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Evaluating the performance of irrigation schemes is crucial to identify key problems
that impede scheme efficiencies and the utilization of available resources.
Accordingly, the objective of this study was to evaluate the performance of
Dabasso Lamaffa small-scale irrigation scheme. The study was carried out during
the cropping season from November up to March 2015 E.C. Primary and secondary
data were collected for implementing the efficiency and productivity of the scheme.
To collect and measure the relevant data at the field level, the three representative
farmers’ fields were selected at the head, middle, and tail-end water users in the
irrigation scheme. Both internal and external performance indicators were
considered for evaluation of the scheme. The internal indicators were conveyance
efficiency, application efficiency, storage efficiency, distribution uniformity, and deep
percolation ratio. The external indicators were agricultural output, water supply
indicators, water delivery capacity indicators, physical indicators, and economic and
financial indicators. The result reveals that the average efficiency of conveyance,
application, storage, deep percolation ratio, and the distribution uniformity of the
scheme were 76.44%, 30.47%, 82.74%, 69.53%, and 95.29%, respectively. The overall
efficiency of the scheme was 23.29%, showing that the performance was poor, and it
was caused mainly due to the water application problem at the field. The agricultural
output productivity was 2620.83 (USS$/ha), 2501.71 (US$/ha), 0.94 (USS$/m?), and 0.91
(USS/m®), respectively, for output per unit irrigated area, output per unit command
area, output per unit irrigation diverted, and output per unit water consumed. This
result reveals that it was in a recommended output production, and in these regards
the scheme was productive. The water supply indicators, such as relative irrigation
supply (RIS) and relative water supply (RWS), were 2.13 and 2.05, which shows that
there was no deficiency of water and it was supplied in excess. However, the water
delivery capacity of the scheme was low, which was 83%, and it needs improvement.
The irrigation ratio and the sustainability of the irrigation scheme were also good,
showing there will be a continuation of using the scheme in the future. Awareness
creation for the farmers on the field water management is essential to improve the
economic and financial benefit of the scheme in the future.

efficiency, external indicators, irrigation scheme, internal indicators, overall scheme
efficiency, profitability
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1 Introduction

Agriculture plays a pivotal role in Ethiopia’s economy, serving
as the backbone of the nation by contributing significantly to gross
domestic product (GDP), providing employment for the majority of
the population, and acting as the primary source of export earnings.
According to Makombe et al. (2007), it accounts for approximately
46% of the GDP, 85% of the export, and 80% of the employment
opportunities. Both industry and services depend strongly on the
performance of agriculture, which provides raw materials, generates
foreign currency for the import of essential inputs, and provides
food for the fast-growing population. Despite its importance to the
national economy, it is largely based on subsistence farming in
Ethiopia. The productivity of the agricultural sector is very low and
lags behind the population growth rate, resulting in food insecurity.
Natural resources, such as land, water, and clean air, are vital for
agricultural production, which has an impact on the food security of
a nation and needs conservation (Kumar et al., 2022). Long-term
sustainable agricultural production with the growing resource
constraint of ensuring environmental conservation could be
attained by implementing effective irrigation management
strategies (Zhang et al., 2023; Hacisiileyman and Ozger, 2024).

Due to spatial and temporal rainfall variability, land
degradation, fertility depletion, and climate change effects,
Ethiopia, which is the second most populated country in Africa
(Worldometer, 2023), will not be able to meet the food security of
the country through a rainfed farming system. The production is
severely affected by spatial and temporal rainfall variability, soil
moisture stress, land soil fertility degradation, and climate change
(Zerssa et al, 2021; Worglul et al., 2019; Verma et al, 2023).
Irrigation has been recognized by many development partners as
the panacea to the food insecurity problem facing many developing
countries, as rainfall patterns in many countries have become more
unpredictable and inconsistent with traditional farming seasons
(Bowan et al., 2023). In line with this, considering a combination of
areas with specific crop patterns is vital in assessing the irrigation
needs for a diversified cropping pattern for efficient utilization and
effective water resource management (Kilic and Ozcakal, 2024;
Rajput et al., 2025). Accordingly, Ethiopia is focusing on irrigated
agriculture through the construction of irrigation infrastructure in
small-and large-scale irrigation schemes for productivity
improvement and sustainable production by constructing dams
and other water harvesting structures. Hence, to reduce food
insecurity, the government is investing in the development of
small-scale community-based irrigation schemes (MoWR, 2001).

Small-scale irrigation is irrigated agricultural production on a
small plot of land, the construction, operation, and maintenance
require a relatively lower investment cost, and it is considered
important for food security and food self-sufficiency (Tulu, 2003;
Serbessa, 2018; Moges, 2022). Small-scale irrigation development, is
of significant importance, raising production and productivity to
achieve food self-sufficiency and ensure food security at the
household and national levels (Brabben et al., 2004; Tesfaye et al.,
2008; Gebregziabher et al., 2009). Irrigated agriculture can also play
a vital role in supplying the required raw materials for domestic
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agro-industries and increasing export earnings. It could also play a
key role in the improvement of the livelihood and economic welfare
of many rural communities (Hussain and Hanjra, 2004). Even
though the emphasis of irrigation development in Ethiopia is to
maximize agricultural production to satisfy the ever-increasing food
demand of the country and improve the income of the smallholder
farmers through constructing schemes, unfortunately, the
performance of most schemes was below the expected levels
(Embaye et al., 2020; Haile et al., 2020).

Evaluating and improving the performance of existing schemes
is a smart way of promoting sustainable development and is used as
a benchmark for further irrigation improvement (Belay et al., 2023).
Based on the different studies conducted for the evaluation of the
irrigation schemes in Ethiopia, the major problems for their poor
performance included technical, socioeconomic, institutional, and
environmental aspects (Awulachew and Ayana, 2011; Amede, 2015;
Berhane et al, 2016). Even though these reports were generally
reported, effective management of the irrigation water in the field
and administration of the scheme were some of the factors that
could improve the performance. Due to the rise in farmers’ interest
in irrigation, increasing water demand, and the increase in
extension experts (Singh et al., 2016; Rajput et al., 2023), there
has been increasing pressure to improve irrigation schemes’
performance to ensure land and water productivity.

Evaluating the performance of an existing scheme is crucial to
identify the key problems that impede the scheme’s efficiency and
utilization of available resources. Irrigation systems must be
continuously evaluated and monitored regarding crop yield
(Bowan et al., 2023; Rajput et al, 2024), with land and water
productivity as the final goal of the irrigation system (Moges,
2022; Abo et al., 2024). Clear information is essential on how well
one system is performing relative to another, which system
responds better to irrigated agriculture output, and how much the
irrigation schemes meet the planned and implemented objectives.
Additionally, a performance evaluation is the analysis of an
irrigation system based on measurements taken under field
conditions. These are then compared with the ideal
measurements and the efficiency of the diverted water and
conveyed water, and adequacy and uniformity of the application
of the diverted water to the field are determined (Jibril et al., 2017).
Therefore, the objective of this study was to evaluate the
performance of the Dabasso Lamaffa small-scale irrigation scheme.

2 Materials and methods
2.1 Description of the study site

The study site was located at Dabasso Lamaaffa, in the Buno
Bedele Zone of the Oromia Regional State in the Chora District
(Figure 1). Geographically, it is situated between 8°25.17" latitude
and 36°9.552' longitude and at an altitude of 1,845m above mean
sea level (AMSL). It has a yearly maximum and minimum
temperature, relative humidity, wind speed, and solar radiation
duration of 27.1°C, 9.12°C, 72.43%, 0.57m/s, and 6.88hr,
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FIGURE 1

Geographical location of the study site.

respectively. The total annual average rainfall was 1,732 mm
distributed non-uniformly mainly in the summer season. The
small-scale irrigation scheme was constructed in 2022 with the
financial support from the Agricultural Growth Program (AGP).

2.2 Methods of data collection

Primary and secondary data were collected to assess the
efficiency and productivity of the scheme. These data were

o

collected through formal discussions with the zonal and wereda
small-scale irrigation scheme experts, a field survey, and data
collected from the field. The study was carried out during the
cropping period from November to March 2015. To collect and
measure the relevant data at the field level, three farmers’ fields
were selected representing the head, middle, and tail-end water
users in the irrigation scheme based on land tenure arrangements,
water management practices, the willingness of the farmers, and
the reach of the main canal that supplies the irrigation
water (Figure 2).

IMiddle Reac

FIGURE 2

Location of the head, middle, and tail reaches of the scheme (Source: Retrieved from Google Earth).

Frontiers in Agronomy

frontiersin.org


https://doi.org/10.3389/fagro.2025.1529338
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

Ashine et al.

2.2.1 Primary data collection

To assess the necessary performance indicators, three farm sites
and crops in that field were selected from the top (head), middle,
and tail reaches of the scheme. The primary data collection included
a field observation to observe farmers’ indigenous knowledge, the
practice of water application in the field, how they managed the
water applied to the field, practices used to deliver the water from
the canal to the field and create the water jump to increase its
energy, how they scheduled water applications to the crop, the
application program, and general water management techniques.
The data regarding the construction of the canal following the
longitudinal slope of the site and the layout and geometry of the
physical features of the canal were also observed and collected.

Soil samples were collected at the head, middle, and tail reaches of
the scheme up to 90 cm with 30 cm intervals using auger methods. Soil
texture was estimated using a hydrometer test after drying in an oven at
105°C for 24 hr, and field capacity and permanent wilting point were
evaluated using a pressure plate apparatus. A 5 cm x 5 cm core sampler
was utilized to extract soil samples from the head, middle, and tail
reaches from five points each at three different depths to assess the soil ‘s
bulk density. The soil samples collected from the three areas at different
depths before and after irrigation were weighed and oven-dried to
determine the soil water content in the soil and other efficiencies.

2.2.2 Secondary data collection

Data that were relevant for the assessment such as design
discharge, initial command area, and beneficiaries of the
household were collected from the zonal agricultural and wereda
agricultural offices of the irrigation and scheme administration
program. Additionally, yearly climatic data were also collected
from the Ethiopian National Meteorological Service Agency. Crop
data (development stages, crop coefficient, rooting depth, critical
depletion level, and yield response factor) were also collected from
secondary data (Allen et al., 2016; Luo et al., 2022).

2.3 Determination of crop water and
irrigation water requirements of the crops

For the determination of the crop and irrigation water
requirements (Equations 1, 2), the CROPWAT 8.0 computer
program was used to estimate the total water requirements of the
crops grown in the irrigation schemes (Allen et al, 1998). The
Penman-Monteith strategy was chosen to calculate the reference
crop evaporation (ETo) (FAO, 1992). The value of Kc of the crop
was taken from an FAO document (FAO, 1992 and Food and
Agriculture Organization (FAO), 1998). The effective rainfall (P.g)
was determined by the United States Department of Agriculture’s
(USDA) soil preservation strategy.

ETc = Kc x ETo (1)

IWR = ET, - Py )

where; Kc= Crop Coefficients Py = Effective Rainfall ETo=
Reference crop evaporation
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2.4 Determination of performance
evaluation of the internal indicators

2.4.1 Water flow rate measurement and
conveyance efficiency

To determine the conveyance efficiency (Ec) of the canal, a
current meter (electronic current meter) device was used at the
head, middle, and tail reaches of the canal. It is a widely used device
for the measurement of flow velocity and, hence, the discharge in an
open channel flow. A cup-type current meter was used to determine
the conveyance efficiency of the canal.

To measure the conveyance efficiency, a regular section of the
canal was used and the cross-sectional area of the canal, i.e., the depth
and width of the canal was measured using a tape meter. The flow
velocity was measured by the current meter apparatus. The water
flow discharge was then measured by multiplying the cross-sectional
area by the flow velocity (Equation 3). For the measurement, a
straight canal section and steady flow were considered. This
procedure was also used at the middle and tail reaches of the canal.
Since there was no secondary and tertiary canal, it was not
measured. Finally, the canal conveyance efficiency was determined
by considering the flow at two points, the first flow section was the
inflow and the other section was the outflow and it is calculated using
Equation 4 and the losses in the canal was calculated using Equation 5
(Michael, 2008).

Q=AV 3)

where Q- Discharge (m*/s), A-Cross=sectional area (m?), and
V- Flow velocity (m/s).

_ Qour
Qin

where Q¢ is outflow discharge (m*/s) and Q, is inflow

EC (4)

discharge (m’/s).
The losses in the conveyance system were computed as

LC = Lin - Lout (5)

where Lc is the conveyance loss (m>/sec).

2.4.2 Application efficiency

Before applying the irrigation water to the field, determining the
type of the crop, the development stage of the crop, and other soil
properties of the scheme were essential. In this study, collecting the
soil sample before and after irrigation was the basis to determine
how the water was effectively used by the crop in each farmer’s field.
The crop in the three fields was wheat and it was used as the study
crop in the scheme.

Soil samples were collected from the three sites of the scheme,
namely from the top, middle, and tail of the scheme from the
selected farmers’ fields based on the root depth of the selected crop
(wheat) for assessment before and after irrigation. From one site at
the top, middle, and tail of the scheme, composite soil samples were
collected from five representative points, two samples from the first
1/3' and the last 1/3", and one from the second 1/3" area of the

farm (Figure 3) at three depths at intervals of 30 cm up to 90 cm
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FIGURE 3
Representation of soil sampling points (Source: Field observation data).

using a soil auger. These samples were collected to determine the
soil’s physical and chemical properties such as soil moisture,
texture, soil field capacity, and permanent wilting point.

To determine the soil water content at field capacity (FC) and at
the permanent wilting point (PWP) for the determination of the
total available water, a collected composite soil sample was used and
the collected soil sample was analyzed at Debrezeit Agricultural
Research Center using the pressure plate apparatus. The bulk
density, the soil water content, and the total available water
content, which were the basis to determine the application
efficiency (Ea), were determined using the following equations
(Equations 6-8):

W,

BD=—°
V. (6)
TAW = IOOOE(QFC - epwp) X Rd (7)
6, =206, x BD (8)

where BD is the soil bulk density (g/cm?), Ws is the mass of dry
soil (g), Vc is the volume of soil in the core (cm?), TAW is the
volumetric total available water in the root zone (mm/m), Ry is the
root depth (m),

Orc is the volumetric moisture content at field capacity (m*/m?),
Oy is the volumetric moisture content in (%), and Opwp is the
volumetric moisture content at the permanent wilting point
(m’*/m?®).

The Ea was determined by measuring the depth of water applied
to each field in each specific irrigation field to the selected crop.
Before irrigation, a soil sample was collected, and after that,
irrigation was provided to the crop. Two days after irrigation, the
depth of water stored in the root zone was determined as the
difference between the after- and before-irrigation moisture
contents of the soil. To do this, a total of 30 soil samples, i.e., 15
samples before and 15 samples after irrigation, were collected at 30
cm depth intervals up to 90 cm from the top, middle, and tail
reaches, respectively, to determine the water stored in the soil root
zone and the total depth of water applied to the field. The
application efficiency was determined using Equation 9. The
average depth of water stored in the root zone of the plant and
average water delivered to the field was determined using Equation

Frontiers in Agronomy

10 and Equation 11 as shown below.

E Average depth of water stored in the root zone of the plant (W)
a=
Average water delivered to the field (W¢)

x 100
)
s = v xd (10)
100
wy =Lt (11)

where Q is the discharge of irrigation water applied to the field
(I/sec), A is the irrigated land area within the applied time (m?), tis
the application time (sec), and d is the depth of soil (mm).

2.4.3 Storage efficiency

To determine the water stored in the soil root zone of each field,
soil samples were collected from three representative sites in the
selected farms at the top, middle, and tail reaches. Similarly, five
samples were collected, two samples from the first 1/3™ and the last
1/ 3“1, and one from the second 1/3™ area of the farm at depths of 0
30 cm, 30-60 cm, and 60-90 cm based on the root depth of the
study crop (wheat crop) before and after each irrigation event. The
moisture content was determined using the gravimetric method.

The storage efficiency (Es) was calculated as the ratio of the
quantity of water stored in the root zone to the quantity of water
needed in the root zone of the crop. It was calculated using Equation 12.

174
* % 100 (12)
W,

n

Es =

where Es is the storage efficiency (%), W is the water stored in
the root zone during irrigation (mm), and Wn is the water needed
in the root zone prior to irrigation.

The water needed in the root zone prior to irrigation was
computed using Equation 13 (Michael, 2008).

Mfci — Mbi o x03Cl;,
100 X03Cl;,

Wn= 3" ( x di (13)

where Wn is the net amount of water to be applied during an
irrigation (mm), Mfci and Mbi are the moisture content at field
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capacity and before irrigation in the i layer of the soil (%), pb and
pw are the bulk density of the soil in the i layer and density of
water (g/cm?), di is the depth of the soil layer within the root zone
(mm), and n is the number of soil layers in the root zone.

2.4.4 Water distribution uniformity

Distribution uniformity (DU%) is a way of measuring whether
all plants are getting the same amount of water. It does not measure
whether enough or too much water is applied. The higher the
distribution uniformity, the better the irrigation system is working.
The distribution uniformity of the water applied to the field was
determined using Equation 20. To determine the water stored in the
soil root zone, each field was divided into three parts at the head,
middle, and tail of the field. In total, from five places at depths of 0-
30, 30-60, and 60-90 cm, soil samples were collected before and
after each irrigation event.

Then, after the soil moisture contents of the soil samples were
determined gravimetrically, at the selected points, the depth of
stored water at a particular soil layer [X (0-30), X (30-60), and X
(60-90)] was calculated using the Equation 14:

Mai - Mbi .~ x03CLb

X = X x di
(o0 ) * o3t <

(14)

Where X is the soil moisture content stored at a respective depth
interval (mm); Mai and Mbi are the moisture content of the i layer
of the soil after and before irrigation, respectively on weight basis (%);
pb and pw are the Bulk density of the soil in the i layer and density
of water (g/cm3); and di is the Depth of the soil in the ith layer (mm).

The total depth of water stored at each point (X1 to X5) as shown
in Equations 15-19 was determined by summing the values of X1(0-
30), X1(30-60), and X1(60-90) of that specific point, i.e.,

Xy = Xy0-30) T X130-60) T X1(60-90) (15)
X5 = Xy0-30) T X530-60) T X2(60-90) (16)
X3 = X300-30) T X330-60) T X3(60-90) (17)
Xy = Xy00-30) T Xa30-60) T Xa(60-90) (18)
X5 = Xs500-30) T X530-60) T Xs5(60-90) (19)
Finally, the distribution uniformity was determined by
XLq
DU = - x 100 (20)

m

where Du is the water distribution uniformity (%), XLq is the
mean of the lower quarter depth of water infiltrated (mm), and X,,,
is the mean depth of all water infiltrated (caught) (mm).

2.4.5 Deep percolation ratio
During the application of the intended amount of water at the
field, the water could be delivered in excess, mainly due to a
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technical problem, and in this case, it may cause a loss of water
and runoff and could be stored as deep percolation. This could affect
the performance of the scheme. It was calculated using Equation 21
as follows (Feyen and Zerihun, 1999; Markos et al., 2019; Abo et al.,
2024):

DPR = 100 — Ea — RR (21)

where DPR is the deep percolation ratio (%), Ea is the
application efficiency (%), and RR is the runoff ratio (%), if there
is any.

However, when the farmers irrigated fields, they used a tied furrow
and due to this, there was no runoff loss observed and measured in the
fields. As such, the overall scheme efficiency (Equation 22) was
calculated as the product of conveyance and application efficiency
(Food and Agriculture Organization (FAO), 2002):

Ep=Ec xEa (22)

where Ep is the overall scheme efficiency (%), Ec is the
conveyance efficiency (%), and Ea is the application efficiency (%)

2.5 Determination of the external
performance indicators

To determine the performance of the scheme, external
indicators were used as illustrated by the International Water
Management Institute (Molden et al., 1998).

2.5.1 Agricultural output indicators

Agricultural output indicators such as output per irrigated area,
output per unit command area, output per irrigation water diverted,
and output per unit water consumed (Equations 23-26) were
determined by collecting the yield in the cropping season, the
market price the farmers could obtain as the revenue, and other
input costs of seed, fertilizer, pesticide, and labor force. The irrigable
cropped area, ie., the command area, was calculated using the
global positioning system (GPS). The amount of diverted water at
intake of the schemes was also measured in the fields by a Parshall
flume. The following equations were used to compute the four basic
agricultural output indicators (Molden et al., 1998).

Output per unit of irrigated area: (%)

Production
=— (23)
Irrigated cropped area
$ Production
Output per unit of command area:(—)=————— (24
putp (ha) Command area 24)
e . $
Output per unit of irrigation diverted: (W
Production
(25)

" Irrigation diverted
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. $
Output per unit of water consumed : (— )
m

Production

= 26
Volume of water consumed by ET (26)

2.5.2 Water supply indicators

After calculating the crop water demand during the growth
season, the water supply performance indicators such as relative
irrigation and relative water supply were evaluated. Irrigation
supply is the volume of irrigation water delivered from the water
source, measured at the headworks of the scheme (Equation 29).
Relative water supply is the sum of delivered irrigation water and
effective rainfall. During the investigation period, the crop in the
scheme was wheat, and accordingly, the crop water requirement of
the crop, which was the actual evapotranspiration demand, was
determined using the CROPWAT 8.0 computer program. The crop
water requirement and irrigation demand were calculated for each
month using Equations 27 and 28, respectively, for the crop
currently available on the field.

C\/\[Rmonthly = CWRWheat (27)
IWD = CWR(m?) — P ¢(m?) (28)
IWS = DIW(m?) + P ¢ (m?) (29)

After determining the crop water requirement, effective rainfall,
irrigation water demand, and water supply, i.., both the relative
water supply and irrigation supply, were determined using
Equations 30, 31 as shown below.

_ IWS (m*)
RIS = 1D (m) (30)
_ IWS(m*)

where RWS is the relative water supply (m’), IWS is the
irrigation water supply (m?), IWD is the irrigation water demand
(m?), and CWR is the crop water requirement (m3).

2.5.3 Water delivery capacity indicator

The water delivery capacity (WDC) was determined from the
measurement taken from the off-taking canal using the canal’s
cross-sectional area, flow velocity in the canal, and the freeboard of
the constructed structure. The maximum (peak) monthly crop
water demand was computed using CROPWAT 8.0 and
calculated by Bos et al. (1994) as shown below in Equation 32.

Canal capacity to deliver water at system head

WDC =
Peak consumptive demand

(32)

2.5.4 Physical indicators
It is common that before the beginning of the design, followed
by the construction of the scheme, the command area that will be
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cultivated in the scheme is studied and it is used as an input for the
design. Unfortunately, this irrigable area could not be addressed due
to the siltation and other failures of the structure. This failure could
have its own impact on the irrigation water used and the future
sustainability of the scheme. Hence, these physical performance
indicators were evaluated based on the irrigation ratio and
sustainability of the irrigated area, as discussed by Molden et al.
(1998). Both the irrigation ratio (IR) and sustainability of the
irrigated area (SIA) were used to evaluate the physical indicators.

2.5.4.1 Irrigation ratio

The IR indicates the degree of utilization of the available irrigable
area at a particular time. The irrigation ratio (Equation 33) is the ratio
of the currently irrigated area to the command area (Bos et al., 1994).

_ Irrigated cropped area

IR
Command Area

(33)

where irrigated crop area (ha) is the portion of the actual
irrigated land in any given irrigation season and the command
area (ha) is the scheme’s potential command area.

2.5.4.2 Sustainability of irrigated area

The irrigated area can contract or expand and this has its own
impact on the performance of the designed and constructed scheme
and could mean that it is unable to meet the intended objective. The
sustainability of the scheme was evaluated by collecting and delineating
the area under irrigation and its potential obtained from the wereda
irrigation scheme. The sustainability of the irrigated area was computed
using Equation 34 (Molden et al., 1998).

_ Currently Irrigable Area
" Initially Irrigated Area

(34)

Where currently irrigable area is the area currently irrigated
(ha) and initially irrigated area is the designed irrigable area (ha).

2.5.5 Economic and financial indicators

Even though the constructed scheme could be advantageous in
granting the farmers the possibility to produce in a dry period and
have sustainable production, it has to be evaluated economically
and financially. To do this, the gross return on investment, the
financial self-sufficiency, and profitability in terms of area-based
profitability per unit area and per unit of water used were evaluated.

2.5.5.1 Gross return on investment

To evaluate the gross return on investment, an assessment was
made of how cost overruns are financed and cost under-runs
deployed. In the scheme, the main indicators for the financial
evaluations were input costs such as seed, fertilizer, and herbicides,
and costs for hiring security guards. The gross return on investment
was evaluated in Equations 35 and 36 as shown below.

Gross return on investment

_ SGVP
" Cost of irrigation infrastructure
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Price of cropl

SGVP, = Yield of IX——————
Crop 1eld ot crop Price of base crop

x area of cropl (36)

where SGVP is the standard gross value of production

2.5.5.2 Financial self-sufficiency

To evaluate the production and productivity of the beneficiaries,
and the ability of the user to operate and maintain the scheme, the
scheme’s financial self-sufficiency was evaluated. Since the scheme
commenced recently, it currently does not require maintenance.
However, there are failed intake structures, division boxes, and
collapsing structures that need maintenance. Hence, the financial
self-sufficiency (Equation 37) was evaluated by considering the
revenue from the fields, the expected construction material cost
required for maintenance, and the cost required for the labor force
and masonry experts.

Financial self — sufficiency

Revenue from Irrigation

(37)

" Total Operation and Maintenance expenditure

where revenue from irrigation is the revenue generated from
fees and total operation and maintenance expenditure is the
amount expended locally for the operation and maintenance plus
outside subsidies from the government.

2.5.5.3 Profitability

Both the profitability of the area used and water applied per
hectare of land (Equations 38, 39) were evaluated to determine
the profitability of the scheme to enhance production and
productivity.

Incremental benefit per unit area

Area based profitability = 38
rea based protilabilly Total irrigation expenses (38)
Water based profitability
_ Incremental benefit per unit of water (39)

Total irrigation expenses

TABLE 1 Crop and irrigation water requirements.

Growth ETc

10.3389/fagro.2025.1529338

3 Result and discussion
3.1 Water requirement of the crop

When this study was conducted, all crops in the scheme were
wheat crops planted in a cluster base for the initiation of the import
substitution of wheat. Accordingly, the crop and irrigation water
requirements were determined. The crop water requirement reveals
that the seasonal crop water requirement was 290.2 mm (Table 1).
Of this total crop water requirement, 96.31% was supplied through
irrigation which was 279.5 mm. During the field observation, to
deliver the required quantity of water, the farmers used surface
water delivered through the constructed canals and there was an
intake constructed throughout the canal. These findings are in a
relatively similar range as Deo et al. (2017). However, there were
other scholars who obtained a water requirement of 350-600 mm
(Tesfamichael et al., 2016; Desta et al., 2017; Amdneh and Gebul,
2023; Ranjan et al., 2023). These variations could be because of the
agroecology and crop variety.

3.2 Performance of the different internal
indicators

3.2.1 Conveyance efficiency

The main canal conveyance efficiency reveals that at the head,
middle, and tail reaches of the scheme, the efficiency was 87.73%,
72.86%, and 69.40%, respectively. The average conveyance
efficiency of the scheme was 76.44% (Table 2). Since it was a
newly constructed canal, the conveyance efficiency had to be
higher than the current result. Additionally, the FAO (2001)
suggested that the conveyance efficiency of a lined canal is 95%
and, compared to this, the conveyance efficiency of the canal was
low. During the field investigation, it was observed that the water
that was diverted from the source through the headwork was
overtopped from the canal and the water was lost before reaching
the intake structure. This could be due to a design or technical
problem during the construction of the canal.

The average canal loss per meter was 3.2x107°, 3.6x10°, and
1.8x10” m*/sec/m at the head, middle, and tail reach of the canal,

respectively (Table 2). The average canal loss was 2.9x10”> m*/sec/

Irrigation water

S period (Month) (mm/day) Sl R o E S supplied (%)
November 0.30 1.01 16.1 0.3 15.8 98.14
December 0.58 1.87 59.0 3.0 56.0 95.00
Wheat January 1.14 3.81 117.9 0.2 117.7 99.80
February 0.91 321 91.7 3.8 87.9 95.86
March 0.36 1.34 5.4 33 2.1 36.2
Total/cropping season 290.2 10.6 279.5 96.31

K, crop coefficient; ETc, reference evapotranspiration; CWR, crop water requirement; Eff RF, effective rainfall; NIR, net irrigation requirement.
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TABLE 2 Conveyance efficiency of the scheme at the head, middle, and tail reaches.

L (m) Qi, (Mm3/sec) | Qoue (M3/sec)  Ec (%) | AQ (m3/sec) AQ/Lt (m3/sec/m) Canal Reach
1 100 3.9x107 3.89x10°° 99.70 1x107 1.18x107
2 50 5.55x107 5.15x107 92.77 4x107* 8.03x10°°

Head Reach

3 50 1.365x10° 1.201x107 88.00 1.64x107 3.28x10°
4 50 1.476x10° 1.04x10° 70.46 4.36x107° 8.72x10°
Average@ head 9.46x10 7.86x10° 87.73 1.6x107 3.2x10°
1 50 4.61x107 3.59x107 77.90 1.02x107 2.04x107°
2 40 7.03x107 4.63x107° 65.84 2.4x107 6x10° Middle Reach
3 50 5.10x107° 3.71x107° 72.86 1.38x10° 2.77x10°
Average@ middle 5.58x10 3.98x107° 72.20 1.60x107 3.60x10°
1 50 5.68x107 4.03x107 71.01 1.65x107 3.29x107°
2 50 220107 1.56x10° 70.91 6.40x10™ 1.28x107° Tail Reach
3 50 1.42x107° 9.40x10™* 66.29 4.8x10™ 9.60x10°°
Average@ tail 3.10x107° 2.18x10 69.40 9.2x10™ 1.80x107°
Scheme average 76.44 2.9x10°

L, flow length; Qyy,, inflow discharge; Qo outflow discharge; Ec, conveyance efficiency; AQ, change in discharge; AQ/Lt, change in discharge per total flow length.

m. There was an overtopping of the water and at some points, there
were also seepage losses. This also signifies that there was poor
stability of the materials. From this finding, it is clear that there was
a conveyance efficiency variation within the scheme at the head,
middle, and tail reaches. This was due to slope variation and there
was an unlined canal at the tail reach, which had a relatively low
flow conveyance.

3.2.2 Application efficiency

The study revealed that the average application efficiency of the
Dabasso Lamaffa small-scale irrigation scheme was 30.5%, 27.09%,
and 33.84% at the head, middle, and tail reaches of the selected
farmers’ fields, respectively. The average application efficiency of the
scheme was 30.47% (Table 3). The application efficiency in the
middle of the scheme was relatively lower than the other two. This
was due to the slope of the land in the middle and there was an
overtopping and seepage loss due to the breakage around the intake
of the canal. The application efficiency was poor and below the
recommended application efficiency of furrow irrigation. According
to soil conservation science, the attainable application efficiency
ranges from 55% to 70% (Brouwer et al., 1989). Similarly, the Food
and Agriculture Organization (FAO) (2002) reports the application
efficiency of furrow irrigation to be in the range of 50%-70%.

The property of the soil, farmers applying water properly to the
crop, and technical failure of the canal around the intake could be
the reasons for the low application efficiency. These problems could
be resolved by protecting the canal with fencing and training the
farmers to properly manage the water. In addition to this, since
there was an overtopping of the water from the canal, it has to be
maintained through the intervention from the wereda and zone
irrigation scheme administrations.
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3.2.3 Storage efficiency

The Dabasso Lamaffa irrigation scheme had an average storage
efficiency of 84.4%, 72.29%, and 91.52% at the tail, middle, and head
reaches, respectively. The average storage efficiency of the scheme
was 82.74% (Table 4). The storage efficiency result shows that the
water was properly applied to the crop as per the water demand.
This was obtained due to, but not limited to, the principles the
scheme administration was following for the watering program for
the households in the scheme. This shows that there was no water
deficit and soil moisture deficiency in the roots of the crop, which
can happen due to the technical practice of the farmers.

The current finding was in agreement with Markos et al. (2019),
who obtained a storage efficiency between 71% and 86% when
evaluating the irrigation performance of the Sanko small-scale
irrigation scheme and Tesfaye and Jemal (2020) when assessing
the storage efficiency of the Wosha irrigation scheme, which ranged
from 83% to 92.5%. The storage efficiency of the scheme reveals that
it was performing well since the minimum recommended storage
efficiency of furrow irrigation was 63% (Levine, 1982; Raghuwanshi
and Wallender, 1998).

3.2.4 Deep percolation ratio

The farmers in the Dabasso Lamafa irrigation scheme were
practicing the tied furrow irrigation system. Due to this, there was
no water lost to runoff, and any water lost was stored in the form of
deep percolation below the root zone of the crop. The results reveal
that the average deep percolation ratio was 66.18%, 72.92%, and
69.49% at the head, middle, and tail reaches, respectively, and the
average deep percolation ratio of the scheme was 69.53% (Table 5).
This result shows that there was loss of water and water was lost due
to deep percolation, evapotranspiration, and other technical
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TABLE 3 Application efficiency of the water at the tail, middle, and head reaches of the scheme.

Before irrigation  After irrigation pb/pw (decimal) Ws (mm) Wf (mm) Ea (%) Canal reach
ov (%) ov (%)

P-1 29.03 40.94 122 35.76 112.30 31.84

pP-2 28.85 38.61 122 29.29 112.30 26.08

P-3 27.49 40.15 122 37.99 112.30 33.83 Tail reach

P-4 20.13 36.78 122 49.96 112.30 44.49

P-5 2035 32.66 122 36.92 112.30 32.88

Average at tail reach 33.84

P-1 27.46 38.09 0.92 31.90 112.30 28.40

P2 22.37 31.85 0.92 28.43 112.30 25.32

P-3 21.56 30.91 0.92 28.07 112.30 24.99 Middle reach

P-4 14.82 25.33 0.92 31.52 112.30 28.07

P-5 10.82 21.54 0.92 32.16 112.30 28.64

Average at middle reach 27.09

P-1 25.2 35.8 1.1 319 112.3 28.4

P-2 252 352 1.1 29.8 1123 26.6

P-3 24.6 36.7 1.1 36.5 112.3 325 Head reach

P-4 229 35.6 1.1 37.9 112.3 338

P-5 235 35.2 1.1 352 112.3 313

Average at head reach 30.50

Application Efficiency (Ea) of the Scheme 30.47

pb, bulk density; pw, density of water; Ws, average depth of water stored in the root zone of the plant; Wf, average water delivered to the field; Ea, application efficiency.

application problems and also indicates over-irrigation. According
to Brouwer et al. (1989), water loss through the deep percolation
ratio can be more than 40%.

3.2.5 Distribution uniformity

The distribution uniformity of the scheme was 95.29% and it
was 91.94%, 98.03%, and 95.90% at the tail, middle, and head of the
scheme, respectively (Table 6). This distribution uniformity shows
that the water was distributed uniformly throughout the scheme.
This was because the land was well prepared and the furrows were
made properly and were a relatively moderate length (15-20 m).
The slope of the land (<3%) was also taken as one factor for the
uniform distribution of the water in the scheme.

A distribution uniformity of 65% is considered sufficient and if
it is less than 30%, the distribution is poor (FAO, 1992; Eisenhauer,
1997). According to SJVDIP (1999), an effective distribution
uniformity for furrow irrigation has to be between 80% and 90%.
Similarly, Dessalew and Dar (2016) obtained a distribution
uniformity of above 90% when evaluating the irrigation
performance of the Bedene Alemetena irrigation scheme. There
are also other scholars that obtained a distribution uniformity of a
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scheme above 90%, which has positive implications for an irrigation
scheme’s sustainability (Tesfaye and Jemal, 2020; Hailu, 2008).
Based on the above justification, it could be said that the farmers
were distributing the water to the field uniformly, even though there
was poor application efficiency.

3.2.6 Overall scheme efficiency

The poor application efficiency affected the overall scheme
performance of the Dabasso Lamaffaa small-scale irrigation
scheme. The result reveals that the overall efficiency of the scheme
was 23.29% (Table 7). There was an expectation that this application
efficiency, which was because of the farmers’ poor application of
water in the fields, could be improved by training the farmers. Tesfaye
and Jemal (2020) obtained an overall scheme performance efficiency
below 30% when evaluating the Wosha and Dodicha irrigation
schemes. Similarly, Abo et al. (2024) obtained an overall scheme
efficiency below 30% when evaluating the Bilate irrigation scheme.
Overall irrigation efficiency values between 50% and 60% are good,
40%-50% are reasonable, and 20%-30% are poor (Rai et al., 2017).
Therefore, the overall scheme performance at Dabasso Lamafa in the
cropping season of 2015 was categorized as poor.
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TABLE 4 Storage efficiency of the water at the tail, middle, and head reaches of the scheme.

Dry soil moisture

Points pb/pw (decimal) Mfci Mbi Wn (%) Es (%) Canal reach
Bl A\

P-1 17.96 64.00 1.22 37.50 29.03 27.97 31.01 89.39

P-2 26.56 48.00 1.22 38.03 28.85 29.29 33.61 87.56

p-3 22.69 54.45 1.22 38.87 27.49 37.99 41.66 90.81 Tail reach

P-4 25.54 59.82 1.22 37.03 20.13 49.96 61.88 83.69

P-5 13.41 45.65 122 35.00 2035 36.92 53.62 70.54

Average storage efficiency at the tail reach 84.40

P-1 61.26 132.38 0.92 39.49 27.46 31.90 33.22 95.66

P-2 59.25 11278 0.92 35.03 22.37 28.43 34.94 83.26

P-3 67.94 115.89 0.92 35.87 21.56 28.07 39.49 71.62 Middle reach

P-4 43.66 40.17 0.92 34.03 14.82 31.52 53.03 60.81

P-5 33.39 91.42 0.92 34.00 10.82 32.16 64.00 50.09

Average storage efficiency at the middle reach 72.29

P-1 36.82 45.55 1.06 35.69 25.18 31.90 3343 95.35

P-2 41.51 34.45 1.06 37.03 25.21 29.85 37.61 79.35

P-3 34.17 40.29 1.06 37.20 24.56 36.46 40.20 90.80 Head reach

P-4 34.22 48.40 1.06 35.37 22.95 37.91 39.49 96.07

P-5 33.77 56.48 1.06 35.00 23.53 35.17 36.50 96.02

Average storage efficiency at the head reach 91.52

Average storage efficiency of the scheme 82.74

Mfci and Mbi, moisture content at field capacity and before irrigation in the ith layer of the soil (%); BI, before irrigation; Al after irrigation; pb, bulk density; pw, density of water; W, water
stored in the root zone during irrigation; Wn, water needed in the root zone prior to irrigation; Es, storage efficiency.

3.3 Performance of the different external
indicators

3.3.1 Agricultural output indicators

Water productivity is defined as the output per unit of water
consumed and the output per unit of irrigation supply, whereas
land productivity is defined as the output per unit of command area

and irrigated area. The values for the four basic agricultural output
indicators of the scheme, i.e., output per unit irrigated area, output
per unit command area, output per unit irrigation diverted, and
output per unit water consumed were 2620.83 US$/ha, 2501.71 US
$/ha, 0.94 US$/m’, and 0.91 US$/m’, respectively (Table 8). The
output per unit command area of a small-scale irrigation scheme
was recommended to be between 1,223 and 9,436 US$/ha for

TABLE 5 Deep percolation ratio at the head, middle, and tail reaches of the scheme.

Points Head reach Middle reach Tail reach
Ea (%) DPR (%) Ea (%) DPR (%) Ea (%) DPR (%)

P-1 31.84 68.16 28.41 71.59 28.41 71.59
P-2 26.08 73.92 25.32 74.68 26.58 73.42
P-3 33.83 66.17 24.99 75.01 32.47 67.53
P-4 44.49 55.51 28.07 71.93 33.76 66.24
P-5 32.88 67.12 28.64 71.36 31.32 68.68
Average 33.82 66.18 27.08 72.92 30.51 69.49
Average deep percolation ratio of the scheme 69.53

Ea, application efficiency; DPR, deep percolation ratio.
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TABLE 6 Distribution uniformity at the head, middle, and tail reaches of the scheme.

Mai (%)  Mbi (%)  pb/pw (decimal) X1 (mm) X2 (mm) X4 (mm) X5 (mm) Canal reach
37.83 25.17 1.22 68.16 73.92 66.17 55.51 67.12
Total depth of water stored at each point 68.16 73.92 66.17 55.51 67.12
1 Descending order 73.92 68.16 67.12 66.17 5551 Tail reach
Mean of lower quarter XLq (mm) 60.84
Mean of infiltrated water depth Xm (mm) 66.18
Distribution uniformity (Du) (%) 91.94
29.54 19.41 0.92 71.60 ‘ 74.68 75.01 ‘ 71.93 71.36
Total depth of water stored at each point 71.60 ‘ 74.68 75.01 ‘ 71.93 71.36
2 Descending order 75.01 ‘ 73.59 7193 ‘ 71.60 71.36 Middle reach
Mean of lower quarter XLq (mm) ‘ 7148
Mean of infiltrated water depth Xm (mm) 72.91
Distribution uniformity (Du) (%) 98.03
35.70 24.28 1.06 71.59 73.42 67.53 66.24 68.68
Total depth of water stored at each point 70.98 73.33 65.13 66.62 66.14
3 Descending order 73.33 70.98 66.62 65.13 66.14 | Head reach
Mean of lower quarter XLq (mm) 65.63
Mean of infiltrated water depth Xm (mm) 68.44
Distribution uniformity (Du) (%) 95.90
Average DU of the scheme 95.29

X, soil moisture content stored at a respective depth interval (mm); Mai and Mbi, moisture content of the it layer of the soil after and before irrigation, respectively, on a weight basis (%); pb, bulk

density; pw, density of water.

different irrigation schemes (Degirmenci et al., 2003). Accordingly,
the agricultural output of 2501.71 US$/ha was in the recommended
range based on the study conducted by Degirmenci et al. (2003).
This reveals that the command area was beneficial and was
providing revenue for the farmers during the cropping season.
The output obtained per unit irrigated area from the scheme in
the cropping season of 2015 was 2,620.83 US$/ha. It is one of the
physical performance indicators that show the revenue gained by
applying a meter cubed of water through irrigation. The revenue

obtained from the command area. This shows that irrigation is
more advantageous in the scheme. Similarly, Degirmenci et al.
(2003), reported that the output per irrigated area among various
irrigation schemes was in the range of 308-5,771 US$/ha.
Accordingly, the output obtained per unit irrigated area from the
Dabasso Lamafta irrigation scheme was in the recommended range.

TABLE 8 The agricultural output of the Dabasso Lamaffaa scheme.

obtained from the irrigated area was relatively higher than that No Output indicators Amount
1 Design area (ha) 22
TABLE 7 Overall scheme efficiency. 2 Area under irrigation in the 2015 cropping season (ha) 21
3 Net production from total irrigated area (US$) 55,037.5
[\[e} Internal indicator = Efficiency of the scheme (%)
4 Total irrigation water applied (m*/season) 58,548
1 Conveyance efficiency 76.44
5 Volume of water consumed by Evapotranspiration
2 Application efficiency 30.47 (m?/season) 60,942
3 Storage efficiency 82.74 6 Output per unit of irrigated area (US$/ha) 2,620.83
4 Deep percolation ratio 69.53 7 Output per unit of command area (US$/ha) 2,501.71
5 Distribution uniformity 95.29 8 Output per unit of irrigation diverted (US$/m’) 0.94
Overall scheme efficiency (%) 23.29 9 Output per unit of water consumed (US$/m?) 0.91

Frontiers in Agronomy

12

frontiersin.org


https://doi.org/10.3389/fagro.2025.1529338
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

Ashine et al. 10.3389/fagro.2025.1529338

As shown in Table 8, the output per unit of irrigation diverted TABLE 10 Performance of the water delivery capacity indicators.

was 0.94 US$/m”>. This shows that there was more benefit from the ) —
irrigated scheme. Similarly, Abo et al. (2024) obtained the same i e GEER el EEels Amount

revenue value when evaluating the performance of the Bilate small- 1 Canal capacity to deliver water at system head (m*/sec) ‘ 3.9x10°
scale irrigation scheme. The value of output per unit of irrigation 5 Maximum Ke of the crop ‘ 12
could be between 0.03 and 2.21 US$/m> (Cakmak et al, 2004). , s
o . . i d 47x10°
Thus, the result of the output per irrigation delivered was in the } Peak consumptive demand (m/sec) ‘ *
recommended range of Cakmak et al. (2004) for the Dabasso 4 Water delivery capacity ratio (%) ‘ 83

Lamaffa irrigation scheme. The output per unit of water

consumed was 0.91 US$/m> for the Dabasso Lamaffa small-scale

irrigation scheme. Molden et al. (1998) suggested that the output ~ could be improved by applying agronomic practices, irrigation

per unit of water consumed for irrigation schemes could be in the  scheduling, and maintaining the intake of the off-taking canals at

range of 0.03-0.91 US$/m>. Accordingly, the result of the output ~ some points.

per water consumed was in the recommended range of Molden

et al. (1998). This indicates that the water use efficiency of the  3.3.3 Water delivery capacity indicator

scheme was good and farmers are managing effectively based on the The WDC is an indicator that compares the amount of water

given standards. delivered to the amount of water needed to be delivered, i.e., the

total water supplied to the scheme divided by the gross irrigation

3.3.2 Water supply indicators water requirement. As shown in Table 10, the water delivery
The water supply indicators, namely relative water supply and ~ capacity of the canal in the Dabasso Lamaffaa irrigation scheme

relative irrigation supply, were considered one of the optimal ~ was 83%. This value is less than the expected capacity of the canal

criteria for the measurement of the adequacy of the water supply ~ for delivering the intended quantity of water to the field.

for the crops. The values are evaluated as greater than one or less ~ Overtopping of water from the canal and seepage loss at some

than one, showing oversupply and undersupply of water, failed parts of the canal shows that there was a low quantity of water

respectively (Ayana and Awulachew, 2008). The RIS of the in the fields during the irrigation application time. Due to this, the

Dabasso Lamaffaa scheme was 2.13m> (Table 9). Similarly, ~ water released from the headwork takes a long time to flow and

Wakena et al. (2023) obtained a relative irrigation supply of  reach the fields.

above 2.0 while evaluating the performance of the Degero and

Gura Daso small-scale irrigation schemes, which were 2.28 and

2.06, respectively. This shows that there was an adequate supply of 3.4 Physical indicators

irrigation to meet the crop’s water demand and there was even an

excess supply of water to the field. This could be due to poor Physical indicators are related to the changing or loss of

knowledge of agronomic practice, irrigation scheduling problems, irrigated land in the command area for different reasons. They

and unpredictable rainfall. can be determined by calculating the irrigation ratio and evaluating
As shown in Table 9, the RWS of the scheme was 2.05, showing  the sustainability of the scheme by comparing the initially and

that there was excess delivery of water to the fields and the crops.  currently irrigated areas. In the current study, the irrigation ratio

Molden et al. (1998) reported that a relative water supply value of  and the sustainability of the irrigated area were 0.95 and 1.1,

one is better than the higher or lower values for any irrigation  respectively (Table 11). The irrigation ratio, which was 95% of the

scheme. Similarly, Ayana and Awulachew (2008) obtained a water  land, was very good. The remaining land could be the land that was

supply ratio ranging from 1.46 to 2.05 for the Wonji irrigation  left without cropping, as some of the farmers are not willing to sow

scheme, indicating that the amount of water supplied at the scheme  wheat and prefer other horticultural crops. The 110% sustainability

level exceeded the estimated crop water requirement. This value  of irrigated land shows that there was a developing interest from the

TABLE 9 Performance evaluation of the water supply indicators (WSls) in the Dabasso Lamaffaa scheme. .

CWR (m®)  Pegy (M®) IWD (m® DIW(m3  IWS (m?3 RIS (M®) RWS (m3)

1 November 3381 63 3318 6934.62 6997.62 2.11 2.07
2 December 12390 630 11760 24578.40 25208.40 2.14 2.03
3 January 24759 42 24717 51658.53 51700.53 2.09 2.09
4 February 19257 798 18459 38579.31 39377.31 2.13 2.04
5 March 1134 693 441 921.69 1614.69 3.66 1.42

Total/Average 60,921 2,226 58,695 122,672.55 124,898.55 2.13 2.05

CWR, crop water requirement; P.g, effective rainfall; IWD, irrigation water demand; IWS, irrigation water supply; RIS, relative irrigation supply; RWS, relative water supply; DIW, diverted
irrigation water.
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TABLE 11 Performance evaluation of the physical indicators. .

\[¢) Physical indicators Amount

1 Command area (ha) 22

2 Irrigated cropped area (ha) 21
Irrigation ratio 0.95

1 Currently irrigable area (ha) 21

2 Initially irrigated area (ha) 19
Sustainability of irrigated area (ratio) 1.1

farmers in the commend area in the use of the irrigation scheme.
Similarly, Kassa and Ayana (2019) and Abo et al. (2024), reported a
sustainability of 1.08 and 1.05 for the Tahtay Tsalit and Furfuro
irrigation schemes, respectively.

3.5 Economic and financial indicators

The economic and financial indicators of gross return on
investment, financial self-sufficiency, area, and water-based
profitability were used to evaluate the obtained yield from the
irrigation scheme.

Gross return on investment

The gross return on investment indicator considers the
production and the total cost of infrastructure for the irrigation
scheme. The total construction cost for the headwork, canal, and
ancillary structures was approximately 141,093.5 US$. The SGVP
was determined using the currently irrigable area, crop type, and
market price of the crop. The SGVP in the 2015 cropping season
was 63,055.56 US$. Considering the above estimations, the gross
return on investment was 45%, showing that the revenue was low
(Table 12). Similarly, Behailu et al. (2004) reported a gross return
between 18.25% and 42.1% when evaluating community-based
irrigation schemes in the Tekeze basin in Tigray.

TABLE 12 Economic and financial indicators of the scheme. .

No Physical indicators Amount

Cost of irrigation infrastructure (US$/scheme) 141,093.5
Cost of operation and maintenance (US$/year) 4,804.233
Input cost of the scheme (US$/ha) 4,333.333
Cost of standard gross value of production (SGVP) (US$) = 63,055.56
Revenue from irrigation (US$) 58,722.22

1 Gross return on investment (Ratio) 0.45

2 Financial self-sufficiency (Ratio) 12.2
Incremental benefit per unit area (US$) 52,416.67
Incremental benefit per unit water (US$) 20,991.13

3 Area-based profitability (Ratio) 0.37

4 Water-based profitability (Ratio) 0.15
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3.5.1 Financial self-sufficiency

The financial self-sufficiency result indicates how much of the
revenue generated was used for operation and maintenance. It shows
the ability of the users to manage the scheme without government
support. Since the scheme commenced recently, there was no large
maintenance observed except for the failure of the off-taking canal,
breaking of division boxes, and collapsing structures. In the scheme,
smaller maintenance tasks such as canal cleaning were done by the
farmers themselves. However, to maintain the failed off-taking canal,
division boxes, and collapsing structures, the operation and
maintenance cost was estimated considering the material costs of fine
aggregate, cement, and coarse aggregate. Furthermore, the labor force
and masonry workers needed to maintain it for a 2-month period were
also estimated to determine the cost. Since the total revenue obtained
from the irrigation scheme in the cropping season was 58,722.22 US$
and the expected operation and maintenance was 4,804.233 USS$, the
financial self-sufficiency value was 12.2 (Table 12), showing that the
farmers can maintain the scheme. However, water pricing has to be
considered in the future.

3.5.2 Area and water-based profitability

Both the area and water-based profitability of the scheme were
evaluated. The result reveals that the area-based profitability and water-
based profitability ratios were 0.37 and 0.15, respectively (Table 12).
This shows that the scheme’s profitability was low and this could be
due to the production of one type of crop in the scheme, poor
management of water in the fields, and a lack of awareness of
producing wheat crops in the scheme. This could be improved
through practicing irrigation scheduling for effective management of
the field water, and cultivating commercial and high-value crops based
on the farmers’ interest that need low input cost.

4 Conclusion

The performance of the Dabasso Lamaffa small-scale irrigation
scheme was evaluated internally and externally. Five internal and nine
external indicators were used to evaluate the scheme. The scheme has a
relatively higher conveyance efficiency, showing that the water could
flow and reach the fields. The lack of silt and sediment in the canal and
the absence of water stagnation, grass, and debris were the reasons for
the higher conveyance efficiency of the canal. The application efficiency
of the scheme was poor and needs improvement in water management.
The properties of the soil, farmers applying water properly to the crop,
and technical failure of the canal around the intake could be the reasons
for the low in-field water management. Even though the water was not
applied effectively to the plants, the storage efficiency was good. This
shows that there was no water deficit and soil moisture deficiency in the
roots of the crops. Since the farmers were practicing tied furrow
irrigation, there was no water lost to runoff and it was lost in the
form of deep percolation and could contribute to the groundwater.
Because the land was well prepared, the furrows were made properly
and a relatively moderate length (15-20 m), and the slope of the land,
the distribution uniformity of water was good. Since the application
efficiency was poor, the overall performance of the scheme was poor.
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The agricultural output indicators of the scheme, such as output
per unit irrigated area, output per unit command area, output per unit
irrigation diverted, and output per unit water consumed, indicated a
recommended level of output production and, in this regard, the
scheme was productive. There was also adequate water supply and
irrigation supply in the scheme; however, the water delivery capacity
requires improvement. The irrigation ratio and the sustainability of the
irrigation scheme were also good, showing there will be a continuation
of the scheme in the future. Even though the scheme was commenced
recently, the economic and financial benefits obtained from the scheme
were low. For better performance and the sustainability of the scheme,
the following recommendations are made. During the field
observation, there were deposited construction materials in the fields
and the construction of the canal was not completed. Hence, it is better
to construct a lined canal with the deposited materials to improve the
conveyance efficiency of the canal and increase the command area.
Creating awareness among the beneficiary farmers and water users’
associations about field irrigation water measurements, irrigation water
management strategies, scheme operation, and maintenance practices
through continuous training is essential.
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