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Abstract— Soil erosion is the major threat in the highlands of Ethiopia. Even if large number of conservation campaigns 

have been undertaken, the efforts are less effective, because of low intention to farmer’s participation in soil and water 

conservation (SWC) works. The objective of this study was to identify determinants of farmer’s participation in soil and 

water conservation (SWC) in Borena woreda, north-central highlands of Ethiopia. Samples of 148 households were selected 

following Stratified, proportional sampling technique. Household survey, focus group discussion, and key informant 

interview methods were used to collect primary data. Secondary data were also collected from Woreda agriculture office, 

published, and unpublished documents. Both descriptive statistics and Binary logistic regression model using Statistical 

Package for Social Science (SPSS) version 20 were used to analyze the data. About 76.35% of the respondents were 

participants. However, 57.52% of participants were without their interest. The binary logistic regression results showed that 

perception, extension service, training, and slope of their land found to have a positive and significant influence on farmer’s 

participation. Whereas, age of household head and off-farm income found to have negative and significant influence on 

farmer’s participation in SWC practices. When farmers get extension and training service, they become willing to participate 

in SWC practice because they acquire necessary information and skill. Therefore, the Woreda Agricultural office should 

provide extension service and encourage farmers training for the sustainable management of the land and its productivity. 
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I. INTRODUCTION 

Ethiopia depends on an agricultural-based economy with a rapidly increasing population, soil erosion, and sedimentation 

problems caused by cropland expansion, overgrazing, and over-exploitation of forests (Biratu and Asmamaw, 2016). Soil 

erosion is a severe phenomenon in Ethiopian highlands due to inappropriate cultivation on steep farmland (Abate, 2011). 

Studies showed that 50% of the highlands have significant soil erosion, 25% of it is highly eroded and 4% of the eroded land 

is beyond reclamation (Akalu et al., 2016). After the emergence of famine and drought in the 1970s, the government of 

Ethiopia launched various soil and water conservation measures in various parts of the country (Tesfahunegn et al., 2012). A 

large number of structural, biological, and agronomic soil and water conservation technologies which include, soil and stone 

bunds, grass strip, agroforestry techniques, and water harvesting options such as tied ridges and pond construction have been 

undertaken throughout the country (Shiferaw et al ., 2007). Even if a large number of conservation campaigns were 

undertaken through Food-For-Work (FFW) programs, the efforts didn't bring significant changes as expected (Kidane et al., 

2014; Teshome et al., 2016). Traditional agricultural practices and improper design of soil and water conservation (SWC) 

practices increase the severity of soil erosion (Abate, 2011). Moreover, the farmers have given little attention to decisions 

making and participation in most processes of soil and water conservation activities (Amsalu and Graaff, 2007). Having these 

problems at hand, there is no research conducted in this area related to farmer’s participation in soil and water conservation 

practices. Hence, this study aimed to identify determinants of farmer’s participation in soil and water conservation practices 

in the north-central highlands of Ethiopia. 
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II. RESEARCH METHODS 

2.1 Description of the Study Area 

The study area is located in South Wollo zone, Amhara region, north-central Ethiopia (figure1). It is geographically located 

between 100 32' N to 100 56' N latitude and 380 32' E to 380 56'E longitudes. Its altitude ranges from 500 meters above sea 

level to 3600 meters above sea level. The dominant soil types in the study area are leptosols, cambisols, andosol, and 

vertisols. The distribution of rainfall is bimodal, which occurs from June to September, locally known as "Kiremt", and 

March to May, which is locally known as "Belg". The mean annual rainfall depth varies from 900 to 1200 mm per year. The 

mean annual temperature of the area varies from 16.250c to 250c. The farming system is mixed farming; cereal crop 

cultivation and livestock rearing. The major crops grown in the area include teff (Eragrostis), wheat (Triticum Vulgare), 

barley (Hordeum vulgare), maize (Zea mays), field pea (Pisum sativa), and linseed (Linum usitatissimum). 

 
FIGURE 1: Map of the study area 

2.2 Sampling techniques  

Stratified sampling techniques were used to select sample kebeles and respondent farmers. Sample kebeles from Borena 

woreda kebeles were selected purposively based on their agro-ecological location and abundance of SWC practices. So three 

representative kebeles (Mendeyu, Menebuko, and Dega Dbi) were selected from Kolla, Woina Dega and Dega agro-

ecological zones respectively. To identify determinants of farmer’s participation in SWC, the sample households were 

selected from each selected kebele proportionally. The sample size was determined using a formula adapted in Israel (1992).  

n =N/ (1+N (e
2
)) 

Where: n is the sample size, N is the population size, and e is the level of precision (8%). Accordingly, from 2860 household 

heads 148 sample households were selected from the three kebeles.  
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2.3 Data collection and Analysis  

For this study, both primary and secondary data sources were used. To get detailed information concerning the farmer’s 

participation in SWC, the primary data were collected through a household survey, focus group discussions, and key 

informant interviews. The secondary data were also collected from different written materials at Woreda and kebeles about 

population, and soil and water conservation. Simple descriptive statistics was used to analyze the extent of farmer’s 

participation. Binary Logistic regression analysis was employed to determine which hypothesized independent variables 

significantly affect farmer’s participation in soil and water conservation practices in the study area because the dependent 

variable of this study is dichotomous. 

2.4 Model specification  

The use of binary logistic regression model gives maximum likelihood estimates to overcome most of the problems 

associated with linear probability models and provide parameter estimates that are asymptotically consistent and efficient. 

The dependent variable is dichotomous, where the response yi is binary assuming only two values that can be coded as one 

or zero for convenience. This could be defining as: 

yi = 1, if the i
th

 household is participant in SWC activities  

0, if not participant.  

Here, yi take value one and zero with probability of pi and 1-pi respectively.  

The probability that the i
th 

household to participate in SWC activity is; 

𝑝𝑖 =
1

1+𝑒−𝑍𝑖            (1) 

Therefore, the odds ratio of the probability of households participating in SWC activities to probability of households not 

participating in SWC activities can be written as: 

𝑂𝑑𝑑𝑠 𝑅𝑎𝑡𝑖𝑜 =
𝑝𝑖

1−𝑝𝑖
= 𝑒−𝑍𝑖          (2) 

Taking its natural logarithm, we got the log of the odds ratio, which is known as logit model. 

𝑙𝑛  
𝑝𝑖

1−𝑝𝑖
 = 𝑍𝑖           (3) 

If the error term (ε) is taken in to account, the logit model becomes: 

Zi = β0 + β1X1𝑖 + β2X2𝑖 + ⋯ . .β𝑛X𝑛𝑖 + ε0        (4) 

Where, β0: is the intercept, which tells us the log odds in favor of participating in SWC practices when the coefficient of all 

included explanatory variables are assumed zero. β1, β2... βn are slope parameters to be estimated in the model. The slope tells 

how the log odds in favor of participating in SWC practices change as each independent variable change. Zi tells as the logs 

of the odds ratio in favor of participating in SWC practices. In this study, the above econometric model (equation 4) is to 

identify factors affecting the participation of farmers in SWC practices. Zi is a linear function of n explanatory variable (Xi) 

and expressed as: 

Zi=β0+β1EXTEi+β2DISTi+β3AGEi+β4PERCEPi+β5AREAi+β6EDUi+β7SLOPEi+β8SEXi+ β9FAMSIZEi 

 +β10SOILFERTi+β11TLU+ β12TRAINi + β13 OFF FARM +εi 

Variance Inflation Factor (VIF) and Contingency Coefficient (CC) checked the occurrence multicollinearity problem with 

continuous and dummy explanatory variables respectively. So the value of VIF was less than 10 for continuous. For dummy 

variables, the value of contingency coefficient was less than 0.75. Therefore, there is no multicollinearity problem. 
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TABLE 1 

DEFINITION AND UNITS OF MEASUREMENT OF THE EXPLANATORY VARIABLES. 

Variables Definition and units of measurements 

EXT Extension service (1= obtained and 0=not obtained) 

DIST Distance from residence to the farm land in minute or hour 

AGE Age of household head in years 

PERCEP Household head’s perception on erosion problem ( 1=know 0=don’t know) 

AREA Area of land ( in hectare) 

EDU Educational status of household head (1=literate, 0=illiterate) 

SLOPE Slop of the plot (1= flat and 0 =otherwise) 

SEX Sex of household head (1=Female, 2=Male) 

FAMSIZE Number of family member 

SOILFERT Fertility status of the soil (1=fertile, 0= infertile) 

TLU Respondent’s owned livestock (in tropical livestock unit) 

TRAIN Household head’s taken training (1= yes, 0 =no) 

OFF_FARM Respondent’s off farm income (1=have, 0= not have) 

 

III. RESULTS AND DISCUSSIONS  

3.1 The extent of farmer’s participation in SWC practices  

About 76.35% of the respondents were participants. However, 57.52% of participants were without their interest because 

they perceived that SWC measures implemented by the public campaign are less effective to combat soil erosion. From the 

focus group discussion, farmers also participated to be free from any penalty of being absent. Similarly, Wagayehu, and 

Sterk (2002) reported that the majority of the households participated simply because they were forced to do by the village 

administration and the experts. Because farmers assumed that conservation is not for the sake of protecting the soil and water 

from erosion rather to meet the demands of the government's five-year development program. Abrham et al (2016) also 

reported that farmers were reluctant to participate because of poor effectiveness of conservation measures and unfair 

selection of farmers for layout and design activities. The majority (68.14%) of respondents participated at the implementation 

stage (Table 2). This is in line with Abrham et al (2016) that almost three fourth of farmer’s participated in the 

implementation phase in both watersheds. 

TABLE 2 

THE EXTENT OF FARMER’S PARTICIPATION IN SWC ACTIVITIES  

Variables related to SWC Category Frequency (%) 

Participation 
Participant 113 76.35 

Non Participant 35 23.65 

Way of participation 
Voluntarily 48 42.48 

Forced 65 57.52 

Stages of participation 

Planning 13 11.51 

Implementation 77 68.14 

After implementation 23 20.35 

Note: Way of participation and stages of participation analyzed from participants 

3.2 Determinants of farmer’s participation in soil and water conservation practices  

3.2.1 Age of household head 

It was negatively related to farmer’s participation in SWC practices and statistically significant at 1% significant level (β = -

0.793; p-value = 0.000). The negative sign indicates that as the age of farmer increases, the probability of participating in 

SWC practices decreases. The odds ratio also showed that a one-year increase in the age of household head decreases their 

participation in SWC practices by a factor of 1.104. As SWC practices require more energy, older farmers have no enough 

energy to do. Due to this, they give their farmland to younger farmers as rent. This result was in line with (Belachew et al. , 
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2020; Daniel and Mulugeta, 2017; and Mohammed et al., 2018) who reported a negative correlation between age and 

adoption of introduced SWC measures. This is because old farmers become exhausted and unable to give care for their 

farmlands. In contrary to this, Amsalu and Graaff (2007) indicated a positive correlation between age and willingness to 

participate in SWC programs due to the longer year farming experience of older farmers. Fikru (2009) also reported that 

older farmers were more aware of the problems of erosion and the importance of soil and water conservation practices. 

3.2.2 The slope of farmland 

The slope of the land was positively correlated with farmer’s participation in SWC practices and significant at a 1% 

significant level (β = 1.480; p-value = 0.004). The result showed that as the land steepness increase by 1%, their participation 

in SWC practices also increases by a factor of 2.646. Farmers having steep slope fields perceive that the presence of erosion 

problem. Therefore, farmers having a steep slope of land actively participate in SWC practices because of its difficulty in the 

absence of public campaign work. Similarly, Belete (2018) reported that the slope of a farm plot found to be statistically 

significant and positively correlated with continued use of structures at less than 5% probability level. A household inclines 

implementation of soil and water conservation structures as he or she owns very steep land that could be exposed to soil 

erosion. This implies that households farming steep land are more likely to adopt conservation structures than less steep 

lands. Likewise, Desalew and Aklilu (2017) reported that the slope of a plot was an important variable that positively 

affecting the probability of using SWC technologies at a 5% significance level. Farmers were tending to invest in 

conservation practices where their farm plots are located on higher slopes. Due to more visibility of soil erosion problems in 

steeper slopes, farmers could use conservation measures. On the contrary, Kessler (2006) states that more sloping fields do 

not influence farmer's decision to the adoption of SWC. 

3.2.3 Extension contact of the household head 

It was positively correlated (consistent with the hypothesis) with farmers' participation in SWC practices; and significant at 

1% significant level (β =0.774; p-value = 0.003). The odds ratio indicated that in each contact of farmers with extension 

workers, farmers' participation in SWC practices increased by a factor of 1.811. Because when farmers frequently 

communicate with extension workers, they can get the necessary information, acquire new skills and knowledge, and became 

more aware to use conservation practices. This result is in line with Derejaw et al (2013) who reported that frequent contact 

with development agents found to affect the use of improved soil conservation technologies positively and significantly at a 

1% significant level. Every contact of the farmer with the development agents increased the probability of use of improved 

soil conservation technologies by 9.03%. In the same way, Desalew and Aklilu (2017) indicated that the effect of extension 

contact on farmer’s perception was positive and significant at a 5% significant level. Farmers who have more contact with 

extension workers would acquire more information related to the benefit of SWC, the techniques of implementation, and 

maintenance. In contrary to this result, Amsalu and Graaff (2007) reported a negative correlation between extension contact 

and adoption of soil and water conservation. Farmers having contacts with extension agents tend to reduce their investments 

in SWC practices because the agricultural extension mainly focused on crops and livestock production. 

3.2.4 Perception of farmers on the problem of soil erosion 

It was positively correlated with farmer’s participation in SWC practices; and significant at 1% significant level (β = 2.253; 

p-value = 0.000). The binary logistic regression result showed that the odds of farmers who perceive the problem of soil 

erosion was 1.847 times the odds of farmers who do not perceive. Because farmers who perceived about soil erosion problem 

on their farmland understand the severity of soil erosion and ultimate decline of productivity. Similarly, Adugnaw and 

Birhanu (2013) reported that perception on the problem of soil erosion had a positive and significant influence on the use of 

structural SWC measures. Likewise, Belete (2018) also indicated that farmers who feel that their farmlands are prone to soil 

erosion are more likely to adopt physical soil conservation measures than those who do not perceive the problem of soil 

erosion. From his result, the odds of a farmer who perceived soil erosion better to adopt conservation structure was 3.363 

times the odds of farmers that did not perceive it. This implies farmers who feel that his/her farmland was prone to soil 

erosion were more likely to use SWC measures.  

3.2.5 Training 

Households obtained training was positively correlated with farmer’s participation in SWC practices and significant at 1% 

significant level (β = 1.916; p-value = 0.001). The model result showed that the odds of a farmer who take training was 3.534 

times the odds of farmers who do not take training. Farmers, who take training, acquire adequate and recent information and 
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technical support about the implementation of SWC mechanisms as well as their relevance. Therefore, they improve their 

awareness in the participation of SWC practices and facilitate the use of conservation measures. However, according to 

Belachew et al. (2020), training influenced the adoption of check dam negatively at a 5% significant level. Because when 

farmers have not accessed all the relevant information or information they obtained was incomplete, they cannot adopt SWC 

technologies.  

3.2.6 Off-farm income of the household head 

This variable related to farmers' participation in SWC practices negatively and significant at 1% significant level (β = -2.597; 

p-value = 0.000). The odds of farmers who engaged in off-farm income was 1.014 times the odds of farmers who did not 

engage in off-farm income activities. Farmers do not want to spend their time in farmland when they get off-farm income 

source because most of the off-farm activities such as masonry, carpentry, and trading are carried out far from their farm 

area. In line with Belete (2018) that farmers engaging in off-farm activities discourage a household not to participate in soil 

and water conservation activities. Thus, off-farm activities influence farmer's continuous use of soil and water conservation 

technologies negatively and significantly at less than 5% probability. It decreases the probability of using SWC technologies 

by a factor of 0.376. Daniel and Mulugeta (2017) also reported that household heads who are not engaged in off-farm activity 

adopt introduced SWC practices .084 times greater than those who are engaged in the off-farm activity. Because there is 

labor competition between off-farm activity and SWC practices which restrain farmers from involving in implementing and 

maintaining conservation practices on their farmlands. In the same way, Derejaw et al (2013) explained that participation in 

off-farm activities keeps the labor force needed for SWC away from the farm. Moreover, the short-term benefit obtained 

from off-farm works may obscure the benefits obtaining from investments in SWC. However, Kessler (2006) found that 

income from off-farm activities does not influence a household's decision to invest in SWC measures. 

TABLE 3 

BINARY LOGIT MODEL FOR DETERMINANTS OF FARMER’S PARTICIPATION IN SWC PRACTICES 

Variables Coefficient(β) Std. err Sig. Odds ratio 

AGE -0.793 0.261 0.000*** 1.104 

SEX -1.759 0.534 0.672 .007 

EDU -0.04 0.472 0.850 .893 

FAMSIZE 0.515 0.061 0.747 4.358 

DIST 0.219 1.053 0.771 1.869 

AREA 0.59 0.951 0.453 5.390 

SLOPE 1.48 0.746 .004*** 2.646 

SOIL FERT -0.083 0.183 0.263 .789 

PERCEP 2.253 0.621 0.000*** 1.847 

-TLU -0.484 0.073 .655 .251 

EXT 0.774 2.415 .003*** 1.811 

TRAIN 1.916 3.414 .001*** 3.534 

OFF_FARM -2.597 3.472 .000*** 1.014 

Constant -2.101 9.762 .000 .002 

Nagelkerke (R
2
) =0.825; Log likelihood = -82.397; 

Model chi-square=87.775; Number of observation =148; 

*** means Significant at p ≤ 0.01. 

IV. CONCLUSIONS  

The findings of this study revealed that even majority of respondents are participant, their participation was mainly at the 

implementation stage to be free from penalty of being absent. The participation of farmers in SWC practices in the study area 

is affected by their perception of erosion problem, extension services, training, and slope of their farmland positively. On the 

hand, age and off-farm income affected farmer’s participation in SWC practices negatively. Therefore, strategies those focus 

on enhancing and strengthening of the interest and ability of farmers like training and extension on the sustainable 

management of land should be continuously implemented.  
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ABBREVIATIONS 

GIS: Geographic Information System  

SWC: Soil and Water Conservation  

SPSS: Statistical Package for Social Science  
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