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                                      ABSTRACT 

Effects of Soil Erosion on Physic-Chemical Properties of Soils and Crop Yields:                   

Gola Watershed of Oyda Worada, Southern Ethiopia. 

                                                Addis Ababa University February, 2017 

Soil degradation is recognized as one of the most serious environmental problems in Ethiopia. 

Hence, assessing the effect of soil erosion on soil fertility and the effectiveness of physical soil 

and water conservation structures factors that influence the land management practices are of 

paramount importance for promoting soil fertility and achieve food security. Therefore, this 

study is to assess the farmers’ perception on erosion problems and factors affecting the physic-

chemical properties of soils and crop yields. The watershed chosen was Gola micro watershed 

located SNNPR of Gamo Gofa zone, Oyda woreda. The study employed questionnaire survey 

and soil sampling for laboratory analysis to quantify the effect of soil erosion on crop yields and 

soil physical and chemical properties. Within the study woreda, 150 sample households were 

selected to questionnaire survey to capture the assessment of soil erosion effect on soil 

properties and effectiveness of conservation practices employed. The sample households were 

disaggregated into model and non-model farmers as the degree of adoption of conservation 

measures is variable. In parallel, -farm fields were selected in the upper, middle and lower 

stream of the watershed for soil sampling for laboratory analysis. From the Gola micro 

watershed 12 composite samples were collected from a depth 0-30 cm. The soil samples were 

analyzed at Holeta Agricultural research to determine selected physical and chemical properties 

including texture, pH, organic carbon, total N, exchangeable bases and CEC. The data was 

presented in tables and analyzed in terms of percentage and frequency. The result showed that 

farmers were aware of the effect of soil fertility loses on crop yields and they have employed a 

range of soil conservation measures. However, lack of labor and capital to maintain 

conservation structures made their efforts less effective and erosion is still imposing a major 

thereat on crop yields. The laboratory analysis have shown that erosion losses have significantly 

affected chemical properties such as soil (pH), organic matter content and  the macro nutrients 

(N, available P and exchangeable bases). 

   Key Words: Soil erosion, Conservation, crop yield, treated and untreated.
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                        CHAPTER ONE 

                        INTRODUCTION 

1.1Background of the Study 

Soil erosion is recognized as one of the world's most serious environmental problems (Pimentel 

et al., 1995, Shiferaw and Holden, 1999). Globally, about 80% of the current degradation of 

agricultural land is caused by soil erosion (Angima et al., 2003). Erosion by water, at a global 

scale, is the main soil degradation process (Bewket and Sterk 2002). It causes strong 

environmental impacts and major economic losses from decreased agricultural production and 

from off-site effects on infrastructure and water quality by sedimentation processes (Zinabu et 

al., 2002; Daba, 2003; Haregeweyn et al., 2005; Amsalu et al., 2007).  

In Ethiopia, soil erosion is one of the single most important environmental problems leading to 

losses in crop production and degrading the landscape Tadesse, 2001; Sonneveld 2002; Beshah 

2003; Moges and Holden, 2006; Bewket, 2007). The authors report that soil erosion creates 

severe limitations to sustainable agricultural land use, as it reduces on-farm soil productivity and 

causes food insecurity. In most developing countries, including Ethiopia, human activity triggers 

these losses (Mohammad et al., 2001; Belay et al., 2004;Bewket and Sterk, 2005; Hurni et al., 

2005). This is associated with rapid population growth, inadequate attention to the basic natural 

resources (soils, water and vegetation), and the need to maximize production to meet the needs 

of the growing population (Shiferaw and Holden;1999,2000; Bewket, 2002, Feoli et al., 2002). 

According to the Ethiopian highlands Reclamation Study (FAO, 1986),  about 27 million 

hectares of agriculturally productive land has been significantly eroded, 14 million hectares are 

seriously eroded and 2 million hectares have reached the point of no return, with an estimated 
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total loss of 2 billion m3 of top soil being lost to the highlands per year ). This has become a 

major economic and polictal problem particularly for the Ethiopian highlands creating serious 

threat to current and potential future food production (Azene, 2001; Sonneveld and Keyzer, 

2003, Bewket and Sterk, 2002). With fertile soils and good rainfall, these highlands (>1500 

masl)) hold the highest agricultural potential in the country (Hurni, 1993; Shiferaw and Holden, 

2001). To avoid this problem, the Government of Ethiopia has taken different measures such as 

policy interventions, conducted studies, and implemented massive soil and water conservation 

(SWC) and capacity building programs, especially after the severe drought of the failed 1974/75 

and 1984/85 rainy seasons (Hurni 1993; Shiferaw and Holden 1999). 

Several studies and research results indicated that the rate of soil loss in a conservation treated 

fields is very low. Experiments conducted in some areas show that conservation measures 

provide useful evidence. For instance, in a treated land with level bund for two years the average 

shows a soil loss of 16tone/ha/yr. And for those treated with graded fanyajuu show a loss of 

25tone/ha/yr as compared to 67 - 186tone/ha/yr on a land under traditional measures (Yohannes, 

1996). 

Some studies also indicated the positive effects of conservation in terms of both reduced soil 

erosion and increased yield (Berhanu, 1998).They also have gaps regarding the effect of the 

service time and difference in ecological and topographic conditions. Furthermore, SWC 

structures construction demand huge resources (finance, labour, materials and equipment), and 

the adoption and recommendations of the SWC interventions should be justified by empirically 

proven evidence (Badege 2001; Amsalu and de Graaff 2007; Nyssen et al. 2007). 
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 In contributing to the emerging knowledge base on the impacts of soil erosion at farm level and 

the effectiveness of soil conservation measures on soil physical and chemical properties, this  

study was conducted in a watershed in Oyda district of southern Ethiopia.  The study generates 

relevant information on farmers coping strategies and their perceptions of soil erosional losses 

thereby suggesting sustainable land management practices for the future. 

Therefore, this study was aims at investigating the effectiveness of soil and water conservation 

practices on soil properties and crop yields in the Gola-micro watershed. It also tried to identify 

areas of improving soil conservation and rehabilitation of the watershed. 

  1.2 Statement of the Problem 

The prevalence of traditional agricultural land use and the absence of appropriate soil 

conservation practices often result in the degradation of natural soil fertility. This has important 

implications for soil productivity, household food security, and poverty in those areas of the 

country (Teklewold and Kohlin, 2011). The average annual rate of soil loss in the country is 

estimated to be 42 tons/hectare/year which results to 1 to 2% of crop loss (Hurni, 1993), and it 

can be even higher on steep slopes and on places where the vegetation cover is low. This makes 

the issue of soil conservation not only necessary but also a vital concern if the country wants to 

achieve sustainable development of its agricultural sector and its economy at large. In spite of 

these facts, policies, decisions, and planning and implementation of SWC measures have been 

based on very few case studies and general recommendations of small-scale national level 

studies like river basin master-plan development studies. In addition, most plot-based studies are 

focused on assessing the severity of soil erosion in physical terms and lack information on the 

impact of SWC on soil fertility and agricultural production. 
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The study area Oyda woreda is one of the most seriously affected areas in the region because of 

the woreda is very steep and the soil is exposed to erosion due to cultivation on steep slopes. The 

lack of awareness on the part of the farmers in the woreda is another problem of that intensified 

the problem of soil erosion. This lack of awareness of the farmers forces them to follow 

nonscientific way of farming system. 

Therefore, it is necessary to investigate the effectiveness of soil and water conservation measures 

in terms of soil fertility, productivity improvement and farmers’ perception of the area. In light 

of the problem of factors and effects of soil erosion on crop yield and the farmers’ perceptions, 

this research initiatively conducted to investigate the levels of essential plant nutrients: Nitrogen, 

phosphorus, potassium, calcium and magnesium and commented were suggested to bring about 

soil fertility and productivity.  

1.3 Basic Research Questions 

• How do farmers perceive the extent, and impact of soil erosion on their farm fields? 

• What are soils and water conservation practices employed by farmers and where are 

rooms for improvement? 

• What are the effects of soil conservation structures on selected physical and chemical 

properties of the soils and crop yields compared to untreated fields?  

           1.4 Objectives of the Study 

       1.4.1 General Objective  

The general objective of this study is to assess the farmers’ perceptions on the soil erosion 

problem, their coping strategies and the effect of soil conservation measures on soil physic-

chemical properties.   
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            1.4.2 Specific Objectives    

• To document farmers’ perception of soil erosion as a problem and its impact on crop 

yields in the selected watershed. 

• To examine the effect of soil conservation measures on the fertility status of the soils and 

crop yield in treated and untreated fields. 

• To examine soil conservation measures employed by farmers to cope with the erosion 

problem 

• To identify areas for improvement in soil conservation and rehabilitation of the study 

watershed. 

      1.5 Significance of the study 

The result of this study findings fill the information gap on the conservation measures and 

support the counters effort in combating soil erosion. Also this study provides how soil and 

water conservation measures contribute for crop productivity and an input for future 

development of soil and water conservation measures. The study also provide way forward 

for the woreda land and environmental protection office, agricultural officials, experts, 

development agents and communities in the watershed to design strategies, investment 

programs and projects that could bring positive synergies in restoring soil productivity, 

enhancing food security and soil erosion. Furthermore, the analysis contributes for the 

general literature of soil conservation for a better crop productivity and soil fertility 

enhancement. 
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    1.6 Scope of the study 

The study focuses on assessment of farmers’ perception on the soil erosion and conservation 

of land in Gola watershed of Oyda woreda and their coping strategies. 
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                     CHAPTER TWO 

REVIEW OF RELATED LITERATURE  

2.1 Concepts of Soil Erosion 

Soil erosion is the process of washing away of the top part of the soil by runoff water. Water 

action during soil erosion comprise the following processes: (1) splash erosion, which occurs 

when soil particles are detached and transported as a result of  the impact of falling raindrops; (2) 

sheet or inter-rill erosion, which removes soil in thin layers and is caused by the combined 

effects of splash erosion and surface runoff; (3) rill erosion, which is the transport or detachment 

of soil particles caused by concentrations of flowing water; and (4) gully erosion, which occurs 

when flow concentration increases and the incision becomes deeper and wider than 

rills(Mwendera & Mohamed Saleem, 1997; Mwendera et al., 1997; Morgan, 2005; Mitiku et al., 

2006).  

Sheet erosion is a major process in the denudation of land surfaces. It involves the falling of 

raindrops and their merging to form a near-continuous sheet which moves downhill slopes 

gathering momentum and representing an erosive force of high potential. It is to be distinguished 

from gully erosion and stream erosion which involves concentration of the water flow in surface 

channels of all dimensions (Cailleux, 1948). Visible erosion manifestations include rills, gullies 

and concentrated accumulations, that are features that often indicate hot spots, those parts of an 

area that are seriously affected by soil erosion (Mitiku et al., 2006). Rills are very shallow 

channels that are formed by the concentration of surface runoff along depressions or low points 

in sloping lands. Rill erosion is the very visible mechanism of soil loss from sloping, cultivated 

land Compared to sheet erosion; rill has an entirely different characteristic. It removes a 

http://link.springer.com/referenceworkentry/10.1007%2F3-540-31060-6_330#CR3_3-540-31060-6_330
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considerable amount of topsoil greater than sheet/inter-rill erosion (Nyssen et al., 2004). Rill 

erosion is a result of surface runoff and associated sheet wash, which is a process that selectively 

removes fine material and organic matter that are very important determinants of land 

productivity (Bewket and Sterk, 2003). The shearing power of the water can detach, pick up and 

remove soil particles making these channels the preferred routes for sediment transport. Hence, 

rill erosion is probably the most important form of soil loss in cultivated fields because in the 

absence of these channels, which serve the purpose of transporting detached materials, inter-rill 

erosion will be negligible (Bewket and Sterk, 2003). 

Through rills, eroded particles are transported quickly over a large distance. Large particles are 

more effectively transported. Rills differ from gullies in that they are temporary features and can 

be easily filled up during plowing, whereas gullies are more permanent features in the landscape. 

Rills and gullies constitute an “embryonic” drainage system (Mitiku et al., 2006), which, if 

unchecked, will develop eventually into badlands.  

Gully erosion is the removal of soil along drainage lines by surface water runoff. Once started, 

gullies will continue to move by head ward erosion or by slumping of the side walls unless steps 

are taken to stabilize the disturbance. Gully erosion occurs when water is channeled across 

unprotected land and washes away the soil along the drainage lines. Under natural conditions, 

run-off is moderated by vegetation which generally holds the soil together, protecting it from 

excessive run-off and direct rainfall. Excessive clearing, inappropriate land use and compaction 

of the soil caused by grazing often means the soil is left exposed and unable to absorb excess 

water. Surface run-off then increases and concentrates in drainage lines, allowing gully erosion 

to develop in susceptible areas. 
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   2.1.1 Farmers’ perception on soil erosion 

The responses, commitments, and responsibilities required for the success of formulation of 

appropriate resource management policies depend on perception of the problem by smallholder 

farmers (Ayalneh, 2002). Adoption of conservation technologies is likely to increase with 

recognition of the erosion problem (Bekele and Holden, 1998). In Ethiopia, farmers perception 

of erosion problems have received little attention or use in conservation planning. Farmers’ 

decisions to conservation of natural resources are largely determined by their knowledge of the 

problem and benefits of conservation (Aklilu and Graff, 2004). According to Adimassie and 

Gebre (1985) Ethiopian farmers' attitudes to land degradation and conservation shows that 

farmers are aware of the problems. Erosion has been identified as the main cause for land 

degradation, followed by drought, deforestation, rainfall, and improper farming practices. 

However, the socio-economic and policy issues have hindered investment in the long-term 

improvement of the land. Factors such as income level, labor and education level, farming 

experience, conservation attitude and family size are factors which influence adoption of SWC 

practices. Higher education levels are hypothesized to be associated with improved knowledge 

about conservation measures, the productivity, and effects of erosion may persuade them to 

choose particular SWC practices (Eyasu Elias, 2002). 

2.2 Causes of Soil Erosion  

The causal factors for soil erosion in Ethiopia are complex and divers. Soil erosion in Ethiopia is 

attributable to a combined effect of the rugged configuration of the landscape and the torrential 

rains; deforestation, cultivation of steep slopes and centuries of mismanagement (Mesfin, 1984 

cited in Aklilu, 2001).Among the immediate causes of soil erosion are removal of vegetation 

cover through deforestation, overgrazing and poor land use practices in and cultivating down the 
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slope to drain excess water and complete removal of crop residues from crop fields (Eyasu Elias, 

2002). Bare fallows of finely tilled fields are exposed to runoff when the monsoon rains start 

after long dry period.  When it rains heavily as the soil has nothing keeping it in place, it is 

washed away. Crops are cut to be fed to animals and the manure is burnt as a fuel, the soil have 

no way of replenishing itself, and decreases in fertility as there is reduction of soil nutrients led 

to failure in crop production. Grasses are useful for soil stabilization (they maintain cover of the 

ground and have expensive root system), are but they are overly grazed as the size of livestock 

herds increases, the soil is , trampled thus accelerating soil erosion by runoff water. In nutshell, 

deforestation, overgrazing, and cultivation of slopes not suited to agriculture together with the 

farming practice that do not include conservation measures are the major causes for soil erosion 

in much of Ethiopian highlands.  

   2.3 Rates of Soil Erosion  

Previous studies showed that average soil loss rates within croplands is 130 t/ha but when 

averaged over all land use types in the Ethiopian highlands the estimates are 35 t/ha (FAO, 

1986). The data suggests that soil erosion is greatest on cultivated land as result of poor land use 

practices mentioned above. The same study reported that out of the estimated 60 million ha of 

agriculturally productive land of Ethiopia, about 27 million ha are significantly eroded, 14 

million ha are seriously eroded and about 2 million ha have reached the point of no return in mid 

1980s (FAO, 1986). Other authors who used different methods of measurement have suggested a 

more modest rates of soil erosion for example Belay Tegene (1992) estimated soil erosion loss of 

75 t/ha from runoff plots while Azene Bekele came up with an estimate of 100 t/ha of soil loss 

using guess estimates. The differences in estimates suggest the complexities are erosion rate 
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estimates but the glaring reality is that soil erosion is threatening phenomenon in the Ethiopian 

highlands (FAO, 1986). 

2.4 Steps Taken to Combat Soil Erosion 

Large-scale efforts for implementing natural resource conservation and development programs 

had taken place to reverse the problem of land degradation in Ethiopia starting from the1970s. 

The programs mainly focused on soil and water conservation and rehabilitation of degraded land 

through building physical structures and afforestation measures (Alemneh, 2003; Woldamlak, 

2003; Aklilu, 2006; Alemayehu, 2006). These projects were supported by development food aid 

and the first food for work-supported soil and water conservation activities were started in 

Ethiopia in 1971in Tigray. Next to that in 1972, it was started in well; these activities were 

supported by U.S. food under PL 480 project to carry out afforestation, and construction of low 

cost rural roads and small water projects. Then it was replaced by food for work projects that 

were funded by World Food Program (WFP) in 1974 subsequent to the 1973/74 famine. The 

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

drought prone areas of the country (Betru, 2003). Then after the relatively small-scale and 

fragmented food for work projects of WFP were consolidated in 1980 under one support known 

as rehabilitation of forest, grazing and agricultural lands. That project marked the beginning of 

large-scale soil and water conservation program in Ethiopia. Starting from that time, watershed 

approach has become the conservation and rehabilitation strategy of the Ethiopian government.  

The major elements of the soil conservation activities were a range of physical structures such as 

farmland and hillside terracing, cutoff drains and waterways, micro-basins, check dams, 

reforestation or tree planting using large-scale central nurseries for seedling raising, area closure 
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and management and gully rehabilitation. At the beginning it was carried out in 19 catchments, 

nevertheless by 1990, it was scaled up to 117 catchments with a total area of 3.5 million hectares 

(Betru, 2003, cited in Mesfin Desalegn 2010). 

2.4.1 Physical Conservation Measures Employed  

Bench terraces are widely applied conservation measures in the steep hillsides. Terracing may 

have developed in western Asia and then spread southwards to Africa, westward to the 

Americas, and eastward to Southeast Asia, largely by known sea routes (Halls worth, 1987).  

More likely, it may have evolved independently in several areas as farmers were forced to 

cultivate steep lands for several reasons, e.g., to escape hostile tribes on the plains, to avoid 

malaria at lower and warmer altitudes, and due to increasing population density (Hudson, 1992). 

The construction of terraces is not new to Ethiopia (Hurni, 1984b). The Konso of southern 

Ethiopia are well known for their traditional soil and water conservation practices. Their farming 

is based on an elaborate system of terraces, a variety of other soil and water management 

practices and the integration of livestock and forestry with the rest of their agriculture (FAO, 

1990).  

2.4.1.1 Stone and Soil Bunds  

Stone bunds are generally quite common in the dry zones of the tropics, since they are relatively 

easy to construct during the dry season. Sloping terraces are present in several parts of Ethiopia. 

Stone bunds contribute to agricultural productivity due to its moisture conserving role. Stone 

bunds are more productive than those without it in dry areas but not in the high rainfall areas of 

northern Ethiopia (Kassie et al., 2008). Found that after a few years of its construction, 

http://scialert.net/fulltext/?doi=jest.2014.185.199#1273351_ja
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Vancampenhout et al. (2006) computed the yield change on land with stone bunds and estimated 

a 7% increment compared to non-terraced land.  

Stone bunds increased cereal and teff yields by 8 and 11%, respectively, even by considering the 

area lost due to the conservation structures. Indigenous stone bunds (Kab) have increased 

sorghum yields by 56-75% compared to other non-terraced land in north Shewa, Ethiopia 

(Alemayehu et al., 2006). Kato et al. (2011) indicated that stone bunds, soil bunds and grass 

strips have a robust and positive output on crops in the low rainfall areas of the Blue Nile basin 

in Ethiopia and high risk reducing effects in high rainfall areas. This study indicated that grass 

strips have the highest production elasticity among SWC technologies in this low rainfall area. In 

these areas soil bunds have risk reducing effects. The stone bunds aged 3-21 years increased crop 

yield by 0.58-0.65 t ha-1 in Tigray, Ethiopia (Nyssen et al., 2007). 

The first order stochastic dominance analysis in eastern Ethiopia suggests SWC results in higher 

yields and net return for farming households (Bekele, 2005). In the central Kenyan highlands 

82% of farmers perceived that SWC structures increased crop yields (Okoba and de Graaff, 

2005).  

Soil bund effects on rice production were studied in Southeastern Tanzania and yield comparison 

showed that, generally, soil bunds can appreciably increase the production of rain-fed lowland 

rice (Raes et al., 2007). In the central highlands of Ethiopia, the soil bund reduced the yield of 

barley by 7% when the space occupied by the structures are taken into account and otherwise 

increased yield by 1.7% (Adimassu et al., 2012). 

  

http://scialert.net/fulltext/?doi=jest.2014.185.199#1272991_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1272951_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#855961_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1272953_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1272968_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1272960_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1272960_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1272970_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#17615_op
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  2.4.1.2 Afforestation and Area Closures   
  

 Afforestation and reforestation both refer to establishment of trees on non-treed land. 

Reforestation refers to establishment of forest on land that had recent tree cover, whereas 

afforestation refers to land that has been without forest for much longer (Helms, 1998). 

Vegetation has a curative and protective value. The otherwise abandoned land may regain 

importance as a result of a carefully planned and efficiently administered scheme of 

afforestation. As stated in Girma (1988) that “the most important measure to restore the 

disturbed rural ecology is the implementation of afforestation and reforestation on a scale large 

enough to cope with the problems of soil erosion and water wastage”. Vegetation measures have 

generally been confined to reforestation and to some closure of degraded hillsides to grazing or 

cropping to allow natural vegetation to regenerate. Hillside closure totaling over 37 000 ha in 

1982/83, is not labor-intensive, requiring only guards to people and grazing animals away. On 

the other hand raising seedling and planting trees are labor-intensive and have taken almost a 

quarter of total labor inputs into conservation in recent years. As a result, over 470 million trees 

were planted from 1978/79 to 1982/83. An estimated 500 million tree seedlings were planted and 

about 80,000 hectares of hillsides closed for regeneration between 1976 and 1985 (EPA, 1997). 

Despite these and other massive intervention and regulation, natural resource and environmental 

degradation continued unabated. All efforts to be made in the future in afforestation and 

reforestation must be viewed in conjunction with continuing deforestation. No effort that aims 

only at the physical environment will be successful “as long as the lives of the peasants remain 

impoverished and precarious” (Mesfin, 1991 cited in Aklilu). 
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A successful implementation of afforestation and reforestation schemes requires an ability to 

form pressure groups in the community or involve existing local groups. Activities like starting 

nurseries in villages, planting and protecting multipurpose trees along roads, on farms, and 

around houses, etc., for instance, call for an ability to garner the knowledge, support, and energy 

of rural people(Postel and Heise, 1988). 

2.5. Shortcomings of the Conservation and Rehabilitation Measures Employed 

In spite of several decades of soil conservation and afforestation campaigns, soil erosion still 

continues unabated. According to Eyasu Elias (2002), the conservation and afforestation works 

have been neither effective nor sustainable. Some of the weakness of the soil conservation efforts 

is the physical nature of the measures implemented, which have decreased productivity in the 

short run due to reduction of production area. The conservation efforts have not included 

vegetative and cultural measures, and conservation-oriented land management and farming 

practices have been lacking from the package in Ethiopia Initially, most of the soil conservation 

works included construction of the stone and earth embankments, which the farmers believed 

took extra land from their small land holdings and sheltered rodents. Available evidence shows 

that the adoption of soil and water conservation measures has been very limited. 

Lack of participation of the local people is another major weakness. Conservation practices have 

mainly been undertaken in a form of campaign and quite often farmers have not been involved in 

the planning process (Herweg, 1993). This shows that soil conservation projects implemented in 

the country failed to consider local people’s economic, demographic, institutional and technical 

factors from their very inception. Obviously, the adoption of soil conservation technologies 

considerably is influenced by different factors. Among other influences, the characteristics of 
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farmers such as age, education, household size, farm size and experience are some major 

influence for the decision of application of soil conservation.  

2.6 Effect of soil conservation measures on soil fertility status  

Some studies have been conducted to assess the effects of soil conservation on soil fertility in 

Ethiopia. Weigel (1986) determined some physical and chemical characteristics of soils from the 

soil loss zone directly below contour bunds and the soil accumulation zone above the contour 

bunds in the Maybar/Wello area.  

Vagen (1996) studied that the construction of stone terraces and soil bunds leads to increased soil 

fertility and crop yields in the zone immediately above the bunds compared to the soil-loss-zone 

below bunds. Much of the down-slope fertility gain on sloping terraces is linked to a related loss 

in fertility up-slope the building of stone terraces in Hagere Selam, Tigray. Surface soils from 

terrace benches and the soil loss zone of terraces had the highest clay contents, while soils from 

non-terraced land were more sandy, particularly in sandy soils with generally low fertility. This 

may be prevented through the application of large amounts of organic manures and mulches, 

sowing legumes and cover crops, intercropping, relay cropping, crop rotations, increased plant 

densities and through an increase of chemical fertility so as to encourage a high production of 

biomass. 

2.7 Effects of SWC Measures on Soil Fertility and Crop Yields   

2.7.1 Effect on soil nutrients and organic matter status   

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

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

barrier due to the creation of obstacles against surface runoff. Most structures gradually develop 
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into bench terrace and decrease the slope gradient and velocity of runoff.  Tenge et al. (2004) 

reported that grass strips, bench terraces and fanya juu reduced soil loss by 40, 76 and 88%, 

respectively, compared to the land without those structures.  

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

kept neat, tidy, and productive in order to preserve our human health and nutrition. The roles of 

SWC practices in increasing agricultural productivity have been indicated in many studies. Joyce 

& Musiwa (1999) confirmed that the benefits of SWC practices in agriculture is proven and it 

can enrich available soil nutrient via reducing soil erosion, controlling nutrient leaching, safe 

guard the land and reduce the risks of total crop failure in drought years. 

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

found to be significantly different at p = 0.05 between conserved and non- conserved watersheds. 

It is also reported that Quraishi et al. (1980), the non - conserved  micro  watershed  had  the  

lowest  soil  organic  matter  (SOC),  total  N  and infiltration rate compared to the conserved 

one. The values of organic carbon, nitrogen, phosphorus, and potassium were found significantly 

higher under terrace than unprotected land. 

2.7.2 Effect of soil and water conservation measures on crop yields  

The soil system remains a major determinant of crop yields when compared with plant genetic 

potential and weather because of the environment it provides for root growth (Olson et al., 

1999). Thus, increasing and sustaining agricultural production should aim not only at sustaining 

higher levels of useful biological productivity but also at ensuring that the system is stable 

enough to maintain soil quality (Dudal, 1981). 

http://scialert.net/fulltext/?doi=jest.2014.185.199#44064_bc
http://scialert.net/fulltext/?doi=jest.2014.185.199#44064_bc
http://scialert.net/fulltext/?doi=jest.2014.185.199#44077_bc
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The key soil characteristics that affect agricultural yield sustainability are nutrient content, water 

holding capacity, organic matter content, soil reaction, topsoil depth, salinity and soil biomass 

(Norton et al., 1999). The relationship between soil erosion and soil productivity is complex and 

involves various factors which often depend on each other (Ludi, 2004). The effect of erosion on 

soil properties and hence crop productivity varies with location and management (Olson et al., 

1999). In general, the loss of organic matter and minerals containing plant nutrients influence 

crop production (Young, 1989; Lal, 1996; Norton et al., 1999; Olson et al., 1999; Ludi, 2004; 

Alemayehu et al., 2006). 

Productivity and SWC objectives are highly complementary because conservation of soil, water 

and natural vegetation leads to higher productivity of crops and livestock and thus the 

improvement of livelihoods (Kerr, 2002). Ellis-Jones and Tengberg (2000) assumed that without 

any SWC, crop yields will decline approximately by 1.5% year-1, being equivalent to a 30% 

decline over 20 years. The SWC structures not only act as a partial barrier to water-induced 

erosion but also form a total barrier to tillage erosion (Gebremichael et al., 2005). 

The physical SWC measures are considered as investment for which significant benefits are 

expected later and for years to come. However, practical models and empirical equations are less 

available to estimate effects of SWC structures, as they touch many parameters and create 

complex interactions. In addition, the off-site role is less feasible to estimate and commonly 

ignored even in existing estimations and computations. 

The short-term effects of bunds or terraces are the reduction of slope length and the creation of 

small retention basins for runoff and sediment and to reduce the quantity and eroding capacity of 

the overland flow (Nyssen et al., 2007). The medium and long-term effects of bunds include the 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=water+holding+capacity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=water+holding+capacity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+matter
http://scialert.net/fulltext/?doi=jest.2014.185.199#44080_bc
http://scialert.net/fulltext/?doi=jest.2014.185.199#1214909_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#47516_an
http://scialert.net/fulltext/?doi=jest.2014.185.199#327452_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1273312_ja
http://scialert.net/fulltext/?doi=jest.2014.185.199#1272953_ja
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reduction in slope angle by forming bench terraces (Alemayehu et al., 2006). In the long term, 

slow-forming terraces induced by bunds are often associated with a high spatial variability in soil 

fertility and crop response which is due to water and tillage erosion in between structures 

(Nyssen et al., 2007). 

It is also concluded that bunds constructed on the upland of Chotanasgpur (India) are not only 

suitable for conservation of soil, but brought favorable improvement and increase of crop yield 

(Quraishi et al., 1980).Forage plants such as Elephant grass and Sesbania sesban were planted on 

the soil conservation structures as stabilizers of the structures. The soil bund stabilizing grass 

reduced soil losses, improved the availability of organic inputs for soil improvement, and offered 

animal feed and consequent increase in cash income (Tilahun, 2003). These forage plants are fast 

growing and the farmers harvested frequently and fed their cattle. The farmers who have these 

forages at their homestead could not suffer from the shortage of feed as those who had not 

planted. The plant species also greatly contributed to the stabilization of the soil conservation 

structure. Sesbaniaseban and legume plant species, besides being used as bund stabilizers and 

feed, they were chopped and incorporated into the soil for soil fertility improvement.  

The soil conservation measures adapted well to the local conditions and protected the soil from 

being eroded. Eleni (2008) also indicated that introduced soil and water conservation measures, 

fanya-juu and soil bunds, were widely acknowledged as being effective measures in arresting 

soil erosion and as having the potential to improve land productivity. Physical and biological soil 

conservation measures and soil fertility improvement activities implemented in Wolaita 

conserved the soil and improved soil fertility (Safene et al., 2006). As a result around 1000 

people living in the watershed adopted the technology. Even other farmers are also requesting for 

http://scialert.net/fulltext/?doi=jest.2014.185.199#1272951_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=spatial+variability
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the construction of the structures, while some are copying. Waga et al. (2007) also indicated that 

improvement of soil productivity was observed within two years and farmers started constructing 

new structures individually. 
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CHAPTER THREE 

METHODS OF THE STUDY  

3.1 Description of the Study Area   

       3.1.1 Geographical Location    

This study was conducted in Oyda woreda of southern Nations, Nationalities and Peoples 

Regional State (Figure 1). The study area is located 523 km Southwest of Addis Ababa. This 

woreda has a latitude 6°18′N and longitude of 36º53′E. 

Figure 1: Location Map of Oyda Woreda 
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Oyda Woreda is bordered by Demba Gofa Woreda in the North, Geze Gofa Woreda in the 

Northwest, Uba Debre Tsehay Woreda in the East, Ari Woreda in the West and Malle in the 

South. The Woreda comprises 20 Kebeles.One representative micro watershed was selected.  

3.1.2 Topography and Climate  

Oyda Woreda is in mountainous region with mountains as high as 3,000m above sea level and 

which form the Southern Bako Mountain rings. The landforms are also characterized by highly 

undulating and steep comprising 70% moderate relief mountains and plateaus, 25% vallies and 

dissected side slopes, and 5% plains and foot hills. Agro-ecologically, the woreda is classified as 

cool sub-humid highlands (40%); tepid moist mid highland (50%); and warm moist lowlands 

(10%) (Eyasu Elias, 2016). Farmers traditionally identify three agro-ecological zones the dega, 

woinadega and moist kola.  

Based on metrological data for the Sawla station (9 km from the site), the climatic can be 

characterized as follows: maximum annual temperatures occur in either June to February and 

ranges from 20 to 23ºC whereas; minimum annual temperature with a range of 18 to 19 ºC. The 

average annual rainfall is 66 mm, the maximum rainfall 96 mm was recorded in April. The short 

season rain is observed in December and it is erratic and unreliable in most cases. The monsoon 

rainy season is between June and October (locally called balgo) that falls under the influence of 

the Inter Tropical Convergence Zone circulation system. It is in this season that the major 

agricultural activities, such as plowing, sowing and weeding are performed. The dry months are 

between November and March (known as bone) when less than 6% of the total annual rainfall 

occurs. The balgo season (June – October) is more dependable for farming activities. 
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Figure 2: Mean monthly temperature (cº) for Sawla weather station, 9km from the site. 
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  Figure 3: mean monthly Precipitation (mm) for weather station, 9km from the study area.  
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3.1.3 Soil 

The dominant soil types in the watershed include vertisols (locally known as xala) located at the 

major middle and lower slope positions. This class can be characterized by heavy clay black 

color and are mostly water logged during the rainy season (Mohammad et al., 2001, Mintesinot, 

et al 2004).The other major soil types in the watershed include vertic nitosols located at the 

major upper slope positions. It is reddish-brown and popular especially for teff crop production. 

3.1.4 Population and land use      

Based on the 1994 population census, the estimated population size of Oyda woreda was about 

16,000 persons. According to the 2007 census, the population has more than doubled reaching 

approximately 45,000 persons. Crop-livestock mixed highland farming is the major form of 

farming in the area. Table 1 presents the land use pattern in the woreda. Land and livestock are 

the most important livelihood assets for the population. Cattle and goat are the most important 

herd reared in the warm and hot lowlands while equines (horses, donkeys) and sheep are 

important stocks in the tepid and cool mid highlands. Oxen are used for plowing while donkey, 

horse and mule are used for transport agricultural products and human transportation. Also sheep 

and goats are used for meat, skin and generating income. 

The main food crops grown in the area are cereals including maize (Zea mais), teff (Eragrostis 

teff), barley (Hordeum vulgare), wheat (Triticum aestivum), and sorghum (Sorghum bicolor). 

Subsistence root crops of food security importance are enset (Enset ventricosum or Musa ensete), 

sweet potato (Ipomoea batatas),, cassava (Manihot esculenta) and yam (Dioscorea spp). .  

Among the perennial crops Enset (yam) plays an important role in the life of the people by its 

multi-uses as a source of food, fiber and animal fodder and also used as constructional material. 
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Some legumes and pulses grown are haricot bean (Phaseolus vulgaris), faba bean (Vicia faba) 

and field pea (Pisum sativum). The land use system follows the homestead gardening and outer 

field crop cultivation. Whereas the cereals, pulses, sweet potato and cassava are planted in the 

distant outfields, enset and coffee are planted in the home gardens. Intercropping cereals with 

pulses is common while tef and maize are rotated with cassava and sweet potato. 

Table 1: Land use pattern of Oyda woreda in hectare  

No  Land use type Area (ha)  Area (%) 
1 Cultivated land 16,000  75 
2 Grazing land 1500   7 
3 Forest land 2000    9 
4 Shrubs land 1500   7 
6 Others  500    2 
 Total  21, 500    100 
 

3.1.5 Land Use Pattern of Woreda in Hectare  

The total area coverage of the woreda is 21,500 hectare annual crop coverage 6,000 hectare, 

grazing land 1,500 hectare, forest land 2,000 hectare; shrubs land 1,500 hectare cultivated land 

10,000 hectares and others 500 hectares. This land use pattern helps to know those lands by a 

management of watershed development activity on degraded and bore land to improve soil 

fertility and productivity. 

Regarding the land use of study area, major land use types are cultivated land, grazing land, 

forest land, residential area and unproductive land. There are communal lands in the study area 

which is collectively used by three kebeles which are found in the watershed. 
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3.2 Sampling Design 

3.2.1 Watershed and Household Selection Procedure 

The study employed combination of purposive and simple random sampling techniques. A 

representative micro-watershed of about 112 ha was sampled to investigate the soil erosion 

problems, soil conservation practices and for soil sampling. The Gola micro watershed was 

selected to conduct the study representing much of the soil erosion and fertility problems on crop 

yield of the woreda. Figure 1 and 4 present the location and slope map of the micro watershed. 

The watershed was further disaggregated into slope categories following the slope classes 

provided in FAO (2006). These are the upper part (30-50% slope); the middle part (15-30% 

slope); and the lower part (8-15% slope). In each part of the watershed 50 households were 

selected representing the model and non-model farmers giving a total sample size of 150 

households for a focused questionnaire survey. The questionnaire focused on local perceptions of 

soil erosion problems and its effects on soil properties and crop yields. In addition, the 

questionnaire captured household asset ownership (e.g., land and livestock ownership) and 

demographic characteristics (proxy to labor supply); and the soil and water conservation 

measures employed by farmers. 

3.2.2 Soil Sampling and Laboratory Analysis Procedures  

Effect of conservation treatment on crop yield and soil fertility were assessed by taking soil 

samples from different slope classes and crop cut sub-sampled from each of the treated and 

untreated areas. Slope classes to be considered are upper slope (slope percentage of 30-50); 

middle slope (15-30%) and lower slope (8-15%).Out of these categories crop cuts and soil 

samples were collected. Out of which soil samples and household samples were drawn. 
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Figure 4: Slope map of Gola watershed 
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In each of the three slope categories, sites treated with soil and water conservation structures 

were identified from untreated sites. Two paired or twin sites were considered for soil sampling 

in each slope class giving a total of 4 soil and crop samples per slope class. A total of 12 

composite soil samples were taken from a depth of 0-30 cm for determination of selected 

physical and chemical properties of the soil. In the fields treated with SWC measures, composite 

soil samples were taken randomly from 3 different spots: upper, middle and lower portions of a 

plot) were taken along the major slope to a depth of 30cm by using soil sample taking method at 

0.5m behind the SWC structures. Accordingly, a total of 12 composite soil samples, 6 from 

treated fields and 6 from untreated fields were collected. Here, each one from the upper, middle 

and lower slope classes for both types farm fields. After collecting all soil samples, it was 

collected together as one sample. After mixing composite sample, it was divided into four equal 

parts.  One kilo gram of the soil sample was taken from one of the four samples. These soil 

sample tested to determine key physico-chemical properties including particle size distribution 

(sand, silt and clay fraction of the fine earth), soil pH (H2O), organic carbon (OC %), total 

nitrogen (TN%), available phosphorus (AP mg/kg), cation exchange capacity (CEC cmol/kg) 

and exchangeable bases (Ca, Mg, Na, K cmol/kg). The soil samples were transported to the soil 

laboratory at Holeta Agricultural research Centre for chemical testing.  

Crop yield measurement was following a similar pattern. Maize (Zea mays) is the test crop, since 

it is the dominant crop grown in the watershed. At maturity level, a 2mX2m from the center of 

the structure, right and left edge of the SWC structure for one sample farmer (2mx2m) times 

three which is a total of 12m2 plot were taken from selected randomly at a distance of 0.5m away 

from the structures in each of the three slope classes (upper, middle and lower slopes) for treated 

watershed which are described above. These procedures were repeated in two farm fields, giving 
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a total crop sample of 6. The crop were cut above the ground and separated to measure the grain 

yield of the crop on one separating area.  

3.2.3 Soil Nutrient Content Status Analysis Techniques 

Soil samples were collected from each of the three slope classes in both treated and untreated 

plots. Soil samples are tested to determine key physico-chemical properties including: 

Soil pH measures the negative logarithm of the hydrogen ion activity of the soil solution.  It is a 

measure of the soil acidity or alkalinity of determining soil pH in a 1:2:5(soil: water) suspension 

by using pH meter with combine electrode. 

Particle size determination were after sieving in the liquid and drying in an oven at 105C 

followed by weighting. For standard particle size measurement, the soil fraction that passes a 2-

mm sieve is considered. Laboratory procedures normally estimate percentage of sand (0.05 - 2.0 

mm), silt (0.002 - 0.05 mm), and clay (<0.002 mm) fractions in soils.  

Total nitrogen (TN %) was determined after wet digestion using well-known Kjeldahl procedure. 

This procedure involves digestion and distillation. The soil was digested in concentrated H2SO4 

with a catalyst mixture to raise the boiling temperature and to promote the conversion from 

organic-N to ammonium-N. Ammonium-N from the digest is obtained by steam distillation. For 

most soils, the Kjeldahl procedure is a good estimate of total soil N content. 

Available Phosphorus (AP) was measured by Bray2 method .CEC, exchangeable bases and PBS 

(percent base saturation) was determined by Black, CA (distillation) method. 
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Exchangeable Potassium present in the soil was extracted with neutral ammonium acetate of 

1molarity. This is considered as plant available K in the soils. It was estimated with the help of 

flame photometer. This is a well-accepted method. 

3.4   Soil Data Analysis   

The data were analyzed for the soil physic-chemical properties by using excel sheet were run by 

using variance of analysis to separate means across different variables (slope categories and 

treated and untreated fields). This has been examined to check whether soil fertility difference 

existed between treated and untreated watershed shows significant difference or not and after 

that crop yield were analyzed. Finally, mean value and differences of each variable was 

displayed in tables and were interpreted accordingly. 
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          CHAPTER FOUR  

          RESULTS AND DISCUSSION 

         4.1 Demographic characteristics of HHs 

As discussed above from three slope classes150 farm household samples were selected 

proportionally for this study.  The sex ratio of the sampled household were 132 are males  and 18 

are females considering the age structure of the respondents, the majority 44%, of the 

respondents between the age of 46 and 65 years old. About 31.3% of the respondents between 

31and 46years old, 22.7% of the respondents are between 18 and 30 years old while 2% above 

65 years old respectively. When we see in each slope classes with respect their age structure in 

lower 40%, in upper 42% and in middle 50% of the respondents were between 46 and 65 

respectively. From total households most of the respondents (44%) in the age of 46 and 65( see 

table 2). farmers in this age group are assumed to have a good understanding of problem of soil 

erosion due to access to information, and as result, usually more interested in soil and water 

conservation practices. 

In the study area, one can see the average size of the family. The majority of the sampled 

households have large family size. Of the total, 86% of the respondents have family size of seven 

and more. The largest family size is 13 and the smallest family size is three. The average family 

size is 8 which indicate high population size in the study area. The analysis of the respondents 

that we collected data indicated in table 2 below. 
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Table 2: General characteristics of sampled house hold  

  

Characteristics of 
house hold  

                                        Respondents 

 Lower slope Middle slope Upper slope                         
 frequen

cy 
% frequ

ency 
% frequenc

y 
% Total 

Sex of SHH  
Male  
Female  
Total 

 
46 
4 
50 

 
92 
8 
100 
 

 
42 
8 
50 
 

 
88 
12 
100 

 
44 
6 
50 
 

 
84 
16 
100 

 
88 
12 
100 

Age of SHH   
18-30 
31-45 
46-65 
Above 65 
Total 

 
15 
15 
20 
0 
50 

 
30 
30 
40 
0 
100 

 
10 
15 
25 
0 
50 

 
18 
34 
42 
6 
100 
 

 
9 
17 
21 
3 
50 

 
20 
30 
50 
0 
100 

 
22.7 
31.3 
44 
2 
100 

Family size 
1-3 
3-5 
5-7 
Above 7 
Total 

 
5 
15 
22 
8 
50 

 
10 
30 
44 
16 
100 

 
2 
12 
23 
13 
50 

 
8 
30 
42 
20 
100 

 
4 
15 
21 
10 
50 

 
4 
24 
46 
26 
100 

 
7.3 
28 
44 
20.7 
100 

 
Educational 
status 
    Illiterate 
     1-4 
     5-8 
     9-12 
Total 

 
 
 
12 
17 
20 
1 
50 
 

 
 
 
24 
34 
40 
2 
100 

 
 
 
15 
18 
12 
5 
50 
 

 
 
 
30 
36 
24 
10 
100 

 
 
 
22 
19 
 9 
0 
50 
 

 
 
 
44 
38 
18 
0 
100 

 
 
 
32.7 
30 
27.3 
10 
100 

With regarding educational status in the study area 32.7% of the respondents were non- educated 

and 30% of the sampled households was 1-4 grades and write with attending formal education. 

27.3% of the respondents were primary school completed (5-8) grade and 10% attending 

secondary school respectively.  
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From the survey results, better educated households have virtuous perception around soil erosion 

problems and more knowledge associated to SWC practices and hence can more easily be 

involved in conservation activities. From the FGD with the respect educational status of the 

household’s relation to their location the lower and middle watershed, farmers better educated 

than the upper watershed because the lower and middle watersheds close to woreda were more 

schools available.       

4.2 Land holding and livestock ownership 

4.2.1 Land holding  

 Land is held secretly in the study area except small communal grazing and forest lands. That 

means every piece of land, whether cultivated or not, belongs to a particular household. As it is 

indicated in Table 3 almost all of the respondents (100%) responded that they have their own 

farm land. However, there is a significant variation in the size of land holding between slope 

classes. Of the sampled households, the majorities 72 in lower, 80% in middle and 86 in upper 

slope classes hold land that is less than one hectare. About 20% of the respondents in lower,16% 

in middle and 12% upper slop classes hold land one hectare while 8%, 4% and 2% of farmers 

hold land two hectare in lower, in middle and in upper slope classes respectively. This indicates 

that there is acute shortage of land in the study area which prevents farmers’ ability to produce 

enough crops to feed the fast growing population. The pattern is similar to the national level 

reality. According to (Mesfin, 2010), some 80% of the Ethiopian farmers in the highlands (above 

1500 meters) cultivate less than one hectare of the farm land. Indeed, the number of family size 

increase the households land holding opportunity decreases and it will increases the rural 
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population and restricted land resource. The land holding data of respondent in the study area 

presented on table 3.  

Table 3: land hold and farm size of sampled household 

 

 

Land holding 

                                        Respondents  

Lower 

slop 

 Middle slop Upper slop   

Total  Freque

ncy  

% Frequency  % Frequency  % 

Yes  50 100 50 100 50 100 150 

No  - - - - - - - 

Size of farm land        

Less than 1ha 36 72 40 80 43 86 119 

1ha 10 20 8 16 6 12 24 

2ha 4 8 2 4 1 2 7 

3ha - - - - - -  

Total  50 100 50 100 50 100 150 

Source: field survey 

4.2.2 Livestock owner 

The percentage of animals kept by the surveyed households is clearly shown in table 4 nearly 

10% of the households did not possess an ox; some 20% owned only a single ox; 21.3% had a 

pair of oxen; and 47.6% had 3 to 5 oxen. Livestock are the most essential element for the life of 

the people in the study area to fulfill a more complex role in smallholder mixed system. Sampled 

farmers rear livestock for various purposes, including for agricultural purpose, meat, milk, eggs, 

transport and other purposes (see table 4). 
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Table 4:The percentage of respondents who owned livestock. 

Number of 

livestock 

Oxen  Cow  Donkey goat sheep chicken 

0 10% 10% 56.7% 11.3% 43.3% 3.3% 

1 20% 13.3% 33.3% 13.3% 26.6% 6.7% 

2 21.3% 30% 10% 15.3% 13.3% 20% 

3 25.3% 20% 0 20.7% 12.6% 23.3. 

4 14% 13.3% 0 19.3% 4% 16.7% 

5 8.3% 13.3% 0 14% 0 16.7% 

More than 5 0 0 0 6% 0 13.3% 

Source from field survey 

They were not only used  for such purposes, but are used as a store of wealth, for insurance 

purposes(as saving account),that is the farmer can sell his livestock at the local markets 

whenever he is in need urgent of cash and often for social obligations (Assefa, 2009). 

As reported by the respondents in the area especially in dry seasons the shortage of livestock 

feeding face the farmers. The major sources of feeding in the watershed are the grazing on 

closure and communal lands and crop residues. In the rainy season, the livestock dependent on 

degraded (overgrazed) communal lands. Some weed species from the crop fields are good source 

of livestock feeding. Crop residues (mainly maize crop strew) are the important source of feed 

during in dry season and in this season crop lands serves as grazing lands. Farmers reported that 

the shortage of livestock fodder in the watershed the main factors affecting the livestock 

productivity, this due to high population growth in the watershed.  And the increased demand of 

farm lands aggravates the problem in the watershed. During the field observation, gullies in the 



36 
 

study area the other critical factor  decreases the grazing land and communal grazing lands play a 

significant role  for this gully formation as  discussed  by ( Assefa, 2009 ).  

4.3 Farmers’ Perceptions of Soil Erosion and Conservation Practices 

 As indicated in table 5 below most of the respondents perceived soil erosion as a determinant 

factor for sustainable agricultural production. They responded that the most important fertile soil 

for crop production was removed over time to time due to soil erosion. Hence, they observed 

how the impact of soil loss from cultivated fields has been reduces the depth of the top soil 

through the time and crop production. When soil depth decreases the unproductive (locally called 

lada or mainth) will be left. This phenomenon was common in Gola watershed. 

Table 5: Perception of respondents on soil erosion 

Farmers’ response  Options Percentage(n=150) 
Is soil erosion problem? Yes 

No 
         

99 
1 
 

What is the soil erosion 
impact? 
 

High sever 
Sever 
mild 
 

86 
7.3 
6.7 

What is the degree of soil 
erosion in your farm lands? 
 
 

Increasing 
Decreasing 
The same as before 

85 
9 
6 

Do you implement soil 
conservation measures in your 
farm? 

Yes 
No 
 

76 
24 

Observed change of soil 
erosion impact on crop yield  
over past 15 years  

Large yield loss 
Moderate yield loss 
Less yield loss 

58 
31.3 
10 

Source: Field Survey 

 According to table above 99% of responded farmers’ aware soil erosion as big problem and 86% 

of respondents perceived soil erosion is very sever in the watershed. There were also 85% of the 
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respondents reported that the degree of soil erosion increasing time to time on their farm land. 

And also majority of they perceive soil erosion as problem and it affects yield in the watershed. 

Most of respondents about 58% answered large yield loss appeared from past 15 years, 31.3% 

moderate yield loss and 10% less yield loss appeared from past 15 years in this watershed. 

From all respondents, 76% of the farmers implemented soil conservation measures in their farm. 

But others do not implement physical structures on their farm. From FGD, farmers responded 

that before 6 year we did not more understand about soil erosion and its impact on the crop yield. 

But from previous 5 years up to now the government and SLM (sustainable land management) 

program educating and training us on the impacts of soil erosion. This gives us better 

understanding on the erosion process and how to control our farm land from these devastating 

factors to agricultural production.  

There were households asked to respond how they knew soil erosion occurs on their farm lands 

in open- ended question part. Most of responses showed that there were the damage of water 

lines or overflow of constructed ditches and lack of conservation structures in upper parts were 

damage their crops due to erosion and when the siltation accumulated in lower crop fields. From 

these responses, it can be concluded that most of farmers have good perception of soil erosion as 

a problem on their farm lands and that bounds soil fertility see table 6.   
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Table 6: Farmers’ response to productivity decline             

Farmers response to: Options    Percentage(n=150) 

 

Causes of productivity 

decline 

Shortage of rainfall 

Fertility decline 

Continuous cultivation 

Soil erosion 

Lack of soil nutrient 

6.7 

30 

10 

40 

13.3 

 Source: from field survey  

Almost 40% of the farmers reported that the main causes of productivity decline were due to soil 

erosion were followed by fertility decline 30%, lack of soil nutrient reported 13.3% and only 

10% of them reported that continuous cultivation had its own effect on soil productivity. And 

shortage of rain fall only 6.7% reported by farmers in the watershed. This was also agreed with 

(Amsalu and Graaf, 2004). Almost all interviewed farmers mentioned that the soil productivity 

and its nutrient level is the most important factor for crop production.  

However, the availability of soil nutrient and organic matter decreases over time due to soil 

erosion resulting from farming practices in the watershed. Some of farmers lack attention of the 

effect of the soil erosion on soil fertility. From the FGD farmers reported that soil erosion is 

sever when they removed crop residues from their land for their livestock and the scarcity of 

farm size due to population growth is the another factor in the watershed. Whereas, the key 

informants confirmed that before population increase in the study area the farmers left crop 

residue in their farm land and they make traditional bund to conserve the soil. But, after few 

years the farmers carry the crop residues to their livestock and the conservational activity with 

crop residues decreased.    
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Almost all interviewed farmers reported that SWC technologies are the only way to sustainable 

agriculture, crop production and ensuring food security. Various major conservation practices 

were identified by the local development agents in the study area in the previous five years (see 

table 7). 

 Table 7: Soil and water conservation practices in the watershed  

Management options Number of farmers practiced  Percentage 

Stone terrace/bunds  54    36 

Watery ways 17    11.3 

Residual bunds on crop lands  26    17.3 

Cultural ditches 10    6.7 

Contour plowing   0     0 

Crop rotation 9     6 

Plantation 24    16 

Fallowing  10    6.7 

Farmers at woreda /kebele level practice different conservation measures to increase crop yield 

and land productivity. They commonly used the traditional and introduced measures to conserve 

their farm land from erosion. In additional they practice a short-term benefit oriented soil fertility 

management and long-term benefit oriented land resource management activities. For short- term 

benefit, farmers apply chemical fertilizer to obtain high crop yield. Inorganic fertilizer 

application is precondition in the study area as many parts of the counters experience due to loss 

of soil fertility which is caused by soil erosion discussed as (Mesfin, 2010).   

Traditional stone terraces (locally called shucha kela), residual bunds (locally called zika) were 

indigenous practices widely used by farmers to control erosion (see table 7 above). Most of 

upper and middle watersheds have traditional stone terrace and lower watersheds have residual 
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bunds were the farmers believed that these traditional practices are used to protect the soil from 

runoff and to conserve the soil nutrient and also maintain the moisture of the soil. Indeed, the 

researcher observed during the survey that these traditional practices had good advantages to 

protect the soil from erosion, to maintaining the soil moisture and retaining the soil nutrient for 

better food production and ensuring food security.     

 

 

 

 

 

 

 

 

       Figure 5: Traditional stone terraces in upper lands 

Majority of interviewed farmers reported that terraces/bunds were important for many years 

especially during cropping season conserve the soil from runoff. They also highlighted, cultural 

ditches demand less labor and low cost and short time requires constructing compared to other 

newly introduced conservation structures, but it is not such effective for those watersheds. 

Because the watershed is much steeped slope and terraces/bunds are the best conservation 

measures for those areas compared to ditches to protect the soil from erosion. This indicate that 

farmers have awareness to conservation structures and sustainable land management, they were 

know using traditional and newly introduced conservation measures on their land, which are 

possible for erosion control and short time conservation. But this shows that better efforts of 



41 
 

educating and training farmers towards the newly introduced SWC technologies are very 

important. Watery ways were reported as the other measurement to conserve soil practiced by 

11.3% of the surveyed farmers.  

However, from field observation, watery ways were constructed and protect the soil from runoff. 

All farmers that the contour plowing was not reported as a conservation measure, this indicates 

awareness gap of farmers in these watershed and lack of training and educating from extension 

workers on contour plowing. During FGD the use of crop rotation was mentioned as one of the 

best conservation measure to decrease the erosion impact. Intercropping was widely been applied 

in homesteads and rarely applied out of homesteads because of farmers for the sack of high 

market value crops. Fallowing is highly possible due to scarcity of land and population growth in 

the Gola watershed. Also fallowing is one of the best methods to reduce soil fertility loss 

(Hudson, 1992).  

Plantation of trees implemented in hillsides and on governmental lands especially, (in local name 

called Jawsha or sa’a gullu’a) is planted by many tree species and it becomes to forest.  But the 

major factor to that area is agricultural expansion is destroying the forest. Farmers also perceive 

and accept SWC technologies have potential to bound soil erosion and increase fertility (see 

table 8). 
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Table 8: Perception, acceptance and coping mechanism of farmers in the watershed               

 
Farmers response to: 
 

 
Options  

   
Percentage  

 Do you have plan to implement SWC structures in the 
rest of your land currently untreated? 
 

Yes 
No  

88 
12 

Do you have space to implement SWC structures and 
to plant trees in your kebele level? 
 

Yes 
No  

94.3 
5.7 

 Hectares of land to working SWC 1hrs 
2hrs 
3hrs 

90 
8 
2 

Do you currently using modern SWC measures in 
your farm land? 

Yes 
No 

94 
6 

 

88% of the farmers replied that they planned to implement SWC structure in their untreated land. 

Similarly, the majority of the respondents (94.5%) reported that they have enough land to 

implement the SWC technology.  

During the group discussion the farmers said that they measuring the effectiveness of the 

structures by observing changes in their plots from time to time.  Along the structures sediment 

accumulations and these sediments are important and give increased crop yield when they 

comparing that the plots have not any conservation structures in the watershed. They also 

estimated that the excess amount of sediment trapped by the conservation structures it damages 

the SWC structure. Therefore the upper land protection by planation of trees and constructing the 

conservation structures were better option for the effectiveness of SWC measures in the lower 

watershed.  

As they interviewed farmers who treated their land by some conservation structures have gain 

the improved productivity. Farmers were interviewed what their target were concerning about 

using the new technologies in the forthcoming. Majority of the respondent is promised that to 
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continue sustaining and keeping the established structures from erosion. For these activities the 

PSNP and SLM are support and provide some incentive in the watershed to initiate the farmers 

to implement better conservation practices. Were 90% of respondents reported that more than 

one hectare of heavily degraded communal lands and closure areas planned to implement SWC 

structures and plant trees in each slope classes. It can be concluded that the new SWC 

technologies were widely accepted and acknowledged by farmers as effective measures in 

contradiction of soil erosion. But, some factors limit their acceptance and management 

mechanisms (see table 9).   

Table 9: Factors that limits to coping up new SWC technology 

Farmers response to: Options  Percentage  

What are the major limitations to apply SWC 

measures on your farm land? 

 

The new technologies 

require too much time 

Land tenure insecurity 

Decrease the size of crop 

land 

The new technology harbor 

mole rats 

  

63.3 

 

15.3 

12.7 

 

8.7 

What are the major determinant factors to 
practice SWC measures? 
                       
 

Farm experience  

Farm size 

Plot size 

50.7 

27.3 

22 

Source: Field survey  

According to table 9 above 63.3% reported that some conservation measures are time consuming 

and labor demand to constricting the new technologies in their land. The other issues that 

affected their conservation practices are the inefficient technical support and training from 

agricultural experts. Lack of adequate and timely information can inhibit widespread practices of   



44 
 

soil and water conservation activities. There were 15.3% of respondents reported that land tenure 

insecurity. Also 12.7% and 8.3% were answered new technology decreases the size of crop land 

and harbor mole rats respectively, this indicates some farmers have not equal awareness 

compared to  farmers.  

Most of the respondents 50.7% were reported their farming experience is affect the new SWC 

practices. And were the respondents 27.3% answered that the farm size is determine the soil and 

water conservation measures. This means in the watershed the population size were the other 

factor to implements the conservation structure. When the population size increases the demand 

of farm land also increases and the acceptance of technology decreases.     

Access to extension services helps farmers to gain better understanding of the potential effects of 

soil erosion and benefits of soil and water conservation practices as well as enhancing knowledge 

on the application of soil and water conservation technologies. Also the farmers in FDG and 

interview mention that they are constructing traditional stone terraces/bunds on very steep slopes 

to conserve their land from erosion. 

 However farmers have awareness to the technologies but are unwilling to implement except 

some in the watershed because the steepest area insecure of the land this area especially 

fallowing land and governmental forest the area (locally, called Jawsha or sa’a gullu’a). 

Regarding the finding of farmers, key informants and FGDs said that to improve the 

effectiveness of soil and water conservation practices are suggested as follows: 

➢ Once conservation  structures constructed, it should be maintained whenever necessary 

➢ Efforts should be taken until farmers show willingness to cope up the technology 
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➢ The use of natural resources based on only fulfilling the immediate needs of the society 

rather than considering the long- term effect. 

➢ The planning and introduction of SWC practices have been done with the involvement of 

local community is creates better acceptance to new SWC technology. 

➢ Farmers have awareness to soil erosion problems, continuous training and experience 

sharing should be given for the community to understand and implement the new SWC 

measures 

➢  Soil fertility improvement and soil and water conservation works performed by farmers 

and assisted by DAs should be needs reward and incentives to motive these practices and 

needs technical support from concerning bodies. 

➢ The majority of farmers do not have materials to construct terraces and bunds, therefore 

the concerned body like local government should support this construction materials 

➢ The gap between two consecutive terraces should consider the steep slopes of the crop 

land. 

➢  The government organizations and other concerned bodies involved in soil conservation 

should shift the emphasis to give greater attention in conserving the soil before the land 

lost all the fertile soil rather than targeting land that has been already exhausted and 

degraded.       
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4.4. Effect of Soil and Water Conservation on Soil Properties 

SWC practices are the best option to sustainable agriculture, crop productivity and to increasing 

soil fertility. Terraces/bunds were important for many years especially during cropping season 

conserve the soil from runoff.  

During focus group discussions with key informants, it was learned that farmers are well aware 

of erosion problem in the area. Moreover, they agree that stone/soil bund terraces are effective in 

protecting the soil. The newly introduced SWC measures, stone and soil bunds, were widely 

acknowledged as being effective measures in arresting soil erosion and as having the potential to 

improve land productivity.the cultural ditches and watery way that have commonly been 

constructed on non-treated cropland to expel surface runoff and to reduce erosion might also 

have contributed for reduction of erosion and successive effect on non-treated croplands.  

The effects of soil conservation on soil fertility determined some physical and chemical 

characteristics of soils from the soil loss area directly below stone/soil bunds and the soil 

accumulation area above the stone/soil bunds.Those farmers whose land the soil sample were 

taken also perceived that the structure has improved crop yield when compared to previous 

situation. 

However, most of the selected chemical properties in cropland treated with structures were not 

significantly higher than to the adjacent untreated watershed. Even for TN, AP, pH, SOC, CEC, 

EC and exchangeable bases in all treated and untreated fields, they can show not significant 

difference from non-conserved cropland. This can be explained by the fact that, on one hand, 

natural resource experts recommend the structures when the croplands become degraded. 
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Farmers also initially accept the structure when the land gets relatively uncovered and thus it 

takes time for soil to restore in the pace of less or no additional soil fertility management.  

4.4.1 Effect of Soil and Water Conservation Practices on Soil Physical Properties 

The particle size distribution in all sample fields presented in table below soil texture refers to 

the clay, silt and sand composition. In the upper slopes of the study area the soil texture were 

more of sandy soils than clay and silt texture.  

A soil with sandy texture has difficult in retaining water and thus nutrients are not made 

available to the plants growing in such a soil. Also the lower slopes of the study area high clay 

texture than those of sandy and silt texture. Clay content has retention capacity of nutrient and 

water. Clay soils resist erosion better than silt and sandy soils, because the particles are more 

tightly joined to each other.  

The middle slope of the study area has between clay and sand texture. This soil is very important 

soil because the mixture of sand and clay soils is better for plant growth. Soil texture is a basic 

property of soil that affects soil physical properties and management. Under normal conditions, it 

is considered a permanent property of a soil. Soil texture affects soil water and nutrient holding 

capacities, water and air movements, pore sizes and plant root growth. Because of these 

important roles, soil texture is considered a master soil variable. Soil content affects the soil 

behavior, including the retention capacity for nutrients and water (Brown, 2003). When we see 

the mean value of treated watershed is sandy clay and the untreated watersheds are clay. 

Generally the physical properties of the watershed are more of clay in both management area and 

slope classes according to laboratory analysis (table 10 below).  
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Table 10: physical properties of soil on selected watershed 

Slope class Particle size  Textural Class Bulk Density 

 Sand (%) Silt 

(%) 

Clay 

(%) 

Treated upper slope 47.37 17.5 35 Sandy clay 8.13 

Treated middle slope 32.5 25.12 42.5 Sandy clay 8.69 

Treated lower slope 30 25.12 45 Clay  9.71 

Mean(x) 36.62 22.58 41 Sand clay 8.84 

Untreated upper slope 42 24.88 33.75 Sandy clay 8.25 

Untreated middle slope 36.25 31.88 36.88 Clay loam 8.38 

Untreated lower slope 23.75 18.75 57.50 Clay 9.49 

Mean(y) 34 25 42.71 Clay 8.70 

Difference (x-y) 2.62 2.48 1.71 Sand cly 0.14 
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4.4.2 Effect of Soil and Water Conservation Structures on Soil Chemical Properties 

In order to analysis chemical property of the soil on Gola watersheds the standardized parameters 

were used in order to determine those parameters in the samples. For this study the soil samples 

were taken based on the slope classes. Accordingly classify the watershed in to three area upper, 

middle and lower according to slope classes were considered are upper slope (slope percentage 

30-50%); middle slope (15-30%) and lower slope (8-15%). SWC measures like terraces reduce 

soil erosion if they are correctly constructed and maintained, and if they are compatible with 

local environmental conditions. Thus, these measures prevent the removal of the topsoil which 

constitutes important nutrients for plant growth. As given in the previous sections, one of the 

objectives of this study is to make comparisons between treated farm fields in the Gola 

watershed and untreated farm fields of Gola in terms of their physical and chemical properties of 

the soils. To do so, the result of the laboratory analysis of selected soil parameters is given 

below. 

The chemical property analysis of the treated and untreated watershed was explained as indicated   

on table 11. Based on the statistical analysis PH had a mean of 6.10 for treated and 6.17 for 

untreated fields which indicate the PH of all slope classes either treated and untreated watersheds 

are moderately acidic. Organic carbon had a mean of 1.18 for treated and 1.10 for untreated. The 

data shows relatively high organic carbon content in lower slopes increasing in treated down 

slopes and again increasing in lower and middle untreated fields and decreasing in upper treated 

and untreated upper slopes. In general the concentration of organic carbon is lower in the upper 

slopes compared to the lower and middle slopes in both treated and untreated fields. This is 

possible due to erosion intensity in the up-land. 
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Total nitrogen had a mean of 0.102 for treated and 0.09 for untreated. Total nitrogen content in 

three slop classes it range from 0.06 and 0.04 in upper treated and untreated,0.11 and 0.12 in 

middle treated and untreated and 0.13 and 0.12 in lower treated and untreated fields this indicates 

high TN value in the low-lands it is also high in the middle lands compered to up-lands. 

Similarly available phosphorus had a mean of 19.77 for treated and 18.11 for untreated fields. 

Available phosphorus range from 5.86 and 5.96 for treated and untreated upper slopes with 

lowest value, 23.39 and 21.42 for middle treated and untreated with medium value and also 

30.06 and 26.95 for treated and untreated lower slopes with high value. The medium to high 

concentration of available phosphorus were observed in treated and untreated lower and middle 

slopes due to age structures from 3-5 years and also the relatively high concentration of organic 

carbon.  The exchangeable bases, cation exchange capacity and electrical conductivity mean 

values in treated and untreated watersheds shown in table 11 below. 
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Table 11: chemical properties of Soil Statistical Analysis of Treated and Untreated Fields 

Slope 
class 

 
 
 
pH  

 
 
 
O
C 

 
 
 

TN 

 
 
 AP  

        CEC and exchangeable bases (cmol/kg) 
   (H2O)  (%)       

(%) 
(mg/k
g) 

          CEC Ca Mg Na K EC 
Treated 
upper 6.03 0.68 0.06 5.86 49.84 48.75 

29.2
5 0.36 0.37 0.12 

Treated 
middle 6.01 1.21 0.11  23.39 38.55 52.5 24 0.156 0.16 0.18 
Treated 
lower 6.46 1.65 0.13 30.06 34.7 41 22.5 0.44 0.43 0.15 

Mean(x) 6.17 1.18 0.102 19.77 41.03 47 
25.2
5 0.32 0.32 0.15 

Untreated 
upper 5.99 0.33 0.04 5.96 

42.18 43.5 26 0.43 0.42 0.07 
Untreated 
middle 6.10 1.34 0.12  21.42 38.84 47 21   0.12 

0.01 0.001 

Untreated 
lower 6.22 1.61 0.12 26.95 

42.57 42.75 21.75 0.43 

0.06 0.008 

Mean(y) 6.10 1.10 0.09  
18.11 

41.01 44 22.91 0.32 

 

0.10 

 

0.01 

x-y  0.07 0.08 0.012  1.66 
0.02 3 2.34 0 

0.22 0.14 

 

4.3.2.3 PH 

Several study stated that soil reaction has a direct influence on physical and chemical properties 

of soil. Low productive soils and sites were associated with low pH and corresponding low levels 

of exchangeable bases and organic matter. Soil pH is affects solubility and availability of 

nutrients in the soil (Mc. Cauley et al, 2003). The exchange reactions between soil solution and  
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the soil particles surfaces are the main regulators of soil pH (Coleman et al, 1989). The relatively 

lower pH mean value for the untreated watershed could be attributed to the relatively lower soil 

organic carbon content. In this study the mean pH value of both the treated and the untreated 

farm fields is rated moderately acidic which was in between 6.01 and 6.46 for treated on and 

5.99 and 6.22 for untreated ones based on the statistical analysis to the generally it have no 

significant difference because it ranges. 

Most plants grow optimally with a soil-water pH from 5.7 to 7.0. A soil pH measurement 

provides an indication of whether lime is needed or not. If soil pH is below a certain value, some 

method of quantifying residual acidity is required to determine how much lime is needed to 

reach the desired PH. The soil PH between 6.6-7.5 particularly nearly to neutral such soils do not 

need to be treated in soil requirements. The PH of the study area all slope classes are moderately 

acidic and below the standards PH value, hence it needs some soil requirements with specific soil 

conservation practices for erosion control. 

4.3.2.2 Organic Carbon  

Data shows relatively high value of organic carbon content in treated watersheds ranges from 

0.68 to 1.65 and 0.33 to 1.61 for untreated watersheds. In general the concentration of organic 

carbon is lower in the upper slopes compared to the lower and middle slopes in both treated and 

untreated fields. This is possible due to erosion intensity in the up-land. 

In this study based on the farmer’s perception they noted that in lower slopes of the treated farm 

fields is usually more productive than the upper one. This might be due to the reason that the 

upper slopes has lower organic matter content than the lower slopes and such nutrient including 
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others could also be washed away from the upper part and settle on the lower one. That is, the 

upper is high erosion appears and it sediments in lower slopes. 

Both of the mean values of organic carbon 1.18 for treated and 1.10 for untreated farm fields are 

found were not significant. With some exceptions, the average organic carbon content of 

untreated fields is low indicating less value as compared to the amount in the treated fields.  

This might be due to the lack of soil fertility management practice are conducted by the 

respective farmers.  

 4.3.2.2 Total nitrogen  

The average total nitrogen content for both treated and untreated farm fields is rated low that it’s 

not shows a significant difference. This low value of total nitrogen could be due to the fact that 

the area is moist kola and this may cause leaching of nitrogen in the soil. The other reason might 

be related to management problems in improving the nitrogen content by growing leguminous 

plants that fix nitrogen from the air through the nodules of their roots. 

According to Siriri et al (2005) noted that lower nitrogen values are recorded on the upper terrace 

section and moderately increases down the individual terrace. They related this appearance 

condition with the higher bulk density and lower water conductivity that make most nutrients 

including nitrogen unavailable for crop uptake on the upper part of the treated and untreated 

watershed. 
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 4.3.2.1 Available phosphorus  

The average available phosphorus high values of treated farm fields and low untreated farm 

fields with mean value 19.77and 18.11 are recorded in both management fields these indicates 

not significant differences. Indeed,   several studies confirm that Soils from terrace benches had 

higher concentrations of available P than soils from the soil loss areas of terraces and from non-

terraced land. Vagen (1996) studied soils in a topo-sequence of terraced (down- and mid-slope) 

and non-terraced land (up-slope). Phosphorus is normally strongly bonded to soil particles and is 

therefore easily transported down slope during erosion, giving higher concentrations of available 

P in the soil accumulation zone of terraces (Mitiku, 2002).  

The mean available phosphorus taken from treated fields is relatively better than the one from 

the untreated fields in our study. This might be resulted in the better organic matter content of the 

treated fields than the untreated ones. 

4.3.2.2 Cation Exchange Capacity 

The cation exchange is important in soils, as it measures the basic nutrient holding capacity (Bell 

1993). Same study conducted by Bridge and Probert (1993) have noted that soils with low 

CEC(less than 10%) are poor at holding cationic nutrient.  

As indicated in table 11 above the mean value of treated watershed 41.03 and untreated farm 

fields are 41.01 and also our result reveal that CEC ranges from 34.7 to 49. 84 for treated and 

from 38.84 to 42.57 for untreated. It was not significant differences among treated and untreated 

fields across the three slope classes. The value of CEC slightly increased in all slope classes. 

However it was slightly decreased in untreated fields. It is necessary to note that the higher levels 
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of the CEC are mostly related to the higher level of organic carbon in the soil. These higher 

CEC, are the more cations it can retain. The CEC is a measure of the soil particles ability to 

exchange cations with freely mobile cations added to the soil matrix. The laboratory analysis of 

the sampled soils indicated that their texture is more of clay.  These finer soils are negatively 

charged particles and they can attract, hold and release positively charged nutrient particles 

(cations).Therefore, clay texture has given rise to higher levels of CEC in the all fields.  

4.3.2.2 Exchangeable bases (K, Mg, Ca, Na)  

As indicated above table 11 the exchangeable bases 47 and 44 for treated and untreated of Ca, 

25.25 and 22.91 for treated and untreated of Mg, 0.32 and 0.10 for treated and untreated of K and 

0.32 and 0.32 for treated and untreated of Na mean values respectively. The mean value of 

exchangeable bases in treated fields greater than those of untreated except, Na which is same in 

both watersheds.     

The exchangeable calcium was medium level in lower slope class and raised higher level in both 

upper and middle slope classes but, there was no significance difference in soil Ca among treated 

and untreated field’s at all three slope classes. Also the exchangeable magnesium again medium 

level in lower slope class and rose higher level in middle and upper slope classes. But there were 

no so much differences among all slope classes. Exchangeable potassium concentrations slightly 

higher were all lower and middle slope classes of both treated and untreated fields.  

4.3.2.3 Electrical conductivity 

The total content of a soil can be estimated by electrical conductivity and an EC value of a 

particular soil ranging from 0 to 2 dS/m are safe for all crops; yields of very sensitive crops are 

affected between 2 to 4 dS/m; many crops are affected between 4 and 8 dS/m; while only 
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tolerant crops grow well above that level (Richards, 1954). However the electric conductivity of 

all soils of the study area was very low it is suitable for crop growth. The electrical conductivity 

value of all three slope classes of treated and untreated fields are insignificant. 

 As indicated table 11 the mean value of EC 0.15 for treated and 0.01 for untreated farm 

fields.EC levels were much lower in treated slopes and untreated slopes.  The higher the PH 

value the higher the electric conductivity in lower and middle slopes. The electrical conductivity 

(EC) of soil-water mixtures indicates the amount of salts present in the soil. The electrical 

conductivity measurement detects the amount of ions in the solution; the greater the amount of 

cations, the greater the electrical conductivity reading.  

4.4.3 Effect of Soil and Water Conservation on Maize Crop Yield (Kg/Ha)  

As indicated on table 12 below had 7883.33 mean values for treated and 2633.33 for untreated 

watersheds which are highly significant difference between treated and untreated watersheds. 

And also for upper watershed 5500 kg/ha for treated and 1000kg/ha for untreated these result 

shows a big gap between treated and untreated watersheds. Similarly yield in middle watershed 

9375kg/ha for treated and 3150kg/ha for untreated these are highly significant. And also in lower 

watershed 7875kg/ha for treated and 3750 for untreated with highly significant difference.  

When we compere the treated middle slope with treated lower there were better yield shown in 

middle watershed. These might be due to conservation structures constructed and farmers 

farming practices.    

Crop yield is a function of bio-physical factors and management such as soil, climate, inputs, 

farming practices, amounts of fertilizer used quality of seed varieties and management practices. 
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The physical factors are the conservation activities and the farmers´ practices, while the natural 

factors are governed by prevailing conditions. Crop selection and other management practices 

are based on farmers´ decisions and experience.  

Our analysis showed crop yield is above and shows significant differences across the slop 

position, between farmers, and from treated to untreated watersheds. 

Table 12: production comparison of maize (kg/ha) across slope position  

Slope class Treated fields Untreated fields Comparison b/n 

treated and 

untreated/diffrence 

Upper slope 5500 1000 4500 

Middle slope 9375 3150 6225 

Lower slope 7875 3750 4125 

Mean  7883.33 2633.33 520 

Maize (Zea mays) is one of the major economic and essential crops in Ethiopia, ranking first in 

yield per hectare and secondly in principal food grain (IAR, 1980; Dejene, 1983). Indeed, maize 

is the major cultivating crop in the Gola watershed; however the highest yield loss appeared in 

the all slope classes of the watershed. Especially untreated fields have large yield loss than 

compared to those of treated field but, statistically it is insignificant.  

This is true according to IAR, 1976 the low yield is partly due to lack of proper conservational 

practices and land management with in the peasant farming system. In untreated upper slopes the 

maize yield is 1000kg/ha.  This means it is not enough to food consuming in household level. 

The major factor for this yield loss is soil erosion, lack of conservational structure and also the 
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size of farm land as indicated in above in the area most of farmers land holding not more than 

one hectare. Also in middle and lower slopes slightly better yield showed compared to upper in 

case of untreated field.  Yields of maize were found to be higher in the soil treated fields by 

terraces and bund than in the soil untreated with terraces and bunds in all three slope classes.  

Maize has the greatest yielding potential per hectare in unit area. High yields were recorded in 

research stations. Thus, there is a possibility of more than doubling the yield from the present 

land if it is package components such as land preparation, fertilizer application, population 

density, and pest and weed control (Zewdu, 1985).  
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CHAPTER FIVE 

 SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 Summary  

Soil erosion is the deterioration of soil by the physical movement of soil particles from a given 

site. It is a natural process which is usually accelerated by human action. It becomes a problem 

when human activity causes it to occur much faster than under normal conditions (UNPE, 2004). 

Therefore, understanding farmers’ knowledge through assessing the effect of soil erosion on soil 

fertility and crop yield and the effectiveness of physical soil and water conservation structures 

factors that influence their land management practices are of paramount importance for 

promoting soil fertility and achieve food security in the study area. The objective of this research 

is to assess the erosion problems and factors affecting the physic-chemical properties of soils and 

crop yields.  

The study area is composed of various land forms such as dissected plateaus, hills, plains and 

valleys having different climatic zones classified as Dega, Woina Dega and moist Kolla. The 

region has various natural resources like different soil types, natural vegetation and wild animals. 

Agriculture is the major economic activity serving 83.6% of the population of the study area. 

Qualitative and quantitative methods of data analysis were employed to describe the farmers’ 

attitude toward soil and water conservation structures. The study area has average family size of 

with young age dominant population and most of them had formal education.  

Most of the farmers perceive soil erosion as the problem to which they attached its causes to both 

physical and socio-economic factors. The indicators of soil erosion according to the farmers 
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include: formation of gully, crop yield reduction, formation of rills and soil color changes from 

black to red mainly along the slopes. 

Different soil and water conservation practices have been practices in the study area. However, 

farmers’ capacity to conserve soil and water is challenging due to several factors such as lack of 

capital, poverty, physical feature of their land and etc. The result of the study indicated that there 

was highest yield loss in all slope classes of the watershed, but there were no significant 

difference among the treated and untreated field. 

5.2 Conclusion 

SWC practices are the best option to sustainable agriculture, crop productivity and to increasing 

soil fertility. Terraces/bunds were important for many years especially during cropping season 

conserve the soil from runoff. SWC measures like terraces reduce soil erosion if they are 

correctly constructed and maintained, and if they are compatible with local environmental 

conditions. Thus, these measures prevent the removal of the topsoil which constitutes important 

nutrients for plant growth. 

Farmers were reported the productivity decline is due to soil erosion followed by fertility 

decline. As the results indicated, SWC structures are more likely to be implemented and 

maintained on low fertility and steep sloping farmland by giving the priority for it rather than 

fertile lands, because in this watershed farm land and other resources are scarce. 

Soil analyses can provide information that is important for maximizing nutrient use efficiency 

and agricultural productivity.  
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At the study site high erosion observed at higher slope classes and was special soil nutrients were 

limited status compared to middle and lower slope classes but, not significant difference among 

them. There were also in treated watershed better crop yield observed those of untreated and 

highly significant across slope classes.  

    5.3 Recommendation  

Erosion by water, in the Gola watershed was the main causes of soil productivity decline. The 

rapid population growth in the watershed aggravates the problem, due to these, inadequate 

attention to the basic natural resources (soils, water and vegetation) because the human needs 

and resources were not match.  Most of the interviewed farmers were not satisfied with the status 

of their current land holding. Majority of farmers land holding in the watershed less than one 

hectare and the average family size were 8, so it was found difficult to ensure the food security 

for such growing population. Hence, crop production and soil productivity have been decreasing 

overtime. Therefore, agro-ecological zone should be assessed in order to investigate factors 

which govern soil conservation structure.  

So far, farmers hardly undertake action to reduce erosion. Few soil conservation structures 

accompanied with some management practices at household/kebele level by local government 

and SLM program were observed frequently during the survey. If nothing is done to correct the 

existing situation, more land will become unsuitable for crop production and put even more 

strain on the existing resources Therefore, sustainable soil management systems has to be 

developed to reduce further degradation and restore the productivity of the eroded land. The 

management options to reduce the soil loss are to implement conservation measures and to 

change the crop to be planted. Soil conservation methods including terraces and bunds as well as 
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semi-permeable structures like grass strips are used as barriers to holdback runoff and sediment 

carried with it. Agronomic measures like contour plowing have the advantage to reduce runoff 

and soil loss. Changing to crops that need less tillage and improve the soil structure can reduce 

the problem of erosion.  

Farmers in the watershed have good awareness in both traditional and newly introduced 

conservation practices but, it needs integration of the indigenous knowledge with newly 

introduced one in more scientific way is better to control the current soil erosion and productivity 

decline. During discussion and interview with local farmers and kebele development agents 

farmers have good interest to implement different conservational structures especially, they 

should have interest to practice grass strips and seedling plantation. However, access to seedling 

and grasses may limit their interest so the local agricultural office should make an opportunity to 

farmers using seedling and grasses from kebele FTC better to fulfilling their interest.  

Finally, it should be a key during strategy development, technology selection and policy 

formulation the involvement of different stakeholders to choose more acceptable and appropriate 

management options and to sustain agricultural productivity.  
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