improving the quality of measures and carry out the maintenance by themselves. 

 Aside of Physical and Biological conservation practices applications of other field management that 

will help to increase soil nutrients levels over time is necessary.  

 A flexible approach of soil and water conservation technique is required to meet the demand of 

drainage during heavy rains and water conservation structures.  

 Application of pest management in a crop land area in order to control rodents especially that 

damage crop and vegetative stripes.  
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Appendices 

Appendix 1: Soil sample sites coordinate point with in the study area 

No Sample for Tree 

Lucerne with Stone 

bund 

Sample for  

Phalaris with Stone 

bund 

Sample for Only 

Stone bund 

Sample for 

Control/Without SLM 

practice 

 Coordinate Elevation Coordinate Elevation Coordinate Elevation Coordinate Elevation 

1 0575342  3073 0575494 3128 0575497 3146 0575225 3127 

1084776 1084722 1084950 1084536 

2 0575335 3113 0575484 3127 0575482 3146 0575222 3125 

1084764 1084715 1084947 1084551 

3 0575345 3119 0575424 3119 0575511 3148 0575190 3114 

1084752 1084691 1084897 1085596 

4 0575336 3118 0575410 3118 0575502 3148 0575181 3112 

1084741 1084689 1084893 1084609 

5 0575351 3118 0575294 3107 0575415 3136 0575139 3105 

1084640 1084636 1084881 1084600 

6 0575344 3115 0575298 3106 0 575404 3134 0575134 3102 

1084650 1084654 1084868 1084610 
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Appendix II: Result of soil laboratory analysis 

No Type of SLM 
Practice 

Laboratory 
code 
  

Field 
code  

Organic 
Matter 

Total 
Nitrogen 

Available 
Phosphorus 

% %    PPM 

1    Tree Lucerne    
         with 
   Stone bund 

AGO313 S1- SS1 0.63 0.05 0.46 
AGO314 S1- SS2 1.68 0.08 2.06 
AGO315 S2- SS1 1.33 0.07 2.20 
AGO316 S2- SS2 1.81 0.11 2.60 
AGO317 S3- SS1 1.29 0.06 10.60 
AGO318 S3- SS2 1.99 0.11 23.50 

2      Phalaris          
       with 
  Stone bund 

AGO319 S4- SS1 3.24 0.20 2.20 
AGO320 S4- SS2 3.35 0.20 5.99 
AGO321 S5- SS1 1.83 0.13 1.08 
AGO322 S5- SS2 2.22 0.13 5.80 
AGO323 S6- SS1 1.87 0.11 6.12 
AGO324 S6- SS2 2.04 0.12 10.60 

3 Only Stone 
bund 

AGO325 S7- SS1 2.55 0.14 16.80 
AGO326 S7- SS2 3.56 0.20 30.60 
AGO327 S8- SS1 3.94 0.22 48.70 
AGO328 S8- SS2 4.08 0.23 46.60 
AGO329 S9- SS1 3.08 0.18 9.50 
AGO330 S9- SS2 3.63 0.21 11.60 

4 Without SLM 
practice/Contr
ol/ 

AGO331 S10- SS1 3.42 0.18 2.90 
AGO332 S10- SS2 1.27 0.07 11.20 
AGO333 S11- SS1 1.32 0.07 7.60 
AGO334 S11- SS2 1.43 0.08 11.60 
AGO335 S12- SS1 2.88 0.10 5.40 
AGO336 S12- SS2 1.61 0.08 7.40 
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                                  Appendix III: Questionnaire for the household survey 

Farmers Perception Assessment on Performance of SLM Practices 

1. General instruction 

Dear respondent, this research has the following aims: 

 To identify and characterize SLM practices in the study area 

 To assess the effectiveness of sustainable land management practices for further up scaling in the 

study area. 

 To suggest possible options to improve farmers practices of managing land problems of the study 

area. 

 To recommend implementation gaps and any other land management interventions 

The information you provide has the sole purpose of achieving targets mentioned above. Thus, you are 

humbly requested to respond to questions responsibly. In responding to a given question, you should 

take into account the history of your farmland. 

Date of data collection: ________________________ 

Name of Enumerator: ________________________ 

Checked by: _______________________________Date: ________________ 

Name of Household head: ________________________________ Sex: 1= Male, 2= Female 

Respondent Name (If different from the head):________________________Sex: 1= Male, 2= Female 

1. Geographic and administrative information 

Country:                Ethiopia 

Region:                          __________________________________ 

Zone                                     __________________________________ 

Woreda                          __________________________________ 

Kebele                           __________________________________ 

Village                                      __________________________________ 

Agro ecology                          __________________________________ 
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2. Personal information and household data  

H
H

 m
em

be
r 

ID
 

2.1 Name  

2.
2 

Se
x1  

2.
3 

A
ge

  

2.
4 

M
ar

ita
l s

ta
tu

s2  

2.
5 

R
el

at
io

n 
to

 th
e 

he
ad

3 

2.
6 

R
el

ig
io

n4 

2.
7 

E
du

ca
tio

n 
st

at
us

5  

        
001        
002        
003        
004        
005        
006        
007        
008        
009        
010        
Codes for household characteristics: 

 
 
 
 
 

 

1 Sex: 2 Marital status 3 Relationship to head 
of household (HH) 

4 Religion 5  Educational status 

1=Male 1= single 1=Household head(HH) 1= Orthodox 1=Illiterate 
2=Female 2=married 2=Spouse 2= Islam 2=Church/mosque 

education 
 3=divorced 3=Son 3=Catholic 3=Adult literacy prog 
 4=widowed 4=Daughter 4=Protestant 4=Elementary school 
 5=separated 5=Brother or sister 5=Other 5=Junior complete 
 6=other (specify) 6=Mother/Father  6= 10 complete 
  7=In-laws  7= 12 complete 
  8=Relatives  8= College graduate 
  9= Hired worker  9= Other (specify) 
  10=Other (specify)   
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3. Household land holding and crop production information 
 

Plot 3.1.Area 
in ha 

3.2.Land 
tenure 
system  

3.3 Main 
farming 
systems  
 

3.4 Crops 
cultivated  
 

3.5 Potential 
crops 
 
 

3.6 Type of 
fertilizer used 
 

1       
2       
3       
4       
5       

3.2 Land tenure:-1= own land, 2= rented 
3.3 Farming system:-1= Mono cropping   2=Mixed cropping    3=Livestock production   4= Mixed 
crop and livestock system 5= others (specify) 
3.4 Crop type- 1= Barley, 2=Faba bean 3. Wheat, 4=Field pea5= maize, 6= potato, 7= sorghum, 8=oat 
9=other 
3.5 Fertilizer use:-1=Inorganic fertilizers 2=Organic fertilizers (Green manure and Animal manure) 
3=Both 4= none of them 

4. Plot Characteristics 
No Characteristics Plot 1 Plot 2 Plot 3 Plot 4 
4.1 Slope     
4.2 Distance from home     
4.3 Type of soil     
4.4 Degree of erosion      
4.5 Degree of plot fertility     
4.6 Types of land 

management 
    

4.6.1 Biological     
4.6.2 Physical 

 
    

4.1. Slope: flat(<3%)=1  gentle slope(3-15%)=2  steep slope (15-30)=3,Very steep(30-50%)=4     
Hill(>50%)=5 
4.2. Distance from home: In traveling hours 
4.3. Color of soil: Brown=1, Black=2, Red=3   Sandy=4 
4.4. Degree of erosion: High=1, medium=2, Low=3 
4.5. Degree of fertility: 1 =good, 2= medium, 3 =poor 
4.6. Types of land management practice introduced: 
Phalaris +Stone bund=1 Tree Lucerne + Stone bund =2, Only Stone bund=3   All = 4    other=5 
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5. The perceived major causes of soil degradation and their ranks 
5.1 Cause of 
soil 
degradation 

5.2 Weather soil 
degradation was 
perceived as a 
problem on the plot 

5.3 Severity 
of the 
problem 
 
 

5.4 
Perceived 
impacts of 
Soil 
degradation  
 

5.5 Observed 
changes  after 
SLM works   

5.6 
Believing 
that SLM 
works 
reverse the 
problem  

      
      
      
      
      
      
      

5.1:- 1=Deforestation 2=Over grazing 3=Poor agricultural Practices 4= others 
5.2.   1=Yes      2=No 
5.3.    1=Severe    2=Medium        3=Less 
5.4.   1=Increase in soil erosion   2=Soil fertility loss   3=Decrease in crop yield 4=Decrease in  
Crop land productivity 5=Decrease in water availability 6=Decrease in food and feed  
availability7= other specify 
5.5.1=has become less severe   2=has become more severe 3=no change 
5.6    1=Yes 2=No 
6. Sustainable Land Management (SWC) practices 
1. Do you use  soil and water conservation measures in your plots? Yes=1, No=2 
2. If No, what is your reason of not using land management practices?  
1. I use fertilizer 2.I used physical structures to control erosion   3.my land is fertile 4.I don‟t know 
their Role 
3. If yes, which type and when do you use in each of your plots? 

No. Land Management 
Practices 

Year of Introduction         Type 
Local/Introduced 

1 Phalaris + Stone bund   
1 Tree Lucerne + Stone 

bund 
  

3 Stone bund    
4  Others   

4. Why do you use conservation measures in your plots? 1. To conserve soil    2.to conserve water   
3.both 1 and 2     3.others, specify  
5. Who introduced those land management practices? 
A. Government         B.NGO‟s      C. Community   D.  Dev‟t Agents 
6. Do you have knowhow about land management practices?  Yes=1, No=2 
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7. What is your source of information regarding conservation strategies of land management? 1. 
Neighboring farmers‟ 2. NGO‟s 3. Regular extension services (DAs) 4. From training 5. Others 
(specify)  
8. What results do you expect from your effort on SLM practices done on your plots? (Possible to give 
more than one answer) 1. Reduce soil erosion 2.Increase soil fertility 3.Increase crop land productivity     
4.Increase crop production   5. All                                      
9 .What other measures are you using to improve soil fertility? (Possible to give more than one answer? 
1. Inorganic fertilizer 2.Farm yard manure 3. Fallowing      4.others, specify 
10.What is the major purpose of producing food crops? 1. Consumption 2. Sale 3.Consumption and 
sale       
11. How did you judge the experience of crop production during the last ten years? 
1. Shows a progress------, 2.the same------, 3.Declined 
12. What constraints did you face in crop production? Please rank them.    1. Shortage of rainfall 2.Soil 
Erosion 3.Pests and diseases 4.Soil fertility decline    5.Lack of farm tools   6. Shortage of land 7.Lack 
of fertilizer and improved seeds 8.others 
13. Please would you rank the effectiveness of different Biological and physical land management 
practices and other technologies undertaken? 

10.1. In improving Soil Fertility 
No. Types of Land 

Management Practices 
11.2 Very 
effective  

11.3 Moderately 
effective 

11.4 Less 
Effective 

No idea Remark 

1 Phalaris + Stone bund      
1.1 Tree Lucerne + Stone 

bund 
     

1.2 Stone bund       
1.3  Others      

Very Effective:-1.If the soil is good in nutrient content 
Moderately effective:-If the soil fertility change is medium 
Less effective:-If the plot is poor to grow crops 
Less effective:-If there is no change in land productivity 
 
7. Information on Livestock ownership 
1. Do you have livestock production? ________; Yes=1, No=2 
2. If your answer is yes list them and write their number?  
3. What are the major sources of animal feed? 1= crop residue, 2= grasses from grazing land,      3= 
hays, 4= concentrate, 5= tree and shrub browsing 6= others (specify) ________________________ 
(Write in order of importance) 1) Natural grazing land=1, 2) Crop residue=2, 3) Improved forage=3,   
4) others____________ 
4. How about the status of animal feeding?  1. Sufficient   2. Deficit   3.Excess 
5. If deficit, how did you overcome? ____________________________________________ 
8. Agricultural Extension Services 

1. Do you get extension service? _________ 1) Yes=1, 2) No=2 
2. Who provides the extension service? 1. Development agents      2.NGO‟s    3. Gov‟t Agri. Office 4. 
Others, specify________  
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3. In which types of activities they are involved in? 1=Community Mobilization,    2=on farm 
demonstration of technologies, 3=Farmer training, 4=Output marketing, 5=Input supplies, 6=Natural 
resource management, 7=other 
4. Do you get extension advice on Land management practices? 1) Yes=1, 2) No=2 

5. If yes, how often have you obtained advice on land management practices? ______ 

1. Once per month, 2.Twice per month 3. Three times per month 4.Four times per month 5) others, 
specify ________________ 
6. Have you participated in training on land management? ____1) Yes=1, 2) No=2 
7. Do you think that the training was helpful to gain knowledge and skill to solve your practical 
Problems? ___________ 1) Yes=1, 2) No=2 
8. If no, why? ________________________________________________ 
9. In general how is the benefits perceived?  1 = highly beneficial; 2 = beneficial, 3 = not beneficial 
10. Have you encountered problems in implementing land management practices? Specify if any. 
__________________________________________________________ 
 
9. Labor Availability. 
1. What is the main source of labor for your farm operation? 

   1) Family labor    2) Hired labor   3) Others, specify 

2. For which activities did you involve them? 

1. Land preparation       2.Cultivation       3. Harvesting       4.SWC activities    

5. Others specify_______________________ 

3. Who construct and maintain SWC structures in each of your plots? (Possible to give more  

     than one answer)  

1. Community participation 2.Food/ cash for work 3.Family labor    4.Labor exchange 

5. Hired labor 

4. Do you have labor problems in introducing land management practices in your plot? 1. Yes 2.No 

If yes, what is the reason? ______________________________________________________ 

5. Do you think that lack of labor is the reason for less effectiveness of the land management works in 

your plot?    1. Yes       2.No     if yes what do you think is the reason? _____________________ 

10. Gender Equality 

1. How many female family members are there in your family? ___________________________ 

2. In which farming activities do your female family members participate? 1. Land preparation    

2. Ploughing 3.Hoeing   4.Weeding   5.Harvesting    6.  Trashing 7. Others specify________ 
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3. Who performs land management /SWC/ works in your plot?   

1. Females      2.Males     3.Both males and Females    4.None of them 

4. Do you think that gender affect land management works?       1. Yes     2.No 

If yes what do you think is the reason? _______________________________________________ 

5. Which land management practice assumed they can‟t be done by females? If any 

1. Stone bund     2.Tree Lucerne       3.Phalaris 

6. Do you think that lack of full participation of females is reason for less effectiveness of the land   

management works in your plot?    1. Yes            2.No 

If yes what do you think is the reason? _______________________________________________ 
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Appendix IV: Results of one-way ANOVA of soil parameter 

                                     

No 

Soil 

parameters 

Sum of squares df Mean  square F Sig. 

1 OM 13.191 3 4.397 9.31 0.000466 

2 TN 0.05035 3 0.016782    13.04 0.0005 

3 Av P 1941 3 646.9    6.397 0.00324 
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