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Abstract: This paper characterizes and compares three types of small-scale irrigation scheme practices
in Northern Ethiopia. A multidisciplinary survey approach, collecting information on socioeconomic,
biophysical, and institutional aspects of irrigation by the smallholder farmers, was used to investi-
gate and compare aspects of land, water use, and crop productivity, including farmer income and
livelihood sustainability. The study was conducted in the Zamra catchment, a sub-basin of the large
Tekeze river basin and Nile basin tributary. Three common small-scale irrigation scheme types,
i.e., traditional diversion, modern diversion, and dam (reservoir) based irrigation, were compared
using four pilot survey areas. From the total of 618 farmer households in the study areas, 242 farmers
were selected using stratified random sampling and participated in the survey and research. More
than 100 input data were collected from the farmers related to the biophysical, socioeconomic, and
institutional factors affecting their work practice and livelihood. Focus group discussions were
conducted with elders, the water users association committee, and women-headed households.
Descriptive statistics and multivariate analysis were used for quantitative analysis. The result in-
dicates a significant difference between the three irrigation schemes. One important conclusion of
this study was that the explanatory value of a single factor (e.g., biophysical), as commonly done
in irrigation research and assessment, was seldom sufficient to explain water use, crop yield, and
farmer income. Institutional and/or socioeconomic drivers also played an important role in the
entire farming practice, income generation, and livelihood of the farmers. This study highlighted the
value-added of the multidisciplinary approach (socioeconomic, biophysical, and institutional) for the
evaluation of small-scale irrigation practices and livelihood analysis of agricultural smallholders in
climate-affected regions, such as the Northern Ethiopian highlands.

Keywords: biophysical; institutional; multidisciplinary; Northern Ethiopia; small-scale irrigation;
socio-economic; Zamra catchment

1. Introduction

Irrigation is vital for realizing the full potential of the agricultural sector and is an
essential means of achieving food security in many arid and semi-arid countries, including
Ethiopia [1]. To increase production, small-scale irrigation schemes have been introduced
in several places, such as dams, check dams, diversions, springs, and wells (e.g., [2–7]).
However, these schemes are managed poorly, and the results are unsatisfactory. Hence the
contribution of these schemes does not meet the expected level [6,8].

The performance of the irrigation schemes is evaluated based on two major aspects
summarized; (1) There have been numerous studies done to assess the effectiveness of
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irrigation schemes based on socioeconomic and institutional aspects [9–12]. In their re-
search, some problems identified were institutional failure, access to credit and extension
services, access to information, financial constraints, no market information, and posthar-
vest technology. Furthermore, there was an issue of gender; the female-headed household
was lower than the male-headed, for example, in annual income, land size, access to credit,
and agricultural extension services; (2) technical and institutional factors also assess the
effectiveness of the irrigation scheme [13–15]. Sedimentation of canals, structural failure,
failure of operating gates, poor irrigation water management, lack of market access and
transportation, poor crop choice, crop disease, lack of postharvest technology and regular
maintenance, conflict among users, weak local institutional arrangements were identified
as the problems of the small-scale irrigation scheme. Situational analysis is important to
maximize the benefits of irrigation; however, there are limited studies in arid and semi-arid
parts of Ethiopia that characterize existing irrigation developments from multi-dimensional
perspectives. Moreover, there were attempts to evaluate the performance of small-scale irri-
gation schemes, but they were limited to scheme types, for instance, traditional diversion.

The present paper aims to integrate the socio-economic, biophysical, and institutional
factors for evaluating the performance of small-scale irrigation schemes. Using a multi-
disciplinary survey approach, collecting information on socio-economic, biophysical, and
institutional aspects of irrigation by the smallholder farmers was used to investigate and
compare aspects of land, water use, and crop productivity, including farmer income and
livelihood sustainability. Three common small-scale irrigation scheme types, i.e., traditional
diversion, modern diversion, and dam (reservoir) based irrigation, were compared. It is
assumed as the null hypothesis that no significant differences in yield or income generated
among the three irrigation scheme types can be observed.

2. Literature Review

Numerous research has concentrated on various areas due to the significance-performance
of small-scale irrigation. [11], conducted on the socioeconomic, institutional, technological
characteristics, and other related factors affecting farmer participation. Descriptive and
econometric analysis was used to assess factors affecting community-managed irrigation
schemes’ utilization. In addition, Ref. [16] studied “Evaluation of small Farmer managed
irrigation schemes in some Fadama communities of Oyo state, Nigeria” using descriptive
and regression analysis. They interviewed the respondents from the rural area of the local
government using a structured questionnaire. As a result, irrigation under the scheme
gave profit, bringing economic prosperity to the Farmer. However, the insufficient water
source delayed the development of more expanse of land. [12] used cross-sectional data
to examine small-scale irrigation and household income. The respondents were selected
through a multi-stage technique in eastern Ethiopia. The data was analyzed using the
Heckman-two-step econometric model. They pointed out that institutional failure was a
more important challenge than hydrological factors in managing the irrigation system.

Ref. [17] studied the impact of small-scale irrigation on the income of rural farm
households in Tigray, Ethiopia. The techniques used to select the samples were multi-stage
random sampling from three Tabiyas in Ahferom Woreda. The model used to analyze the
data was using the Heckman treatment effect two-step model. They concluded that the
biggest challenge in using small-scale irrigation was the loss of water, pests, and diseases.
Moreover, they recommend that governments and other concerned bodies should work
best on the quality, expansion, and distribution of small-scale irrigation schemes. Ref. [18]
their work “Characterization of Smallholder Irrigation Schemes in Chirumanzu District,
Zimbabwe,” used different irrigation technologies. The data were analyzed using descrip-
tive and inferential statistics. To finish, they recommend providing agricultural training to
farmers in irrigation schemes to enhance their productivity. Similarly, in Ethiopia, [7,19]
suggested empowering farmers through continuous capacity building through training on
irrigation systems and managing efficiently. In addition, this approach should be farmers
centered, like to practice, participate and adapt. Correspondingly, interventions were
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needed to develop the water user association’s (WUA) technical, institutional, legal, and
regulatory issues.

Ref. [14] investigated the performance of small-scale irrigation in Ethiopia using
technical and institutional attributes. The assessment was based on 52 small-scale irrigation
schemes and three case study sites. The data was collected via individual interviews,
group discussions, key informant interviews, review of relevant documents, and field
observations. He also used the pair-wise analysis method to identify the major constraints
affecting small-scale irrigation in Ethiopia. As a result, many schemes were not operational
due to design failures, excessive siltation, and poor agronomic and water management
practice. Moreover, there was competition between upstream and downstream users,
vegetable and cereal growers, farmers with large irrigable plots, and those with small
plots. [20] the research focused on the technical performance of small-scale irrigation
systems in Ethiopia. The performance was related to the water harvesting structure and
delivery canals. As a result, sedimentation, structural failure, untreated upper watershed,
poor irrigation water management, lack of knowledge, and lack of technical training were
complications to the small-scale irrigation schemes.

According to [21], they compared the technical efficiencies of irrigated and rainfed
plots in Tigray. In their research, when improving water allocation and distribution at the
irrigation scheme level so that agricultural production can be more than double. Stochastic
frontier and inefficiency models were used to compare the technical efficiencies of rain-fed
and irrigated plots. The result shows that irrigated farms had higher production than
rain-fed farms with significant inefficiencies. Ref. [22] evaluates the structure of water
harvesting technology using technical criteria. The criteria were irrigation efficiency, output
per command area, cost per hectare, and environmental effects. As a result, the output
and investment cost per hectare was higher for dams than hand-dug wells and spate
irrigation. Finally, they concluded that river diversion was the most productive technology
considering the overall criteria.

Institutions management practices and challenges of small-scale irrigation systems
in Ethiopia for two modern smallholders irrigation systems [23]. According to their re-
search, the data was collected through a key informant and expert interview, desk review
of different documents, group discussion, direct observation, and structured interview. In
their research, the government uncritically supported the irrigation systems. In addition,
irrigation institutions were not adequately planned and put in place. For instance, lack of
established water use associations, Woreda level state irrigation agency not being estab-
lished, a lack of enabling legal system of land and water rights, and policy-related problems.
As a result, irrigation management was undermined, and the feasibility and sustainability
of irrigated agriculture were risked. Moreover, water-related conflicts were not settled. At
the same time, irrigation was indicated to positively impact irrigators’ livelihood in terms
of crop production, household income, housing, and employment generation.

In their work [24], “A comparative review of water management sustainability chal-
lenges in smallholder irrigation schemes in Africa and Asia.” Their review highlights best
practices from the Asian experience in which African countries learn to make irrigation
schemes more robust. There were different records of achievement, for instance, institu-
tional management, traditional knowledge, and management systems. In sub-Saharan
Africa, water markets have been limited and disconnected from other markets due to
low institutional capacity and poor water management practices. Furthermore, WUA
in most African countries is weak and lacks legal backing to solve internal and external
challenges independently. Resulting in undermined traditional management practices due
to the heavy hand of the state in water management and the failure to contextualize the
management practice.
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3. Materials and Methods
3.1. Study Area

The study was conducted in the Zamra catchment, a tributary of the Tekeze sub-
basin. The Tekeze sub-basin has a total area of 82,350 km2, and the study area, the Zamra
catchment, has an area of 1588 km2 (Figure 1). The Zamra catchment is located between
latitudes 12.966◦ N and 13.331◦ N and longitudes 39.003◦ E and 39.668◦ E. The altitude
varies from 1248 to 3542 m above sea level (m a.s.l).
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Three common small-scale irrigation scheme types, i.e., traditional diversion, modern
diversion, and dam (reservoir)-based irrigation, were compared using four pilot survey
areas (Figure 1). The climatic condition of the Tigray region varies from arid to semi-
arid [25]. The climate of the study area is mainly semi-arid; the primary rainfall season
lasts from June to mid-September, with some areas obtaining rainfall from February to May.
Rainfall in the Tigray region is erratic, and sometimes heavy rains cause flooding [3]. The
annual precipitation values for 2009–2021 for the Zamra catchment were analyzed using
the WaPOR database [26], and the average annual precipitation was 600 mm. In the Zamra
catchment, the minimum and maximum yearly precipitation over the analysis period were
514 mm and 715 mm, respectively.

3.2. Sampling Procedures and Data

In this case study, quantitative and qualitative research approaches were used; mixed
techniques improve the accuracy of data obtained by allowing cross-validated findings [27,28].
The data was collected from household surveys and secondary data from relevant govern-
ment and non-government offices involved in irrigation water use management. Survey
data were collected from August 2020 to September 2020. From the total of 618 farmer
households in the study areas, 242 farmers were selected using stratified random sampling
and participated in the survey and research. First, we selected the type of irrigation scheme
(source of irrigation water) commonly used in the study area. Next, we randomly select
farmers of different ages and also gender in the irrigation systems to not create any sample
bias in the population. Structured questionnaires were prepared for each group. After pre-
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testing the questionnaires, 89 farmers from the first group, 120 from the second group, and
33 from the third group were interviewed. More than 100 input data were collected from
the farmers related to the biophysical, socioeconomic, and institutional factors affecting
their work practice and livelihood.

After the interview, focus group discussions (FGDs) with elders, the irrigation com-
mittee, and water distributors were held to verify ambiguous issues related to irrigation
water use management. In addition, women-led household discussions with 13 women-led
households were held to assess any issues related to irrigation water use management.
FGD is one of the most widely applied data collection methods for qualitative research in
a mixed-method approach [29]. Key informant’s interview (KII) occurred in two selected
Districts, including Kebele experts and government and non-governmental organizations.

3.3. Methodology

Descriptive statistics and Multivariate analysis using the One-way Analysis of Vari-
ance (ANOVA) were used for quantitative analysis. First, descriptive statistical methods
such as arithmetic mean, percentages, and univariate analysis were used to describe and
examine the respondents’ characteristics. Second, the One-way ANOVA was used to show
the significant difference between irrigation schemes on farmers’ income. The analysis de-
termined the farmer’s income that influences the utilization of different irrigation schemes.
The One-way ANOVA involved dependent variables and factors. The dependent variable is
farmers’ income from irrigation schemes, based on the water source they utilize. Therefore,
depending on the farmers’ income, there may be a significant difference between irrigation
schemes. The data was analyzed using Statistical Package for Social Sciences (SPSS 20)
software. Based on literature reviews, variables that capture individual socioeconomic,
biophysical, and institutional characteristics and the use of different irrigation schemes are
identified to find a possible explanation for the characterization of small-scale irrigation
schemes, as given in Table 1.

Table 1. The synthesis of the study variables and measurement indicators.

Variables Indicator

Demographic Age and gender

Household resources Land access and irrigation season crops grown

Access to irrigation Access to irrigation water and flexibility in irrigation based on
crop type

Participation in extension Participate in demonstrations, access to credit, and frequency of
advisory service

Irrigation production Own production (quintal), total irrigated area (ha), irrigation
experience, average yield, and income (birr)

Challenges

Shortage of irrigable land, water shortage for irrigation, shortage
of improved seed, high post-harvest loss, pests and disease, canal

problem, siltation, lack of maintenance, price fluctuation,
transport problems, and distance to market

Major opportunities Food self-sufficiency, teaching their children, building a house,
and purchasing livestock

Data generated from the KII and FGDs were analyzed using thematic analysis, an
inductive approach grounded in the participants’ views [19,20]. The thematic analysis
provides a flexible and useful research tool that has the potential to provide a rich and
complete explanation of the data.
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4. Results
4.1. Characteristics of the Sample Household

Figure 2 shows the characteristics of the sample households. The descriptive results in-
dicate that the heads of the dam and modern diversion households were younger (48 years
and 49.53 years) than those of traditional diversion households (51.33 years). The number
of male-headed households in all the irrigation schemes was higher than that of female-
headed households: 15% of the modern diversion, 12% of the dam, and 12% of traditional
diversion households were female-headed (Figure 2).
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4.2. Factors Affecting Small-Scale Irrigation

Results of the interview (Figure 3) present access to irrigation water between the
irrigation schemes, traditional diversion (79%), modern diversion (75%), and dams (52%).
The factor influencing irrigation water use is the water availability throughout the year.
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Regarding flexibility in irrigation timing based on the crop type, traditional diversion,
modern diversion and dam were 73%, 47%, and 44%, respectively (Figure 3). As shown in
Figure 3, more than 64% of the traditional diversion households had access to participate
in the demonstration, and 45% of the households had access to credit services. Households
in modern diversion and dam had 53% and 45 % access to participate in the demonstration,
respectively. 64% of dam households and 52% of modern diversion households had access
to credit.
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The frequency of advisory service received is daily, weekly, bi-weekly, monthly, and
unconditional. Traditional diversion households are 33% weekly, 27% unconditional, 18%
monthly, 18% bi-weekly, and 3% daily. Dam households are 36% monthly, 31% weekly,
21% bi-weekly, and 12% unconditional. Modern diversion households received advisory
services 49% monthly, 26% weekly, 26% bi-weekly, 5% of the time unconditionally, and 2%
daily (Figure 4). The result shows that the location of the irrigation scheme is one factor for
the advisory service to be received.
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Regarding land access, 95% of the modern diversions, 78% of dams, and 79% of the
traditional diversion farmers had access to their land. At the same time, farmers had shared
access land, 5% modern diversion, 18% dam, and 21% traditional diversion. Farmers from
the dam accounted for 5% of users who had rented land (Figure 5). The land size was
critical in having a positive impact in terms of increasing income [10].
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In terms of crops growing in the irrigation season, that is, cereals, vegetables, and both.
It was discovered that 30% of traditional diversion households, 12% of modern diversion
households, and 75% of dam households grow cereal crops. Furthermore, cereals and
vegetables were grown with modern diversion 65%, traditional diversion 36.5%, and dam
12.5% (Figure 5).

4.3. Production from Irrigation

The traditional diversion households also had more experience in irrigation (21.61 years)
than modern diversion (19.33 years) and dam (15.19 years) households. Moreover, about
their production, the traditional diversion households gained more production than the
dam and modern diversions (Table 2).

Table 2. Mean of irrigation production and experience of farmers in irrigation.

Traditional
Diversion Dam Modern

Diversion

Mean Mean Mean

Irrigation experience (year) 21.61 15.19 19.33

Irrigation
production

Total irrigated area (ha) 0.36 0.34 0.26

Own production (kg) 2145 1892 1095

Income (birr) 19,582.4 17,475.2 12,923.3

In addition, the FGD participant also confirmed that the income of the traditional
diversion is more than the dam: “I have used both irrigation schemes for more than 18 years.
When I compare the income, traditional diversion generates more than the dam. Because
most of the time in the traditional diversion grows vegetables, the income of vegetables is
more than cereals and improves well-being” (57-year-old male farmer in Gerebe hiwane
and Shilant-2).

Table 3 shows the average yield of major crops produced during three consecutive
years, 2017, 2018, and 2019 using traditional diversion, dam, and modern diversion. The
yield (kg/ha) was computed using the ratio of the total yield (in kilograms) to the irrigated
area (ha). From the interview, all the irrigation schemes have good experience growing
maize and onion crops. Most of the time during the irrigation season, the farmers in
modern diversion planted pepper; it was observed from the field visit and discussed with
the farmers and agricultural experts in the irrigation scheme. Other crops grown in the
study area were pepper, wheat, tomato, barley, and teff. For instance, in the 2019/2020
irrigation season, the Central Statistical Agency (CSA) [30] reported that in the Tigray
region, the average maize and onion yield was 3075 kg/ha and 6361 kg/ha, respectively.
The comparison with the previous report shows a 17% and 3% yield decrement, respectively.

As indicated in Tables A1 and A2, compare each irrigation scheme production with
different indicators like access to sufficient irrigation water, credit, and weekly and bi-
weekly advisory services were obtained high production in the traditional diversion. In the
modern diversion, the highest production was obtained when access to irrigation water
and unconditional advisory service (Table A2). But, there had no access to credit and had a
transport problem (Table A1). The dam irrigation scheme had sufficient irrigation water,
and the monthly advisory service obtained the highest production (Table A2). Moreover,
there was access to credit services, but there was a price fluctuation, distance to the market,
and transport problems (Table A1).
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Table 3. Radial diagrams show major crop yield (kg/ha) during 2019, 2018, and 2017.

Cereals Vegetables

Traditional Diversion
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The current study (Table 4) presents the significant difference between irrigation
schemes on farmers’ income based on the One-way ANOVA. The mean difference indicates
a significant difference in farmers’ income between the modern diversion and the dam, as
well as between the traditional and modern diversion. However, there is no significant
difference between the dam and traditional diversion.

Table 4. Mean differences between irrigation schemes on farmers’ income.

(I) Major Sources of
Irrigation Water

(J) Major Sources of
Irrigation Water

Mean Difference
(I–J)

Sig.
95% Confidence Interval

Lower Bound Upper Bound

Traditional Diversion
Modern Diversion 6659.09091 * 0.007 1806.5069 11,511.6749

Dam 2107.14334 0.410 −2924.4193 7138.7060

Modern Diversion
Traditional Diversion −6659.09091 * 0.007 −11,511.6749 −1806.5069

Dam −4551.94757 * 0.010 −8005.4714 −1098.4237

Dam
Traditional Diversion −2107.14334 0.410 −7138.7060 2924.4193

Modern Diversion 4551.94757 * 0.010 1098.4237 8005.4714

Note: * The mean difference is significant at the 0.05 level.
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4.4. Irrigation Challenges and Opportunities
4.4.1. Quantitative Results

According to this study (Figure 6), major challenges of the traditional diversion
irrigation scheme affect the production and productivity of the irrigated crops. From
the interview, 64% of the farmers perceived a shortage of water, a shortage of irrigable land
and pests and disease (61%), and a canal problem (42%). Furthermore, farmers who use
dams for irrigation perceive (63%) that there was a shortage of water, pests, and disease
(58%), a shortage of irrigable land (51%), lack of maintenance (45%), and a shortage of
improved seed (43%). On the other hand, modern diversion farmers see a major challenge to
crop production and productivity of irrigated crops. 91% lack maintenance, 79% perceived
pests and disease, 73% scarcity of improved seeds, 55% scarcity of irrigable land, and
34% high post-harvest loss. Therefore, from this study, the major challenge for traditional
diversions and dams is water shortage. In the modern diversion, a lack of maintenance and
improved seed poses a significant challenge to the production and productivity of irrigated
crops (Figure 6). This study found that the major challenge was a water shortage and a lack
of improved seeds, similar to [31].
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Marketing is one of the challenges affecting the income of farmers. The major chal-
lenges for modern diversion households are transport problems (70%) and distance to the
market (55%). Concerning traditional diversion (64%) and dam (56%) households, the
major challenge in marketing is price fluctuation (Figure 6). Similar to the findings of this
study, price fluctuations happen due to targeting planting dates, and market incentives are
not considered [32]. In addition, market access and transport problems are also challenging
for small-scale irrigation schemes [20,33].

Generally, irrigation use in the study area has made a significant contribution to food
self-sufficiency (33%) and teaching their children (31%), as shown in Figure 7. Irrigation
users enabled their children to attend school and acquire livestock [33]. As a result, this
paper’s findings align with those scholars who indicate a positive impact on the use
of irrigation.
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4.4.2. Qualitative Results on Challenges and Opportunities

Similarly, irrigation challenges were also described by an FGD participant in the
irrigation schemes as follows: the shortage of water for irrigation, lack of access to credit
and extension service, pests and disease, transport problems, and price fluctuation.

For example, a participant in an FGD said,

“I have a scarcity of irrigable land because my irrigated field is in the lower stream
area, which is never irrigated during the irrigation season due to water shortages
in the irrigation scheme. Accordingly, my production was lower as compared to
other farmers”. (40-year-old female farmer in the Adibashay irrigation scheme)

Female households had lower access to irrigation and credit service than males. In ad-
dition, the advantage of credit is mentioned by female participants in the irrigation scheme,

“I am the female head of the household in the irrigation scheme. Now I rent
oxen for plowing the field. If the government provided me with a credit service,
I would buy oxen and reduce rent expenses. As a result, I will improve the
well-being of the children and mine”. (37-year-old female farmer in Shilant-2
irrigation scheme)

Follow-up of the agricultural extension was also a challenge

“I participated in demonstrations from my side to get feedback and from other
farmers to gain experience. I understand there is a follow-up from agricultural
extension in one of the demonstrations, and I see the farmers have a good ex-
perience. When I compare my irrigation scheme, there is no follow-up from
the agricultural extensions. So, I have a problem not getting updated informa-
tion from District and Kebele experts”. (53-year-old male farmer in Adibashay
irrigation scheme)

“In the irrigation scheme, there is a shortage of chemicals for pests and diseases.
Moreover, there is no scientific research on pests and disease”. (54-year-old male
farmer in Shilant-2 irrigation scheme)

“There is a transportation issue for selling our vegetables and fruits at the district
market, so I used a donkey to transport them. As a result, vegetables are perish-
able, lowering their quality and reducing profit”. (50-year-old male farmer in
Adibashay irrigation scheme)
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“I plant a crop that is similar to my neighbor’s. It depends on water availability
in the irrigation scheme, not market-oriented. Nevertheless, it is not profitable
because all the farmers simultaneously sell the same crop type”. (68-year-old
male farmer in Shilant-2 irrigation scheme)

Research findings [14] indicate that in Ethiopia, there was market saturation that
affected many farmers due to producing the same crops simultaneously with a limited
number of traders and consumers. This result is in line with this study.

Another challenge the FGD participants said was that irrigating the whole field
completely flooded is a problem in their respective irrigation schemes. As stated by the
following participants,

“Farmers are concerned that the fields are becoming flooded and believe more
water is beneficial. However, there is a problem with the plant. In this regard,
when the amount of water is reduced from the dam, the irrigating time is reduced,
for instance, from 3 h to 1 h”. (53-year-old male farmer in Shilant-2 irrigation
scheme)

The damage caused by fields becoming flooded was also mentioned by another
participant:

“It is difficult to control the farmers as they lack an awareness of irrigating the
field. However, the committee has decided to reduce the interval of irrigating
cereals from 3 weeks to one month and vegetables from one week to two weeks”.
(46-year-old male farmer in Adibashay irrigation scheme)

Irrigation Major Opportunities

Irrigation use in the study area has made a significant contribution. For example, a
participant in an FGD said, “The use of irrigation is essential. My house is always whole,
and irrigation provides me with similar benefits to what a mother can provide” (55-year-old
female farmer in Gerebe hiwane irrigation scheme).

Another participant also mentioned the use of irrigation, “Before irrigation started, I
irrigated 2 ha of land using rainfall. However, building the dam reduced the irrigated land
to 1 ha. However, when I compare the income from the previous one, it increases even if
the irrigated land is reduced” (50-year-old male farmer in Adibashay irrigation scheme).

A participant in one of the FGDs said, “Even if you don’t produce the crop yourself, it
is easy to get goods locally all the time and at reasonable prices” (a 45-year-old male farmer
in the Adibashay irrigation scheme).

5. Discussion
5.1. Importance of the Multidisciplinary Approach

The study shows the importance of a multidisciplinary approach in characterizing
small-scale irrigation schemes. It is because the success of irrigation development de-
pends on various socioeconomic factors, institutional arrangements, and technical con-
siderations [3]. As indicated in the result section, smallholder farmers’ socioeconomic,
biophysical, and institutional aspects of irrigation were used to investigate and compare
the irrigation schemes.

As shown in Figure 3, the traditional diversion users had better access to irrigation
water, flexibility in crop type to irrigation, and participation in demonstration than modern
diversion and dam. However, the price fluctuation was higher when compared to the other
irrigation schemes (Figure 6). Moreover, there is a canal problem in the traditional diversion
because the river diversion is made through the pilling of brushwood, wood logs, and river
bed material [34,35]. The traditional diversion households gained more production than
the dam and modern diversion (Table 2). As shown in Figure 5, the traditional diversion
users grow most of the time vegetables. This study’s findings align with those [32], who
indicated that households could diversify production to new marketable crops, such as
vegetables, to increase farmers’ income in Ethiopia.
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The modern diversion users had grown cereals and vegetables more than traditional
and dam users (Figure 5). However, there is a problem with transportation and market
distance; this irrigation scheme is 20 km away from the District and has no transport service
(Figure A1). It is located downstream of the catchment, and the climate is hotter than
the other irrigation schemes. Access to participation in the demonstration and frequency
of advisory service from the extension service had a problem. According to [10,18,31],
follow-up from extension staff could play a significant role in effectively using irrigation
water and enhancing their productivity. Compared to other irrigation schemes, the modern
diversion had more affected by pests and disease, a shortage of improved seeds, a lack of
maintenance, and high post-harvest loss (Figure 6). Crop disease prevalence negatively
impacted irrigation due to low productivity [7,17]. Therefore, the household production
was lower than the traditional diversion and dam (Table 2).

The dam irrigation scheme was located in the upper parts of the Zamra catchment.
The accessibility of irrigation water and flexibility based on crop type was lower than
the other irrigation schemes (Figure 3). However, access to credit service had better than
modern and traditional diversions. Therefore, increasing farmers’ access to credit facilities
could improve their ability to participate in irrigation [10,12].

Table 3 and Figure 5 show that the dam irrigation schemes irrigated more cereal crops
than vegetables. The planted crop was selected based on the availability of water in the
dam. It was decided by the community of the farmers and agricultural extension. Both
the dam and traditional diversion had price fluctuations. However, the production from
the dam was lower than the traditional diversion, as the dam users have grown more
cereals than vegetables. The dam canal was constructed with concrete structures, but the
study area canal lacked maintenance (Figure A2). This study agrees with previous studies
in that there is a lack of maintenance and canal problems [8,36,37], which provides that
there are technical constraints and knowledge gaps in the operation and maintenance of
irrigation facilities.

Generally, the result indicates a significant difference in farmers’ income among
the irrigation schemes (Table 4). The farmers’ income differed based on biophysical,
institutional, and socio-economic factors.

5.2. Impact of Irrigation on Smallholder

Research findings from KII also explained the challenges of irrigation. Most of the
organizations explained that the challenge was technical and material gaps. The materials
are automation rain gauge, soil moisture sensor, and water flow instruments. Likewise, the
technical gaps are irrigation water use management and identifying pests and disease types.
In addition, they lack well-trained experts in designing, constructing, and maintaining
irrigation schemes.

Additionally, there was also a follow-up problem. It was due to the scheme’s construc-
tion and development by different organizations. To end with, the KII was given sugges-
tions like updated scientific technologies to irrigation water management and materials,
which help to improve the irrigation water use efficiency in small-scale irrigation schemes.
Further, it needs market shade and stores to preserve and establish a market cooperative.

The findings of this paper are similar to those of other scholars [2,8,12,14,37,38] who
claim that weak local institutions cause irrigation schemes to fail. In Ethiopia, there were
no inadequate police and regulations on water fees, water rights, water conflict resolutions,
and incentives for collaborations [8]. It should then improve institutional mechanisms to
enforce it through law [37,39]. Studies [13,14,31] suggest that to sustain irrigated agriculture,
agronomic methods should be improved, postharvest technology should be implemented,
and watershed management should be combined with irrigation development. According
to [2], additional research on water productivity in agriculture should be conducted; similar
to the KII findings, organizations should support training and experiments on water
productivity. Refs. [32,36] Recommends giving attention to poor people, especially women,
there is a poor economic background for agricultural inputs.
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Small-scale irrigation is one of the variable solutions to secure household food needs
in the country [3,14,32,34,40]. For instance, increasing the yield of crops improves food
security, reduces unemployment, and reduces urbanization pressure. [16] also indicated
that irrigation under the scheme has brought economic prosperity to the farmers and
promotes maximum yield per hectare. Participation in irrigation had a significant impact
on annual income. For example, annual income was twice that of non-irrigation users [41].

6. Conclusions

The analysis indicated contrasting results with respect to the interaction of the three
different factors (socioeconomic, biophysical, and institutional) for characterizing and
evaluating small-scale irrigation areas and respective smallholder farmers considered in
this study.

The survey and statistical analysis revealed several cause–effect relationships among
socioeconomic, biophysical, and institutional drivers, constraints, and opportunities. A
major example is a relationship found between farmer income and irrigation scheme types.
A rather counterintuitive finding was that traditional small diversions led to higher farmer
income, well-being, and satisfaction than modern diversions and smallholder irrigation
practices downstream of small dams and reservoirs.

The institutional factor of free crop choice (or not in the case of dam-based irrigation)
was a major cause here. In the small-scale irrigation pilot study area using the modern
diversion technique, crop selection is a farmer’s choice (vegetables and cereals). Here, a
combination of biophysical elements (lower elevation downstream the Zamra catchment
on different lithologies and local drier and hotter microclimate, including locational aspects
(distance from the larger road network, markets) could explain much about income and
overall satisfaction. With respect to dam-based smallholder irrigation practices located in
the upper parts of the Zamra catchment. The dam users didn’t have flexibility in irrigation
timing based on the crop type compared to other irrigation schemes. Moreover, a shortage
of irrigation water, a lack of improved seeds, pests and diseases, and there was siltation in
the dams. However, access to credit was better than the other irrigation schemes. In the
dam, most of the time, the crops were grown cereals. The production from the dam was
lower than the traditional diversion but more than the modern diversion.

This highlights the need to consider an integrated and multidisciplinary analysis of
small-scale irrigation and farming to elucidate factors and elements that can lead to better
choices for all stakeholders (farmers, irrigation institutions, government, and private) for
improving the livelihood of smallholders in semiarid and mountainous regions. Additional
research on water productivity in agriculture should be conducted. Moreover, alternative
mechanisms must be implemented to update technologies in irrigation water management
and materials, which help to improve the irrigation water use efficiency in small-scale
irrigation schemes. For instance, automation rain gauge should be placed at the scheme
level, and satellite data, water flow instruments, and a crop calendar are required.
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Table A1. Production of each irrigation scheme with market and credit service analysis.

Dependent Variable: Production (Quintal)

Sources of
Irrigation Water Challenges to Marketing Access to

Credit
Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Traditional
Diversion

Price fluctuation
Yes 32.375 4.400 23.702 41.048

No 20.538 3.452 13.735 27.342

Transport problem
Yes 39.000 12.446 14.469 63.531

No 15.000 8.800 −2.346 32.346
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Table A1. Cont.

Dependent Variable: Production (Quintal)

Sources of
Irrigation Water Challenges to Marketing Access to

Credit
Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Distance to market
Yes .a . . .

No .a . . .

Lack of store/shade
Yes 15.000 12.446 −9.531 39.531

No .a . . .

No problem
Yes 15.600 5.566 4.629 26.571

No 6.667 7.186 −7.496 20.830

Modern Diversion

Price fluctuation
Yes .a . . .

No .a . . .

Transport problem
Yes .a . . .

No 16.000 12.446 −8.531 40.531

Distance to market
Yes .a . . .

No 8.000 12.446 −16.531 32.531

Lack of store/shade
Yes 5.000 12.446 −19.531 29.531

No .a . . .

Price fluctuation, distance
to market, and transport

Yes 13.409 2.653 8.179 18.639

No 11.364 3.753 3.967 18.760

Transport problem and
distance to market

Yes 9.600 1.968 5.721 13.479

No 10.932 1.876 7.234 14.630

Dam

Price fluctuation
Yes 22.270 2.046 18.237 26.303

No 24.154 3.452 17.350 30.958

Transport problem
Yes .a . . .

No 12.250 6.223 −0.016 24.516

Distance to market
Yes 20.000 8.800 2.654 37.346

No 11.500 8.800 −5.846 28.846

Lack of store/shade
Yes 20.000 12.446 −4.531 44.531

No .a . . .

No problem
Yes 15.692 3.452 8.889 22.496

No 11.167 5.081 1.152 21.181

Price fluctuation, distance
to market, and transport

Yes 30.000 12.446 5.469 54.531

No 4.000 12.446 −20.531 28.531

Transport problem and
distance to Market

Yes .a . . .

No 5.000 12.446 −19.531 29.531

None
Yes 14.333 7.186 0.170 28.496

No 12.200 5.566 1.229 23.171
a This level combination of factors is not observed; thus, the corresponding population marginal mean is
not estimable.
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Table A2. Irrigation schemes compare production with access to irrigation and frequency of
advisory service.

Dependent Variable: Production (Quintal)

Sources of
Irrigation Water

Frequency of
Advisory Service

Sufficient
Irrigation Water Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Traditional
Diversion

Daily
Yes 10.000 12.487 −14.611 34.611

No .a . . .

Monthly
Yes 9.600 5.584 −1.407 20.607

No 10.000 12.487 −14.611 34.611

Weakly
Yes 28.333 4.162 20.130 36.537

No 31.500 8.830 14.097 48.903

Bi-weekly
Yes 33.200 5.584 22.193 44.207

No 10.000 12.487 −14.611 34.611

unconditional
Yes 17.429 4.720 8.126 26.731

No 12.000 8.830 −5.403 29.403

Modern Diversion

Daily
Yes 19.000 8.830 1.597 36.403

No .a . . .

Monthly
Yes 9.750 1.882 6.040 13.460

No 8.667 3.224 2.312 15.021

Weakly
Yes 9.917 2.549 4.893 14.940

No 5.500 8.830 −11.903 22.903

Bi-weekly
Yes 13.727 2.662 8.480 18.974

No 7.750 6.244 −4.556 20.056

Unconditional
Yes 19.286 4.720 9.983 28.588

No .a . . .

Dam

Daily
Yes .a . . .

No .a . . .

Monthly
Yes 20.783 2.604 15.651 25.914

No 23.250 4.415 14.549 31.951

Weakly
Yes 18.750 3.122 12.597 24.903

No 16.750 3.605 9.645 23.855

Bi-weekly
Yes 19.615 3.463 12.789 26.441

No 12.167 5.098 2.119 22.214

Unconditional
Yes 16.833 5.098 6.786 26.881

No 18.000 5.584 6.993 29.007
a This level combination of factors is not observed; thus, the corresponding population marginal mean is
not estimable.
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