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Abstract: Ethiopia has been highly affected by drought and climate-related hazards, and millions
of people have been left without sustenance every year. To increase productivity and diversify the
livelihood scenarios as an option, small-scale irrigation (SSI) schemes have been introduced.This study
assessed the impact of SSI in achieving household livelihood improvement and the major challenges
of SSI practices in the Gubalafto district. Questionnaires, interviews, focus group discussions, and
participant observation data collection tools were used. Proportionally, a total of 374 respondents
were included.The collected data was analyzed by descriptive statistics. The application of SSI
improved the annual income of irrigator households from 1978.12 to 10,099 Ethiopian Birr (ETB)
(1 USD ~ 20 ETB) before and after using irrigation with a standard deviation of 1534.32 compared
to non-irrigators who have an annual average income of 3146.75 ETB with a standard deviation of
1838, respectively. It proved that 32.1% of irrigators increased their frequency of production due to
irrigation. Shortage of water, access to improved seeds, marketing, and increment of farm input costs
have been hindering SSI practices. Awareness campaigns for non-irrigators and adequate supervision
for the irrigators by development agents (DAs) and district officials are important to improve the
livelihood of farmers.

Keywords: small-scale irrigation; livelihood improvement; impact; Gubalafto district; Ethiopia

1. Introduction

In Africa, agriculture forms the backbone of most of the continent’s economies, providing
about 60% of all employment [1,2]. During the last decade, per capita agricultural production has
not kept pace with population growth [3,4]. Irrigation is a very old practice, dating back to the
earliest civilizations of humankind. It served as one of the key drivers behind growth in agricultural
productivity, increasing household income and alleviation of rural poverty, thereby highlighting the
various ways that irrigation can impact poverty [5-7].To meet food requirements by 2020, the Food and
Agriculture Organization for United Nations (FAO) [8] estimated that food production from irrigated
areas will need to increase from 35% in 1995 to 45% in 2020. This indicates that access to water for
irrigation will become an issue of global concern and competition in the future, especially in the arid
and semi-arid regions of the world.

Irrigation use in Ethiopia dates back several centuries, and continues to be an integral part
of Ethiopian agriculture. In Ethiopia, modern irrigation began in the 1950s through private and
government-owned schemes in the middle Awash Valley where big sugar, fruit and cotton state farms
are found [1,2,9,10]. In Ethiopia, irrigation development is a priority for agricultural transformation,
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but poor practices of irrigation management discourage efforts to improve livelihoods, and expose
people and the environment to risks [2,11]. Irrigation projects have been failing mainly because
of insufficient participation by beneficiaries and insecurity of land tenure. Socioeconomic, cultural,
religious and gender-related issues pose a problem to full and equal participation by beneficiaries [2,10].
Moreover, the poor performance of irrigation in the country, systematic and holistic evaluation of
irrigation management in general and of small-scale irrigation in particular is lacking [12-15]. The main
purpose of irrigation development in the 1960s was to provide industrial crops for agro-industries
in the country. The agro-industries were established by foreign investors and had the objective of
increasing export earnings.

In most parts of Ethiopia, production from rain-fed agriculture has been highly fluctuating,
corresponding to the amount and distribution of rainfall [16,17]. When there is too little rainfall with
uneven distribution, crop failure is unavoidable. In spite of all this, agricultural growth still contributes
to the improvement of food security conditions and household empowerment in the country. However,
as it now stands, droughts occur far too often and food security in all its extent could not be sustained.
Irrigation would have to be introduced in a significant way for a sustainable attainment of food security
and rural transformation at the national level [14,16].

Agriculture is comprises the principal land use and remains the major source of livelihood for
the rural poor people in Ethiopia [1,2,10,18]. Irrigation is one of the possible means of feeding the
rapidly growing population. Consequently, numerous modern and large-scale irrigation schemes have
been established in the country. As a result, there is a growing interest in small-scale irrigation (SSI)
development for food as well as for rural development. The development of SSI schemes managed
and controlled by farmers is seen as a viable and practical alternative to large-scale conventional
schemes. SSI in the Ethiopian context refers to smallholder farms with the size of scheme amounting
to less than 200 ha. SSI schemes can be adapted easily to suit local socioeconomic and environmental
conditions [18].

The adoption of sustainable water management and irrigation development programs, as well as
strong linkages with private sectors and markets with institutional support are essential; these could
provide plenty of opportunities in terms of a coping strategy for climatic change, poverty reduction,
wealth creation, growth of economy and reducing the environmental impact of agricultural expansion
to marginal land under rapid population growth [14,19].

SSI development is one of the components of water resource development. Ethiopia has large
water potentials that could be used for a wide range of irrigation development programs. It has
12 major river basins with an annual water runoff volume of more than 122 billion cubic meters [11].
In addition, the groundwater potential is estimated to be more than 2.6 billion cubic meters [12,14].

Currently, about 3% to 5% of the irrigable land is irrigated while the irrigation potential has been
estimated to be about 4.3 million hectares of arable land [13,14] Irrigated agriculture is becoming
increasingly important in meeting the demands of food security, employment, rural transformation
and poverty reduction. For Ethiopia, increasing agricultural productivity, enabling households to
generate more income, increasing their resilience as well as transforming their livelihoods stands out
as the most pressing agenda now and for the coming decades. SSI is a policy priority in Ethiopia for
rural poverty alleviation, climate change adaptation and growth [20,21].

Like the national scenarios, in large parts of Gubalafto district, agriculture is also increasingly
susceptible to climatic hazards. The principal feature of rainfall in most parts of the district is seasonal
character, poor distribution and variability from year to year (1030 to 990 mm) [22]. Yasin [22] also
noted that erratic distribution of rainfall has been the major climatic factor affecting crop yields in the
study areas. Thus, designing SSI schemes is necessary and could bring social, cultural and economic
importance to the beneficiaries. This depicts the fact that if we maximize our efforts to utilize the
untapped water resources for irrigation development, we will be able to improve the household
livelihood and overcome the challenges of food insecurity within the shortest time possible [13,14].
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Since the 1970s, recurrent drought, unreliable and poor distribution characters of rainfall has
resulted in crop and pasture failure. These have in turn brought about food shortage and famine,
particularly in the northern part of the country including the study district. In response to these,
irrigation practices have been introduced since the 1970s.Currently, there are four modern and
231 traditional irrigation schemes with a total of 534 and 191 hectares of the land irrigated by modern
and traditional irrigation systems, respectively. However, there are very limited studies focusing
on the performance of SSI schemes. To date, there are no recent studies on the impact of SSI on
household’s livelihood development in northern Ethiopia, particular in the studied district. Moreover,
previous detailed field investigations about the role of the SSIs have focused mainly on the livelihood
improvements of irrigators, and the main problems faced by irrigators during SSI operations are thus
required. After detailed investigations of the impact of the practices, recommendations for improving
the system, especially regarding how SSI practices are likely to be successful and sustainable, will be
drawn. Therefore, the objectives of the study were: (i) to assess the contribution of SSI implementation
for household livelihood improvement; (ii) to identify the major challenges faced during the application
of SSI practices in the selected SSI schemes.

Conceptual Framework of the Study

In order to enhance small-scale irrigation schemes to improve households’ livelihood, many
factors must be considered: high water and labour supply, provision of credit services and agricultural
chemicals, good irrigation infrastructure and management practices, support of government and
development agents (DAs) are all very essential. Therefore, by using these inputs, we can increase
rural people’s household incomes, livelihood diversification, agricultural intensification, productivity,
employment opportunities, income variance and resilience to risk, and participation in community
decisions. Therefore, keeping other variables constant, all these and other outputs of SSI developments
combined have the capacity to achieve livelihood development in rural areas, thereby reducing the
present chronic food insecurity problem in particular and poverty in general (Figure 1). Smith [23]
supports this concept as illustrated in Figure 1:
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Figure 1. Conceptual framework modified from [23].
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2. Materials and Method
2.1. Description of the Study Area

2.1.1. General Characteristics of the Study Sites

The study was conducted in Gubalafto district, which is found in the Amhara National Regional
State, North Wollo, Ethiopia (Figure 2).Geographically, the study site is located at 11°34'54"” Nand
11°58/59"" N, 39°12/09" E and 39°45'58"" E. It is situated 521 km from Addis Ababa and 380 km from
the regional capital, Bahir Dar. The altitude of the district ranges from 1379 to 3200 meter above sea
level. The annual rainfall is erratic in nature, and varies widely. There exist a number of mountains
that affect the distribution of rainfall in the district. Accordingly, the mean annual rainfall ranges from
1030 to 990 mm [24]. According to the daily air temperature data collected from Sirinka Agriculture
Research Centre located 20km south of the study sites, the mean monthly temperature ranges between
21 °C and 25 °C, respectively. The rainfall is seasonal in nature, has poor distribution across areas and
is variable from year to year (Figure 3).It is bimodal in nature; there is a short rainy season, locally
known as “belg”, which occurs between February and April, and a long rainy season, the “kiremit”,
which occurs between June and September. In most cases, the highland areas/the Dega zone are
mainly dependent on belg rain, whereas the Woinadega and Kolla areas are meher rain dependent for
crop production.
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Figure 2. Location map of the study sites.
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Figure 3. Rainfall map of Gubalafto district.

2.1.2. Land Use and Soil Types

The land use pattern of the district includes arable land (34.1%), grazing land (17.9%), forest
(27.1%), and water bodies (6%), rocky land (5%) and others (9.9%), respectively. At the district level, the
average land-holding size for a farmer has been estimated to be 0.78 hectares ranging from 0.4 hectares
in the highland areas to 1.93 hectares in the lowland areas of the district. In the district, there are
about four modern and 231 traditional irrigation schemes. Currently, about 534 and 191 hectares
of the land are irrigated by modern and traditional irrigation systems, respectively. In this study;,
modern irrigation is viewed as an irrigation system which applies a motorized pump for ground
water extraction; has lined canals; and uses drip, furrow, and sprinkler irrigation systems on their
command areas. Modern irrigation employs other technologies enabling available water to be used
more efficiently. The water application efficiency is more than 80%.Traditional irrigation, however,
means simply diverting water from rivers and irrigating the command area using floods” irrigation
systems without technological application. The water application efficiency, conveyance efficiency and
other metrics are very poor. The soil types of the district include sandy clay (46%), clay-loam-brown
(39%), sandy soil (8%) and silt soil (7%), respectively (Figure 4).
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Figure 4. Soil map of the study district.
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The district is dominated with Lithic Leptosols (92.2%), Eutric Cambisols (3.9%) and Eutric
Leptosols (3.5%). Sugarcane, potato, tomato, cabbage, banana, orange, lemon, onion, green pepper,
chat and coffee are the major crops cultivated using irrigation.

2.2. Research Methods

2.2.1. Research Design

The study employed cross-sectional data collection tools because it is better and more effective
for obtaining information about the current status or the immediate past of the case under study. It is
also appropriate and suitable to use data collection tools such as questionnaires, interviews, focus
group discussions (FGD), field observations, and document analyses. Many researchers have used
cross-sectional research design (e.g., [25,26]). The data collection work was undertaken in 2014.Both
quantitative (questionnaire, secondary documents) and qualitative data collection instruments (FGD,
key informant interviews (KI), and field observations) have been used.

2.2.2. Sampling Techniques and Sample Size Determination

Based on population concentration in the schemes, the type of SSI they used, and the
recommendation of the Agricultural and Rural Development Experts of the district, three SSI
schemes namely, Sanka (Woyeneyie and Geshober), Gedober (Al-Meda), and Jarsa (Aba-kolsha),
were purposively selected. The household heads from both irrigator and non-irrigator groups were
selected from the respective schemes. From each irrigation scheme and peasant association, sample
households were proportionally selected. In this regard, the sample populations were categorized into
irrigators and non-irrigators and they were sorted alphabetically to use random tables and then the
appropriate sample size was determined.

For every selected sample size of irrigation scheme beneficiaries (irrigators), proportional sample
sizes of non-irrigators were selected. The total irrigator households found in the three schemes
(Sanka, Gedober and Jarsa) were 1856, 1065 and 576, respectively. Additionally, the total non-irrigator
households found in three schemes include 1335, 800 and 228, respectively. Therefore, in order to select
the sample household, the researchers used the Formula (1) of Taro [27];

N

Tl:m (1)

where: n = the number of required sample of each irrigation scheme (sample size); N = total households
of each irrigation scheme (population size); e = confidence level (0.05 (95%) level of precision); and
XN = total households of the three irrigation schemes.
The required sample households of each irrigation scheme (n) were, calculated using the
Formula (2):
~ Ni1(n)
=N
Proportional sampling technique was used to develop the overall sample size. Accordingly,
223 irrigators and 151 non-irrigators with a total of 374 sample households were taken, respectively
(Table 1).

nl

@

2.2.3. Data Collection Instruments

A conventional household survey was used to collect quantitative information. In this regard,
carefully designed open and close-ended questionnaires consisting of interrelated issues were
administered by trained college student enumerators under the supervision of the researchers and
the development agents of the respective schemes. Sample household heads were the unit of
analysis from whom quantitative information was collected. To convey the questions effectively
to the rural interviewees, the questionnaires were translated into the local language (Amharic).
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For the sake of checking the reliability, a pre-test was administered for a few randomly selected
households in the studied district. Based on the feedback obtained, some possible adjustments and
modifications were made. Then, the questionnaires were administered to the sample irrigator and
non-irrigator households.

Table 1. Sample household heads taken from irrigators and non-irrigators.

Sample SSI Sample Irrigators Sample Non-Irrigators Total Sample
Schemes Male (M) Female(F) Total (T) Male (M)  Female (F) Total (T) HHs
Sanka 81 37 118 60 25 85 203
Jarsa 28 9 37 10 5 15 52
Gedober 40 28 68 38 13 51 119
Total 149 74 223 108 43 151 374

HHs: household heads.

In order to cull the most pertinent information, transect walks with the researchers, DAs
(development agents), model irrigator farmers, water use committees and peasant association leaders
across each village of irrigation schemes for personal observations were conducted. During the transect
walks, informal discussions with households and elderly people have been conducted to gather useful
and detailed information which would have been difficult to collect through the questionnaire.

Focus group discussions (FGD) with development agents, district agricultural and rural
development office irrigation experts and irrigating and non-irrigating farmers to gather qualitative
data were conducted. Initially, FGD were held with irrigator model farmers who directly engaged in
small-scale irrigation activities. The second FGD was made with development agents. After thorough
discussions with farmers and development agents, another focus group discussion with district
agricultural and rural development office irrigation experts were undertaken.

Individuals who were considered as knowledgeable and rich in experiences about irrigation
activities and the socioeconomic conditions of the community were identified and data was collected
using a semi-structured questionnaire. Key informant interviews (KI) with elderly people, model
farmers, water use committee members, development agents, and zonal irrigation experts were
also conducted.

2.2.4. Methods of Data Analysis

The data generated through questionnaires, key informant interviews, transect walks and formal
and informal discussions were analyzed and interpreted qualitatively and quantitatively. The data
analysis was carried out using the Statistical Package for Social Science (SPSS, Version-19, SPSS Inc.,
New York, NY, USA) software. The quantitative data were first recorded and organized in a Microsoft
Excel spreadsheet. Simple descriptive statistical methods such as average, percentage, standard
deviation, and frequency distribution were used. The qualitative data analysis was used to see the
relationships between the variables and they were then analyzed through systematically organizing
the information and giving attention to local situations, opinions, perceptions and preferences of
households and institutions operating in the district. In order to see the socioeconomic impact of SSI
between irrigator and non-irrigator households of the study area, comparative analyses were made.
In order to characterize the selected SSI systems, the major challenges faced in relation to irrigation
systems and the reason why non-irrigating households do not irrigate were extracted using structured
checklists. To show to what extent or degree these major challenges affect households not involved in
irrigation activities were done using Microsoft Excel spreadsheet.
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3. Results and Discussion

3.1. Socioeconomic and Demographic Characteristics of the Respondents

As can be seen in Table 2, males predominate in the activity (68.7%). The fact that there are more
men than women in irrigation activities corroborates similar findings of other studies, such as [4,15,22],
where subsistence rural food production is found to be an activity usually practiced by males. From the
interviewed household heads, the minimum and maximum ages of the respondents are 19 and 79 with
the average and standard deviation of 44.45 and +13.87 years, respectively.Education plays a key role
in the household’s decision to adopt technology. It creates awareness and encourages innovation and
invention. The study revealed that 33.2% of the users and 22.5% of the non-users of SSI are illiterate
(Table 2).

Table 2. Respondents’ sex, education, house types, household size and marital status.

Characteristics of HHs Irrigating HHs Non-Irrigating HHs ~ Total Sample HHs

Sex No Percent No Percent No Percent
Male 149 39.8 108 28.9 257 68.7
Female 74 19.8 43 11.5 117 31.3
Total 223 59.6 151 40 374 100

Education
Illiterate 124 33.2 89 23.2 208 56.4
Read and write 62 16.6 30 8 92 24.6
High school and above 37 9.9 32 9.1 69 19
Total 223 59.6 151 40.4 374 100
Marital status
Married 154 41.2% 93 24.9 247 66.1
Unmarried 2 0.5 5 14 7 1.9
Divorced 39 10.4 37 9.8 76 20.2
Widowed 28 75 16 4.3 44 11.8
Total 223 59.4 151 39.3 374 100
Household Size

1-2 persons 6 1.6 11 3 17 4.6
3-4 57 15.2 49 13.1 106 28.3
5-6 93 24.9 57 15.3 150 40.2
7-8 60 16 32 8.6 92 24.6
>8 7 1.8 2 0.6 9 24
Total 223 59.6 151 40.4 374 100

Irrigation Status

House types of HHs Irrigators Non-Irrigators
Response Total
Male Male Male Male

Frequency 31 21 67 27 146

Grass roofed % 83 56 17.9 72 39

. Frequency 118 53 41 16 228

Corrugated iron roofed % 316 149 1 43 61

Total Frequency 149 74 108 43 374

ota % 39.8 19.8 289 115 100

About 56.4% of the respondents had not attended school and are illiterate, whereas only24.6%
can read and write. Those who had completed an elementary level of education made up only 16.8%.
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An interesting point one may obtain from a careful observation of Table 2 is that there is a remarkable
difference in level of education within irrigating and non-irrigating households. About 33.1% of the
irrigators are illiterate compared with only 23.2% of the non-irrigators. Hence, it can be concluded that a
low level of education is correlated with the non-irrigator category. It is believed that educated farmers
are more aware of irrigation’s technological inputs, utilizations, and risks. Our findings confirmed
that education has an impact on the involvement of farmers on irrigation practices. However, it is
also important to note that SSI is practiced by people with different educational levels ranging from
analphabets to those who attended university.

More than 66.1% of the respondents are married. The proportion of divorced household heads
takes the second position (20.2%) followed by widowed (11.2%) and single households (1.9%),
respectively. It is also crucial to note that 41.2% of the users and 24.9% of the non-users of SSI
are married.

3.1.1. Household Size and Types of Housing

The number of persons in a household influences the amount of labor the household can expend
on irrigation agriculture and the amount of food consumed. As illustrated in Table 2, 40.2% of the
households have 5-6 persons per household. In addition, 24.9% and 15.3% irrigator and non-irrigator
households have the same family size, respectively.

About 4.6% of the total sampled households have a family size of 1-2 persons per household and
2.4% of the total sampled households have a family size of more than eight persons per household.
There was statistically significant difference of 0.043 at a 95% degree of freedom between irrigator and
non-irrigator sampled households with respect to family size.

As can be seen in Table 2, 45.8% of irrigator households have corrugated iron-roofed houses and
the remaining 13.9% of irrigator households have grass-roofed houses. While 25.1% non-irrigator
households have grass-roofed houses, the remaining 15.3% of households have corrugated iron-roofed
houses. The types of housing are an indicator of improving the well-being of rural households.
In rural Ethiopia, most of the houses are grass-roofed, but wealthier households have a corrugated
iron roof [15,22,28,29]. Therefore, we can say that using irrigation is potentially correlated to having a
corrugated iron-roofed house.

3.1.2. Livestock Income of the Respondents

Next to crop production, livestock is the most important productive asset. It plays a role
in religious and cultural ceremonies, is a source of power for ploughing, and serves as source of
prestige [15]. In line with this particular reference, livestock is also considered a saved asset used
during the periods of food shortage.

According to the data collected from KI and FGD, because water is accessible from the irrigation
canals, irrigator farmers have high animal feed potential both from irrigated and rain-based cropping
and animals do not need to be sold to get food (Table 3). Therefore, each irrigator household has
high livestock numbers with relatively good quality and they have the potential for a higher income
from the sector. There are also households who practice intensive farming (dairy and fattening),
especially in the Woinyie scheme with the special support of the professionals of Sirinka Agricultural
and Research Center. However, unlike irrigators, non-irrigators have insufficient animal feed resources.
The FGD further indicated that due to absence of enough food, and because what is there is only from
rain-fed cropping, the livestock of the non-irrigators” are necessarily sold to get food. Therefore, each
non-irrigator household had a small livestock population with poor quality.
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Table 3. Total livestock population and current cost of SSI schemes in ETB.

10 of 22

Geshober Woyeneyie Gedober Jarsa
. . . . Total Total Cost
Kind of Cost in Cost in Cost in Cost in
No Animal Number » (1000) Number » (1000) Number » (1000) Number « (1000) Number % (1000)
*1  *NI I NI I NI 1 NI **1 *NI I NI b | *NI 1 NI
1 Cattle
Ox 61 7 278.1 294 134 8 753 117.9 135 10 6885 430 63 5 252 20 433 109.1
Cow 72 10 3312  4.89 139 28 5558  109.2 51 8 1989 295 34 8 1343 322 350 698
Bull 23 4 525 7.5 108 4 194.8 7 39 3 77.5 59 33 2 67.3 3.95 216 208.2
Heifer 38 8 570 12.7 112 29 2242 56.5 29 5 43.5 76 22 6 35.2 9.3 249 20.35
Calf 52 7 390 54.6 99 21 74.7 14.7 32 7 245 49 26 5 20.2 3.6 249 93.6
2 Pack animal
Horse 7 - 24.7 - 11 1 53.9 42 7 - 32.2 - 2 - 7.55 - 28 612.7
Mule 3 - 19.5 - 5 - 29 - 4 - 26 - 1 - 6.4 - 13 4
Donkey 46 12 115 28.8 119 14  356.5 39.9 71 22 227 654 39 4 117.8 117 327 48.1
3 Others
Sheep 109 34 104 32.3 388 87  349.2 84.8 403 88 402 87 87 15 88.4 16.2 1211 5819
Got 78 24 76.5 21.6 247 62  246.8 62.5 233 22 234 225 37 3 375 3.3 706 352.3
*>**TLU 489 106 109.7 1427 1362 264 2838 496.8 1004 165 1915 265 344 48 767 101.7 3811.4
Average 11 8 2494 1019 18 4 384 70 15 3 28.1 52 9 3 20.7 6.68

NB: *NI = Non-irrigator; **I = Irrigators; ***TLU = Total Livestock Unit; (NB: 1 USD ~ 20 ETB).
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3.1.3. Off-Farm Income of the Respondents

Off-farm incomes are also important for improving the purchasing power of rural households
and addressing food security in Ethiopia. It has also described as “petty trading” and has become
an important off-farm occupation for many poor farmers who have less access to land and water for
irrigation [18]. Similarly, petty/local trading is one of the sources of off-farm income in the study areas
(Figure 5).

6000

5000

4000 +

3000 + ' _
2000 + —

1000 == | B By

g = T T T d
Male Irrigator Female Male Non- Female Non-
Irrigator irrigator irrigator

Figure 5. HHs off-farm income.

For instance, there is sugarcane, potato and tomato trading in Sanka and Woldiya/Adagomarket
centers, and sugarcane and tomatoes are often transported to Dessie, Kobo and Dilb towns and used
as another income source (Figure 6C,D). Other sources of off-farm income include: renting out of
the idle or extra oxen; getting involved in daily labor works and self-employment activities, such as
handicrafts, selling wood and wood products, or selling local drinks (Tela, Areki, etc.); transporting
people and goods by using carts/garies; salary from temporary or permanent employment; remittance;
and/or income from mills and shops. The data for off-farm income of respondents were collected on a
daily and monthly basis and converted to estimate annual average income.

The result revealed that the annual average off-farm incomes for sampled male and female
irrigator households of the Geshober SSI scheme were found to be 1887.26 (1 USD »~ 20 ETB) and
1500 ETB, respectively, whereas the annual average off-farm incomes of non-irrigator male and female
household were 938.89 and 490 ETB, respectively. When we see the annual average off-farm incomes
from the SSI scheme perspective, male and female irrigator households of the Woyeneyie SSI scheme
were found to be 995 and zero ETB, respectively. The non-irrigator male and female households of
this SSI scheme were also 56.86 and 87.50 ETB, respectively. The annual average off-farm incomes
of male and female irrigator households of Gedober/Al-meda scheme were 1138.75 and 26.78 ETB,
respectively. Moreover, the average off-farm incomes of the non-irrigator male and female households
of this scheme were found to be 87.37 and 134.62 ETB, respectively (Figure 5).

In addition to this, the average off-farm income of male and female irrigator households of
Jarsa were 1300 and zero ETB, respectively, whereas the annual off-farm incomes of male and female
non-irrigators of this scheme were 150 and 290 ETB, respectively. From these figures, it is safe to
conclude that in the Gedober and Jarsa schemes, the involvement of female-headed households in
off-farm activities were found to be lower than male-headed households. The reason behind this could
be cultural factors, though this requires further investigation.
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Figure 6. Water seepage in the Woyeneyie (A) and Gedober scheme (B); Seepage loss in the traditionally
built irrigation canal constructed by beneficiary farmers themselves in Sanka (C); and overtopping on

the main canal in Sanka’s traditional irrigation system (D), respectively.

3.2. The Impact of Small-Scale Irrigation

3.2.1. Annual Average Income and Costs of the Respondents

The current income of the non-irrigator households of the study area ranges from 400 to 9500 ETB
with an average income of 3146.76 ETB with a standard deviation of +1838, respectively (Table 4).
Hence, in order to anticipate further analysis, the variability of distribution of the income was also
assessed by examining the values of the standard deviation.

Table 4. Annual average income and cost of the non-irrigator HHs and annual average income of HHs
before and after using irrigation in ETB (1 USD ~ 20 ETB).

Current Cost-Income Relation N Minimum  Maximum Mean Standard Deviation
Current income of the 151 400 9500 3146.75 1838
non-irrigator households

Current cost of the 151 200 10,000 2905.13 1481.09
non-irrigator households

Length of irrigation practice 223 3 2 9.2511 413

(in years)

Household income before irrigation =~ 223 70 8000 1978.12 1534.32
Current income (after irrigation) 223 1500 60,000 10,099 7865.59

Source: Field Survey, March 2014.



Agriculture 2016, 6, 27 13 of 22

The irrigator households started using irrigation at different times, but the average starting year
was found to be 9.3 years ago. The minimum and maximum years of the households while starting
irrigation were 3 and 22 years, respectively with a standard deviation of +4.13 years. The findings
also revealed that the irrigator households’ income before using irrigation ranged from 70 to 8000 ETB.
The annual average income of irrigator HHs was 1978.12ETB with a standard deviation of +1534.32,
respectively, whereas the households’ annual average incomes after using irrigation ranges from 1500
to 60,000 ETB with a standard deviation of £7865.59, and the annual average income of the irrigator
households was found to be 10,099.05 ETB. Therefore, there is a greater variability between households’
income before and after using irrigation in the study areas. This confirms that using irrigation has
a great role in improving the income of the irrigators than the households that abstained rain-fed
farming. However, these figures are without considering the inflation rates of the country.

The value for inflation, annual average consumer prices (%) in Ethiopia was 8.14 as of 2010
(Table 5).

Table 5. The trend of Ethiopia’s annual inflation rate consumer prices (%).

Years 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total Mean
Inflation Rate (%) 3.26 11.61 1231 1724 4439 847 8.14 * * 121.7 135
Source: CIA World Fact Book (2011) [30], * indicate no data, unless otherwise noted, this information is accurate
as of 9 January 2014.

Over the past 44 years, this indicator reached a maximum value of 44.39 in 2008 and a minimum
value of —9.81 in 1986 [31]. By using this concept as a benchmark, the current annual average income of
the irrigator households was calculated. Based on the computation, the average annual income before
and after using irrigation were calculated as 1978.12 and 10,099.05 ETB with a standard deviation
of +9.3, respectively. However, to know whether irrigation has impacted increasing average annual
income levels of the irrigator households or not, it is better to consider the inflation rate of the country.
As a result of this, the nine-year (2004 to 2012) average consumer price inflation rate of Ethiopia was
found to be 13.5% (Formula (3)).Therefore:

10,099405{507(4)3 x13.5% — 1’ 36337 ETB
10,099.05 — 1363.37 = 8,735.68 ETB

®)

We can now compare the income of irrigators before and after using irrigation. The income of
households before using irrigation was 1978.12 ETB and is much less than that of the net income of the
households after using irrigation, 8735.68. Therefore, it is safe to conclude that using irrigation has
improved the income levels of the irrigator households of the study area.

Results revealed that the cost of the households before using irrigation ranges from 30 to 6000 ETB
with average annual cost of 1657 ETB, whereas the costs after using irrigation ranges from 400 to
25,000 ETB with average annual cost of 4265.7 ETB. Hence, the standard deviations of the cost of
the households’ before and after using irrigation are 1051 and 3193.16 ETB, respectively (Table 6).
From this, one can understand that there is a great variation of costs of irrigator households’ before
and after using irrigation. However, this figure is shown without considering the current inflation rate
of the country. We thus compare the costs of households before and after irrigation use by considering
the inflation rate shown below (Formula (4)):

4265.7(ETB) x 13.5%
100

Net cost = =b5759ETB (4)
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Table 6. Annual average costs of HHs before and after irrigation in ETB.

N Minimum Maximum Mean  Standard Deviation

Cost of the HHs before using irrigation 223 30 6000 1657 1051
Cost of the household after using irrigation 223 400 25,000 4265.7 3193

Source: Field Survey, March 2014, hint: N stands for number of irrigator respondents.

Therefore, we can compare the costs before and after irrigation by adding the net cost from the
cost of before irrigation. Thus, 1657 ETB + 575.87 ETB = 2232.86 ETB. This implies that even though
using irrigation has a major role in improving the livelihood scenarios of the user households, it also
has potential to increase the expenses/ costs of the households.

Unlike rain-based farming, SSI is a capital and labor-intensive type of farming because the success
of irrigation is highly dependent on the different inputs such as fertilizers, pesticides, insecticides and
laborers. Similar findings have been reported by many authors [31-37].

3.2.2. Employment Opportunity

Based on various findings [38—42], irrigation and rain-fed agriculture requires a diverse labor
force both in quantity and technical quality. As can be seen in Table 7, for various purposes such as
land preparation, weeding, adding of chemicals, watering, harvesting and transporting and storing of
the product somewhere in different seasons, most of the irrigating farmers in the study sites employed
different laborers at different levels of wages.

As the result shows, only from January 2013 to March 2014, male and female irrigator households
of Geshober SSI employed on average three to five daily local laborers for 2.3 and 2.3 days by 158.7
and 156.5 ETB, respectively, for different agricultural activities in different seasons. Similarly, sampled
irrigator households of Woyeneyie SSI have employed on average 3 and 2 daily laborers for 4.2 and
3.6 total days by 136.8 and 92.08 ETB, respectively. Similar results have been observed in all the
SSI schemes. Therefore, it is safe to say SSI is not only used for enhancing household livelihood
diversification but it also creates job opportunities for a large segment of poor households in the
study areas.

3.2.3. Livelihood Development

SSI has multi-dimensional impacts on the livelihood development of the rural people [43,44].
In this regard, an attempt was made to assess whether the irrigating farmers had been aware of the
changes in their mode of life or not. Directly or indirectly, SSI has positive impact on food security,
asset ownership and well-being of rural farm households; there are clear increases in agricultural
production through diversification and intensification of crops grown, household income, sources of
animal feed, human health improvements, and asset ownership.

As seen in Table 8, 66% of the total irrigator respondents responded that using SSI contributes
significantly to the rise in household income. Similarly, 41% of the total irrigator respondents responded
that irrigation is a key to increasing agricultural production. Moreover, 33% of the irrigator respondents
stated that use of irrigation is also important for the diversification of crops grown in their plot of
land. Use of SSI is essential to the growth of different kinds of crops, vegetables, fruits and woodlots in
their plots of intensively irrigated land and, they can therefore easily increase product quality as well
as quantity.
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Table 7. Labor demand in the SSI schemes (NB: 1 USD ~ 20 ETB), Sanka (Geshober and Woyeneyie).

Irrigation Schemes

Geshober Woyeneyie Gedober Jarsa
Types Work Total Days of Total Wage Total Days of Total Wage Total Days of Total Wage Total Days of Total Wage
Employment (ETB) Employment (ETB) Employment (ETB) Employment (ETB)
M F M F M F M F M F M F M F M F
Land preparation 31 15 2580 990 111 33 3925 1200 26 27 2560 1360 19 14 1525 695
Planting 2 3 100 310 0 0 0 0 12 3 680 315 2 4 350 160
Weeding 16 2 980 180 28 5 870 125 7 4 650 425 9 5 300 200
Adding of chemicals 12 4 470 155 7 2 30 100 9 7 900 270 9 0 230 0
Watering 7 0 310 0 58 34 1635 615 26 10 1070 100 40 10 500 300
Harvest 3 6 330 400 2 0 160 0 8 8 1315 100 5 0 320 0
Transporting and storing 1 0 150 0 4 8 220 170 9 8 1460 1165 3 8 630 480
Total 72 30 4920 2035 210 82 6840 2210 97 67 8635 3735 87 41 3855 1835
Average 2.3 23 1587 1565 4.2 36 1368 92.1 24 24 2159 1334 31 46 1377 2039

Source: own survey 2016. M: male; F: female.



Agriculture 2016, 6, 27 16 of 22

Table 8. Response of HHs on livelihood development (NB: 1 USD ~ 20 ETB).

Sampled Irrigator Households of the Study Area

Choices
Diversification  Increased Increased Increase I.n come I‘n‘crea.s €.
. Variance and  Participation in
Rank of Crops Agricultural Household Employment . .
Grown Production Income Opportunity Resilience the Community
to Risk Decisions
Y% % Y% Y% %
1st 8 12 66 0.5 11 0.4
2nd 9 41 21 12 21 1
3rd 33 24 9 8.5 24 2
4th 33 18 3 19 20 5
5th 15 4 0.5 47 16 19.6
6th 2 1 0.5 13 8 72
Total 100 100 100 100 100 100

Source: Field Survey March 2014. The higher the number is, the more important it is.

Agricultural intensification through the practice of irrigation could be considered the best strategy
for poverty reduction and promotion of sustainable rural livelihoods [45-48]. Therefore, in connection
with this particular reference, the irrigation user households in the study area have the opportunity to
diversify their livelihood scenario. Furthermore, as explained by Kidane et al. [2], crop intensification,
diversification, and market-oriented production make food available and affordable for the poor and
rich alike. Percentages of 47 and 72 of the irrigator households also responded that irrigation has the
potential to increase employment opportunities to the nearby poor people and increase participation in
different community decisions of the irrigator societies of the study area, respectively. Similar findings
have been reported by [1,3,10,49-51] in studies conducted in the large-scale Tendaho irrigation project.

3.3. Major Problems Encountered

Although it is never free from problems, SSI has immense potential to improve the incomes of poor
rural households in developing countries like Ethiopia [10,15,19,52,53]. Unfortunately, the FGD with
model farmers (Figure 7) and the KI of households indicated that SSI's benefits are often accompanied
by multi-dimensional problems with different degrees of severity (Figure 6). The problems of SSI
development of the study area range from individual households’ biased perception to institutional
arrangements of the concerned bodies. The major problems that respondents faced in the study area are
those related to water shortages, lack of improved seeds, crop disease, weeding problems, increment
of input costs, water logging, and absence/low support from DAs.

About 48% of the irrigator households responded that their major problem is increment of input
costs such as pesticides, insecticides and fertilizes. The use of inputs influences household income
from crop production. In this study area, input cost increments and unavailability of the inputs when
required by the farmers are the main problems. Secondly, 51% of the respondent’s responded that
there was a water shortage problem due to the continuous drought and dry spells has declined the
volume of the Gimbora River (Figures 8 and 9).

Thirdly, 50.22% of the respondents responded as there was also a problem of shortage of
better quality seeds. The availability of better quality and sufficient seed supply when required
by farmers determines the quality and quantity of the products produced. As concluded by different
researchers [3,4,6,7,54-58], seed multiplication and the distribution of improved genetics is a critical
element of the drive for improved productivity. In the selected schemes, there was a problem of supply
of better quality seeds at the right time.
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Figure 7. Photo graphs showing group discussion with the beneficiary households of Gedober irrigation
scheme (A and B) March 2014.

Figure 8. Photos showing wilted sugarcane crop due to water shortage (A), and farmers looking for
water to irrigate their field (B).

Figure 9. Photos showing different irrigated crops (A and B), and farmers selling sugarcane and potato

at a local market (C and D), respectively.
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Based on the respondents’ comments (30.5%), seepage was another problem in the study sites.
Even though water shortages affected irrigation, in the main irrigation cannels of the diverted river,
there was also a seepage problem. There was no standardized program and no plans to irrigate each
cultivated crop. Irrigation water use depends only on spatial location of the farm plot; it does not
consider the amount of water required for the type of cultivated crop, time interval of water application
and the size of each plot for irrigation. As can be seen in Figure 6, one of the main causes of water
shortage in the study areas was the absence of a lined canal. Through all the courses of the diverted
river, the water becomes loose because of unlined canal construction.

Problems Related to Marketing of Products

Poor market access is the major factor that limits trade interaction between the livelihood
and external markets. Poor roads most of them with only dry weather surfaces and the remote
location of much of the North Wollo zone severely restrict the flow of goods in and out. As local
inhabitants consume almost all local agricultural products, the major markets for local grain are the
district centres within the zone (Figure 9C,D). The farmers of the study sites suffered from different
challenges including: transportation, distance from the market, low bargaining power, and low prices
of agricultural inputs.

About 31% and 27.3% of irrigator and non-irrigator households, respectively, responded that,
in marketing their products, there are transportation problems (Table 9). Moreover, 8.9% and 6.5%
of irrigators and non-irrigators responded that their place of residence is too far from the market
center. Few respondents (irrigators (10.2%) and non-irrigators (2.4%)) relayed that there has been low
bargaining power of demanders of the products. About 6.7% and 3.2% of irrigators and non-irrigators
who responded explained that there is a problem of low prices of agricultural products.

Table 9. Households’ response to market-related problems.

Irrigation Status

Problems Response Irrigator Non-Irrigator Total
M F M F
. Frequency 80 36 72 30 218
Transportation Percent 214 96 193 8 58.3
Di ¢ K Frequency 25 8 17 8 58
istance from market Percent 67 21 45 21 155
Low bargaining power Frequency 28 10 6 3 47
gaiming p Percent 75 27 16 08 126
. . Frequency 10 15 10 2 37
Low price of agricultural products Percent 27 40 07 05 9.9
Frequency 6 5 3 0 14
Others Percent 1.6 13 08 0 37
Total Frequency 149 74 108 43 374

Percent 39.8 198 289 11.5 100
Source: Field Survey, March 2014. M: male; F: female.

4. Conclusions and Recommendations

Small-scale irrigation (SSI), both directly and in-directly, has a great impact on enhancing farmers’
livelihoods through different dimensions, such as diversification of crops grown, as well as increased
agricultural production, household income, employment opportunity and participation in community
decisions. It was proved that the sampled irrigator households’ annual average income has improved.
Therefore, using irrigation has an impact on improving the income levels of the irrigator households
of the study area, ultimately affecting the irrigator community. The increment of input cost, shortage
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of irrigation water, and absence of transportation were found to be the major challenges of SSI. It was
found that non-irrigator farmers are not in a position to utilize the advantages of SSI as they are not
aware of it. The district Agricultural Development Office should develop a campaign to propagate the
advantages of the SSI system to the farmers through development agents; by setting up farmer training
centers on improved agronomic practices, crop protection aspects, irrigation practices, and product
marketing; and by offering a credit service to allow rapid progress in the introduction of technologies
and farming practices, price bargaining power and profitability of SSI schemes.
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