
CIVIL & ENVIRONMENTAL ENGINEERING | RESEARCH ARTICLE

Determinants of smallholder farmers’ 
participation and level of participation in small- 
scale irrigation practice in Gemechis district, 
West Hararghe Zone, Ethiopia
Tale Geddafa1*, Emebet Abera2 and Fikire Gedefa3

Abstract:  The study was conducted to assess factors that determine a household’s 
participation and intensity of use in the Gemechis district. A multi-stage sampling 
technique was employed and 167 sample households were selected by using the 
Cochran formula. Both quantitative and qualitative data types from primary and 
secondary sources were collected. Cross-sectional data were gathered through 
a semi-structured questionnaire survey. For both dummy and continuous variables, 
chi-square (χ2) and independent t-test statistics were used, respectively, to test the 
significance of the mean value of the two groups of participants and non- 
participants. The double hurdle model was used to analyze determinants of farm
ers’ decision to participate and intensity of use of small-scale irrigation practice. 
Results of the first part of the double hurdle (probit) model revealed that the sex of 
household heads, household size, the annual income of the household, farm dis
tance from the water source, access to extensions, and credit services were found 
to significantly determine the participation decisions of farmers in the small-scale 
irrigated agriculture, at different significance levels. In the second part of the double 
hurdle (truncated) model indicates household size, access to own oxen, farming 
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experience, and access to credit services were found to significantly determine the 
intensity of participation in small-scale irrigated farming, at different significance 
levels. Results further showed that farm distance from irrigation water was found to 
be a barrier for participation in irrigation with significant effect. Therefore, ground
water development and rainwater harvesting ponds should be practiced close to 
the irrigation land.

Subjects: Agriculture & Environmental Sciences; Biology; ICT; Biotechnology  

Keywords: Small-scale irrigation; double hurdle model; participation; Ethiopia

1. Introduction
The Ethiopian agricultural sector runs the pillar of the country’s economy in relation to income, 
employment, food security, and the generation of export revenue (ADEA (Association for the 
Development of Education for Africa), 2014; Asayehegn, 2012). Agriculture provides employment 
opportunities to about 83% of the population and provides raw materials for 70% of the country’s 
agro-industries (EEA (Ethiopian Economic Association), 2012). About 70% of Ethiopia’s foreign 
exchange is resulting from agricultural exports (FAO (Food and Agricultural Organization), 2015). 
Despite its importance, for the national economy, the sector is highly based on subsistence farm
ing, seasonal, and heavily hooked into erratic rainfall distribution. The production of agricultural 
outputs using modern technologies such as small-scale irrigation at the smallholder level is at its 
embryonic stage (FAO (Food and Agricultural Organization), 2015). The frequent failures of agri
cultural production have forced many of the societies to food insecurity which often turns into 
famine (Abebaw et al., 2015). Therefore, small-scale irrigation is a priority area to meet the food 
demand of the ever-increasing population growth in Ethiopia.

Irrigation development is one among the pillar principles within the agricultural sector that have 
been promoted in most areas of the country to increase yield and cropping intensity and diversify 
agricultural production in order to earn more stable incomes (Awulachew, 2010). Irrigated agriculture 
plays a crucial role in stabilizing agricultural productivity and production, mitigating the negative 
impacts of variable or insufficient rainfall and providing sustainable food security (Getaneh, 2011). 
Ethiopia has a significant potential for irrigation both in terms of the available land and water 
resources. It has 5.1 million hectares of land which will be advanced for irrigation (Awulachew 
et al., 2010; FAO (Food and Agricultural Organization), 2015; Tsehaye, 2014). The country has 
abundant water resources, including more than 10 river basins and 22 natural and artificial lakes, 
hence known as the Water Tower of Africa (ADF (African Development Fund), 2005). The annual 
runoff volume of the country is 122 billion m3 of surface water and 2.6 billion m3 of groundwater. 
Because of the ample availability of land and water resources, the country started modern irrigation 
in the 1960s by private investors in the Middle Awash Valley (ADF (African Development Fund), 2005).

Nevertheless, only 3% of Ethiopia’s food crops are produced from irrigated agriculture till 2014. 
About 97% of the irrigation potential in terms of land and water resources has not been developed 
so far (FAO (Food and Agricultural Organization), 2015). The West Hararghe zone experienced 
a decline in crop production by 27% due to the late-onset and early cessation of the seasonal rains 
in 2012 (MoARD (Ministry of Agriculture and Rural Development), 2013). However, the extreme 
rains, flooding, and hailstorm, and rivers that can serve as irrigation areas during the dry season 
were reported within the zone in the same year. The interventions so far made in the zone towards 
the development of small-scale irrigation are very limited or no effort has been made on the 
dissemination activity. However, the development of an irrigation system requires the active 
participation of the community for sustainable operation.

There’s an enormous gap between the community’s participation and the potential of the 
irrigation applied in the study area. Some studies (Assefa, 2008; Ayala et al., 2018; Mengistie & 
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Kidane, 2016; Tesfaye et al., 2015; Tsehaye, 2014) were conducted within the country along with 
small-scale irrigation on food security, livelihood, and poverty alleviation. However, they ignored 
the analysis of factors that determine smallholder farmers’ participation and level of participation 
in small-scale irrigation and consequently the study area. Thus, this study was conducted to fulfill 
the knowledge gap of factors that are barriers to the development of small-scale irrigation farming 
and further to contribute to the expansion of irrigation activities in the study area and national 
level where the agro-ecological and socio-economic conditions are comparable.

2. Materials and methods

2.1. Description of the study area
The study was conducted in the Gemechis district of the West Hararghe zone, Oromia National 
Regional State, Ethiopia. Gemechis district is one of the 14 districts in the West Hararghe zone. It is 
located at a distance of 333 km from Addis Ababa and 17 km from the zonal town of Chiro with an 
altitude of 1300–3017 m a.s.l (Zonal irrigation development authority, 2014). The geographical 
location of the district lies between 8°10ʹN latitude and 40° 45ʹE longitude. The minimum and 
maximum temperatures of the district is 20–30°C, respectively with rainfall of 850–1000 mm. The 
dominant soil sort in the district is sandy-loam. The rain distribution is bimodal in nature with the 
main rainy season ranging from June to September, and few rains extending from March to May. 
The agro-ecology of the district is 15% highland, 45% midland, and 40% lowland. The farming 
system of the district is categorized by a crop-livestock farming system. The water sources for 
irrigation are river or stream, pond, shallow well, and groundwater is that the most available and 
surface irrigation is common within the area (District office of agriculture, 2012). Major crops 
produced by irrigation are onion, tomatoes, potatoes, cabbage, sugarcane, sweet potato, hot 
pepper, and chat.

2.2. Sampling methods and sample size
In this study, a multi-stage sampling technique was employed to pick sample households in 
order to gather primary data. Within the first stage, the Gemechis district was selected 
purposively due to its potential and abundance of small-scale irrigation practice. Within 
the second stage, four rural Kebeles1 were randomly selected from 18 irrigated Kebeles. In 
the third stage, households were stratified into participant and non-participant, subsequently, 
a probability proportional to the size of selected Kebeles was employed to identify the sample 
size in each Kebeles (Table 1). The list of the participants and non-participant household 
heads , names were obtained from each Kebeles’ DA officers. Finally, respondent households 
were randomly interviewed. The sample size was determined by following Cochran’s (1977) 
formula and adjusting the degree of precision to 0.07 due to shortage of resources, and 167 
sample households were selected. 

n ¼
z2� pð Þ qð Þ

d2 (1)  

Where: n is the sample size, Z is a standard normal deviation (1.81 for 93% confidence level), p is 
the proportion of the population participating in irrigation, which is P = 0.5, that is 50% due to 
unknown variability, q = 1-P = 0.5 (50%) and d is the desired degree of precision (0.07) in this case.

The sample selected from each selected kebeles was proportional to the sample population in 
each kebele and the formula for this purpose was determined by the formula (2) 

ni ¼
Ni nð Þ
∑N i

(2) 
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Where: ni is the sample to be selected from i’s kebele, Ni is the total population living in selected i’s 
kebele, ∑ is the summation sign, ∑Ni is the sum of the total population in the selected four kebeles 
and n is the total sample size.

2.3. Data type, source and collection methods
In this study, both quantitative and qualitative data from primary and secondary sources were 
collected. The primary data were gathered in one-to-one interviews using a semi-structured survey 
questionnaire. During the personal interview, demographic and socioeconomic characteristics of 
households were collected. Purposively selected focus group discussions and key informant interviews 
were also used for triangulating the data obtained from primary data. Secondary data were gathered 
from different published and unpublished sources including books, journal articles, CSA of Ethiopia, 
and relevant documents’ of the district agricultural office.

2.4. Methods of data analysis

2.4.1. Descriptive statistics
Descriptive statistics such as minimum, maximum, mean, and standard deviation were used to 
summarize the data. For both dummy and continuous variables, chi-square (χ2) and independent 
t-test statistics were used, respectively, to test the significance of the mean value of the two 
groups of participants and non-participants in terms of explanatory variables.

2.4.2. Econometric model
Dependent variables: the dependent variables for determinants of adoption during this study are 
the participation decision and intensity of participation of the farmers in small-scale irrigation 
practice. Household participation decisions in small-scale irrigation practice is dichotomous, it 
takes a value of 1 if the household has participated in small-scale irrigation practices and zero 
otherwise. It had been estimated by using the probit model. The intensity of participation in 
irrigation practice by the farmers was measured in terms of the proportion of the land irrigated 
by the farmers from the total farmland they owned and it is the continuous limited dependent 
variable. It was estimated by using a truncated regression model.

Tobit model, Heckman two steps, and double hurdle model are the models suited to analyze the 
factors that determine the probability of participation and intensity of participation under various 
underlying assumptions. By employing a test on the best fit of the models among Tobit and double 
hurdle models using the log-likelihood ratio test following Newman et al. (2003) it was done and 
the double hurdle was found to be the best fit than the Tobit model. Therefore, the double hurdle 
model was selected and used for the purpose of analyzing the determinants of participation 
decision and intensity of participation for small-scale irrigation.

Participation decision equation is specified as follows: 

Yi�1¼X1β1þni1;ni1,N 0;δ1
2� �

(3)  

Yi1 ¼
1; ifYi�1>0

0; ifYi�1 � 0

�

Intensity of Participation Equation is specified as: 

Yi�2¼X2β2þni2;ni2,N 0;δ2
2� �

(4)  
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Table 2. Description of the explanatory variables specified in the Double Hurdle Model
Explanatory 
Variable

Variable Type Description of 
the Variable

Measurability Expected Sign

Age Continuous Age of household 
head

Years ±

Sex Dummy Sex of HH head 
(0 = female, 
1 = male).

Proxy/categorical +

Education Level Continuous Formal education 
level of HH head

Years/number of 
grades attended

+

Household Size Continuous Measured in terms 
of adult equivalent 
of persons living 
together in one 
household.

Number ±

Annual Income Continuous Total annual income 
of the household 
from all activity

+

Land Size Continuous Total area of 
cultivable land and 
suitable land for 
irrigation owned by 
the household

Hectares ±

Livestock Holding Continuous total livestock 
owned by farmers 
and equivalent to 
Tropical Livestock 
Unit (TLU)

Number +

Access to Oxen Dummy Households of 
holding Oxen (1 
Having own Oxen, 0 
otherwise)

Proxy/categorical +

Farming Experience Continuous Farming experience 
of household head

Years +

Off-farm Activity Dummy Off-farm activity (1 
if a household head 
participated in off- 
farm income 
generating activities 
and 0, otherwise

Proxy/categorical +

Market Distance Continuous Distance of 
a market place from 
the HHHs’ home

Km -

Farm Distance Continuous Distance of plot of 
land for irrigation 
from water source.

Km -

Market Information Dummy Information 
concerning the 
demand and price 
issue of the product 
(1 for having this 
access, 0 otherwise)

Proxy/categorical +

Extension Access dummy number of 
agricultural 
extension contact in 
the cropping year/ 
season (1 if the 
farmer has got at 
least one extension, 
0 otherwise)

Proxy/categorical +

(Continued)
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Yi2 ¼
X2 β2 þ εi2; ifYi1 ¼ 1andYi�2>0

0; ifYi�2 � 0

�

Where: Yi* is unobserved (latent) variable for the participation decision and intensity in small- 
scale irrigation, the subscript i refers to the ith household, the subscripts 1 and 2 refer to the 
variable and parameters related with the participation equation and the intensity of participa
tion, respectively, X is the index of explanatory variables determining the participation decision 
and intensity of participation, β is the index of parameters related with explanatory variables 
determining participation decision and intensity of the participation and Ԑi is the error term of 
the participation equation, which is normally distributed Ԑi~ N (0,δ1

2) with zero mean and 
constant variance.

2.4.3. Description of variables and their hypothesis
Table 2 below shows the explanatory variables used in the double hurdle model with their 
specifications.

Explanatory 
Variable

Variable Type Description of 
the Variable

Measurability Expected Sign

Credit Access Dummy Credit accessibility 
(1 a farmer 
accessed a credit 
before growing 
season, 0 otherwise)

Proxy/categorical +

Farmers’ perception Dummy Farmers’ perception 
on the importance 
of Irrigation (1 = if 
favourable 
response, 0 
otherwise

Proxy/categorical +

Table 3. Descriptive statistics of continuous variables across participant and non-participants 
of small-scale irrigation
Variables Participant (N = 63) Non-participant(N = 104)

Mean SD Mean SD t-test p-value
Age of HHH 37.90 17.00827 57.82 15.46419 7.765 0.010***

Education 
Level of HHH

6.43 3.58633 4.25 3.63839 −3.771 0.010***

Household 
Size

7.79 2.80068 4.62 2.27825 −8.003 0.010***

Annual 
Income of HH

242,031.75 637,813.93 71,914.42 127,975.50 −2.639 0.009***

TLU 3.13 1.78246 2.02 2.05261 −3.548 0.010***

Farming 
Experience

11.22 7.50149 5.64 4.30831 1.928 0.056

Market 
Distance

5.24 3.17609 5.64 4.30831 0.649 0.517

Farm 
Distance

1.79 1.95060 5.76 2.75662 10.003 0.010***

Note: ***indicates level of significance at 1%, HHH = Household Head. 
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3. Results and discussion

3.1. Descriptive statistics results and discussion
Table 3 presents the t-value comparison of means of selected variables by participation status for the 
surveyed sampled households. According to Table 3, significant differences between the participants 
and non-participants exist in all the variables except farming experience and market distance.

There was a significant difference (p < 0.01) in the mean age of household heads between 
participants and non-participants in irrigation. The results showed that the age of non-participants 
was higher than compared to participants. The mean years of education were 6.43 and 4.25 years 
of schooling for participants and non-participants, respectively, and highly significant at a 1% level 
of significance (Table 3). The results revealed that the education level of the participants was 
higher than compared to non-participants. The mean household size of participants was 7.79, 
whereas the number of non-participants was 4.62 and highly significant at 1% level of significance.

The household size of participants was higher than compared to non-participants. The results in Table 
3 indicate that an average of the annual income of household heads of irrigation participants was 
Ethiopian Birr 242,031.75 with a standard deviation of Birr 637,813.93 which is greater than that of the 
non-participants Birr 71,914.42 with a standard deviation of Birr 127,975.50. There was a highly sig
nificant difference in the annual income of households between participants and non-participants in 
irrigation.

The mean livestock holdings of the non-participants was 2.02 TLU, while that of the participants 
was 3.13 TLU and significant at 1% level of significance. The results imply that livestock holding by 
participants was higher than compared to non-participants (Table 3). There was no significant 
difference in the farming experience of the household heads between participants and non- 
participants in irrigation and the results also revealed there was no significant difference in market 
distance from homestead.

The results in Table 3 indicate that the average farm distance from homestead and water source 
of irrigation participants was 1.79 km with a standard deviation of 1.95060 km which is lower than 
that of the non-participants 5.76 km with a standard deviation of 2.75662 km. There was a highly 

Table 4. Descriptive statistics of the discrete variables across participant (N = 104) and non- 
participants (N = 63)
Variable Participant Non- 

participant
Total

Frequency Frequency Frequency Ch2-test p-value
Sex of HH 
head

Male 56(39.72) 85(60.28) 141(84.43) 0.273 0.155

Female 7(26.92) 19(73.08) 26(15.57)

Oxen Access Yes 57(90.48) 8(7.69) 65(38.92) 0.001 0.010***

No 6(9.52) 96(92.31) 102(61.08)

Off-farm 
Activity

Yes 2 (3.17) 26 (25.00) 28 (16.77) 0.002 0.010***

No 61 (96.83) 78 (75.00) 139 (83.23)

Market Info. 
Access

Yes 24 (38.09) 33(31.73) 57 (34.13) 0.406 0.250

No 39(61.91) 71(68.27) 110 (65.87)

Extension 
Access

Yes 56 (88.89) 22 (21.15) 78 (46.71) 0.001 0.010***

No 7(11.11) 82 (78.85) 89 (53.29)

Note: Figures in parenthesis represents the percentage of respondents involved, ***indicates level of significance at 1% 
and HHH = Household Head. 
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significant (p < 0.01) difference in the farm distance between participants and non-participants in 
irrigation from their homestead and water source.

Significant differences between the participants and non-participants exist in all the variables 
except the sex of the household head and access to market information (Table 4). The majority 
(84.43%) were male-headed, while 15.57% were female-headed. The female-headed households’ 
proportion for participant and non-participant was 26.92% and 73.08%, respectively. The male- 
headed households’ proportion for participant and non-participant was 39.72% and 60.28%, 
respectively. The chi-square test results on this variable shows that there was no significant 
difference between participants and non-participants (Table 4).

The descriptive analysis revealed that there was a highly significant difference at 1% in the 
access of oxen by households between participants and non-participants in irrigation practice. This 
designates that the participants have more access to oxen than non-participants. The proportion 
of households that have access to non-farm activity for non-participants was about 75%, whereas 
that of participants was about 96.83% and the chi-square value of the proportionality test for this 
variable shows that there was no significant difference.

The majorities (65.87%) of households do not have any information on input and output prices; 
whereas 34.13% have information (Table 4). The chi-square test results on this variable illustrate 
that there was no significant difference between participants and non-participants. Households 
who have extension access were 88.89% and 21.15%, while those who have not this access were 
11.11% and 78.85% for participants and non-participants, respectively. The chi-square test result 
on this variable indicates that there was a significant difference between participants and non- 
participants at 1%.

0.00%
20.00%
40.00%
60.00%
80.00%
100.00%

11.11% 19.23% 16.17%

88.89% 80.77% 83.83%

Negative Respond
Positive Respond

Figure 1. Farmers’ perception 
on small-scale irrigation in 
Gemechis district.
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Figure 2. Accessibility of credit 
service in Gemechis district.
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The farmers’ positive responses for participants and non-participant were 88.89% and 80.77%, 
respectively. The farmers’ negative responses for participants and non-participant were 11.11% 
and 19.23%, respectively. For the total observation, 83.83% have positive responses, while 16.17 
have a negative response (Figure 1). This suggests most of the farmers’ have a good attitude and 
understand the benefits of irrigation technology.

Access to credit services was another important categorical variable that was analyzed along 
with participants and non-participants. For the total sampled households, about 68.26% did not 
use credit, whereas 31.74% have credit access. The households that have credit access for 
participants and non-participant were 77.78% and 3.85%, respectively. The households that had 
no credit access for participants and non-participant were 22.22% and 96.15%, respectively 
(Figure 2). This specifies that participant households have more credit access than non- 
participants and facilitate their farm production using irrigation with the help of credit access.

3.2. Econometric model results and discussion

3.2.1. Test statistics of the regression models
The results of the likelihood ratio test between the Tobit and the two-step modeling (using probit 
and truncated regressions) show that the double-hurdle model is superior to the Tobit model since 
the Г = 150.38 which exceeds the critical χ2 value with 15 degrees of freedom [χ2(15) = 24.996] 
(Appendix 1). To demonstrate the strength of the model specification, Akaike’s Information 
Criterion (AIC) and Bayesian Information Criterion (BIC) are included. The model with the lowest 
AIC and BIC is always preferred (Appendix 1). In comparison to the Tobit model, the AIC and BIC 
values of the double hurdle model are much inferior (lower), indicating that the two-part model 
has to be favored to explain participation decision and intensity. Rejections of the null-hypothesis 
indicate that farmers’ decision about participation and level of participation was taken at two 
different stages and the double hurdle model is the appropriate choice in this study.

Based on the results of the Variance Inflation Factor (VIF), the data had no serious problem with 
multicollinearity. This is because, for all continuous explanatory variables, the values of VIF are 
certainly less than 10 (Appendix 2). Therefore, these continuous explanatory variables were 
comprised in the model. Similarly, the contingency coefficient (CC) results show the absence of 
a strong association between different hypothesized discrete explanatory variables, since the 
respective coefficients are very small (less than 0.75) as given in appendix 3. Therefore, the 
dummy variables were incorporated into the model. For the endogeneity test, there was no 
explanatory variable that was expected to be endogenous in the model and hereafter no need 
to undertake the test.

3.2.2. Factors determining participation in small-scale irrigation
The probit regression part of the double hurdle model result, given in Table 5, reveals that out of 
the 15 explanatory variables, six were found to significantly determine the participation decision of 
the farmers in small-scale irrigated farming. These variables consist of the sex of the household 
head, household size, annual income of the household head, farm distance from the water source, 
access to extension, and credit services.

Sex of Household Head: As the probit model shows the sex of the household head had a positive 
and significant influence on the participation of small-scale irrigation at 5% significance level. This 
reveals that being male-headed households are more likely to participate in small-scale irrigation 
than female-headed households. The justification for this is that male farmers might have more 
access to information, extension, and credit services, whereas female-headed households lack 
time for gathering information about new technology because women are involved in many 
responsibilities in the home such as cooking and child care. The results are consistent with 
Yenealem’s (2013) binary logit model results show that the adoption of improved maize variety 
is influenced by gender, where female-headed households adopt the improved varieties less. 
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Abebaw and Haile (2013) also obtained associated results in a study of membership for agricul
tural cooperatives in Ethiopia. The results opposed by Kileo (2014) illustrate that female-headed 
households decided to adopt new technology compared to males.

Household Size: The estimated coefficient of household size was positive and significant at the 
5% level. The value of marginal effect (0.0203795) shows that with one person’s increase in 
a family member, the probability of participation in small-scale irrigation increases by 2.04%. 
Larger household sizes would be more suitable since they imply more labor available and hence 
greater chances of participation. Numerous adoption studies found out a positive impact of family 
labor on technology adoption such as Techane (2002), Bayissa (2011), and Asfaw et al. (2011). 
However, Josephson et al. (2014) stated limitations in livelihood options with large households as 
one prime driver of extreme and continuous poverty in arid rural areas. The results also contrast 
with Tufa et al. (2014) stated that the higher the number of household members, the more they 
will consume their production and increase in the number of dependent family members which 
would disproportionate volume of production.

Annual Income of Households: A statistically significant positive association (P < 0.01) was 
found among the total annual income and participation of small-scale irrigation. It was a highly 
determined households’ decision which is an indicator of household economic status. High-income 
household heads could have the capacity to hold additional labor, land, and equipment for 
irrigation operations. These findings are associated with findings by Sufdar et al. (2013) who 
suggest that households with high income are more likely to adopt biogas technology as com
pared to households with low income.

Farm Distance from Water Source: This variable was significant at 5% level of significance and 
has a negative association with household participation decisions in small-scale irrigation practice. 
It designates that as the distance of plot of land from the irrigation water source and homestead 
increases by 1 km, the probability of participating in small-scale irrigated farming decreases by 
2.22%, holding other factors constant. The implication of this negative relationship was that the 
farther the plot of land from the water source, the lesser would be farmers’ initiative to participate 
in small-scale irrigation. The possible justification could be households who are far from the 
irrigation scheme cannot follow up the farm activity closely and frequently and may not get 
a better yield. The opportunity cost of the time lost in traveling to and from an irrigation farm is 
great. Also, in the study area, every activity is carried out manually, so that an increase in distance 
of farmland from irrigation water source exposed households pay high cost due to difficulty of 
bringing water to one’s farmland. This finding is in line with the findings of studies by Aseyehegn 
et al. (2012), Beyan Ahmed et al. (2014), Sithole et al. (2014), and Hirko et al. (2018).

Access to Extension Services: This variable was significant at 5% level of significance and has 
a positive relationship with household participation decisions in small-scale irrigation practice. 
Households who have access to extension services have a 56.74 percentage point greater chance 
of participation in small-scale irrigation than their counterparts while keeping all other variables 
constant at their mean value. This means that the discrete effect of a change from 0 to 1 in access 
to extension service increases the probability of participation in small-scale irrigation by 56.74 per
centage points higher than their counterparts. Agricultural extension services play a vital role in 
the inspiration of farmers towards the adoption of improved irrigation practices. Farmers that 
have regular contact with agricultural extensions get information on new technologies more 
frequently and easily. This might increase their agricultural production and productivity 
(Madhusudan Bhattarai et al., 2002); found that contact with the farmers to extension services 
and their access to up-to-date farm information increases their agricultural production and 
productivity. This result is also consistent with Ransom et al. (2003), Feleke and Zegeye (2006), 
and Kapalasa (2014).
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Access to Credit Services: This variable was significant at 5% level of significance and has 
a positive association with household participation decisions in small-scale irrigation practice. The 
discrete effect of a change from 0 to 1 (change from non-user of credit to credit user) in access to 
credit service rises the probability of participation in small-scale irrigation by 22.39 percentage 
points higher than their counterparts. The positive relationship reveals those households who have 
access to credit have a better possibility of participation in small-scale irrigation because credit 
helps the farmers to purchase inputs such as seeds, fertilizers, and irrigation equipment. Very few 
farmers in the surveyed sample accessed credits for agricultural purposes showing the existence of 
obstacles to access the service. The same result was found by researchers such as Muhammad- 
Lawal et al. (2013), Sithole et al. (2014), Nhundu et al. (2015), and Hirko et al. (2018).

3.2.3. Factors determining intensity of participation in small-scale irrigation
The truncated regression part of the double hurdle model result, given in Table 5, reveals that out of 
the 15 explanatory variables, four explanatory variables were found to significantly determine the 
intensity of participation in small-scale irrigated farming, at different significance levels. These vari
ables include household size, access to own oxen, farming experience, and access to credit services.

Household Size: Household size was found to positively influence the intensity of cultivating 
irrigation land at 5% probability level. This implies that all other factors remain constant, the 
proportion of irrigated land increases by 9.28%, as the number of household size increases by one 
person. Large household sizes may mean having sufficient labor essential to manage and operate 
irrigation practices. The probable reason for this finding is that irrigation practices are labor- 
intensive and hence households with a relatively great labor force uses the technologies on their 
farm plots more than other similar signs found for other technologies (Hailu, 2008).

Access to Own Oxen: This variable was found to significantly and positively determine the 
intensity of participation at 1% significance level. This implies that all other factors being kept 
constant, the quantity of irrigated land increases by 59.06% as the household owned one ox. Most 
farmers in the study area do not have their own Oxen; they have prepared their farmland by hand 
hoe. Therefore, farmers that have their own oxen use for land preparation and were more simply 
able to prepare the large area of land than the households that have no own oxen and hence more 
probably involved in small-scale irrigated farming.

Farming Experience: The farming experience was found to significantly and positively determine 
the intensity of participation at 5% significance level. The proportion of irrigated land increases by 
2.70% as the farming experience increases by 1 year while other factors remain constant. 
Experienced farmers are expected to have greater access to productive resources (such as land 
and labor) and be able to apply improved agricultural technologies. This result is consistent with 
the research results by Tufa and Tefera (2016) and Musa H. Ahmed et al. (2016).

Access to Credit Services: Access to institutional credit can play a crucial role in the level of 
participation in irrigation technology. The study has revealed that there is a positive and significant 
(p < 0.05) relation between the use intensity of irrigation technology and access to credit. This 
implies that all other factors being kept constant, the proportion of irrigated land increases by 
54.95%, as households have credit services. In other terms, the proportion of land irrigated by the 
farmers those used credits exceed the proportion of land irrigated by the farmers who did not use 
credit by about 54.95%. This finding is consistent with Ejigu et al. (2011), Islam et al. (2015), Lapple 
et al. (2015), and Hirko et al. (2018).

4. Conclusion and recommendations
Irrigation development is the main strategy of the Ethiopian government to use untapped water 
resources. The expansion of irrigated agriculture is vital for improvement of agricultural produc
tivity and land shortage to feed the ever-increasing country’s population growth. It plays a crucial 
role in mitigating the negative impacts of variability or shortage of rainfall, and cropping intensity. 
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Ethiopia has a significant potential for irrigation both in terms of the available land and water 
resources. However, there is an enormous gap between the community’s participation and the 
potential of the irrigation applied in Ethiopia especially in the study area. Therefore, this study was 
conducted to assess factors that determine a household’s participation and intensity of use in 
irrigation technology. The study used both qualitative and quantitative data collected from primary 
and secondary sources. Primary data were collected through a semi-structured questionnaire 
survey. The double hurdle model was used in order to analyze the determinants of participation 
and intensity of participation in small-scale irrigation. The results of the first part of a double 
hurdle; the probit model shown that sex of household head, household size, annual income of the 
household, farm distance from the water source, access to extension services, and credit services 
were found to significantly determine the participation decision of the farmers in small-scale 
irrigated farming. While the results of the second part of a double hurdle, truncated model, 
showed that household size, access to own oxen, farming experience, and access to credit services 
were found to significantly influence the intensity of participation in small-scale irrigated farming.

Based on the above result the following recommendations were drawn:

Access to extension services was positively and significantly related to farm households’ parti
cipation in small-scale irrigation. We recommend agricultural extension should be given instant 
contact and flow with farm households to provide reliable and recent information and skills on 
small-scale irrigation. Credit service enables farmers to purchase agricultural inputs such as seeds, 
fertilizers, and irrigation equipment. This variable was positively and significantly related to both 
farm households’ participation in small-scale irrigation and intensity of use. Thus, the concerned 
institutions should develop a way for interested households to access credit use. The study has 
shown that farm distance from irrigation water source and homestead was found to be an 
obstacle for participation in irrigation with significant effect. Therefore, groundwater development 
and rainwater harvesting pond should be practiced close to irrigation land.
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Appendix 
Appendix 1. The test statistics of the double hurdle versus the Tobit model

Appendix 2. Variance inflation factor (VIF)

Probit, D Truncated Regression Tobit
Loglikelihood Ratio −13.17 −83.78 −189.81

Wald χ2/ LR chi2 (15) = 195.01 (15) = 21.04 (15) = 65.67

Number of observation 
(N)

167 91 167

AIC 58.33 201.56 413.62

BIC 108.22 244.25 466.63

Hypothesis H0: Tobit Specification

H1 = Double Hurdle Specification

Critical Value X2
15,0.05 = 24.996

Decision: Reject Ho B/C x2-Test Double Hurdle versus Tobit: Γ = 150.38

Variable VIF Tolerance Level
Age of Household Head 1.63 0.612667

Education of Household Head 1.28 0.778892

Household Size 1.49 0.671017

Annual Income 1.07 0.937599

Total Livestock Holding 1.19 0.838296

Farming Experience 1.24 0.803426

Market Distance 1.05 0.951491

Farm Distance 1.77 0.566437

Mean VIF 1.34
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