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Adoption of Physical Soil and Water Conservation Measures and Their
Effect on Selected Soil Properties in Chingo Watershed, Southern Nations,

Nationalities and People’s Region, Ethiopia

ABSTRACT

Soil degradation caused by erosion threatens agricultural production in many regions of
Ethiopia. Though various soil and water conservation (SWC) measures have been introduced
and practiced by farmers, the extent of their adoption and sustainability is not clear. This is
also true of Chingo watershed of Anlemo woreda and it is with this understanding that a study
was proposed and conducted to assess the adoption of introduced SWC practices and their
effect on selected soil properties. A total of 175 smallholder farmers were selected randomly
to collect primary data. Tobit model analysis at household level was used to analyze physical
and socio-economic factors that affect the use of SWC measures. Soil samples were taken from
16 farm plots for comparison of plot with conservation measure and farm plot without
conservation measure and to establish relationship between adopters and non adopters. Semi
structured questionnaire was used to collect other relevant data and secondary data were
collected from various documents. Results showed that the adoption of introduced physical
soil and water conservation (PSWC) measures had more positive impact on adopters than
non adopters. On plots with level soil bund and stone bund, there was an average increase in
crop yield in the lower part of the plot, as compared to the upper parts and crop yields
increased by 23.3% compared to the situation of land without bunds. Adoption of SWC
practice increased farmers’ bread wheat and faba beans yield by an average of 11.15% and
10.65% respectively. Thus, SWC has resulted in substantial improvement in farm yields. It is,
therefore, recommended to educate farmers regularly, consider farmers’ opinions to
rehabilitate degraded agricultural lands through the implementation of PSWC measures in
order to increase their productivity to a significant level.

Keywords: Adoption, level soil bund, level stone bund, soil and water conservation
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1. INTRODUCTION

Agriculture is the mainstay of Ethiopia’s economy and it accounts for over 46% of gross

domestic product (GDP, provides 85% to total employment, 40% to the foreign exchange

earnings and provides 70 % of raw materials requirement of the country’s industry

(Agricultural Transformation Agency (ATA), 2014). Owing to this fact, economic

development of the country is extremely dependent on the performance of agricultural sector.

However, agricultural sector of the nation faces problems of natural resource degradation,

rapid population growth and environmetal degradation. Severe environmental problems in the

country usually are found in the highly populated areas, where land degradation involves loss

of both vegetation and soil biodiversity (Environmental Protection Authority (EPA), 2012).

Most serious problem concerning the country’s land resource, however, is the removal of

fertile topsoil by water. This is much more severe in the highlands where, 85% of the human

and 77% of livestock population are living and agriculture is intensive (Kassu, 2011).

Degradation of arable land due to soil erosion is a wide spread phenomenon in the highlands

which account for about 45% of Ethiopia’s total land area. On steep slopes, estimated annual

rate of soil erosion is about 114.59 tons /ha (Mushir and Kedru, 2012). Human activities such

as deforestation, overgrazing, and over cultivation of steep slopes and marginal lands could be

consistently identified as the major causes for vicious circle of land degradation, drought,

famine and chronic poverty in Ethiopia (Mushir and Kedru, 2012).

Hundreds of thousands kilometers of structural conservation measures have been constructed

on croplands in Ethiopia (Daniel, 2001). However, reports indicated that these conservation

structures have not been adopted and sustainably used by farmers as intended because farmers

were not eager enough in accepting widely and maintaining the soil conservation technology

due to the top-down approach and other technical problems (Amsalu, 2007). The limited

adoption and spreading of physical soil and water conservation (PSWC ) practice is not only

due to the above mentioned problems, but also due to socio-economic problems (education

level, family size, farm size, etc) with many constraints playing a role.

Although the failure of soil and water conservation (SWC) intervention can have many causes,

it resulted mainly from the fact that planner and implementing agencies ignored local level
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biophysical and socio-economic realities or failures to consider socio-cultural factors as a key

determinant of their success and they used ready-made technology distribution without

participation of stakeholders (Habtamu, 2006). This is essential as the planning of effective

and efficient SWC technologies that will be accepted by farmers require empirical

understanding of socio-economic variables that affect farmers’ conservation decision (Genene

and Wagayehu, 2010).

Land degradation is a great threat for Ethiopia as land is the main resource to achieve

sustainable development. Natural resource degradation in general, and land degradation

inparticular has great negative effect on the economy of Ethiopia as the country heavily

depends on its natural resource for food security and economic development (Teshome et al.,

2012). Researches conducted in some parts of the highlands of Ethiopia have indicated that

many parts of the highlands are seriously affected by land degradation (Aklilu, 2006). For

instance, the Ethiopian highlands with inherently fertile soil and sufficient rainfall are

threatened by accelerated land degradation mainly due to soil erosion which poses a serious

threat to national, regional and household food security and would lead to economic stagnation

(Mesele, 2010).

In response to extensive degradation of resource base, Ethiopia has taken some measures to

reduce the problem of soil erosion and enhance the production potential of its agricultural

land. Since early 1980s, SWC practices have been introduced in some degraded and food

deficit areas of the highlands, mainly through food for work program supported by world food

programme (WFP) (WFP, 2005). The SWC works include planting trees on hillsides and

catchment area, construction of earthdam, terrace and checkdams (Fikru, 2009). However,

Woldeamlak (2003) argued that SWC practices are not well adopted by farmers mainly due to

non-participatory nature of the conservation program, inappropriate conservation technologies,

discontinuing incentive of food for work and problems related to individual land owner.

Land degradation mainly soil erosion by water is also a serious problem in the study area. As a

result, large number of farmers earn their living from degraded and infertile marginal lands.

Owing to this fact, various attempts have been made by both government and non

governmental organizations (NGOs) to mitigate problem of land degradation and declining
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agricultural productivity by using different types of SWC measures. Knowledge of adoption

status of soil and water conservation structures in a watershed help to identify the contribution

of these structures to crop productivity and soil properties as well as in curbing the effect of

erosion. Moreover, once the effectiveness of a given structure is known, it is easier to scale up

the good practices else where with considerably higher acceptance level. Eventhough SWC

technologies were promoted by Ministry of agriculture and concerned NGO, the extent of

adoption of introduced SWC measures were not looked in to so far in the study area.

Therefore, this particular research was designed with a general objective of assessing the

extent of adoption and identify the factors that influence farmers’ decision on the adoption of

PSWC technologies and their effect on selected soil properties in ChingoWatershed, Anlemo

Woreda, Hadiya Zone. The specific objectives of the study were:

 To assess farmers’ adoption behavior of SWC measure in Chingo watershed

 To identify factors that affect farmer’s continued use of soil and water conservation

structures.

 To assess the effect of adopted level soil bund (LSB) and stone bund (SB) structures

on some selected soil properties and yield of bread wheat (Triticum aestivum L.) and

faba bean (Vicia faba L.)

Research Questions

 What is the extent of adoption of PSWC technology by farmers in the study area?

 What influence the adoption decision of farmers to use PSWC measures in the study

area?

 What is the most important effects of SWC practices on selected soil properties in the

study area?
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2. LITERATURE REVIEW

2.1. Definitions of Adoption and Related Concepts

Adoption is a decision making process, which an individual goes through a number of mental

stages before making a final decision to adopt an innovation. Decision making process is the

process through which an individual passes from first knowledge of an innovation, to forming

an attitude toward an innovation, to a decision to adopt or reject, the implementation of new

idea, and confirmation of the decision (Ray, 2001).

The adoption pattern to a technological change in agriculture is a complex process (Ray,

2001). A larger number of personal, situational and social characteristics of farmers have been

found to be related to their adoption behavior. According to (Ray, 2001), adopters have a high

rate of literacy and higher level of formal education, operate large sized holdings, own the

land they operate, have a relatively high income and economic status, are commercial in

farming operation, have relatively high level of extension contact, and belong to upper socio-

economic status categories. On the other hand, non-adopters have a low rate of literacy and

level of formal education, operate smallholdings, are mostly small and marginal farmers,

belong to low income group, have a low level of socio-economic status categories.

Giger et al (2009) stated that if the technology promoted is not profitable from the farmers'

point of view, it is highly doubtful that the use of direct incentives will lead to sustained

adoption of a technology in the long term. The technology will almost be abandoned as soon

as the project is phased out, and no replication beyond the boundaries and the lifetime of

project can be expected. They further explained that rapid economic benefits are very

important conditions for success and it is most probably much more important than the use of

incentives in terms of achieving genuine, durable adoption. The economic costs to land holder

of many conservation practices may exceed the on-farm benefits on a short-term and possibly

long-term basis. The lack of immediate financial incentive in a dynamic economy may result

in many landholders not to adopt conservation practices (Cary, 2008).
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2.2. Land Degradation in Ethiopia

Land degradation can be defined as process that lowers the current and future capacity of the

land to support human life (Demeke, 2009). In Ethiopia, since the 1970s, considerable efforts

have been made to reverse the problem of land degradation. What were once considered to be

sustainable land management practices such as SWC, soil fertility management, controlled-

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

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

Among these the most commonly cited factors include failure to consider indigenous land

management practices, high initial costs which are not affordable to poor farmers and also

trying to apply uniform techniques in different agroecological regions (Aklilu, 2006).

Among the various types of soil degradation, soil nutrient depletion due to net nutrient

extraction by crops and nutrients lost along with eroded soil, is a concern to subsistence

farmers in Ethiopia. Yirga et al (2009) noted that depletion of soil fertility resulting from soil

erosion, leads to declining crop yields and a rise in the number of people who do not have

food security. Haile et al (2006) report that all physical and economic evidence shows that

land resource productivity is a serious problem in Ethiopia with the continued population

growth the problem is going to escalate in the future.Predominant cause of land degradation

and soil erosion stem from excessive human pressure or poor management of land

specifically overgrazing, over cultivation of crop land and deforestation (Titilola, 2008;

Descorois et al., 2008)

2.3. Soil and Water Conservation Practices in Ethiopia

The issue of conserving agricultural land was largely neglected until early 1970s (Bekele and

Holden, 2007). But, the government of Ethiopia (supported by various donors, international

agencies and NGOs), has made large-scale investment in soil conservation and land

rehabilitation measures since 1970s. The rehabilitation of degraded lands, which started

through food for work relief assistance following the 1973-1974 famine, has become a major

component of the government's approach to mitigate the impact of soil degradation in many

regions of Ethiopia. This approach has focused on building physical structures to control soil
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erosion and rehabilitate degraded lands and massive efforts were undertaken in this regard

(Alemneh, 2003). However, large scale SWC efforts of 1970s and 19880s had some sort of

problems. First, farmers were reluctant to adopt such labor-intensive measures (Kruger et al.,

2009). This is because at the early stage of intervention farmers were not convinced about

SWC practices as they emphasized only on side effects and temporary food provision by the

project (Tesfaye, 2003). Second, there was little systematic effort made to incorporate

indigenous SWC techniques, and not to consider the loss of farmland for conservation (Kruger

et al., 2009).

Soil and water conservation interventions are first and fore most a response to the perceived

land degradation problem (Mazzucato and Niemeijer, 2000). Basically, physical SWC

practices are categorized into two: traditional (indigenous) and improved practices. Whatever

the measures aim to control run off, improve soil fertility and harvest water. Tesfaye (2009)

explained that in most areas of Ethiopia, the new SWC technologies were introduced more

than two decades ago. During such span of time the introduced SWC measures have been

under continuous modification, which is very difficult to trace them back to their originals to

compare them with the recent development soil and water conservation structures.

The project design for physical SWC expects that the local people cover all cost for the

maintenance of physical SWC structures. Yet, farmers have few incentives to maintain or

continue with practice of SWC structures. Due to inadequate incentives which farmers get, the

continuity of the maintenance of those structures was under questions. Therefore, due to the

above reason the maintenance of the existing structures and the practice of new structures

were slowly disappeared (Woldeamlak, 2003). Thus, adoption of soil conservation technology

reduces soil erosion and soil loss and also results in increasing quality and quantity of

agricultural products thereby increasing household food security. Soil conservation as a way

of solving problems of land degradation has been viewed through single decision of

conservation practices that utilized single model of adoption in most research work (Ajala,

2001). Due to thedownfall of dergregime and the shift in priority to food for work projects,

many farmershave showed their voluntary sense for the implementation of soil and water

conservation or atleast adapt their SWC structures which were already constructed in the

previous time.
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2.4. Causes for the Failure of Past Soil Conservation Efforts in Ethiopia

Studies carried out in different parts of the country identified different factors that explain the

low level of success of conservation initiation. These studies attributed the low level of

success of the initiative mainly due to institutional and technological factors.

2.4.1. Institutional factors

Farmers make decision within a broader environment or context. One of the elements in the

environment consists of institution. This can be at national or local levels. Extension in

particular provides farmers with information on soil erosion and methods to combat it

(Tesfaye, 2003). The effect of access to training about soil conservation on farmer’s retention

behavior of conservation structure is hypothesized to be positive. Farmers who have access to

training are thus expected to retain structures more than those without. That means, access to

training will increase the probability of retaining erosion-controlling structures.

2.4.2. Technological factors

Conservation initiatives that have been launched mainly focused on physical conservation

measures. Other measures such as biological and agronomic conservation practices that could

have potential to provide incentives for adoption have been over looked. They take large

portion of the area out of production. According to Campbell (1991) introduced physical

conservation measures through bund and terraces took up to 10% of the precious resource of

farmers. Nevertheless, the benefits of these structures increase from infiltration and reduce soil

loss do not compensate the loss of land to conservation work andthe reduced yields caused by

pests living in terrace, water logging and disturbance of the soil profile. These structures also

required frequent maintenance, which is high labor demanding.These all resulted in negative

attitude towards farmers (Habtamu, 2006).

2.4.3. Demographic factors of the household

Household’s demographic factors (age, gender and education) are among the most common

household characteristics which are mostly associated with farmers' adoption behavior.
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Influences of these variables are briefly discussed below using empirical studies on the

subject.

Age of the householdhead is an important factor affecting adoption of agricultural technology.

Age is said to be primary latent characteristics in adoption decision. However there is

contention on the direction of the effect of age on adoption. The study conducted in Anna

water shade, Hadiya zone by Habtamu (2006) revealed that age of the household head had

negatively influenced adoption of physical SWC structures. Similarly, studies by Paul (2011)

and Yitayal (2004) reported that age had negative influence on the adoption of agricultural

technologies.

Gender of the household head is also one of the important factors influencing adoption of

improved agricultural technologies. Regarding the relationship of household’s sex with

adoption of agricultural technologies, many previous studies reported that male headed

households are more likely to adopt new technologies than their female-headed counter parts.

In this regard Techane (2002) indicated that male farmers are more likely to adopt agricultural

technologies than female farmers. Almaz (2008) also repoted a significant relationship of

adoption decision between male household head and femal the household head. She explained

that the likelihood of adoption is higher among male-headed farm households than female

headed households. In addition, Abrahaley (2006) and Gebresenbet (2008) indicated that the

likelihood of adoption of agricultural innovation was higher among male-headed farm

households than female headed ones.

With regard to education, there is a general agreement that education is associated with

adoption because it is believed to increase farmers’ ability to obtain and analyze information

that helps them make appropriate decision. According to Mishra and Rai (2013), education

level of the household head had positively and significantly influenced the probability of use

of indigenous SWC among farmers in sikkim Himalaya. Moreover, Mahilet (2013) reported

that education was found to have positive and significant effect on factors influencing

adoption of improved rice technology package among smallholder farmers in Fogera district,

southern Gonder, Ethiopia.
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2.5. Policies towards Soil Conservation in Ethiopia

As stated by Abay (2011), land is the most important resource for people especially for those

rural poor and policies related to land plays a great role in land management in Ethiopia.

Following the downfall of derge regime in 1991, the Ethiopian people revolutionary

democratic front (EPRDF, 2001) has made change in economic policy and puts forward

requirement of natural resource management together with livestock development. Which

revolves around agriculture in particular; it focuses on the improvement of small farmer’s

productivity and expansion of large scale commercial farm. In addition to this, the policy of

current government gives emphasis on the proper use and management of agricultural land

through different conservation and rehabilitation methods. According to Ministry of

Agriculture and Rural Development (MoARD), in the current government agricultural sector

in general andsmall farmer in particular received policy attention from the economic strategy

which the country followed (MoARD, 2010). In the mid of 1990s the government

developed a strategy known as Agricultural Development Led Industrialization (ADLI).

Planning for watershed development in Ethiopia started in the 1980s. the purpose was

mainly to implement natural resources conservation and development programs, Large scale

efforts remained unsatisfactory due to lack of effective community participation, limited

sense of responsibility over the asset created and unmanageable planning units. The

lesson learned from that experience encourages MoARD and support agencies like food

and agricultural organization (FAO) to initiate pilot watershed planning approaches were

introduced. Minimum planning at the initial stage involved shifting from large watershed to

small sub-watersheds (Lakew et al., 2005).

2.6. Effects of Soil and Water Conservation on the Improvement of Crop
Yield

The soil system remains a major determinant of crop yield 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 (Sidibe, 2005). The key soil characteristics that affect
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agricultural yield sustainability are nutrient content, water holding capacity, organic matter

content, 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 effects 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 (Alemayehu

et al., 2006). Erosion can also have a direct effect on production through the formation of rills

and the subsequent washing out of seeds or through accumulation of eroded materials on

germinated crops (Ludi, 2004).

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

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

improvement of livelihoods (Kerr, 2002). Nyssen et al (2007) found that after a few years of

its construction, SB increased cereal and teff yields by 8% and 11%, respectively. Indigenous

stone bunds (Kaba) have increased sorghum yield by 56 - 75 % compared to 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. In

the central highlands of Ethiopia, the soil bund reduced the yield of barley by 7% when the

spaces occupied by structures are taken into account and otherwise increased yield by 1.7%

(Adimassu et al., 2012).

2.7. Effect of Soil and Water Conservation Practice on Soil Property

Quraishi et al (1980) evaluated the effect of SWC measure on physical properties of soil and

found higher content of silt and clay in conserved farm plot, which indicates that it has been

least affected by erosion. They also reported higher values of total macro and micro water

stable soil aggregates on the conserved farm land as compared to the unconserved farm land.

Sediments of the conserved plots are generally more enriched with finer soil particles (silt and

clay) and with organic matter, total nitrogen and exchangeable cations than those from

unconserved farm plots (Belay, 1992).
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Bobe and Gachen (1999) reported a general increase in both organic carbon and total nitrogen

(TN) after the establishiment os Soil and water conservation structures an average increase of

0.28% in OC and 0.16% in TN. On 18% slopes, nutrient losses were 30 kg of organic matter,

1.5 kg of nitrogen, 1.0 kg of phosphorus and 2 kg of potassium as opined by Carson (1989).

Koelliker (1981) found that the loss of nutrients from eroded soil in a 100 ha catchment area in

Anjen in the Amhara region (Ethiopia) was about 210 kg N,680 kg P and 160 kg organic

matter per ha per year. Solomon (1994) reported that based on his study in Metu area of

Illubabor zone of Ethiopia, soil organic matter content dropped from 20% to 7% in less than 3

years of continuous cultivation due to mineralization.

Therefore erosion caused losses of organic carbon, nitrogen, phosphorus and potassium from

the soil, since these values were found significant higher under conserved farm plot than

unconserved farm plot as repoted plot by Sinha and Alam (1971) and Quraishi et al (1980).

The estimates for the unconserved plot show losses of 1,086 kg/ha of organic matter and

52.3kg/ha total N during the whole study period. Organic matter and total N losses were

reduced by about 69% and 26% respectively, on the conserved over the unconserved farm plot

(Belay,1992). The level of soil organic matter and exchangeable ca+2, mg+2 and K+ declined

rapidly under maize cultivation on ferralosol and Luvisols in northen Tanzanian after 7 years

of cultivation (Shi Zhingan and Yang Yonsheng, 2000). Simlarly, Singh and Goma (1995)

reported a reduction in the soil organic matter content from 59 to 32 tones/ha in one year due

to the effect of cultivation in the topsoil of an Oxisol in northen Zambia.

2.8. Adoption Studies on Soil and Water Conservation Structures

A number of empirical studies have been conducted by different scholar and institutions on the

adoption and diffusion of agricultural innovations both outside and inside Ethiopia. An

adoption of agricultural technology is influenced by a number of interrelated components

within the decision environment in which farmers operate. Empirical studies in developing

countries on the adoption of soil and water conservation practices by farmers have considered

a broad range of factors. These can be loosely categorized into personal and household

attributes, farm/plot and cropping characteristics, socio-economic and institutional factors

(Knowler and Bradshaw, 2007). Ersado et al (2004) found out that age has a significantly



12

negative effect on adoption of productivity enhancing technology only as well as sequential

adoption of productivity enhancing technology followed by resource conserving technology.

There are sizable farm level empirical studies on farmers’ adoption of conservation measures.

They have different range of approaches to definition and measurements of farmer’s adoption

of conservation measures. Besides, farmers’ adoption of conservation measures was defined in

different ways that are far from uniform. According to Habitamu (2006) used reduction in

farm soil loss, estimated with universal soil loss equation (USLE) as a measure of

conservation adoption. To estimate reduction in farm soil loss Habtamu (2006) used USLE as

measure of conservation adoption.

Farmers’ conservation adoption behavior is conceptualized as retention of conservation

structures introduced to the area. The traditional SWC are simple structures of a short-term

nature that could be reshuffled each year to make use of the soil captured above the structure

and avoid rodent production. These structures are much more flexible and tend to spread

labour requirements for construction and maintenances (Scoones et al., 2008). But now the

structures having certain technical designs and specifications are introduced to many new

areas, assuming that land users can adopt sooner or later. Since 1970s, pilot projects campaign

work, food for work programs and motivated in both of government and non-governmental

organizations and SWC efforts have apparently had little success despite four decades of

numerous attempts. Anely et al (2006) reported that age and distance to plot from home has a

negative influence, but formal education, frequency of extension agent and area of cultivated

land has a positive influence on soil bund, cut-off drains and fanyajuu.

In Burkina Faso, among the analyzed parameters “education perception farmer association

membership and area of land cultivated” have a positive role for the adoption of SWC (Sidibe,

2005). Whereas head of household age, slope, farm size, attitudes towards conservation and

participation in the programme influenced adoption. Labour requirements also influenced

continued use in some developing countries such as Ethiopia, Tanzania and Mali (De Graaff et

al., 2008). Farmer in the central Kenya highland perceived that a shortage of labour, capital,

farmer tools relevant to their work and knowledge on the construction of SWC technologies

influenced their adoption rate (Okoba and Graaff, 2005).
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Adoption of new technologies in agriculture has attracted the attention of development

economists and sociologists the enormous majority of the population in developing countries

derives its livelihood from agricultural production (Feder et al., 1985). Some farmers may fail

to adopt the technology totally if they think that it simply doesn’t function well under their

circumstances, or if the size or type of their farm operation is not suited to the technology in

question (Caswell et al., 2001). Farmers’ adoption of technologies indicates and is what one

look forward to when implementing a soil conservation practice, one needs to understand the

targeted position to do things as required. However, to attain success in soil conservation

implementation, Sombatpanit et al (1993) argue that soil conservation implementation need to

learn the state of mind of farmers concerning perception, attitude, acceptance and adoption.

Rogers (1983) stated that the characteristics of a given technology are important determinants

of adoption. Exposure to education may enhance the awareness of a new technology and

hence increase the capacity of the farmers to apply a given technology. In the case of Uganda

Ntege-Nanyeenya et al (1997) indicated that education had a significant effect on farmers’

choice to adopt maize production technologies. The size of the household has been identified

to positively influence the rate of fertilizer adoption in Eastern Oromia, Ethiopia Bezabih

(2000) and the probability of adopting of improved fallow in Zambia (Keil, 2001).

Age of members of the household influences overall soil and water conservation efforts of the

household. Through experience, farmers perceive and understand the problem of soil erosion

and the decline in the fertility of the soil and the use of improved soil and water conservation

technology in controlling soil erosion. Even though age of the household and the perception

on land degradation are related positively, applying fertilizer and any conservation measure

decrease (Fitsum and Holden, 2006).
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2.9. Socio-economic and Institutional Variables Affecting Adoption of Soil and Water

Conservation Structures

2.9.1. Socio-economic variables

2.9.1.1. Age of respondents

Lapar and Pandey (2009) indicated more experienced farmers who may be reluctant to adopt

soil conservation practice that may not yield benefits immediate whereas, younger farmers

who are more educated have long planning horizons and more likely to invest on soil

conservation. Similarly study in Ethiopia has shown a positive relationship between age and

conservation investment (Aklilu, 2006). On the other hand Yohannes (2006); (Bekele and

Holden, 2007) indicated a negative relationship between age of the households and adoption

of improved soil conservation practices. Thus, previous studies show mixed results regarding

the effect of age on farmers’ decision and perception in relation to SWC investment.

2.9.1.2. Educational level of household

Higher education levels may be associated with greater information on conservation measures

and the productivity consequences of erosion, and higher management expertise (Feder and

Zilberman, 1985).

2.9.1.3. Family size

It is the total number of members in a household, and has something to do with the economic

dependency ratio. Households with large number of dependents have to look for various

sources of income, particularly when they have land shortage to feed dependents. Therefore,

household with large family size seems to accept less risk in using new technologies (Million

and Belay, 2004).

2.9.1.4. Gender of Farmers

Gender is not a synonym for women but it considers both men and women and their

interdependent relationship. Gender is related to how we are perceived and expected to think

and act as women and men because of the way in which the society is organized. The kind of



15

relationship which exists between these two sets of actors affects hierachies of access, use and

priorities for the innovations adoption, processing, preserving and marketing products (Lyimo-

Macha, 2000). Aberha (2008) found that women-headed households are not involved in the

continued use of soil conservation structures because

2.9.1.5. Farm size

Amsalu and De-Graaff (2007) found that, farmers who have large farms are more likely to

invest in soil conservation measures. Farmers with more land can take more risks, including a

relatively high investment required in order to protect crops against pests, hailstones, drought

and excess rainfall. It is Also related to the wealth status of the farmers, which helps them to

encourage the farmers on sustainability of soil conservation structures in their fields as they

get large amounts of income from the field.

2.9.1.6. Non-farm activity

When the farmer and his family is more involved in non-farm employment activities, the time

spent on their farmland will be limited and hence the family will be discouraged from being

involved in construction and maintenance of soil conservation structures. On the other hand,

non-farm activities can be a source of income and could encourage investment on farming and

soil conservation activities (Aberha, 2008).

2.9.2. Institutional variables

2.8.2.1. Land acquisition: this is dummy variables which indicate the means by which a farmer

accessed land (rented or own). Farmers that rent land have short term planning compared to

those who have their own land and hence, they may not have interest about the benefit that can

be obtained on the long term from conservation structures (Mesfin, 2006).

2.9.2.2. Participation in soil and water conservation training

It is a dummy variable which takes the value of one if the farm household head is trained on

soil and water conservation, zero otherwise if the farm household head is not trained on soil

and water conservation. Training is one of the ways by which farmers acquire new knowledge
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and skill andit was measured by the participation of farmers on training by asking farm

household whetherhe/she was trained in SWC technologies in the last one year.

2.9.2.3. Farm distance from household head house

This is a dummy variable that represents how far the parcel is situated from the residence

according to the ratings of farmers. According to most of literatures, farmlands situated near

the residence receive attention of farmers better.

2.10. Conceptual Framework

In the study area, potential determinants assumed to be influencing behavior of farmers in

adoption of soil and water conservation identified as: household demographic character,

institutional variables, economic factors, land characteristics and communication factors.

Figure 1:Conceptual Frameworks for the Study.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

3.1.1. Location

The study was conducted in Anlemo woreda in Chingo watershed, Hadiya Zone, SNNPR

Ethiopia (Figure 2). The woreda is located near the administrative capital of Hadiya Zone,

which is 210 km away from the national capital, Addis Ababa. Geographically, it is located

between 7.54-7.70N latitude and 37.89-38.060 E longitude.

Agro ecologically, the woreda is classified as highland (Dega) which accounts for 20% of the

area, midland (Weynedega) accounting for 42% and low land (Qolla) is 38% (AWoARD,

2009). The mean annual temperature of the area ranges from 15 to 200C while the mean

annual rainfall ranges from 1001 to 1200 mm. The altitude of the watershed ranges from 2082

to 2300 meters above sea level. The total watershed size is 500 ha, of which flat land accounts

for 3.8% while mountains and steep slope accounts for 42.7% and 53.5% respectively.
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Figure 2. Map of the Study Area(AWARDO, 2009)

3.1.2. Population and farming Systems

According to Centeral Statistical Agency (2009), the woreda has a total population of 93,078,

of which, 45,696 are male and 47,382 female; 2,049 or 1.73% of its population are urban

dwellers. The livelihood of the people in Chingo watershed depends mainly on mixed

agriculture (crop and livestock production). The annual crops grown are bread wheat (Triticum

aestivum L.), bean (Vicia faba L.), teff (Eragrotis tef L.), potato (Solanum tuberosum L.), fard
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barley (Hordiem vulgari L.), maize (Zea mays L.), field pea (Pisum sativum L.), cabbage

(Brassica oleracea L.), carrots (Daucus carrot L.) and onions (Allium cepa L.) of which

bread wheat and bean (Vicia faba L.) are the major crops in the study area. The perennial

crops grown in the woreda as well as in the studied watershed are enset (Enset sp) , khat

(Catha edulis L.), sugarcane (Saccharum officinarum L.), avocado and mango (Mangifera

indica L.). In Anlemo woreda, Enset is the main perennial crop as source of food all year

round (AWOARD, 2009).

3.2. Source of Data

Data for this study were collected from two sources, namely primary and secondary sources.

Primary data were obtained through taking soil sample, field observation, focus group

discussion (FGD) and household interview. The secondary data were collected from various

government offices (woreda and kebele). Composite soil samples were collected from both

croplands with soil conservation measure and cropland without conservation measure in the

study area.

Out of 1234 total households heads in the watershed, a total of 175 household heads were

selected from Chingo watershed using systematic random sampling technique. In selecting the

175 household heads from Chingo watershede, the principle of proportional representation

was applied. List of household heads from Anlemo woreda agricultural office was used as the

sampling frame in order to randomly select the 175 sample households.

This study applied a simplified formula provided by (Yamane, 1967) to determine the required

sample size at 95% confidence level, degree of variability= 0.05 and level of precision = 9%

(0.09),

3
 21 eN

Nn




Where = N-total population/sampling frame of the study kebeles

n- Sample size and

‘e’- is margin of error.
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Structured questionnaires were used to collect data on watershed in the study area. Household

demographic characteristics, institutional and physical factors related to adoption of physical

SWC practices were collected from key informants, Focus Group Discussion (FGD)

interview, and field observation and selected household interview using structured

questionairs. The FGD was carried out with group of farmers comprising 7-12 members that

consisted of Kebeles leaders, religious leaders, elders, and targeted farmers with indigenous

knowledge of watershed and 4-9 woreda stackholders.

Table 1.Distribution of watershed household and samples size

No Name of selected
watershed

Name of
selected
kebeles

Total HHs in
the selected
watershed

MHHH FHHH Sample of
the  HHs

Chingo Watershed Chingo 702 33 65 98
Samenfonko 532 30 47 77

total 1234 63 112 175
Source: AnlemoWoreda Agricultural office (AWOARD, 2009).

HHs: Household heads

MHHHs: Male household heads

FHHHs:Female household heads

3.3. Methods of Data Collection

The study used different types of data collection methods: field observation, structured

questionnaires, interview, assessment of secondary material and collecting soil sample. A

structured questionnaire containing both closed and open ended questions were used to collect

data from all randomly selected villages in the watershed. Focus group discussion was carried

out with group of farmers comprising 7-12 in the watershed. In addition to the questionnaire,

interview was conducted as an instrument for data collection to complement and obtain

relevant data that may not be handled by the questionnaires and a yield data was collected

from farmers field in the area from sites where conservation measures were applied and not

applied after making other conditions similar before and after planting.
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3.4. Soil Sampling and Analysis

Two mixed samples were taken from top soil at a depth of 0-30 cm on a transect between two

level stone bund and level soil bund, along the slope (Figure 4). These samples randomly

colleted from five different locations of each plot and thoroughly mixed to form a

representative Sample . The following soil fertility indicators were determined in laboratory:

soil chemical (pH, TN, Av.P, CEC and OC) and physical properties (soil texture, bulk density

and moisture content). Soil pH was measured electrometrically by means of pH meter from

the saturated soil paste extract of a 1:2.5 soil:water suspension (ISRIC and FAO, 2002),

Kjeldahl method was used to measure total nitrogen (Bremner and Mulvaney, 1982).

Available phosphorus was determined by using Olson extraction method and

spectrophotometer (0.5 M NaHCO3) (Olsen and Sommers, 1982). Cation exchange capacity

(CEC) of the soil was determined from ammonium-saturated samples that are subsequently

replaced by Na from a percolated sodium chloride solution. The organic carbon content of all

samples was determined by Walkley and Black (1934) method.

Soil texture was determined by using the Bouyoucos hydrometer method after destroying

organic matter and dispersing the soil by using sodium hexametaphosphate as described by

Day (1965). Bulk density (BD) was estimated from undisturbed soil sample. It was calculated

as the ratio of mass of oven dried soil to the volume of the sampling core. Moisture content

was determined by gravimetric method. An interview with the land owner allowed to assess

management and plot history to determine soil fertility indicators.

3.5. Crop Yield Measurements

Wheat and faba bean grain yield samples were collected from conserved and unconserved

farm plot with bread wheat and faba bean plantation. To investigate the effects of level soil

bund and level stone bund implementation on crop response, 1 m2 area of crop was harvested

at the upper slope position, the central zone of plot and the lower slope position or

accumulation zone of crop-response plots (CR-plots), at the end of the growing season. The

harvested crop were sun dried, threshed and the grain weighed and recorded as grain yield in

tons per hectare.
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Figure 3. Soil and Crop sampling transect between two level soil bunds.

3.6. Methods of Data Analysis

Qualitative data were analyzed through interpretation and conceptual generalization.

Descriptive and inferential statistics with appropriate statistical tests and econometric models

were used to analyze the quantitative data collected for study.

3.6.1. Descriptive statistics

Descriptive statistics such as mean, percentage, standard deviations and frequency were used

to explain demographic and economic, institutional, communication and land characteristics

about PSWC structures for the sample households. To analyze information on soil and water
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conservation structures, cross tabulation and chi square tests with symmetric measures were

employed, while linear regression model was used to estimate the effect of the factors

influencing crop yield.

3.6.2. Econometric model

Ordered logit model was used to assess SWC technology having two distinct categories

(adopter and non adopter categories).

Model specification

According to Green (2008) and Liao (1994) the functional form of ordered logit model is

specified as follows:

.*   kk XY

Y ⃰ =is unobserved and thus can be thought of as the underlying tendency of an observed

phenomenon.

 We assume a certain symmetric distribution with zero mean such as normal or logistic

distribution. What we do observe is

Where y is observed in j number of ordered categories, s were threshold parameters

separating the adjacent categories to be estimated with s

The general form for the probability that the observed y falls into category j and the and s are

to be estimated with an ordinal logit model is
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Where L represents cumulative logistic distribution

So the above ordinal logit model was used and treated against potential variables that are

assumed to determine farmers decision on the adoption of PSWC measures. All analysis was

done after the coded responses to the questions entered in to the computer and the final

analysis was done using STATA software.

Test for multicollinearity problem

Multicollinearity test:Before executing the econometric model, all the hypothesized

explanatory variables were checked for the existence of multicollinearity problem. The

problem of multicollinearity may arise due to a linear relationship among explanatory

variables. Multicollinearity problem might cause the estimated regression coefficients to have

wrong sign, smaller t-ratios for many of the variables in the regression and high R2 value.

Besides, it causes large variance and standard error with a wide confidence interval. Hence, it

is quite difficult to estimate accurately the effect of each variable (Gujarati,1995). Different

methods are often suggested to detect the existence of multicollinearity problem. Among them

variance inflation factor (VIF) technique was employed in the present study to detect the

existence of multicollinearity in continuous explanatory variables and contingency coefficient

(CC) for dummy variables (Gujarati, 1995).

According to Gujarati (1995), VIF (Xi) can be defined as

VIF(Xi) =
)1(

1
2

Ri

Where: Ri
2 is the multiple correlation coefficients between Xi and other explanatory variables.

Selected continuous explanatory variables, (Xi) were regressed on all other continuous

explanatory variables, and the coefficient of determination (Ri
2) was constructed for each case.

The larger the value of Ri
2 results in higher value of VIF (Xi) which cause higher collinearity

between variables. For continuous variables, as a rule of thumb, value of VIF greater than 10,

are often taken as a signal for the existence of multicollinearity problem in the model (if the
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value of Ri
2is 1, it would result in higher VIF ( ) and cause perfect multicollinearity between

the variables) (Gujarati, 1995).

In the same line, the contingency coefficient (CC) was computed for dummy variables from

chi-square (x2) value to detect the problem of multicollinearity (the degree of association

between dummy variables). According to Healy (1984) as cited in (Paulos, 2002), the dummy

variables are said to be collinear if the value of contingency is greater than 0.75.

C.C =
x

x
n 2

2



Where: C.C is contingency coefficient,

n is sample size, X2 is chi-square values.

3.7. Definition of Variables and Hypothesis

The dependent variable in this study is adoption index (AI) that indicates respondent farmer’s

adoption and intensity of use of selected (improved) soil and water conservation practices.

Such practices include level soil bund and stone bund.

Adoption index is one of the techniques used in adoption study of multiple practices and

measures involving adoption and intensity of use of improved technologies. This variable is of

proportional type, and therefore, will be censored from 0 to 100, as the proportion of land

treated for soil erosion out of the total land that demand such a treatment.

Note that for this study non-adopters are defined as those farmers who did not construct any

improved physical conservation structures on their farm for the past three years, and adopters

are those farmers who have constructed improved (structures determined and designed by

experts) conservation structures on their farm. Thus, non-adopters are given the adoption

index score of zero while adopters can get adoption index score ranging from greater than

zero. To keep adopters in to this interval of adoption index score, for those farmers who were

found using the conservation practices below or above some acceptable range were considered

as full adopters of that specific recommendation. On the basis of adoption index, adopters

were classified in to three categories, low, medium, and high adopter while non-adopters were
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kept as non-adopter category. Therefore, a total of four adopter categories were considered in

this study.

3.8. Demographic Factors of the Household

3.8.1. Personal factors

(a) Age of the respondent (AGEHH): It is a continuous variable, which refers to the age of

the household head in years. There were four age groups among PSWC adopters and non-

adopters: children ages less than 18, young people ages between 18-40, middle aged between

40-64 years and old people were those with age above 64 years. This age group was

considered in this study to identify the effect of age on adoption of soil and water conservation

structures

Educational level of household: This variable was hypothesized to have a positive or

negative influence on adoption of physical soil and water conservation practice and its impact

on production of major crops and was used as socio-economic parameter in this study.

Family size (FAMILS): It is hypothesized that family size will have a negative effect on the

adoption of soil and water conservation practice.

Gender of Farmers (Sex): female-headed households have limited access to the information

on soil conservation and to land and other resources, due to tradition barriers. Women are also

more involved in regular household activities than males. Hence male headed households are

expected to adopt introduced improved technologies better than female headed households.

Therefore, male headed household was hypothesized to positively influence adoption of soil

and water conservation structures.

3.8.2. Economic factors

Farm size (FMSIZE)

Farm size influences the adoption of structures negatively (Endrias, 2003). Therefore, farm

size was hypothesized to influence the adoption technology positively or negatively.
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Non-Farm activity (NONFAC): The involvement in nonfarm activities negatively influenced

the continued use of soil conservation technology because famers spent more time in non-farm

activities and less time on farming activities (Tenge et al., 2004). Thus, non-farm activity is

hypothesized to influence the adoption of SWC technology negatively.

3.8.3. Institutional variables

Land acquisition (LA): It is hypothesized that source of land (own land) is correlated to

adoption decision positively.

Participation in WC training (TRAINING): Farmers who have access to training are

expected to adopt the structures more than those who haven’t get access to training. That

means access to training has positive influence on adopting soil conservation structures.

Farm distance from household head house (FARMDS): It is hypothesized that distance

influences farmers’ decision negatively.

3.8.4. Communication factors

DA Contact of HH (EXTCON):It indicates whether the household head gets extension

service from development agents (DAs) or not. Extension service provides the necessary

information to acquire new skills and knowledge to improve soil conservation efforts.

Therefore, it isexpected that access to extension education by the farmers and using soil

conserving practices or technologies are positively correlated.

3.8.5. Land characteristics

Slope category of the farm (SLOPECAT): inclination that is related to topography was

described in terms of slope. Steep slope presumed to expose to more sever runoff by surface

water. The plots were grouped into flat (1), gentle slope (2), moderate slope (3), and steep

slope (4). Empirical studies in different parts of Ethiopia indicated positive and significant

influence of the slope of a plot on the farmers’ decision on conservation strategies of land

management (Chilot, 2007). Thus, the slope of cultivated plot was expected to affect use of

SWC practice.
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Table 2. Summary description of the dependent and explanatory variables used in the Tobit
Model is provided bellow.

Variables
Description of variables Type

Unit of measurement
andexpected sign

AGEHH(y)
Household head age Continuous years (- or +)

EDHH(Y1)
Education of the household
head

Dummy 1 if literate 0, illiterate (+)

FAMLSIZ(Y2)
Family size Continuous Number of persons ( +/- )

FARMSIZHH(
Y3) Farm size Continuous Hectare ( +/- )
INCMHH(Y4)

annual income of household Continuous Total income in birr (+)
DACON(Y5)

contact of household to
extension

Dummy Contact DA in day or year (+)

FARMDIS(Y6
) Distance of farm from

residence
Categorical

1, if less than 15minute; 2,
if15-30 minute;3, if morethan
30 minute (-)

SLOPECAT(Y
7) Slope of the land Categorical

1,if flat; 2,if gently sloping;3,
if moderately sloping; 4,if
steep slope (+)

TRAINING(Y
8) Participation on SWC

training
Continuous 1, if yes; 0, otherwise (+)

LANDAC(Y9)
Land acquisition Continuous

1, if owned; 0, otherwise (+).

NONEFAC(Y
10) Non-farm activity Dummy

1, if involve in non-farm
activity; 0, otherwise ( -)

SEXHH(Y11) Sex of household head
Continuous

1 ifmale0, otherwise (+)

3.9. Ethical Consideration

In order to gather relevant data from intended source, the study followed the ethical

procedures such as having request letters of support and permission from Haramaya

University; institutional permission from Anlemo wereda, and  selected watershed individual

consents with respondents by explaining the purpose of the study deeply, avoiding bias when

selecting respondents, asking the willingness of the respondents and having permission from

them, gathering data by his own presence, keeping secrecy of the information gathered by

using secret codes and acknowledging the source of information such as authors, and the like.
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4. RESULTS AND DISCUSSION

4.1. Current Status and Extent of Adoption

The results of this study indicated that the majority of respondents were found to be adoptors

of soil  and water conservation structures (Table 3). Out of 175 total sample respondents,

60.6% of the respondents were adopter and 39.4% were non-adopters of PSWC structure.

Usually, farmers are recommended to use improved technologies/practices. However, farmers

usually adopt only certain components of the recommended or improved technologies.

Besides, most of the time, there is variation on the level of use of a given technology or

practice. Diversity among farmers in their level of technology adoption could be related to

many factors such as personal and demographic, economic, social, institutional and

psychological factors (WFP, 2005).

The mean adoption index scores of non-adopters, low, medium and high adopter groups, were

0, 0.294, 0.404, and 0.220, respectively (Table 3). One way analysis of variance revealed that

there is significant mean difference (F=1.0322) among the adoption index scores in the four

adopter categories at less than1% significance level. This indicates the variation in adoption of

PSWC structures among sample farmers. To narrow the gap between adopter and non-adopter

it is essential to creat awareness about the the impotance of soil and water concervation

practice.

Table 3. Distribution of the respondents by adoption categories.

Adoption
category

Number % Adoption
index rate

Mean adoption
index

SD F-value

None-adopter 69 39.43 0.00 0.000 0.000

1.0322*
Low- adopter 42 24 0.01-0.33 0.294 0.1039
Medium adopter 36 20.57 0.24-0.66 0.204 0.1175
High adopter 28 16 0.12-1.00 0.210 0.000

Total 175 100 0-1 0.928 0.2214
* Statistically significant at 1% level of significance
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4.1.1. Demographic characteristics of sample households

4.1.1.1. Population in the Chingo watershed

Among the sampled households in Chingo watershed, 41 (23.43%) were female headed and

the remaining 134 (76.57%) were male headed (Table 5). Similarly, from a total of 1234

households living in Chingo watershede, 42.38 % were female and 57.62 % were male. The

average family size of HHs was found to be 7.01 (Table, 4). This large family size may have

effect on adoption of conservation structures.

Table 4. Population of the sample household in Chingo watershed

Sample Household heads Total Population of sample

HH

Average family size

Male Female Total

7.01Number 134 41 175

% 76.57 23.43 100

4.1.1.2. Age group of household heads

Age is one of the democgraphic factors that provide about the age structure of the sample

household and the population. The study found that age distribution of farmers varied from 18

to 64 years. The majority of the farmers (56%) were in the age group of 40-64 years, 10.86%

were above 64 years and 33.14% were those with age ranging from 18 to 40 (Table 5). This

implies that substantial portion of the population (33.14%) belongs to the most productive age

group of 18 to 40. Therefore, there is large labor force in the study area but the households

have not used their potential for adopting PSWC practices. Hence, this result is similar with

previous findings of (Debebe, 2009).
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Table 5. Age and education of the respondents in Chingo watershed

Variable Semen Fonko kebele Chingo kebele Total
Number Percent Number Percent Number Percent

Age
18 - 40 27 15.43 31 17.71 58 33.14
40 - 64 43 24.57 55 31.43 98 56
Above 64 7 4 12 6.86 19 10.86
Total 77 44 98 56 175 100

Educational level
No formal
education

41 23.43 54 30.86 95 54.29

Primary education 26 14.86 28 16 54 30.86
Secondary
education

10 5.71 16 9.14 26 14.85

Total 77 44 98 56 175 100

4.1.1.3. Education

The education level of the respondents is shown in Table 5. About 54.29% had no formal

education, 30.68% had primary and 14.85% had secondary education. This implies that, the

introduction of various PSWC measures in the study area is a challenging task because these

measures are not likely to be adopted due to lack of information to practice soil and water

conservation measures on their farm land. As shown in Table 5, more farmers were educated

at Chingo kebele and at productive age group compared to that of Semen Fonko kebele. In

Chingo kebele 9.14% of households took secondary education and more farmers were adopter

compared to Semen fonko kebele. Most of the farmers household heads in Semen Fonko

kebele are not educated and thus, have little access to information about newly introduced soil

and water conservation practices. Level of education seemed to have relationship with

adoption of conservation structures, because literate farmers are in a better position to get

information and use it in such a way that it contribute in their farming practices. In fact

education level of farmers is assumed to increase the ability to obtain and use of agricultural

related information and technology in a better way. Education improvements appear to have

contributed to several aspects of agricultural intensification and technological adoption,
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including fertilizers and composting, performing soil conservation measures, planting trees

and fences, increase access to information, higher management expertise (Ervin and Ervin,

2008). The finding of positive association between farmers’ educational status and physical

soil and water conservation is consistent with initial assumption and it is also similar to

findings by Habtamu (2006) which identified educational status of farmers to have positive

influence on farmers’ decision to retain introduced soil and water conservation structures and

also the finding of Tesfaye and Debebe (2013) support the result whereby indicated a positive

association between educated level and intensity of adoption SWC measures.

4.1.1.4. Family Size

Family size is also an important factor in determining the extent to which labor is available in

any economic activity and it reflects household’s ability to access enough food, health services

and other basic needs. Therefore, the household with a large number of people are more likely

to adopt soil and water conservation practices in comparison to small household size because

they are interested in obtaining high yields to feed their large families. As shown in Table 6,

households in the study area had large family size, 7-8 family members. In general, large

percentage of a non-adopter farmers with a household size of (7-8 and > 2-5), are less or no

interest in modifying and maintaining soil and water conservation structures. Because farmers

who have 7-8 household size are largely poor, and have low income to modify and maintained

conservation technologies. Therefore, finding of this study is similar with the previous

findings of Daniel (2008) and Mubarak (2009) who report that repondent’s who have greater

number of family size were more likely to adopt new technologies having positive and

significant relationship with crop yield.

Table 6. Distribution of sample household heads by family size

Family size
category

Adopters Non-adopters Total sample
households

Number Percent Number Percent Number Percent
2 – 5 26 14.86 19 10.86 45 25.72
7 – 8 49 28 36 20.57 85 48.57
≥ 9 31 17.71 14 8 45 25.71
Total 106 60.57 69 39.43 175 100
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4.1.1.5. Sex of farmers

From the total sample household heads, 23.43% were female headed and 76.57% were male

headed. From the sample FHH, 13.14% were non adopters and 18.86% were adopters. Among

the male household heads, 26.29% were non adopters and 41.71% were adopters. This study is

in line with a study conducted by Liu and Huang (2013) in China, which indicated that

households with female decision makers are less likely to adopt improved technology. The

limited access to resources by women might prevent them to adopt agricultural technologies.

Moreover, the lower adoption of soil and water conservation practices by female headed

household might be due to limited access to information, land, and other resources due to

traditional social barriers (Tenge and Hella, 2004). Moreover, the study revealed that most

SWC activities are more labor intensive which are difficult to be performed by females.

Table 7. Distribution of sample household heads by sex

Sex Adopter Non-adopter Total sample household

Number Percent Number Percent Number Percent

Male 73 41.71 46 26.29 119 68

Female 33 18.86 23 13.14 56 32

Total 106 60.57 69 39.43 175 100

4.1.2. Economic factors
Farm size

The total farm size included cultivated and fallow land. The minimum and the maximum farm

size were 0.1 hectare and greater than 2 hectare respectively (Table 8). About 28% of the

sample households have a farm size of 0.1-0.5 hectare. In the study area, majority of the non

adopter respondent farmers that have lower farm size made decision to remove soil

conservation measures totally (Table 8). This was similar to the finding of Belay (1992) and

Habtamu (2006). Belay (1992) indicated that household farmers having smaller land holding

(less than 0.33 ha of farmland) removed soil conservation measures from their farm plots.

However, according to information obtained through FGD, majority of respondents having
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large farm size did not retain soil conservation measures in their original state. This implies

that farmers having larger farm size are not interested to invest on soil conservation measures.

Table 8. Distribution of sample households by farm size

Farm size ( hectar) Adopter Non-adopter Total sample
household

Number Percent Number Percent Number Percent
0.1 33 18.86 19 10.86 52 29.72
0.1-0.5 26 14.86 23 13.14 49 28
0.501-1 19 10.86 13 7.43 32 18.29
1.01-2 16 9.14 8 4.57 24 13.71
>2 12 6.86 6 3.43 18 10.29
Total 106 60.58 69 39.43 175 100

Non-farm activities of the household

The majority of the adopter and non-adopter respondent farmers (46.86 and 17.14% of

respondents) were involved in off-farm activities to generate additional income so as to

support their families. When the farmer and family members are more involved in off-farm

activities, the time spent on their farmland will be limited and hence the family is discouraged

from being involved in construction and maintenance of soil and water conservation

structures. These indicated that most of the farmers, particularly low income respondents with

small farm size were involved in off-farm activities, and thus, removed conservation

technologies constructed in their cultivation fields totally to increase the land size. The Chi-

square analysis showed no systematic association between the off-farm activities and adoption

of soil and water conservation structures (χ2 =0.834(N/S). In general, the relationship between

off-farm employment and adoption performance of soil and water conservation is poorly

understood (Kessler, 2006). From sample respondents, small number of farmer were  involved

in small trade. Thus, among adopter and non-adopter respondents (13.71% and 22.29%) of

farmers were not involved in off-farm activities (Table 9). Mushir and Kedru (2012); and

Almaz (2008) come with the same result of negative associaction between adoption of

conservation measures and involvement in non-farm activities.
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Table 9. Farmers adoption of conservation measures by involvement in off-farm activities

Involvement in off-
farm

Adopter
N=106

Non-adopter N=69 Chi-square

Number % Number %
0.834(NS)yes 24 13.71 30 17.14

No 82 46.86 39 22.29
106 60.57 69 39.43

4.2.1. Institutional variables

4.2.1.1. Land acquisition

With regards to source of land, out of the total households surveyed 52% and 28.57% of the

sample household obtained land from their parent and kebele respectively. The remaining

19.43% obtained land through sharing crops and renting. The chi-square result indicated that

there was no statistically significant difference among the four categories in terms of land

acquisition (Table 10). Farmers that rent land have short term planning compared to those who

have their own land hence they may not have interest about the benefit that they may have

obtained on the long-term from conservation structures (Mesfin, 2006). Land ownership

positively influences the adoption of soil and water conservation practice. This results confirm

previous studies Kabubo Mariara (2006); Yegbemey et al (2013) that demonstrated that

ownership of the land has positive effect on adoption of any technology especially soil and

water conservation practice.

4.1.1.2. Farm distance from household residence

Only 39% of farmers interviewed had cultivation land far or very far from their residence. It

was observed that majority of them removed conservation structures completely (Table 10).

During the FGD it was indicated that farmers having land far from their residence usually do

not visit their cultivated land except during planting and harvesting and planting season.

During slack seasons, livestock roam on the field freely and destroy bunds. This resulted in

lots of spots destroyed which enhances runoff beneath the embankments. Farmers remove

such bunds in plowing season ( Habtamu, 2006). Hence, farmlands situated far from residence

suffer from destruction of conservation structures and enhanced erosion. The average distance
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of farm land from residence by sample respondents is found to be significant difference among

adopter categories (x2= 13.453*) at 5% level of significance (Table 10). In the same line

Gebresenbet (2008) in his study on the determinants of adoption and intensity of use of

improved soil and water conservation practice in Sodo district found that distance of residence

from farm land had negative and significant relationship with adoption.

Table 10. Distribution of sample households by land acquisition and farm distance from
residence

Description
Adoption category in percent Chi-

square
(x2)

Non adopter Low
adopter

Medium
adopter

High
adopter

Total

8.457

Land acquisition
From parent 18.29 14.86 10.86 8 52.0
From kebele 10.86 7.43 5.71 4.57 28.57
Sharing crop
and rent

6.29 5.71 4 3.43 19.43

Total 35.44 28 20.57 16 100

Distance of farm land from residence
Distance of farm land
from residence

Removed
completely

Removed
selectively

Retained
completely Chi-square

(x2)
Near 86.29 88 86.86

13.453*Far 13.71 12 13.14
total 100 100 100

* Statistically significant at 5% level of significance

4.1.1.3. Training on soil and water conservation measures

Training is one of the important techniques which can help to introduce certain new

technology. Therefore, training on SWC has been given to farm households mostly by

agriculture and rural development organization with some support of the NGOs working in the

study area. About 31.43% of the total sample households reported that they have been given

practical and theoretical training on SWC practices. From the sample households who have

participated in the training, 22.29% were adopters and 9.14% were non-adopters (Table 11).

Therefore, the finding of this study reveals that, the relationship between farmers’
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participation in number of training activities and adoption and intensity of adoption of soil and

water conservation practices is significant and positive. It is in line with the previous findings

of Ateklti (2008).

Table 11. Distribution of respondent by training on soil and water conservation
Training
on SWC

Adopter Non adopter Total Chi-square
(x2)

Number Percent Number Percent Number Percent

4.452
No 67 38.29 53 30.29 120 68.58
Yes 39 22.29 16 9.14 55 31.43
Total 106 60.58 69 39.43 175 100

4.3. Communication factor

Development agent contact of the household

Most of respondents in the study area had limited contact with DAs (Table 12). Majority of

farmers who did not have contact with DAs decided to remove conservation structures

completely. The percentage of farmers that have contact with DA showed increment from

those destroyed conservation structures completely to those removed selectively and retained

in their original state (Habtamu, 2006). This was similar to the finding of Wegayehu (2003)

indicated that well- informed farmers are more likely to take rational decisions and has longer

planning horizons. Therefore, Contact with DAs affects farmers’ decision by enabling them to

get adequate and timely information from development agents.

Table 12. Farmers’ adoption of introduced conservation structures by level of contact with
development agents.

Farmers’ contact with DA Farmers’ adoption of the introduced
conservation structures ( % respondents)

Removed
completely

Removed
selectively

Retained
completely

None 36 30.86 24.57
Limited 25.7 25.71 12.57
Good 22.86 28.57 42.29
Very good 15.43 14.86 20.57
Total 100 100 100
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4.4. Land characteristic

Among the farmers that removed conservation structures selectively, 39% were cultivating

steep slopes while 18.86% and 27.43% of farmers were cultivating gentle slopes and moderate

slopes, respectively (Table 13). The higher percentage of farmers that removed structures from

steep slopes can be attributed to narrowing of farmland which results in taking up of large

portion of the cultivation land. Thus, farmers remove structures from steep slope in order to

reduce the cultivation land taken by the conservation measures. The wideness in moderate

slope, could also give impetus for retaining structures in their original state. This study is in

line with the study conducted by (Rehema, 2014) She repoted that the steeper the slope, the

more, the need to adopt SWC measures among farmers. For example it is shown that, none of

the farmers whose farmlands were located on flat landscape practiced SWC measures.

However, those with farmlands located on gentle, moderate, steep and very steep slopes had

higher adoption percentages. Thus adoption increased with increasing slope. The reverse was

true in none adopting the SWC measure. The result of chi-square test indicated that the slope

of land holding had statistically significant difference (x2= 13.117) among the

farmers’adoption of the introduced conservation structures at 5% significance level (Table 13).

Thus, adoption increased with increasing slope. The reverse was true in not adopting the

SWC.

Table 13. Farmers’ adoption of introduced conservation structures by slope of farmland.

Slope of
farmland

Farmers’ adoption of the introduced conservation
structures (% of respondents)

Chi-square (x2

Removed
completely

Removed
selectively

Retained
completely

13.117*
Flat 14.29 14.29 0

Gentle 24.57 18.86 28.57
Moderate 35.43 27.43 46.86
Steep 25.71 39.43 24.57
Total 100 100 100
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4.5. Econometric Results

A set of 12 explanatory variables (4 continuous and 8 discrete) were included in the logistic

analysis. Out of the 12 hypothesized variables, six variables such as sex (SEXHH), education

status (EDHH), participation of training on SWC (TRAINING), non-farm activity

(NONEFAC), distance from residence (FARMDIS) were found to have significant effect on

the adoption of PSWC technology (Table 14). Following this, variables that were found to be

significant are presented and discussed below.

Sex (SEXHH): Being male household head was significant at 5% significance level and

positively related with adoption of soil and water conservation technologies of households in

the study area. Sex of the household heads might affect access to soil and water conservation

technology information provided by extension agents. Due to cultural barriers which might

lead to gender discrimination, male extension agents tend to work with male-headed

households. This situation discriminate female headed households from accesses to

information and this probably hindered their perception on the soil erosion problem and

reduces their interest and willingness to use improved soil and water conservation measures on

their farmplots (Paulos et al., 2004). Moreover, the study revealed that most physical SWC

activities are more labor intensive which are difficult to be performed by female.

Educational level of the household (EDHH): Education level of household was positively

and significantly associated with use of SWC practices. This could be attributed to the fact that

household heads with relatively better formal education are more likely to use appropriate

SWC practices and they are also able to anticipate the consequences of soil erosion than non-

educated farmers. In addition, they have better understanding of their environment and risk

associated with cultivation of marginal lands. The result is in line with evidence from different

parts of the country (Pauloset al., 2004; Wegayehu, 2006; Yitayal, 2006, Chilot, 2007).

Participation on training of SWC (TRAINING): Participation on training related to PSWC

activity positively and significantly influenced the adoption of PSWC technology and it was

found to be statistically significant at less than 1% significance level. Training about PSWC

measures is one of the major sources of information to adopt new technology. Moreover,

taking training widens the household’s knowledge with regard to attribute, practices and
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characteristics of all aspects of new technologies (PSWC in this case). Participation on

training shows that the frequency of farmers’ participation in PSWC increases in favor of

adoption of PSWC technology. The result clearly shows the importance of participation in

training in the adoption of new technologies. Participation of farmers in training relate to

PSWC would facilitate access to credit, access to extension information and access to market.

This is in line with the study conducted by (Kebede et al., 2013). Thus, any attempt to be

made in scaling up of PSWC technology, need to focus on improving the skill of the

communities through training.

Distance of farm land from residence (FARMDIS): In this study, distance from residence of

the farmers affected the extent of adoption of soil and water conservation measures negatively

and significantly at 1% level of significance. This implies that farmers whose residence was

located far off from their farm land, the probability of adopting conservation measures was

less as compared to the farmers who had their farms at a close proximity from their residence.

The farmer who were near their farm land adopted conservation measures than the farmers

that had farm land far from residence. This indicated that farmers had farm land far from

residence failed to retain conservation structure with less follow up of the structure because of

the far distances from farm land. The focus group discussion result held with key informants

also explained the distance of the farm land affects adoption because conservation structure

needs strict follow up for full development of the structure. This study is in line with Waga

and Jermias (2013). In the same line Gebresenbet (2008) in his study on the determinants of

adoption and intensity of use of improved soil and water conservation practice in Sodo district

found that distance of residence from farm land had negative and significant relationship with

adoption.

Non-farm activity (NONEFAC): Non-farm activity affects farmers’ extent of adoption of soil

and water conservation measures negatively and significantly at 5% level of significant. This

implies that the farmers who were engaged in non farm activities have less time to adopt soil

and water conservation measures because they spend more of their time for non agricultural

activities. The odds ratio shows, the farmer who participate in nonfarm activity adopt PSWC

technology less than the farmers who were not involved in nonfarm activity. Almaz (2008;
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Mushir and Kedru (2012) reported similar negative association between adoption of

conservation measures and involvement in non-farm activities.

Table 14. The Tobit Model Results for the Factors Affecting Adoption of PSWC
Technology

Variables Coefficient t-ratio P-value
Change in

probability
Age 0.0000 -0.30 0.994 0.0000
Sex 0.2495 2.48** 0.093 0.2495*
Family size 0.4971 4.76*** 0.495 0.0150
Eductation 0.0006 3.05*** 0.929 0.0006
Land acquisition 0.1962075 0.46 0.031 0.0405**
Distance from residence -1.152053 -2.63*** 0.031 0.21532***
Farm size 0.4315895 3.67*** 0.033** 0.0306**

Non -farm activity -1.058919 -2.38** 0.792 -3.08e-
Participation on SWC
training

2.418959 4.67*** 0.008 0.257***

Slope of the land 0.0789467 0.14 1.96* 1.072135
Number of observation=175, Pro>chi2=0.0000, Pseudo R2 =0.2553, Log likelihood= -
113.9743
*** 1% ** 5% and * 10% significant levels

4.6. Soil Physical and Chemical Properties.

4.6.1. Soil texture

As presented in Table 15, there was significant (p<0.05) difference in clay and sand

percentage between land management practices as well as slope position. The higher mean

percentage value of sand (22.00±2.82) was recorded from plot without bund. This indicated

that the highest clay content observed under the bund at the lower position might be due to the

slope stabilization ability of the soil bund that results in the accumulation of finer soil material

that is being transported from the upper slope positions in contrast to the sand and silt

fractions. This is in line with Tadele (2011) who reported that considering soil bunds, the soil

bund that were constructed in the farm land had significantly highest proportion of clay

particles than the farm plot without soil bund.
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Table 15. main effects of bunds and slope positions on selected soil properties

Main impact means within a row followed by the same letter are not significantly different at p<0.05 level of significance. PWLSB=

plot with bund, PWOLSB= plot withoutbund, MC = Moisture content.  BD = Bulk density.

Interaction Selected soil physical properties

Sand % Silt % Clay % BD (g/cm3) MC %

PWLSB x Upper slope 22.15±1.9b 34.5±2.51a 42.0±2.58c 1.05±0.05a 15.13± 0.12b

PWLSB x Lower slope 18.5± 1.09c 36.05±3.41a 49.0± 1.63a 1.03± 0.03a 18.04±0.54 a

PWOLSB x Upper slope 23.5± 2.51a 33.15± 3.40a 41.0± 2.23ab 1.10± 0.016a 12.09± 0.82ab

PWOLSB x Lower slope 21±3.41ab 35.25±2.51a 45.0± 1.33b 1.11±0.08a 14.17±0.46c

P-value 0.012 0.337 0.003 0.061 0.001
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4.6.2. Bulk density and moisture content

Statistically significant difference (p ≤ 0.05) in soil bulk density and soil moisture content was

observed on lands managed with soil bund and stone in the upper and lower slope position

(Table 14). The highest mean value (1.15g/cm3) bulk density was found at the upper slope

position. Whereas, the highest mean value (1.11g/cm3) was recorded from farm plot without

soil bund. The lower soil bulk density value under the soil bund might be due to organic

matter accumulation, more clay content and soil bulk density has a direct relation with slope

position which might be attributed to the corresponding decline in (SOC) content with the

increase in slope position. This is in line with Tadele et al (2011) who indicated that relatively

lower bulk density are associated with the presence of higher OM and clay content.

Unlike soil bulk density highest mean value (16.02%) of soil moisture was found on land

managed with bund. This increased soil moisture under the bean farm plot with soil bund

might be due to organic matter accumulation, more clay content. Current finding is

comparable with Mihrete (2014) who observed highest amount of available soil water attained

with bunds stabilized with vegetation followed by soil bund.

The intraction effect of soil bund and slope position was found to be significant on particle

size distribution. The highest mean value of sand percentage (23.5%) was observed at the

upper slope position of plot without soil bund. Unlike sands, the highest mean value of clay

(49%) was observed on the lower slope position of farm land with soil bund (Table 15). This

might be due to transport of finer soil material from upper to lower positions within the plot.

This finding is in line with Yitayal (2014 ) who reported that the change of soil texture

associated with leaching away of organic matter and other cementing agents with in runoff.

Similarly, Regina et al (2004) reported that on upper slope position the most noticeable

changes were decrease in clay and corresponding increase in sand and silt fraction as the slope

position increases. In addition the highest interaction mean value of soil moisture (18.04%)

was observed in wheat farm land with soil and stone bund on the lower slope position. This is

due to the practice of the soil and water conservation measures on farm land.
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Table 16. Effect of soil bund and slope position on selected soil physical properties

Farm plot and landscape position Selected soil physical properties
Sand % Silt % Clay % BD (g/cm3) MC %

PWLSB x Upper slope 22.15±1.9b 34.5±2.51a 42.0±2.58c 1.05±0.05a 15.13± 0.12b

PWLSBB x Lower slope 18.5± 1.09c 36.05±3.41a 49.0± 1.63a 1.03± 0.03a 18.04±0.54 a

PWOLSB x Upper slope 23.5± 2.51a 33.15±3.40a 41.0± 2.23ab 1.10± 0.016a 12.09±0.82ab

PWOLSBB x Lower slope 21±3.41ab 35.25±2.51a 45.0± 1.33b 1.11±0.08a 14.17±0.46c

P-value 0.012 0.337 0.003 0.061 0.001

Impact means within a column followed by the same letter are not significantly different at 5% level of significance, MSD = Mean

standard deviation, PWLSB= plot with level soil bund, PWOLSB= plot without level soil bund, BD = Bulk density, MC = Moisture

content
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4.7. Effect of Soil and water conservation practice on soil chemical
properties

4.7.1. Soil pH

Soil reaction (pH-H2O):- As presented in Table 18, significant (p<0.05) variation of soil pH

between farm lands with bunds and without bunds was observed. The highest mean pH value

(5.63) was found at farm land with soil bunds upper slope position. This might be related with

the release of organic acids from the decomposition of the highly accumulated organic matters

and the abundant concentration of soil micro-organisms than at the upper slope position those

facilitate the decomposition processes and release of CO2 at this position. Hence, this release

of organic acids may increases the accumulation of acid and decreases soil pH at this position.

This is in agreement with the findings of Mulugeta and Karl (2010), who reported that release

of organic acids from the decomposition of organic matter lower the pH value of the soil.
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Table 17. Effect of SWC practice on selected soil physicochemical properties

Main impact means within row followed by the same letter are not significantly different at 5% level of significance.

Electricalconductivity, OC = Organic carbon, OM = Organic matter, TN = Total nitrogen, Av.P = Available potassium

SEM=Standard Error Mean, PWB= plot with soil bund, PWOB= plot without soil bund

Soil parameters Farm plot P-value Slope gradient Pvalue
PWSB PWOSB Upper Lower

pH-H2O 5.69±0.26a 5.36±0.08b <.0001 5.63±0.31a 5.41±0.11b 0.0300

EC (ds/m) 0.128±0.03a 0.137±0.02a 0.0623 0.098±0.054a 0.097±0.028a 0.9336
OC (%) 2.33±0.44a 1.85±0.37b 0.0010 1.60±0.144b 2.00±0.202a <.0001
TN (%) 0.20±0.03a 0.19±0.03b <.0001 0.14±0.026b 0. 16±0.02a 0.0001

C: N 11.65±0.02a 9.73±0.01b 0.0010 11.42±0.03b 12.5±0.03a <.0001
Av.P (ppm) 6.12±0.78a 4.84±0.81b <.0001 4.69±0.65b 5.95±0.62a 0.0011

CEC(cmol(+)/kg 28.82±2.99a 26.92±2.17b 0.0218 26.35±1.40b 30.39±1.74a 0.0009
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The higher mean values of OC (2.33%), TN (0.20%), and C: N (11.65) and Av.p (6.12 ppm)

was observed under land use conserved with bunds.considering the slope position, TN

(0.16%), C: N (12.5) and Av.p (5.95 ppm) was recorded in lower slope positions.

The lower slope position exhibited higher mean values of OC compared to the upper slope

positions. This shows soil at upper slope position might be usually affected by over topping

detachments that displaces the nutrients down to the low-lying positions and resulted in low

accumulation of soil fertility indicators to this position. In contrast, the highest accumulation

of nutrients to the lower position indicated that the nutrients were highly transported down

through runoff and causing the existence of the elements to this position.  In line with this

finding of Tadele et al (2013), who reported that the difference between the deposition and

loss zones for total N is statistically significant where the highest was found at the deposition

zone.

Besides, analysis of slope position indicated that the nutrients were highly transported down

through runoff and accumulated the existence of the elements to lower slope position (Abay,

2016). In addition, the lower slope position exhibited higher mean value of Av.p as compared

to upper slope position (Table 16). The variation in Av. P between deposition and loss zones

can be due to washing out in the upper parts and accumulation at the lower parts and might be

the surface runoff shifted nutrients downwards to the lower slope position.

4.7.2. Cation exchange capacity

Cation exchange capacity (CEC) (cmol (+)/1kg):- The analysis of variance showed that the

CEC was significantly (p<0.05%) affected by the use of bunds as well as slope positions. The

highest mean value of CEC (28.82cmol (+)/kg) was found on farm land with bund and the

highest mean value (30.39 cmol (+)/1kg) observed in lower slope position (Table 17). The

reason might be due to farm lands with bunds accumulated high organic carbon, clay and, has

greater capacity to hold cations so that greater potential fertility in the soil is expeted. Soil

CEC is expected to increase through improvement of the soil organic matter content. The

current finding is in line with Kibret (2008) who reported that CEC is associated with clay and

organic colloids and especially organic matter renders soils a better CEC. Similarly,

Maniyunda et al (2014) reported that cation exchange capacity increased down the slope that
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attributed to the increase in clay content along the slope downward. Similarly, the combined

impacts of bunds and slope position indicated that there was statistically significant (P < 0.05)

difference on CEC (Table 17). The highest mean values of CEC were recorded under the soil

and stone bund at wheat and bean farm and at the lower slope position. This might be due to

the high content of clay. The finding agrees with the finding of  Maniyunda et al (2014) who

reported that CEC increased down the slope that attributed to the increase in clay content

along the slope downward.

4.7.3. Available phosphorus, total nitrogen and soil organic matter

The result indicated in Table (17) presented that the adoption impacts of the bund on farm land

and different slope position. The result indicated that OC, TN C: N and Av.P were

significantly (P < 0.05) affected by the interaction effect of conservation practice and slope

position.The highest amounts of OC, TN, C: N and Av.P were found under the combined

impacts of soil bund and lower slope position. This shows soil at upper slope position might

be usually affected by over topping detachments that displaces the nutrients down to the lower

positions. Similarly Sharpley (1985) conclude that eroded sediments were richer in P and N

than the source soil, as transport of P and N is closely associated with smaller sized particles.

Lower slope position of the farm land with bunds resulted in the highest mean values of OC,

TN, C: N and Av.P among the interaction effects. This might be due to organic matter removal

(transportation) from the upper slope to the lower one.
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4.8. Major crops Across Adoption of Soil and Conservation Measures

The annual mean yield trend showed differences between faba bean and bread wheat

producers across PSWC measure adoption. Results showed that, there were increasing trends

of the annual mean yields of bread wheat and faba Bean for both adopters of the PSWC

measure and non adopters. However, the trend line for non adopters remained below that of

adopters. For example, in the year 2015 the mean yields for bread wheat were 992 and 801

kg/ha for adopters and non adopters respectively. In the year 2016 the mean yields were for

faba bean product were 867 and 693 kg/ha for adopters and non adopters respectively. Their

mean yield difference was 191 kg/ha for bread wheat producer and 174 for faba bean producer

which was equal to 10.65% and 11.15% for bread wheat producer yield mean difference.

4.9. Major Crops  Mean Yields Trends for Adopters and non Adopters

Higher yields were observed among adopters of PSWC measure implied that, soil erosion was

well controlled and therefore, there was soil fertility improvement, while low yields in non

adopters of PSWC were an indication that there was soil erosion problem in the farmlands and

soil fertility was low. Hence, adoption of PSWC measure had more positive impact on

farmers’ yield for PSWC measure adopters than it was for non adopters.

In the year 2015 bread wheat annual mean yield was 916 and 713 kg/ha for adopters and non

adopters respectively. Their mean annual yield difference for bread wheat was 203 kg/ha

which was equal to 19.73% mean annual yields. In the same year faba bean annual mean yield

was 810 and 693 kg/ha for adopter and non adopter respectively. Their mean annual yield

difference for faba bean was 117 kg/ha which was equal to 12.96% mean annual yields on the

other hand, in 2016, mean annual yields for bread wheat was 994 and 707 kg/ha for adopters

and non adopters respectively. The difference in this year between the two groups was about

287 kg/ha, this equals to 16.87% mean difference. These results therefore implied that,

adoption of PSWC measure increased farmers’ wheat and bean yield by an average of 23.3%

above those who did not use PSWC measure in the study area. Increase in crop response in the

adopter farm land is present for major crop (wheat and horse bean (Table 19). Although the

decrseaning crop production for non adopter is clear that for bread wheat and faba bean can be

explained by the fact that most wheat and horse bean is grown on moderate slope, where the
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effects of tillage erosion are less; hence it is expected to be less responsive to soil fertility

gradients (Deckers et al., 2001). Since soil fertility gradients are more pronounced in land with

bund, the crop yield data were increased (Table 19). The crop response in the lower slope

position or accumulation zone increased compared to the plot’s centre. No difference occurs

between the erosion zone and the plot’s centre.Total crop response increased by 23.3%

compared to the yield in farmland without level soil bund and level stone bund. Soil and water

conservation measures generally promote increased crop yield by reducing water, soil and

nutrient losses. A similar performance of SWC structure was repoted for Andi Tid Research

Station in North Shewa region (yohannes, 1989).

Table 18. Major types of crops in the study area

Major types of
crops

Year of
production

Adopter categories
Adopter
produces

Non adopter
produces

Production
Mean
annual

diffirence

Production
Mean

annual in
%

Wheat
2014 916Kg/ha 713Kg 203Kg 10.65
2015 992Kg/ha 801Kg 191Kg 12.46
2016 994Kg/ha 707Kg 287Kg 16.87

Horse bean 2014 804Kg/ha 714Kg 90Kg 5.93
2015 810Kgha 693Kg 117Kg 7.78

2016 867Kg/ha 693Kg 174Kg 11.15
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5. SUMMARY AND CONCLUSION

The backbone of the agrarian economy in most developing countries is rain fed agriculture.

The economic development of developing countries depends on the performance of the

agricultural sector, and the contribution of this sector depends on how the natural resources are

managed. Unfortunately, in the majority of developing nations, the quality and quantity of

natural resources are decreasing resulting in more severe droughts and floods. Effective

integrated watershed management can reduce these effects. This study was conducted with the

general objective to assess the farmer’s adoption behavior of introduced physical soil and

water conservation practices and their impact on production of major crops in Chingo

watershed in Anlemo Woreda, Hadiya zone of SNNP Regional state, Ethiopia. The study

focused on Level soil bund and stone bund of conservation structures implemented in the

study area.

The data used for the study were collected from 175 randomly selected households in Chingo

watershed. Primary data were collected using semi structured questionnaire. Inaddition,

secondary data were extracted from relevant sources to supplement the primary data.

Focus group discussion was organized with experts from woreda, development agents of

respective kebele and key informants from the areas. The soil samples were taken from topsoil

at a depth of 0-30 cm with a soil auger. Soil laboratory analysis was employed to determine

the impact of level soil bund and stone bund. Soil samples were randomly collected from 5

different locations and thoroughly mixed to form a representative sample. The intraction effect

of soil bund and slope position was found to be significant on particle size distribution. The

highest mean value (23.5%) of sand percentage was observed at plot without soil bund

interaction with upper slope position. Unlike sands, the highest mean value of clay (49%) was

observed on farm land with soil bund for soil samples from lower slope position

Descriptive statistics was used to explain the demographic and socio economic characteristics

of the sample households. Result indicate that Sex of households, educational status, distance

from residence, non-farmactivity, age of households, family size of household, farm size of

household, annual income of household, land acquisition of household, DA contact of
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household, participation on training of soil water conservation and slope of the land was found

to differe stastically.

Ordered Probit logistic regression model was employed to identify determinants of

households’ adoption of physical soil and water conservation. The model result revealed that

sex of household head, educational status; age of households, family size of household, annual

income of household, land acquisition of household, DA contact of household and

participation on training of soil water conservation are found to be positively and significantly

related to households adoption of the technology while distanceof residence from farm and

non-farm activity negatively influenced decision to adopt physical soil and water conservation

technology.

Recommendation.

The following recommendations are made.

 To adopt or reject new idea and to overcome the problem of soil degradation there by

to increase their awareness on the use of improved SWC practices, so as to increase

productivity, it is essential to give priority for education for all.

 Training center should be constructed on each peasant associations and farmers should

learn so that it becomes easy to impart and transfer knowledge of SWC instead of

training uneducated (illiterate) farmers about soil and water conservation occasionally.

 For adoption of SWC practice and improvement in crop yields, Educating farmers on

soil conservation measures and proper soil management techniques is a prerequisite.

 Identified factors that influence adoption of SWC practice should be considered during

introduction of SWC practice interventions/projects for adoption and implementation.

 Farmers’ opinions should be well thought-out for sustaining and scaling up of SWC

practices. This should be the duty of all stakeholders whose concerted efforts would

build farmers’ capacities to adopt various technologies which are targeted at

sustainable increase in crop production, productivity, household income and food

security.
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Department of Environmetal Science and Management

Survey Questionnaire

This questionnaire is intended to collect information for a study on Adoption of Physical Soil

and Water Conservation Structures and their impact on Production of Major Crops in Chingo

Watershed, in case of Anlemo Woreda, Hadiya Zone, SNNPR, Ethiopia

Notes to the Enumerator:-

1. Politely introduce yourself to farmers

2. Tell them briefly the objective of the study.

3. Administer questionnaires politely.

4. The respondents should be thanked for his/her time.

5. Record the response carefully.

Fill the responses in the space provided or mark alternative response(s) where appropriate with

an “√ “.or circle on the options

General Information

Questioner Number: ________________________________

Date of interview: Day ________ Month _____________Year ______________

Interviewed by: ___________________________________

Data Entered: Day _______________ Month ___________Year ___________

Entered by: _______________________________________

Region: ___________________________________________

Zone: _____________________________________________

Woreda: ___________________________________________

PA: _______________________________________________

Household Name: _________________________________

Part I: Household Characteristics
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1. Age of the household head: _______________________

2. Sex of the household head :( 1). Male(2). Female

3. Size of the household _____________________________

4. What is the composition of the household with age and sex group?

Name of family
members

Age Male Female

1

2

3

Total

5. What is educational status the of household? ---------------------------------------------------

Part II. Land Characteristics

2.1 What is the size of landholding of the household in ha)? ---------------------------------

2.2 How could you get access to the land you are cultivating currently? (If they are

More than one, more than one choice can be made)

1. Through renting 2. Through sharecropping

3. Inherited from the parents 4. Allocated by the PA

2.3 How many parcel of land do you cultivate? 1. One 2. Two3. Three4. More than three

2.4 What is the distance of your cultivation field from your residence? ----------------------------

2.5 How do you describe the slope of your cultivation land?

1. Flat2. Gently sloping3. Moderately sloping 4. Steeply sloping

Part III Socio Economic factor

6.  Do you have farm land? (0) Yes        (1) No

6.1 If yes, specify the number and size of the hectare__________________

7. Do you have farm animals /livestock? (0) Yes       (1) No
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7.2 If yes, state the type and quantity. (1) Ox/en___ (2) cow/s____ 3) sheep/ or goat/s____

(4) Mule _____(5) Donkey_____ (6) Others ______

8. Type of the land (1) Cultivated land (2) Fallow land (3) Grazing land (4) Homestead area

9. Number of cropping season (1) once        (2) Twice             (3) Triple

10. What are the major crops types you have been using to your cropland?____________

11 .Do you think that your soil is fertile? Yes/no?

11.1. If yes,\ how do you keep the fertility of your soil? ________________________

11.2. If no, do you have planned to work on restoration of your soil’s fertility by applying a

fertilizer? b)  Compost c) manure, __________________________________

12. What is the indicator for declining soil fertility?

13. What are the causes of erosion? (1) Removal of top soil (2) Decrease soil fertility

(3) Decrease yields  (4) Land degradation (5) Removal of seedlings by runoff 6.other____

14. Degree of erosion on your croup land? (1) Don’t know     (2) Low   (3) Medium    (4) High

15. Are you using soil conservation measures? (1) Yes             (2) No

16. If yes, what type of physical soil conservation measure are you using? Put the mark of in

your alternative “X“

Type of SWCP Do you use which? Why do you prefer this one?

Soil bund alone

Soil bund and stone bund

Cutoff drain

Waterway

Fanajuu

Others
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Part IV Livestock Production

4.1 Describe the livestock your own

Livestock type Total number
Calves
Cows
Heifers
Horses
Oxen
Sheep
Goats
Donkeys
Young bulls
Poultry
Other specify

Part V. Income of the household

5.1 What are the major sources of income?

1. Sales of crop production

2. Sales of animals feed

3. Off farm income

4. Income from migration

5. Other specify

5.2 What was the total income the household earned from different sources?

Number Income Amount
1 Sales of teff
2 Sales of wheat
3 Sales of maize
4 Sales of peas
5 Sales livestock
6 Sales of animal products
7 Other off farm activities
8 Migration income
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Part VI Crop Production

6.1 What is the size of land allocated among different crop production?

Crop type Land allocated (in ha)
Wheat
Teff
Pea
Beans
Maize
Potato
Inset
Barely
Others

6.2 What was the production of crop harvested during the year 2014-2016?

Crop type
Production

2014 2015 2016/2017
Wheat
Teff
Pea
Beans
Maize
Potato
Inset
Barely
Others

Part VII. Soil and water conservation

7.1 How do you describe the degree of soil erosion in your farmland?

1. Severe risk of soil erosion

2. Moderate risk of soil erosion

3. Minor risk of soil erosion

4. No risk of erosion problem at all

7.2 What do you think the major cause of erosion?

1. Slop of the land being steep

2. Rainfall being too much or too heavy

3. Soil being too erodeable

4. Runoff from up slope areas
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5. Other specify

7.3 Which soil conservation measure do you know?

1. Terrace

2. Soil bund

3. Stone bund

4. Water ways

5. Cut of drain

6. Check dams

7. Other specify

7.4 Were did you get information about the soil and water conservation measures (rank them

according to their importance if they are more than one, giving one to the most important

source)?

1. Traditionally (learnt by self)

2. From neighbors

3. From media

4. From DAs

5. Other NGOs

6. Other source, specify

7.5 How do you describe the contact you have with soil and water conservation experts (DAs

experts,) 1. Non2. Limited 3. Good4. Very good

7.6 Have you ever attended trainings related to soil and water conservation?

1. Yes 2. No

7.7 What have you done with the soil and water conservation technologies introduced to the

area?

1. Never applied the technology in the field

2. Applied but removed them completely

3. Applied but removed them selectively

4. Applied and maintained the conservation measures introduced

7.8 Do you like trying new technologies whenever they are introduced to the area?

1. Yes2. No


