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Abstract: The irrigation sector in Ethiopia is expanding rapidly, yet it contributes less to the
national economy compared to rain-fed agriculture and livestock due to various challenges. The
Ethiopian government is focusing on enhancing agricultural productivity through small-scale
irrigation schemes, which significantly impact food production and household food security. This
paper examines the effects of small-scale irrigation on household income in the Gulomekeda
Woreda of Eastern Tigray Zone, utilizing both purposive and random sampling methods with a
sample size of 130 households. The study analyzes social, economic, technological, and
environmental factors influencing irrigation practices and household income. Data were collected
through focus group discussions, key informant interviews, and questionnaires, with SPSS
software used for analysis.

The findings indicate that small-scale irrigation greatly enhances household income and food
security, with irrigation users reporting higher incomes than non-users. Factors such as farming
type, modern input usage, and market distance significantly influence participation in irrigation.
Additionally, land size, livestock, non-farm income, and various support mechanisms positively
affect involvement in small-scale irrigation. However, challenges such as water shortages, lack
of oxen, inadequate administration, and crop failures hinder the effectiveness of these schemes.
The study suggests that low irrigation performance is tied to poor project design and insufficient
community involvement. Overall, the research concludes that small-scale irrigation plays a
crucial role in boosting farmers' household incomes.
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1. Introduction

aligns with the FAO's projection that, to meet food demands by
2020, the share of irrigated food production would need to rise
from 35% in 1995 to 45% by 2020. This highlights future global
concernsover access to irrigation water, especially in arid
regions. African irrigation agriculture plays a less significant
role compared to other regions, with irrigated land below the
world average. This underutilization is linked to poor poverty
reduction outcomes on the continent [4]. Prioritizing irrigation
development is crucial, given Africa's agricultural potential and

Ethiopia, one of the world's poorest countries, has about 29.2%
of its population living below the poverty line [1]. Most
Ethiopians rely on unpredictable rain-fed agriculture, which
contributes over 40% to the national income, primarily from
smallholder farmers [2]. Expanding irrigation could
significantly enhance agricultural development and food
security [3].

Globally, irrigated land has grown from 50 million hectares in

1900 to 267 million today, with developing countries holding
75% of it [4]. Currently, only 6% of Africa's agricultural land is
irrigated. Irrigation plays a crucial role in agricultural
productivity, household income growth, and poverty reduction.
To meet food demands by 2020, irrigated food production must
rise from 35% in 1995 to 45% [5]. According to a 1997 United
Nations report, irrigated agriculture contributed nearly 40% of
global food production from just 17% of cultivated land. This

the high number of rural poor who could benefit from increased
productivity.

Many Sub-Saharan countries recognize irrigation's importance
for food production, leading to increased investments [7]. Over
the past 30 years, the average expansion rate of irrigated areas in
Africa has been 2.3%. Currently, about 12.2 million hectares are
irrigated, with Egypt, Madagascar, Morocco, Nigeria, South
Africa, and Sudan making up nearly 75% of this total
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[4]. However, despite some progress, the overall impact of
irrigation development has been limited [8].

Ethiopia has a long history of traditional irrigation, but modern
irrigation began in the 1950s under imperial rule, focusing on
large-scale projects in the middle Awash Valley for sugar, fruit,
and cotton production. Successive regimes, including the
current Ethiopian People's Revolutionary Democratic Front
(EPRDF), have prioritized irrigation development to boost
agricultural productivity and food security while aiming for
sustainable practices [9].

However, challenges persist. Per capita land availability is
declining, and agricultural productivity is hampered by erratic
rainfall, leading to low farm output, poverty, and health issues
[10]. Poor irrigation management practices exacerbate these
problems, with inadequate skills and institutions resulting in
infrastructure decay and conflicts over water access.
Additionally, insufficient participation from beneficiaries, land
tenure insecurity, and socioeconomic barriers hinder effective
irrigation development [11]. Fluctuating rainfall severely
impacts rain-fed agriculture, causing frequent crop failures and
food insecurity. To achieve sustainable food security and rural
transformation, enhancing irrigation practices is crucial [12]. In
the Tigray region, agriculture heavily relies on rainfall, which
is often erratic and variable. This has led to crop production
failing to meet population growth due to recurrent droughts and
environmental degradation [13]. To address this, irrigation is
essential; it can boost yields by up to four times compared to
rain-fed farming and offers economic benefits through higher-
value crops.

Despite approximately 300,000 hectares being suitable for
irrigation, only 4.2% (12,607 hectares) is currently irrigated
[14]. In response, the Tigray regional government launched the
Sustainable Agricultural and Environmental Rehabilitation of
Tigray (SAERT) program, constructing several dams [15].

Gulomekada Woreda, located in the Eastern zone of Tigray,
faces chronic food insecurity due to insufficient rainfall and
frequent droughts. It is one of 31 districts targeted by regional
food security initiatives [16]. Challenges for smallholder
farmers include limited knowledge of market-oriented crop
production, poor work habits, lack of interest in purchasing
irrigation materials, financial constraints, and inadequate
infrastructure.

Researchers have studied the impact of irrigation on
smallholder farmers. For example, Tedros [17] examined how
small-scale irrigation affects household income and food
security in the Gum-selsa and Shilena schemes in Tigray,
focusing on specific crops. Hadushe [18] investigated micro
irrigation's effects on household income in Eastern Tigray, but
both studies limited their scope to crop and livestock income
without considering the overall household income. These
studies did not address the full contribution of small-scale
irrigation, particularly in Glomekada Woreda. To fill this gap,
the current research aims to evaluate the contribution of small-
scale irrigation to household income. To achieve the main
objectives, the following specific objectives were stated: 1.
Comparing incomes of irrigation users and non-users, 2.
Identifying determinants of household income for both groups
and 3. Assessing challenges affecting farmers' participation in
small-scale irrigation.

2. Research Methods and Materials
2.1. Description of the Study Area
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Gulomekada is one of the nine Woredas in the Eastern Zone of
Tigray Region. It is located at a distance of 912 km north of
Addis Ababa and about 135km north east of Mekele, capital city
of Tigray region. The study area has an absolute location of
14°16'45°-14°32'5’N and 39°14'-39°36'30’E latitude and
longitude, respectively (Fig. 1). The Woreda (district) has an
elevation of 1600 -3062 meters above sea level. Relatively, the
district is bordered in the south by Gantaafeshum, Werieleke in
the west, Eritrea in the north, Irob in the east, Saesitsaedaemba
in the south east. The total area of the Woreda is 703.2km?2. The
land form is made up of plateaus, and mountains.
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Fig 1 - Map of the study area
2.1.1. Climate

The climatic condition of the district is categorized under
Woinadega (Temperate) (52.7%) and Dega (Cool Temperate)
(47.3%) climate zone. The district characterizes bimodal
rainfall pattern with main rain occurring during the summer
season (from June to September) and a short rainy season during
spring (Belg) (between January and April). The mean maximum
and minimum temperature of the district are 20.5°C and 10°C,
respectively (Fig. 2).
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2.2 Methodology
2.2.1 Research Design

The study employed mixed research design composed of both
qualitative and quantitative research approaches. This is due to
the fact that the contributions of small scale irrigation on rural
household income as well as factors which affect the income of
the household in the study area need quantitative and qualitative
data collection and analysis. Hence, quantitative and qualitative
data collection and analysis was employed.

2.2.2 Sampling Techniques

The study used both purposive and simple random sampling
techniques to select the respondents to fill the questionnaires.
Firstly, purposive sampling technique was used to select the
study district for the reason that the district practices small scale
irrigation for the last couple of years. Therefore, to examine its
contribution and to identify the income difference between
irrigation user and non-user the researcher initiated to select this
specific district for the study. Secondly, out of 17 rural kebele
administrations, two rural kebeles (Marta and Addis alem) were
selected for the study using simple random sampling techniques
(Table 1) Using [19] formula the sample households were
determined as shown below:

zg.p.q.N
e (N—1)+2%-p-gq

A=

@
n: The required sample size
zz: Z-score (related to confidence level = 1.96)
pp: Proportion of success in the population (estimated
proportion 0.5)
qq: g=1-p
NN: Population size
ee: Margin of error (5% or 0.05)
Accordingly,

(L96%) - (0.5) - (1 05)- 197
(0.02) - (197 — 1) = (L.96%) - (0.5) - (1 — 0.5)
189.12
T

= 130

Table 1 - Summary of sample respondents

N Kebele User Non- sampl Samp Total

O  administr user e user le sample
ation non
user
1 Marta 53 51 32 33 65
2 Adisale 47 56 33 32 65
m
Total 90 107 65 65 130

Qualitative data samples were selected purposively for
interview from the informants which includes Woreda irrigation
expert, agricultural extension expert working in selected kebele,
scheme committee members, and kebele administrative bodies.
In general, key concerned bodies were selected purposively in
each kebele for the study.

2.2.3 Data Sources and Collection Techniques

In order to achieve the objectives of the study, both primary and
secondary data sources were employed.

3

Primary Data Collection Tools

The primary data collection techniques included questionnaire,
key informants interview and non-participator observation for
the study.

Key Informant Interview

The district’s irrigation expert, agricultural extension experts
working in selected kebele, scheme committee members,
irrigation user and non-user household and kebele
administrative bodies was included to collect information for
the study. Checklists were prepared for the following issues; the
source of credit, the motivating factor to participate in
irrigation, the impact of market information of farming activity,
indictors of wealth in rural farm households and application of
agricultural input in the study area. Key informants’ interviews
were prepared based on the specific time schedule to collect the
necessary data.

Questionnaire

Structured questionnaire was employed to collect primary data
from respondents. The questionnaire was composed of
demographic, socioeconomic, physical and institutional factors.
Ten data collectors who completed grade ten were selected so
as to collect reliable data from the respondents of the study area.
The questionnaire has included both close ended and open
ended questions. The questionnaire was first prepare in English
and later translated into the local language (Tigrigna) so that the
respondents can easily understand the questions.

Secondary Data Collection

In addition to primary data, the study employed secondary data
reports from Federal, Regional and district’s Agricultural and
Rural Development Office as well as reports from CSA, FAO
at different years.

2.2.4 Data Analysis Techniques

The study employed both quantitative and qualitative methods
of data analysis. The qualitative data that was collected through
key informant interview and field observation was analyzed
textually. This could support the data collected through
questionnaire. On the other hand, the quantitative data were
analyzed using the chi-square and T-Test. The data was entered
to statistical package for social science (SPSS). The data that
was collected from household survey presented and analyzed
through descriptive and inferential statistics. Descriptive
statistics state/express with the help of tables, percent and
frequencies. Inferential statistics used are t-test and Chi-square
test.

Chi-square test has employed to assess the association between
irrigation user and non-users with relevant to categorical
variable (such as sex of the household head, educational back
ground of the household, and accessibility of market
information.

Dependent variable: For this study, the dependent variable (Y)
is the contribution of small scale irrigation.

Independent variable: For this study, the independent
variables (X) are those factors affecting small scale irrigation.
The following factors (X) (independent variables) such as age
of household, gender, and educational back ground, and family
size, application of agricultural input and accessibility of market
information are expected to influence the small scale irrigation
and household income of the farmers (Table 2).
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Table 2 - Description of the dependent and independent
variables used in the model

shortage due to work burden at home and focused more on
domestic household works. Awoke et al., [20] explain that the

sex of the household head had a positive relationship with the
food security status of the households.

Independent Measurement Type  of Expected
variables variable sign
Age Years Continuous +
Sex Male=1 female =2 Dummy +
Education Illiterate =1 Dummy +
primary school = 2
secondary school = 3
preparatory and above
Family Size Number of family at  Continuous  +
household level
Application Yes =1 Dummy +
of No =2
agricultural
input
Accessibility Access to irrigation Dummy +
water =1
No access irrigation
water =2
Years of Number of years Continuous +
farming
experience
Livestock Numbers of +
holding livestock unit Continuous
Size of Size of farm land in  Continuous  +
cultivated hectare
land
Access  to Access to credit=1  Dummy +
credit No  access to
credit=2
Access to Access to Dummy +
extension extension=1 Dummy +
service No  access to
extension=2

Age of Households: The result of the study in Table 3 showed
that 26% of household small scale irrigation users were between
the ages of 22-37, 54% of respondents of irrigation users were
aged between 38-53 years as well as 20% were between the ages
of 54-70. On the other hand 34% of non-irrigation users were
between 22- 37 years, 32% had ages ranging between37-53 and
24% of the non-users were 54-70 years old. The chi-square
result of the study revealed that the age of household heads
indicated significant difference between small scale irrigation
user’s and non-users at 0.05 significance level. This survey
result indicated that larger portion of household small scale
irrigation users were grouped at the economically active age
group. The result of this study is consistent with the study
conducted by Awoke et al., [20]. Their result showed that age
of the household heads increase will increase the experience of
households in agricultural production and have more farming
experience and more output resulting in their families have a
better probability of being food secure. Conversely, a study
highlighted that younger farmers (ages 18-30) are increasingly
adopting modern agricultural technologies, including irrigation,
due to better access to information and resources. This
challenges the notion that older age is synonymous with greater
irrigation usage. Feleke et al., [21] has also reported a positive
effect of age on households’ decisions to participate in small-
scale irrigation.

Education Status of Households: Education Status of
Households is a vital tool for farmers to use modern technology
and different agricultural inputs. As to the survey result of Table
3, 17% of respondents of irrigation users and 34% of non-
irrigation users could not read and write, 31% of users and 43%
of non- users complete grades 1-4, 40% of the irrigators and

3. RESULTS AND DISCUSSION
3.1 Factors Affecting Irrigation Activity of the Study Area

Now a days, the participation of household heads in small scale
irrigation activity shows increment due to its vital role play in
improving income and reduce the problem of food crisis.
However, there are various factors that affect the practice of
small scale irrigation in the study area. These factors are
categorized in to four as; Demographic factors, socio-economic
factors, Administrative factors and Natural factors.

3.1.1. Demographic factors

Irrigation income and food security of households was
negatively affected by demographic factors. These variables
could affect the level and degree of income and food security.
The major ones of the study area include gender, age, and status
of education, marital status, and family size, the income of small
scale irrigation user and non-user households had influenced by
gender of the household.

Sex of Household: Table 3 shows that out of the total irrigation
user respondents 68% of them were males and 32% female
headed. Similarly, from the total non-irrigation respondents
53% were male non-irrigators and the remaining 47% were
females. The chi square test indicated that the sex of households
had significant difference between irrigation users and non-
users at 0.05 significance level. This result revealed that, in the
study area male population were largely participated in
irrigation activity while female headed households faced labor

4

13% of non-irrigators were completed grades 5-8 and 12% of
small-scale irrigators as well as 9% of non-irrigators completed
high school and above. The chi square value of educational
level of household irrigation users and non-users had significant
difference at 0.05 significance level. This result indicates that
majority of the irrigation users where learned 1-8 grades as
compared to the non-irrigators. This difference in educational
level could result in the variation household income. Daru et al.,
[22] ratified that there was a significant association between
household educational level and their decision to participate in
small-scale irrigation.

Marital status of Households: Marital status of Households
had also affect productivity and income of household heads.
Table 3, shows out of the total respondents 11% of irrigators
and 17% of non-irrigators were unmarried, 46% of irrigators
and 23% of non-irrigators were married respondents. 28% of
the irrigation user respondents as well as 37% non-irrigator
respondents were divorced farmers and 15% users, 23% of non-
users were widowed heads. The statistical analysis of the survey
result revealed that there is no significant difference in the
marital status of small scale irrigation users and irrigation non-
users. This means the statistical analysis revealing no
significant difference in the marital status of small-scale
irrigation users and non-users suggests that while marital status
may influence individual productivity, it does not necessarily
differentiate between those who use irrigation and those who do
not. This aligns with findings that indicate the complexity of
factors influencing agricultural productivity, where marital
status is just one of many variables [23].
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Table 3 - Demographic characteristics of households

*** = Significant at 0.01 level

chisquare 3-1.2. Physical and socio economic data of respondents

Demographic Irrigation Mean e At
data Accessibility of Irrigation Water
irrigation Non- As we can see from Fig. 3, 64% of the respondents get sufficient
user % irrigation water for irrigation and the remaining 36% of the respondents
user % do not get access of irrigation water. Based on this, it can be
Male 68 38 53 11.150**%aid that all irrigation user respondents have sufficient water for
Female 32 62 47 irrigation and the remaining 85% non-user households does not
have sufficient water for irrigation.. According to the sample
Age respondent during interview, accessibility of water is the major
. factor to participate in irrigation farming. From this result, we
2231 26 42 34 6.306 could suggest that accessibility of irrigation water and
38-53 54 32 43 participation on small scale irrigation is positively correlated.
54-70 20 26 23 This implies that households with good access of water force to
participate in small scale irrigation. In line with this, Hussain
Educational level [25] confirmed that access to reliable irrigation water can enable
Iliterate 17 34 25 13.568*=farmers to practice new technologies and intensify cultivation,
leading to increased productivity, overall higher production,
Elementary(1_4) 31 43 37 and greater returns from farming. This can open a new
Junior(5_8) 40 14 27 employment opportunity and improve incomes in the rural
High school (9- 8 6 7 Areas.
12_)I ] 5 100%
anlgvc;ma an 4 4 100% B 24 0%
. 90% -
Marital status %8% - 9
- 0 -1
Single 11 17 14 7.746 60% -
Married 46 23 35 2837) 1
Divorced 28 37 32 30;%(; -
Widowed 15 23 19 2990 0%
***significant at 0.01 level, **significance at 0.05 level, 0% ! ! !
*significant at 0.1 & & \‘Z}
Family size of households: Family size of households indicate O%Q’ 0%@ KO
that the presence of large number of children in the house o o = YES
requires large amount of food demand. Table 4 shows that & ® mENO
18.4% of irrigation user sampled households had between 0-2 {&0 . 6\%
number of children, those households with 3-5 children were A Q/\
accounted about 47.8%, and respondents who had 6-8 average O
number of children were accounted about 33.8%. Similarly, out Fig 3 - Accessibility of irrigation water of
of the total non-irrigation user respondents, parents had 0-2 the sampled household

average children were about 13.8%, 55.4% of non-user
respondents had also 3-5 average number of children and 30.8%
of the parents had 6-8 number of children. The mean household
size of irrigators is 1.96 and non-irrigation users are 2.1. The
chi-square shows, there is significant mean family size
difference between irrigation users and non-users at 0.01
significance level. Therefore, more than 86% of non-irrigation
user households had above 3 family members compared to
81.6% irrigation user with above 3 family members. So non-
irrigators have been faced food crisis due to the higher number
of dependent children than the irrigation users. Beneberu and
Biazin [24] explain that households with increased family
members within a household need more food than a household

Problems faced on irrigators: Small scale irrigation user
households were subjected to various challenges. As in Fig. 4
below, about 52% of irrigation user respondents had faced
shortage of water, 26% of them were problem of crop failure,
16% respondents had faced crop disease and pests 6% of
household respondents were faced problem of agricultural
weeds. The result indicates that the major Problem of irrigation
user households were shortage of water followed by crop
failure. Such problems influence productivity and household
income.

with a small family size, resulting in a shortage of food.
Table 4 - Family size of households
Family Irrigation=65 user Non- chi-square [ 52
size irrigators=65 50 @
Frequency % Frequency % 19.107*** 39 = -
)
2
0- 12 9 138 50 o l 16 ]
2children 18.4 o
10
3-5 31 4738 36 554 0 % ] -
children .
6-8children 29 338 20 30.8 % crop  shortgae Diseases — weeds
Mean(Sd)  2.1(0.7) 100 1.2(06) 100 o failure  of water
c Fig 4 - Challenges of Irrigation users
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3.2. Reasons for non-users of irrigation in the Study Area
From the total sample respondents, 50% of households are non-
irrigation users. They are not directly benefit from irrigation
farming. The survey result indicates that the major problem
associated with this includes scarcity of irrigation water, lack of
labor power to participate in small scale irrigation, price of
water service and lack of awareness about irrigation farming.
Out of the above-mentioned problems, more than 74.10% of
non-irrigators have stressed on the problem of scarcity of water,
15.2% lack of labor power, 5.4% price of water and the
remaining 5.3% are the problems related to no awareness about
irrigation farming (Fig. 5). The information obtained from
Woreda irrigation experts and kebele agricultural experts, the
major problem of non-irrigators to be irrigator includes
accessibility of water for irrigation, lack of interest by the
households to invest in their farm land, infrastructural problem
and lack of capital to distribute irrigation water access to all
kebele.

80.00% 74.10%

70.00%
60.00%
50.00%
40.00%
30.00%
20.00% 15.20%
10.00% . 5.40% 5.30%
0.00% L _—
< < < A
& & &
AN O&Q %5,0
5 & & &
R
o S
A% %0

Fig 5 - Reasons for non-irrigating

3.2.3 Total Size of Cultivated Land and Its Effect on the Use
of Irrigation Schemes

Size of cultivated land: Size of cultivated land is the
determinant factors for the agricultural production of
households. It is dependent and determined by different natural
resources. One of the influencing resources is the size of
cultivated land. Irrigation users who owned 0.5 timad of land
were 12.5%, 30.5% of the respondents had one timad of
cultivated land, 43% respondents had 2 timad cultivated land
and 14% of them were owners of 3 timad of land. Similarly, out
of the total non-irrigation users 23% respondents owned 0.5
timad of cultivated land, 43% of the respondents had one timad,
29% of the household heads owned 2 timad of cultivated land
area and 5% farmers were owners of 3 timad land (Table 5).
The result of the survey shows that the mean cultivated land size
of users of irrigation was 2.5 and non-user of irrigation was 2.1.
The chi square test indicated that there is significant mean
cultivated land size difference between the users and non-users
of irrigation at 0.05 significance level. Therefore, irrigation user
households had larger timads as compared to the non-irrigation
user respondents in the study area. This implies, household
heads with larger plots of agricultural land were earned higher

6

agricultural production than the non-users. Funmilola and
atricia [26] found that irrigation land positively determines food
security.

Table 5 - Size of cultivated land

Irrigation non user(65) chi-
user (65) square
Hectare Frequenc %  Frequen %

y cy
>0.5 8 125 15 23 6.92**
1 20 30.5 28 43
2 28 43 19 29
>3 9 14 3 5
Mean(Sd)  2.5(0.88) 100 2.1(0.8) 100

**= significance level at 0.05

Land ownership: For agrarian countries like Ethiopia,
agriculture is the main stay for the large rural population. Land
ownership of irrigation user farmer varies from household to
household. Fig. 6 shows that about 69% of small scale irrigators
owned cultivated land earned from the government, 17%
household respondents were inherited the irrigated land from
old parents and the remaining 14% farmers were practiced
irrigation on rented land. Therefore, the result indicated that
most households of the irrigation scheme could ensure food
security more than those who irrigated on the rented land. This
result is consistent with the study done by Pokhrel et al., [27].

80 69
2]
S
608
c
o
40 %
20 % 1 -
s 10 [
0 ° -
Rented By Inherited

Fig 6 - BAVRERSAIS Y'Y land

Distance of the market: Agricultural and non-agricultural
products of households either produced for consumption or sell
in the market. Some farmers sell their products in their village,
district market and others sell in the zonal market. However, the
distance of the market influences farmers in different ways.
Jeffrey et al., [28] found that for crop producers, an increase in
distance to market both reduces the likelihood of market
participation and increases the likelihood of crop production for
household consumption. Those who live near to the market
benefited more than those who inhabited in the far distant. Table
6 indicated that 11% of irrigation user respondents live within
3-5km, the majority with 75% irrigators inhabited within 6-8km
and the rest 14% were lived in 9 and above kilometer from the
district market. On the other hand, 95% non-irrigator
households live within 6-8 km and 5% respondents were live in
9km and above from the nearby market. The study shows
majority of household heads of irrigators and non-irrigators
were settled at a medium distance from the market. The chi-
square result of the study revealed that there is a significant
difference between household residence and the nearby market.
Therefore, the result is significant at 0.01significance level.
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Table 6 - Distance of Kebele from Market

non-irrigators in the center of market for selling products is
significant. The field result is significant at 0.05 significant
level.

Table 8 - Market Where Products Sold

Market Irrigation Non- Mean  chi-
distance(KM)  user=65 irrigation square
% user=65
%
3-5 11 e 6
6-8 75 95 g5  11.523**
>9 14 5 9

***=gignificance level at 0.01

Farming system of households: Farmers of the study area were
practiced different farming systems. Table 7 revealed that 86%
of irrigation user respondents apply mixed farming system, 11%
of household heads cultivate various cereals and 3% of the
farmers participated on animal rearing.  Similarly, non-
irrigators who use mixed farming system were 89%, 10% of the
non-users were participated in cereal cultivation and 2% of
them were reared animals. According to the survey result, the
mean farming system of irrigation users was 1.24 and 1.23 was
for non-irrigation users. The result shows that there is mean
difference between irrigation user and non-users at 0.05%
significance level. Therefore, farming system had an impact on
household income difference between users and non-users of
irrigation. The findings is also substantiated by the impact
analysis of Phogella and Anbaw [29] in small-scale irrigation
on household income revealed that there was a significant
difference on the income of households between irrigation-user
and non-irrigation-user.

Table 7 - Type of Farming

Irrigation type
Market Non - chi-

Place Irrigation
user=65(%)

irrigation square
user=65(%)

Zonal
4 3 4
market
Woreda
74 89 81 5.406*
market
Village
22 8 15
market

Irrigation Irrigation non-  chi-

Type of users=65 users=65 square
farming %

Frequency % Frequency
Mixed 56 86 58 89 5.175*
farming
Animal 2 3 1 2
rearing
Cereal 7 11 6 9
production
Mean(Sd)  1.24(0.64) 100 1.23(0.63) 100

*=significant at 0.01

Household heads of the study area sold their agricultural
products in different market centers. Some farmers sell in the
zonal market, others sold in the district market while others had
sell in their village. The study result shows that 4% respondents
of small scale irrigation users sold their farming products in the
zonal market, majority of farmers with 74% were sell the
irrigation and agricultural products in the district market and
22% respondents have been selling in their village. In the other
hand, 3% non-irrigation users sold in the zonal, 89% farmers
sold their rain-fed products in the Woreda market while 8% of
non-irrigator respondents sold in the nearby village (Table
8).The result implies majority of the sampled households sell
their products in the market found in the district capital. The
chi-square value shows that the difference between irrigator and

7

*=significance at 0.05%

Household Market sold items: Household heads of the study
area had supplied different items to the market. The supplied
items could vary between small scale irrigation users and non-
irrigation user farmers. As reported in Table 9, 30.8% of
irrigation user respondents sold cattle, 40% of them have been
selling vegetables, 23% irrigation users supplied cattle products
and 6.2% them sold different items. On the other hand, out of
the total non-irrigation user respondents 55.4% were selling
animals, 40% respondents have been selling cattle products and
4.6% non-irrigators were supplying other items, such as
firewood, cactus, and animal dung to the market. The survey
result revealed that majority of the small scale irrigation users
were supplied vegetables and irrigation out comes to the market
but non-users of irrigation could not do it. This result implies
that small scale irrigation users had diversified sources of
household income than the non-irrigation users. This shows that
irrigation-users had a better crop income than those non
irrigation user households. In Ethiopia, Mengistie and Kidane
[30] found that the use of irrigation technology significantly
improved crop income. Therefore, irrigators had the potential to
resist problem of food crisis.

Table 8 - Items Supplied to Market

Type of produc Irrigation user=65 Non- irrigation
ts user=65
Frequenc % Frequenc %
y y

Cattle 20 30.8 36 55.4

Vegetables 26 40 -

Cattle products 15 23 26 40

Others 4 6.2 3 4.6

Non-farm income of Households: Farmers of the study area
were engaged in various activities to improve household
income. The dominant activities include, income secured from
rain-fed cultivation, irrigation, livestock rearing, private
employment, remittance, labor work, trade and non-farm
employment. The result in Table 10 indicates that out of the
total irrigation user households, 52% participated in non-farm
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activities and 48% of them were not involved in non-farm
income. Similarly, 78% of non-irrigation user households have
been participating in non-farm activities while the remaining
22% did not participated. The result show that the mean non-
farm income of irrigation users is 1.4 and non-irrigation
households is 1.2. Therefore, there is significant mean non-farm
income difference between irrigation users and non-users of
irrigation at 0.05 significance level. This implies that the
livelihood of non-irrigation users were largely dependent on
non-farm activity. According to Gebru et al., [31] the
diversification into non-farm activities plays a significant role
in the context of inadequate and rain-fed-dependent agricultural
income households.

Table 9 - Non-farm Income of Households

Dependency 10 7.7 7.7 67.7

ratio

Livestock 17 131 131 8038
holding

access to 13 10 10.0 908
credit

application of 12 9.2 9.2 100.0
input

Total 130 100 100.0

Frequency of cultivated land: Some farmers cultivate their

Irrigation Non- farmland two times in a year while others do it once in a season.

Non-farm . . Therefore, farming outputs of farmers may vary between the
i come user=65 irrigators=65 chi-square irrigator and non-irrigator households. Hence, income level
o o might also varied. Table 12, revealed that 88% small scale

Frequency % Frequency % irrigators cultivated their farmland twice in a season, while 12%

Yes 34 52 51 78 6.884** household heads cultivated once in a year. Similarly, 82% of the
non-irrigators cultivated once in a year and the remaining 18%

No 31 48 14 22 respondents of non-irrigation users were two term producers.
Total 65 100 65 100 The survey result of the study showed that majority of the small
scale irrigation user’s income was better than non-irrigation

Mean(SD)  1.4(0.5) 1.2(0.4) users. The chi-square value shows there is no significant

**=significance level at 0°.05

Factors that determine household income: There are different
factors that determine household income in positive or negative
ways. As it is described in Table 11, by the respondents, the
main factors that determine household income are access to
irrigation, family size, livestock holding, educational
background, access to credit etc. respectively. While the p-value
=0.02 and chi-square value = 22.123 indicated that there is a
significant difference among the factors that determine (predict)
household income. According to Lokee [32] conclusion, age of
the household head affect the household income level that
increase in one’s age increases the level of household income,
total hours worked also increases their incomes and the
household incomes are also affected by the size of the
household and therefore, increase in the household size reduces
the level of the household incomes mainly due to dependence
burdens in form of spending on education and increased feeding
expenses and that, the work type engaged in by the household
head affects the household income level.

Table 10 - Factors that determine household income

Predictors Freq % Valid Cum P- chi-

uenc % ulativ  valu square
y e% e

Accessibility 32 246 246 246

of irrigation

water’

Sex of house 11 8.5 8.5 331 0.02 22123

hold head a

Educational 15 115 115 446

back ground
Family size 20 154 154 60.0

difference in frequency of frequency of cultivated land between
irrigation users and non-users. Despite the observed differences
in income and cultivation frequency, the chi-square analysis
indicated no significant difference in the frequency of cultivated
land between irrigation users and non-users. This suggests that
while irrigators may cultivate more frequently, the statistical
significance of this difference in frequency may not be strong
enough to draw definitive conclusions about the impact on
income level [33].

Table 11 - Frequency of Production

Terms of Irrigation

non

L o Mean  chi-square

Terms of pr irrigation irrigation
oduction user% user%
Twice a

88 18 53
year

.000

Once a year 12 82 47

Household income: Participating in irrigational activities has
its own impact on the total income of households.as it is
indicated in Table 13, the p-value is <0.05 and the mean
difference is 2.308 and 1.477, respectively. This implies that
there is a significant difference in total household income before
and after participating in irrigation.

In addition, according to the respondents which is shown on the
bar graph (Fig. 7) 49.2% of them replied that their income was
low before engaging in irrigation, while 32.3%, 18.5% replied
that it was medium and high, respectively. On the other hand,
52.3%, 47.7% of the respondents ‘replied that their income was
high and medium, respectively after they are engaging in
Irrigation. Therefore it is possible to conclude that participating
in irrigation has a positive impact on rural household income.
The households of irrigation users reported an average annual
gross farm income that exceeded that of non-user households
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by 7,219.8 birr. This finding aligns with a study by Ayele et al.,
[34] in the Lake Tana basin, which noted that access to
irrigation significantly increases household mean income by
3,353 hirr per year, representing a 27% rise compared to non-
irrigating households. Additionally, Kinfe [35] found that
households in Central Tigray with one hectare of irrigable land
had a well-being advantage of 23,327.8 birr over non-user
households.

Table 12 - Household income

One-Sample Test
Sig. Mean 95%

2 Differen  Confidence
Items ¢ df taile ce Interval of the
d Difference
Lowe Uppe
r r
Level 2419 6 .000 2.308 212 250
of 4 4
income
before
irrigatio
n
Level 2365 6 .000 1.477 1.35 1.60
of 6 4
income
after
irrigatio
n

B
fr

[TTe T Se—— =
e of Pusma wvfars rgames

Fig 3 - Level of income of respondents before and after using
irrigation

Institutional Factors

Institutional issues also hider agricultural production of
household heads in different ways. The main institutional
variables were access to credit, use of modern inputs, and level
of food aid, availability of motor pumps, and support of
extension agents were positively or negatively affect income of
the household.

Access to Credit: Availability of credit is helpful variable
which enable households to purchase different modern
technological inputs necessary for irrigation activity such as;
motor pumps, seed varieties, fertilizers, and also important to
buy oxen and others. Farmers with credit access may purchase
food when shortage occurs. However, some farmers were not
accessed to credit due to high interest rate. Therefore, credit
determines agricultural production and income of irrigation user
and non-user households. As indicated in Table 14, 18.5% of
small scale irrigation user farmers have been accessed to more
than 7000 Ethiopian Birr (ETB) credit access, 37% of user
farmers had receive medium credit and the majority
respondents with 44.5% were the lowest receivers of credit.
Similarly, 4.5% non-irrigation respondents had accessed high
credit, 18.5% users received medium credit and 77% of the non-
user households had received the lowest credit amount. The
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survey result indicates that the mean credit use of irrigation
users was 2.2 and non-users were 2.7. Therefore, the chi-square
result indicated that credit access of households had significant
mean difference between irrigation users and non-users at 0.01
significance level. The result shows irrigation user farmers had
better access to credit because household heads had the power
to return their loans by cultivating vegetables and crops using
irrigation. Funmilola and Patricia [26] the possible explanation
is that credit allows the household to be involved in income-
generating activities so that derived revenue increases the
financial capacity and purchasing power of the household to
escape from the risk of food insecurity. Beneberu and Biazin
[24] also explain that households with better access to credit use
more farm inputs such as fertilizer, improved seed and
agricultural chemicals that maximize production and
productivity and improve household consumption. Daru et al.,
[22] confirmed that farmers who get credit might use it for the
purchase of improved seeds, fertilizer, herbicides, pesticides,
farm materials, and farm oxen to increase their agricultural
production.

Table 13 - Access to Credit in ETB

Credit Irrigation users=65 Irrigation non- chi-
Access user =65 square
Frequency % Frequenc %
y
>7,000 12 185 3 45  14.982**
3500- 24 37 12 185 *
7000
<3500 29 44.5 50 77
Mean(Sd) 2.2(0.7) 100 2.7(0.85) 100

. **=sjgnificance level at 0.01

Contact of Extension agents: Household head contact with
irrigation and extension agents had an impact on irrigation and
agricultural production. Irrigation Agents could help farmers in
providing training, advice and technical as well as professional
support to increase household income and realize food security.
According to, Table 15, 32% irrigation user farmers had a
contact with extension agent, 52% of the respondents contacted
once in two weeks and about 16% irrigation user households
had contacted extension agent once a month. Similarly, 10% of
the non-user irrigation households were contacted extension
agent one day per a week, 49% farmers had a contact with
extension agent and 41% of households got help from extension
experts one time in a month. The chi-square value shows that
the mean contact with extension of irrigation users was 1.8 and
non-users were 2.3. The chi-square value shows that contact of
households to extension agent had significant difference
between irrigation user and non-user at 0.01 significance level.
According to the result, irrigation user framers had a number of
contacts with extension and irrigation agents than the non-users
of irrigation. Daru, et al., [22] study result confirmed that there
was a significant association between the frequency of
extension contact and farmers’ participation in small-scale
irrigation Therefore, irrigation user households had better
farming output compared to the non-irrigation user farmers.
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Table 14 - Contact with Extension Agent

Duration of Irrigation Non-Irrigation

DA contact  user=65 user=65
Frequen %  Frequen %
cy cy
Once a 21 32 6 11.403*
week 10 *
Oncein 15 34 52 32
days 49
Once a 10 16 27
month 41
Mean(Sd)  1.8(0.7) 2.3(0.6)
100 100

***= significance level at 0.01

Household dietary status: dietary diversity is a useful food
security indicator and is defined as the number of different food
groups consumed over a given period of time [36]. Dietary
status is varied between irrigation user and non-user
households. According to Table 16 below, 46% irrigation user
households had consumed more than 5 food groups in a day,
38% respondents feed on 3-4 food items and 16% of the
irrigators had consumed below 2 food types. Similarly, 32% of
non-irrigation users of respondents had consumed more than 5
food items, 34% of them also had medium and low feeding
systems. It is found that, more than 84% of irrigation user
respondents had consumed high dietary diversity greater than 3
food groups. The result indicated that the mean food
consumption level of irrigation users is 1.69 and non-irrigation
users are 2.0. The table below shows that there is significant
mean food consumption level between irrigation users and non-
irrigators at 0.05 significance level. Therefore, small scale
irrigation users had higher diet diversity than the non-irrigation
users.

Table 15 - Household Food Consumption

Househol Irrigation type
d food irrigation user=65 Non-irrigation  chi-square
type user=65

Frequenc % Frequenc %

y y

>5 30 46 21 32
34 25 38 22 34 6.280*
2< 10 16 22 34 *
Total 65 100 65 100
Mean(S  1.6(0.7) 2.0(0.8)
D)

**=significance level at 0.05

Five food types= Cereals, vegetables, pulse, egg, fruits.
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3.3. Income and Expenditure Distribution of Households

Source of household income: The result in Table 17 shows that
irrigation user households had obtained total annual income of
33,291.60 ETB from farm and non-farm activities. More than
60% of the total income of irrigation user households was
earned from irrigation and rain-fed farming. While the 40% of
the annual income gained from livestock, remittance and non-
farm activities. Similarly, irrigation non-user respondents had
obtained total annual income of 16,402.25 ETB. Non-
irrigators’ highest income was obtained from livestock which
accounts about 39% followed by 35.6% of income earned from
rained farming, the rest 25.4% of non-irrigation user income
came from remittance and non-farm activities. The result shows
that irrigation user respondents were obtained better income
than non-irrigators. Therefore, the problem of food security is
higher in non-irrigators compared to the irrigation users. A
study conducted in Ethiopia found that households engaged in
small-scale irrigation had significantly higher annual incomes
compared to those who did not use irrigation. Specifically, the
adoption of small-scale irrigation increased the average annual
income by approximately 60,273.27 (ETB), which is a 54.88%
increase compared to non-irrigators. This indicates that
irrigation plays a crucial role in enhancing household income
through both farm and non-farm activities [36]. Food Security
and Income Correlation: Another study in Ethiopia
demonstrated that participation in irrigation not only improved
household income but also positively affected food security.
Households that utilized irrigation reported better food
availability and dietary diversity, which are critical components
of food security. The study indicated that irrigation users had a
higher average income and food expenditure, reinforcing the
idea that irrigation contributes to better economic outcomes for
households [37].Therefore, the problem of food security is
higher in non-irrigators compared to the irrigation users. Similar
study by Abonesh et al., [38], mentioned based on Coping
Strategy Index the non-irrigator households are more food
insecure as compared to irrigator households.

Table 16 - Income Distribution of Households in (ETB)

(Average)
Source of % Irrigation Non %
income user irrigation
user

Irrigation 37.8 12,600.50 --meemmeem e
Livestock 24 8040 6420 39
Rainfed 23 7600.45 5842 35.6
farming
Remittance 9.6 3200 2540 155
Irrigation and 60.8 20,200.95 5842
rainfed
farming
Non- farm 5.6 1850.65 1600.25 9.9
Total 100 33,291.6 16,402.25 100
Family 315  10,448.45 8560.40 52
spending
Net income 68.5 22,843.15 7841.85 48
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Cost distribution of household income: Table 18, indicated
that irrigation user respondents spent 10,448.45 ETB. Out of the
total household income, 42% have been spending for household
food consumption and transport and 29.5% of it paid out for
family use to purchase commaodities at home. Similarly, non-
irrigation user households were spent a total of 8560 ETB in the
year. Non-irrigation user respondents were also spend more on
household food consumption and transportation 44.4% and
32% consumed at home by the household members which was
about 32%. This result showed that non-irrigation users spent
consumed more 52% compared to the irrigation users spent
35%. Therefore, irrigation user respondents had saved than the
non-irrigators.

Table 17 - Cost Distribution of Households

Irrigation %  Expenditure of Non %
user respondents irrigation
user

4,400 42 Consumption 3,800 44 .4

and

transportation
858.45 8.5  Education 650 7.6
3,100 29.5 Family use 2,750 32
500 4.8  Social life 410 4.8
940 9 Inputs 500 5.8
650 6.2  Other 450 5.4
10,448.45 100 Total 8,560 100

3.4. Qualitative Responses of Households

3.4.1. Focus Group Discussion

In the focus group discussion, there was one group with 7
persons. The participants of the group discussion were not
involved in either in interviews or questionnaires. The group
participants  provided additional evidences supporting
household questionnaire and the data collected from interview
to get qualitative evidences about the role of small scale
irrigation on the household income. According to group
participants, the sources of water for the small scale irrigation
of the sampled households in the study area were a dam. It was
constructed by the Tigray Water Resource Bureau (TWRB) in
the year of 2012 by government budget. Small scale irrigation
users have been facing various challenges such as, shortage of
water, shortage of water pumps, problem of motor technician,
shortage of rainfall, lack of credit, expensiveness of modern
inputs, shortage of crop failure, shortage of oxen, shortage of
land. Products of the irrigation scheme were cultivated for
household subsistence and for market.

Participating in small scale irrigation had positive impact on
improving household income and alleviating food insecurity,
accumulating asset, to fulfill food self-sufficiency. Though not
enough, sampled household heads had access to credit. The
source of credit was mostly non-governmental organizations
such as the Relief Society of Tigray (REST), Catholic Church.
As the district was a drought prone area the non-governmental
organizations supported the society of the Woreda in general
and the study areas in particular to eradicate poverty and
provide food during food crisis. The sampled households of the
study area were not less supported by extension workers and
development agents. The Kebeles was subjected to erratic
rainfall and was drought prone Kebeles due to the impact of
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climate change which began before ten years. In the Kebeles,
rainfall was fluctuated and rained for three months in a year
which led to serious food crisis. In the Kebeles, the recent food
crisis was appeared in the year of 2016. To reduce the acute
food crisis, the government provided them wheat and oil food.
In addition, the households withstand the shortage of food by
selling animals and their products; conserve every drop of
water, participating in off-farm income, receive remittance.
Most farmers of the sampled household heads improved their
livelihood after began to participate on irrigation. There was a
difference between the sampled irrigation users and non-users
on their household income.

3.4.2 Interview Responses

Data gathered through interview is a qualitative obtained from
the informants of irrigation agent, extension expert, safety net
program coordinator, Kebele leader, credit and saving
institutions, women and youth associations of the Woreda. The
respondents were purposely selected to provide additional data
about the small scale irrigation. According to the Kebele
administrator, the Kebele and district administration in
particular and the regional and federal governments in general
were had a commitment particularly to improve the income of
the rural society at household head level. The major challenges
of the study area were serious climate change which resulted in
shortage of food, shortage of rainfall, crop failure and dry,
fluctuation of rain, dependence of the community in food aid,
shortage of water, farmers focus on non- cash crops. In the
Kebeles, almost all of the sampled farmers were receive food
aid due to shortage of food. Households of the study area were
less accessed to credit because the interest rate of the credit and
saving institutions of the district was high and could not
compatible with the economic power of the households.

The extension agent and irrigation agents of the Woreda said
that though the carrying capacity of the dam is high that can
accommodate large population, but due to the designing
problem with few tributaries it holds water below the expected
and lasted for 3-5 months depending on the rainfall. Therefore,
farmers are subjected to shortage of water for their irrigation
area. In addition, irrigation user households are categorized in
groups and provided motor pumps for each group where the
motors were donated by government and NGOs but due to the
absence of technician most of them are malfunctioned. As a
result, productivity and food security of the households is not
realized. However, compared to the non-users of irrigation,
irrigation users have better income produced twice a year.
Moreover, these agents also added that most irrigation user
households get programmed training by sharing experiences
from other areas. However, they are still focusing in one or two
non-cash crop cultivation because they fear off leaving the
Safety Net Program.

Small scale irrigation users of the sampled farmers produced
twice a year. As the result, their household income was
improved as compared to the non-irrigation user farmers
because they depended on rain-fed farming. In addition to the
lack of oxen, shortage of rain, shortage of land, the non-
irrigation user households were expected food aid and safety net
program from the government because if a farmer can be food
self-sufficient, he could not get food aid from the government.
That is why they did not fully participate in irrigation activity.
There are different studies that show a positive impact of small-
scale irrigation on food security. A study conducted by
Mangisoni [39] in Malawi shows that more than 70% of all the
adopters were food insecure before adoption of the irrigation
but their food security has significantly improved because of
irrigation practice. A study conducted by Graciana [40] in
Swaziland concluded that irrigation has positive impact on food
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security. Moreover, Issahaku [41] have found that irrigation has
a positive impact on household food security.

4. Conclusion

The Ethiopian government is promoting small-scale irrigation
development through supportive policies. Irrigation enhances
food production, reduces crop failure risks, and boosts
household income, enabling farmers to engage in diverse
activities like growing vegetables, fruits, and raising livestock.
This study focuses on a Kebele in the Gulomekeda district,
where small-scale irrigation has been implemented since 2012.
It assesses the impact of irrigation on household income by
interviewing 130 randomly selected households. Analysis was
conducted using SPSS software.

Findings indicate that small-scale irrigation significantly
improves household income and food security. Men
participated more than women, largely due to domestic
responsibilities. Households using irrigation reported higher
incomes than non-users. Factors positively influencing
participation in irrigation included farming type, modern input
use, market distance, land size, livestock, and access to credit.

Challenges such as water shortages, lack of oxen, weak
administration, and inadequate resources hinder irrigation
effectiveness. Responses also highlighted issues like
insufficient technicians and low credit access. The study
concluded that effective small-scale irrigation can significantly
enhance farmers' household incomes.

5. Recommendations

v' Impact of Small-Scale Irrigation: It positively
affects rural household income but has limited
coverage; expansion and technological improvements
are needed.

v' Collaboration for Food Security: Government and
NGOs should coordinate efforts to expand small-
scale irrigation, addressing community-specific
challenges.

v" Narrowing Income Gaps: Focus on factors affecting
livelihoods to reduce income disparities between
irrigation users and non-users.

v' Support for Farmers: Provide credit, skilled
manpower, motor pumps, and modern agricultural
technologies to boost farming outcomes.

v" Awareness and Participation: Promote the
importance of irrigation systems and involve small-
scale irrigators in efficiency improvements.

v" Natural Resource Management: Engage the
community in protecting resources, utilizing them
properly, and mitigating climate change impacts.

v Drought Coping Mechanisms:  Encourage
diversification of income through cash crops and
managing family size in famine-prone areas.

v' Capacity Building: Focus on empowering
communities to achieve food security without
reliance on aid, enhancing irrigation and non-farming
activities.

v"Institutional Commitment: Ensure professional
support from institutions to improve agricultural
production and household income.

v" National Emphasis on Irrigation: Both federal and
regional governments should prioritize small-scale
irrigation to enhance the national economy and
household incomes.

v" Decentralized Support: Implement a decentralized
approach to boost agricultural production and
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alleviate poverty among irrigation users and non-
users.
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