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Abstract

Southern Nations, Nationalities and Peoples Region have launched a number of small-scale irrigation projects to help farmers
achieve food self-sufficiency. However, because their systems' performances have not been assessed, it is unknown what
level of performance they are capable of. Therefore, this study was conducted to determine the effectiveness of the Delbo
small-scale irrigation system in southern Ethiopia. The result revealed that, the output per cultivated hectare was between
7668.96 and 31585.36 birr/ha, and the output per season's unit command area ranged between 5560 and 21583.33 birr/ha.
The irrigation supply output per unit ranges between 1.0 and 3.32 birr/m3. The relative water supply (RWS) and irrigation
water supply (RIS) were 2.03 and 2.75, respectively. This indicated that irrigation water was not in limited supply, and more
water was diverted to the Delbo irrigation facilities. The average application efficiency of the chosen farmer's field was 53.3%,
storage efficiency was 61.73%, distribution uniformity was 75.58%, and conveyance efficiency was 73.4%. Field I was more
effective than Field II in terms of irrigation water management, while Field III was the least effective. One issue that must be
addressed to ensure the sustainability of the schemes is to increase the management abilities of the users in order to improve

the scheme's water use.
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spread of small-scale irrigation was largely responsible for
the rise in the irrigated area. However, Ethiopia’s current
level of irrigation development pales in comparison to its
potential. The challenge of comparing the performance
of systems is not difficult given the numerous factors that

Introduction

In many nations, water scarcity is becoming a bigger
issue. Being the primary consumer of water, the irrigation
system is under pressure to release water for other uses and

to develop ways to enhance performance [1]. A consistent
and appropriate supply of irrigation water can boost
agricultural output and ensure the economy’s health. The
development of water for agriculture is a top priority in
Ethiopia, but irrigation that is poorly planned and managed
undermines attempts to improve lives and puts people and
the environment at danger. According to recent estimates,
Ethiopia has a total irrigable area of 625,819 acres [2]. The
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affect how well irrigated agriculture performs, such as
infrastructure design, management, climatic conditions, and
socioeconomic contexts. Researchers have made significant
progress in modernizing irrigation systems in response
to the difficulties faced by irrigated agriculture, and these
methods now include a variety of instruments for automation
and equipment, strategies for field evaluation, and models
for design and analysis [3]. Field assessments are crucial
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to enhancing the efficiency of surface irrigation because
they offer the knowledge needed to enhance practices and
systems. However, because they are so difficult to perform,
they are rarely used [4]. Numerous field evaluations have
been carried out by various scholars worldwide to address
the issue of irrigation system performance, albeit to a lesser
extent in Ethiopia [5]. In order to evaluate the effectiveness
of the Delbo irrigation system in the southern region of
Ethiopia, this study was carried out.

Methodology

General Descriptions of the Study Area

One of the 77 Woredas that can be found in Ethiopia’s
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Southern Nations, Nationalities, and Peoples’ Region
(SNNPR) is Mihrab Abaya. It is situated in the Gamo Gofa
region and has a 1,613 km2 land area.

The woreda’s geographic center is M/Abaya, located
457 kilometers from Addis Abeba and 230 kilometers from
Hawassa. The area is located at 1235 meters above sea
level, 7.2 degrees north, and 38.0 degrees east, respectively.
Lowland regions make up 62% of the woreda, followed by
midland regions (27%), and highland regions (11%). The
largest monthly mean rainfall is recorded from January to
April, while the mean annual rainfall ranges from 543 mm to
887 mm. The woreda’s minimum temperature ranges from
July to October at 19.5 degrees, while its maximum ranges
from December to March at 33.2 degrees.

Figure 1: Location of the study area.

Description of the schemes

The Shefe River, which is the source of irrigation water,
is a river that is fed by gravity from upper streams. The plan
now consists of a 120 ha command area and 96 hectares
of irrigated land. The Wajifo site and the Delbo site, two
irrigation schemes with potential irrigable land areas of 425
ha and 300 ha, respectively, were discovered in the woreda.
The town of M/Abaya lies close to Lake Abaya.
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Crop Water Requirement (CWR) and Irrigation
Requirement (IR)

The Woreda Agricultural Office provided information
on the irrigated crops that were grown within the command
area. Discussions with the farmers and the document
obtained from the agriculture Office were used to determine
the dates for planting these crops. Additionally, information
on the average monthly rainfall was gathered from the
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Meteorological Agency’s Southern Zone. The CropWat model
FAO [6] used input data such as climatic data, the area
covered, and the planting date of each crop to calculate the
CWR and IR for each irrigated crop for all cropping seasons.
Using the CropWat computer program and estimated
irrigation intervals for the primary crops cultivated in the
system, the monthly net crop water requirement (CWR)
and the net irrigation need (IR) were calculated for each
irrigated crop. The Penman-Monteith approach was used in
this application to determine reference evapotranspiration
(ETo) on a monthly basis [7]. Using FAO recommendations,
crop coefficients (Kc) were also created for the major crops
[8]. Therefore, the crop water requirements at each growth
stage were determined using the crop coefficients offered by
the CropWat computer application.

Determination of soil physical properties

a. Soil textural characterization

In order to represent the head, middle, and tail water
consumers of the irrigation systems, three farmer fields
were specifically selected. A total of 54 soil samples, 18 from
each farmer’s field, were taken to assess the fields’ moisture
levels. Before being placed in an oven that was kept at 105
oC, the soil samples were weighted and placed in an airtight
container. The samples were dried in the oven for a whole
day. Three rows of the field-one in the middle and two on
either side-were used to obtain representative soil samples
for each field. Undisturbed soil samples were taken from
each field using soil core samplers. Before and after each
watering session, the soil moisture statuses in each field
were measured.

In order to apply this, soil samples were collected, dried
in an oven at 105°C to constant weight, and then the bulk
densities at the two depths were calculated. This was done
right before irrigation and two days after irrigation, at depths
of (0-30 cm and 30-60 cm, respectively).

b. Determination of Field capacity and permanent
wilting points
Both the field capacity (FC) and permanent wilting point
(PWP) of each farmer’s field, as well as the soil texture of
each farmer’s field, were determined in the laboratory using
soil samples that were taken from the same depths as those
described above.

c. Measurements of irrigation efficiency

The amount of water diverted to each farmer’s fields, the
amount of moisture stored and retained in the root zone of
the crop, and how evenly the water is spread over the fields
were all measured directly in the field during each irrigation
event in order to evaluate how effectively the water was used
by the chosen farmers. The following characteristics were
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computed using direct field measurements from soil samples
that were also collected to be oven-dried for moisture
assessment.

d. Conveyance efficiency

Flow rates in various field canal sections were measured
to estimate conveyance efficiency. The associated discharges
at the primary, secondary, and tertiary canals were
measured using the Float (Velocity-Area) method. When
using the floating method, 10 m long, somewhat uniform
canal portions were selected, and floats were let go from
the upstream point. Using a stopwatch, the floater’s average
transit time throughout the 10 m canal length was calculated.
The discharge rate was then estimated by multiplying the
average cross-sectional area by the average velocity, which
was computed as a ratio of canal length to average time. The
conveyance efficiency was then computed as follows [9]:
First, the total inflow into the conveyance system and the
quantity of water provided by the conveyance system were
determined.

Total water supplied by the conveyance system

Conveyance eﬁiciency(Ec) = *100

total inflowinto the conveyance system

e. Application efficiency

The depth of water applied to each field (Da) was
measured and considering the overall size of the field [10].
Two days after irrigation, the depth of water stored in the
root zone (Ds) was determined as the difference between the
after and before irrigation moisture contents of the soils. For
this purpose, 18 soil samples (9 from the top and 9 from the
subsoil layers) was taken at a depth of 0-30 cm and 30-60 cm
water retained (stored) in the soil profile of the root zone,
depth of soil (Ds), and the total depth applied to the field, Da,
was determined by using the following equations [11].

_ Average depth of water stored in the root zone (Ds)

a= *100

Average depth of water applied (Da)

f. Distribution efficiency

For calculating the distribution uniformity, the effective
root depth of the maize (i.e. up to 60 cm) was taken as the
zone of distribution and three rows were selected along each
field (one row from the center and two rows from opposite
sides). Auguring was done at three points starting from the
beginning to the end of the three rows at regular intervals.
And at each selected point of the row, soil samples were
collected from two depths (i.e. at 0-30 cm & 30-60 cm).
Therefore, a total of 18 samples, 9 from the topsoil (i.e. 0-30
cm) and 9 from the sub-soil (i.e.30-60 cm) were collected
before and after each irrigation event. These procedures
were repeated three times on each of the three farmers’
fields. After measuring the soil moisture contents of the soil
samples gravimetrically, the depth of water stored in that
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particular soil layer X was calculated using the following
equation. [Wa _WB
100

After calculating the depth of water stored (as the difference
between the after and before moisture content) at each
point of the rows, the Distribution Uniformity (DU) can
be determined. The DU is defined as the percentage of the
average application amount received in the least watered
quarter of the field. It is the ratio of the average depth
infiltrated in the lower quarter of observations to the average
depth of all observations [12].

j*AS*D

DU = =2%100
/\7111
Where: ; is the mean of the lower-quarter depth of water

infiltratequ(or caught) and ; isthe mean depth of all water
infiltrated (or caught) (i.e. the average of all the nine points
of the entire field.

g. Water Storage Efficiency

To evaluate how effectively the applied water could
satisfy the water requirement (water storage capacity) of the
crops and compensate the moisture depleted by ET can be
evaluated using water storage efficiency (Es). Computation of
the amount of water potentially required to fill the root zone
to field capacity (Dreq) was determined using the equation
3.7 below and The Soil Testing Center result of FC was used
to calculate the soil moisture deficit, SMD, before irrigation
(Dreq). After knowing the values of Ds and Dreq, equations
were employed to calculate the water storage efficiency
(Es), which is sometimes referred to as water requirement
efficiency (Er), [13].

Es = Ds
Dreq

Dreq=SMD =3 1000(Wfci - Wbi)* Asi* Di

Where:

Ds = Amount of water added (stored in) to the root zone
during the irrigation in (mm).

Dreq = Amount of water potentially required to fill the root
zone to field capacity (mm) SMD = Soil moisture deficit
within RZ below field capacity before irrigation (mm)

Wrfci = Moisture content of the i layer of the soil at field
capacity (FC) on an oven-dry weight basis (fraction)

Whbi =Moisture content of the i layer of soil before irrigation
on an oven-dry weight basis (fraction)

Di = root depth (m)
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h. Evaluation of performance indicators

Among many indicators of the minimum set for
performance indicators, the following were used in
this assessment: Relative Water Supply (RWS), Relative
Irrigation supply (RIS), and output indicators. These are
meant to characterize the individual system for water supply
and finances [14]. These indicators can be mathematically
described as follows:

Total wat /
Relative water supply = otal water Supply
Crop demand
vicati ;
Relativeirrigation supply = lrrigation Suppty
irrigation demand

i. Production performance indicators

. birr Production
Output perunit command area| — | =

/ha )  Comand area

N birr Production
Output perunitirrigation supply| —

m3 ) Diverted irrigation supply

birr Production
Output per water consumed | —— | =

m3 ) Volume of water consumed by ET

To compute the total production of the scheme the crop
types grown in the respective sites and their average yield
per hectare which was obtained from farmers as well as
the average market price of each crop yield per quintal was
considered.

Results and Discussion
Soil physical properties

The physical characteristics of the soils of the study area
are presented in Table 1 below.

The outcome in table 1 demonstrated that the bulk
density was roughly the same throughout the entire field.
Why, because a larger overall porosity was reported in the
same textural class. A high volume of pore space is indicated
by a low bulk density, whereas a low volume of pore space is
indicated by a higher bulk density. It also demonstrated that
the soil was clay loam in both the depth and the farm position
or fields, with the exception of Field-2, which was situated at
the middle farm and had a 0-30 cm of sandy clay loam (SCL)
textural class. We can infer from this study that clay loam
(CL) makes up the majority of the soil in the command area.
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Farmers Soil Bulk density(gm/ Farticle size % Textural FC%) | PWP(%) EH
field depth(cm) cm3) Clay Silt Sand class

Field 1 0-30 0.98 33 38 29 CL 33 25 6.56

30-60 1.00 35 40 25 CL 32 23 6.08

Field 2 0-30 0.99 31 38 33 SCL 29 23 6.98

30-60 1.03 37 40 23 CL 32 25 6.33

Field3 0-30 1.02 32 36 32 CL 28 21 6.65

30-60 1.04 31 35 34 CL 27 22 6.55

Note: CL=Clay Loam; SCL=Sandy Clay Loam
Table 1: Soil physical properties of selected fields of Delbo irrigation project.

Soil moisture content

Before and after each watering session, the soil moisture
statuses in each field were measured. To do this, measure

the soil moisture to a depth of (i.e, 0-30 cm and 30-60 cm)
immediately prior to irrigation and two days after irrigation.
The only crop grown in the chosen fields was maize.

Farmer’s field Time of soil sampling Soil moisture contents %volume
Soil depth, cm
0-30 30-60
. Before irrigation 29.8 323
Field 1 After irrigation 30.4 353
. Before irrigation 30.1 33.2
Field 2 After irrigation 33.2 34.4
. Before irrigation 28.2 29.8
Field 3 After irrigation 29.1 30.3

Table 2: Average soil moisture contents before and two days after irrigation.

The available soil water holding capacity (ASW)

Crop yield suffers from too much or not enough soil
moisture in the root zone. In actuality, when the soil moisture
level surpasses the “field capacity” (the amount of soil water
retained after the gravitational water has drained), the soil
becomes waterlogged and the roots start to die from a lack
of oxygen [15]. The plants, however, start to permanently
wilt beyond the recovery point when soil moisture is at or

below the “permanent wilting point” (the level at which the
roots can no longer take water from the soil because the
remaining water is being held too tightly by soil particles).
The soil profile holds the water that plants may use, known
as accessible soil water (ASW), between the field capacity
and permanent wilting point.

Equation (3.14) below is used to calculate the field’s
possible soil water storage capacity.

Farmer’s field

ASW (cm)

Soil depth at 0-30cm

Soil depth at 30-60cm

Field 1 49.56mm 22.56mm 27.0mm
Field 2 39.45mm 17.82mm 21.63mm
Field 3 37.02mm 21.42mm 15.60mm

We can infer from the results that field Number 1 has
more water accessible than the other fields because it is
located near the head of the water supply.

Muluken D. Evaluation of Delbo Small Scale Irrigation Scheme Performance Southern, Ethiopia. ] Ecol

& Nat Resour 2023, 7(4): 000359.

Copyright© Muluken D.



https://medwinpublishers.com/JENR/

Agricultural performance

Output per unit cropped area and unit of command area
The results of output indicators measured based on the
2010 cropping calendar are presented in Table 3 below.

Journal of Ecology and Natural Resources

Crop type (1) Area ha) Yield (qt/ Yield(qt) o E I, Revenue(birr)
(2) ha) (3) 4)=(2)*(3) (5) (6)=(4)*(5)
ﬁﬁ:ﬁ;g;ﬁgg;fg;ﬁ:ﬁf 40 70 2800 210 588000
Cassava 20 90 1800 120 216000
15 30 700 21000
60 120 700 84000
200 1200 200 240000
2 20 40 3500 140000
20 200 4000 200 800000
4 150 600 200 120000
total 9% 593 9366 5330 2209000

Table 3: Crop type and yield for Delbo Irrigation Project 2009/10 year.

The output indication can be calculated using the
following formula: Output per cropped area for the year
2009/10 = 2209000/96 = 23010.41 birr/ha. This assumes
that the cropped area and command area during the cropping
season 2017/18 were 96 ha and 120 ha, respectively. For
the 2009/10 fiscal year, output per unit command area was
2209000/120, or 18408.33 birrs/ha. Other years’ output
indicators were found to be comparable. The outcomes are
shown in the figures 1 and 2 below.

Figure 2: Output per unit cropped area of mixed crop per
season.

J

The findings revealed that the production per cropped
hectare achieved ranged from 7668.96 to 31585.36 birrs/
ha. One may claim that compared to the other seasons, the
income per cropped area in 2017-18 was higher. The farming
intensities and the kinds of crops planted each year were
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thought to be the causes of this variance. While high-value
cash crops covered a sizable amount of the irrigable region.

~

Figure 3: Output per unit command area of mixed crop per
season.

J

The outputs for each unit command area ranged from
5560 to 21583.33 birrs per hectare. These two seasons
differed greatly from one another. The primary cause of this
variance was noted to be the farmer’s increased production
of high-value crops in 2008/2009. Additionally, there was a
seasonal economic volatility that may have contributed to
this increase in production.

a. Output per unit water consumed

This indicator depicts the amount of output produced
per unit of water used by the crop for evapotranspiration.
In (birr/m3), the output per unit water supply during the
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season ranged from 0.72 to 2.97 birrs/m3. Low crop yield
and bad agricultural practices may be to blame. The seasons
differ significantly from one another. The difference in the
area irrigated during the various seasons and crop choice
could be the cause; the seasons with the highest value are
those in which more vegetables are grown and there is a
greater area irrigated.. The results are presented in Figure
4 below.

-

Figure 4: The output per unit of water consumed.

J

Low crop yields brought on by management practices
and bad cropping patterns may be the cause of the season’s
2006/07’s low level of output. The outcome suggests that
crop selection and cropping practices can affect productivity,
which in turn lowers the crop’s gross profitability.

Journal of Ecology and Natural Resources

b. Output per unit irrigation water supply

The output per unit irrigation water supply in birr/m?
for the year 2009/10 was calculated as; 2209000/603062.4
= 3.31 birr/m?. The results are given in Figure 5 below.

Figure 5: The output per unit irrigation water supply.

The findings show that the irrigation project’s output
per unit irrigation water supply ranged from 1.0 birr/
ha to 3.32 birr/ha. In order to avoid overestimating or
underestimating the crops’ pricing, average values were
taken into consideration. Molden [14] recommendation of
the same measure is likewise valid.

. . . Crop water Irrigation
Crop type Area(ha) e R requirelflent:Season require?nentmm/
season mm/season Ty — season

Maize 40 47.73 4410 571.8 251.2

Potato 20 43.8 35.0 545.0 334.3

Mango 6 564.2 611.2 1507.7 701.8

Banana 20 884.0 709.2 1132.2 795.0

Pepper 2 444.6 355.9 502.8 265.5

Teff 2 468.9 375.9 475.6 178.8

Onion 2 232.9 186.7 270.5 98.3

Cassava 314.7 251.7 702.1 458.5
total 96

Table 4: CWR and IR of dominant crops at Delbo irrigation project 2009/10.

The weighted CWR per season and IR per season were
calculated as the following equation CWR maize (area maize
/area total)* CWR potato (area potato /area total)...

IR maize (area maize /area total)*IR potato (area potato/
area total)...

Where:
CWR_,,, is the water requirement of a crop calculated and
taken from the Table 4 Area_ —is irrigated areas of the
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respective crops taken from the same Table 4 and Area is
the total irrigated area (96 ha).

The weighted CWR result was 702.8 mm/season. To
change the depth to the volume of CWR multiply it by the
total irrigated area, i.e. 96 *10** 702.8* 103 = 6574688.0 m?
/season. The total irrigation requirement is calculated in the
same way and the result is 315.69 mm/season i.e. 874688.0
m3 / season.
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Crob tvpe Area Percent of total Plantine date Irrigation
PP coverage(ha) area,% 8 intervals, days
Maize 40 44.4 May 07 7
| Banana | 20 | 22.2 | Jan 5 | 20 |
Mango 6 6.6 Jan9 15
| Potato | 20 | 22.2 | w2z | 6 |
Pepper 4 4.4 May 25
| Total | 90 | 100 | | |

Table 5: Area coverage planting date and irrigation interval of dominant crop.

The crop coefficients provided with the CropWat
computer programare used (input: planting dates and growth
length in days) to calculate the crop water requirement at

presented as shown in table 6 below. The net crop water
requirement (CWR) and the net irrigation requirement (IR)
were computed for each irrigated crop for the 2010 cropping

each growth stage, and the computer program’s output was season.
CWR  Totalrain Liective IR CWR IR Depth of
rainfall Area C oL
Year (mm/ (mm/ (mm/ (m3/ (m3/ irrigationwater
(mm/ (m2) .
seasm) season) season) season) season) diverted(mm)
season)
2005/06 324.52 184.6 165.8 264.67 790000 256370.8 2090890.3 323.98
| 2006/07 | 38478 | 2599 | 2276 | 32460 | 870000 | 3347586 | 282402 | 65409 |
2007/08 432.87 425.1 39.4 421.87 700000 303009 295309 765.89
| 2008/09 | 45390 | 5305 | 4018 | 39804 | 820000 | 372198 | 3263928 | 87609 |
2009/10 663.05 443.4 223.7 334.45 960000 636528 321072.0 789.32
Table 6: Seasonal CWR and IR.
c. Water delivery performance are not receiving adequate irrigation water, while values
Using CropWat computer software, the water more than 1.0 suggest that there is enough water available

requirements of the main crops cultivated in the irrigation
projects were calculated based on the farmers’ irrigation
practices for each crop. The computation was done using
the assumption that small-scale irrigation projects actually
have an irrigation efficiency of 45% [16]. When additional
research is done, this number can serve as a standard. The
performance of water distribution was assessed using
two indicators: relative water supply (RWS) and relative
irrigation supply (RIS). Table 6 below lists the net crop water
requirement as well as the irrigation requirement.

d. Relative water supply (RWS)

An average relative water supply (RWS) value was
found to be 2.36 for the period of 2005/06 up to 2009/10.
As shown below, the RWS values of the whole season were
higher than what can be considered an ideal value, i.e., 1.0.
In the year 2005/06, water diverted to the irrigation scheme
was slightly lower than the other season of crop water
demand. Conversely, values less than 1.0 suggest that crops
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overall to meet crop demand [17]. The average RWS value for
the years 2005-06 through 2009-10 was determined to be
2.36. The RWS values for the entire season were higher than
1.0, which is regarded as an ideal value, as can be seen below.
The amount of water diverted to the irrigation scheme in
2005-06 was marginally less than the crop water demand
in preceding seasons. This suggests that there is insufficient
watering of the crops.

Cakmak [18] report that for five irrigation schemes in
the State Hydraulic Works 10th Region of Turkey over the
1997-2001 period, the relative water supply (RWS) values
ranged from an average of 1.65 to 4.51. In terms of relative
water supply (RWS), the Malaysia-Sg. Manik (4.9) and
Malaysia-Mada (0.37) irrigation systems had the highest and
lowest values.

The results of RWS are presented in Figure 6.
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Figure 6: Relative water supply of the season.

J

Figure 6 illustrates how the strategy has provided too
much water during the seasons under consideration. This
suggests that the cropping pattern selected in the various
years’ supply is sufficient to satisfy demand. Of course, in
order to determine the net supply gained, water losses must
be taken into consideration; otherwise, the result may be less
than this.

e. Relative irrigation supply (RIS)

An indicator of the whole irrigation scheme’s efficiency
is the RIS. Due to the fact that it contrasts the irrigation water
required with the water supplied. The statistics in Table 6
above were used to compute the relative irrigation water
supply. Figure 7 below displays the RIS results.

A plentiful supply of water was indicated by the higher
relative irrigation supply (RIS) values. A RIS value of greater
than 1.0 shows that the irrigation supply by the canal is
sufficient to meet the crop demand; a value closer to one
is preferable than one that is higher or lower [14]. Since a

Journal of Ecology and Natural Resources

value greater than one indicates that too much water is
being supplied, waterlogging may result, which would have
a detrimental effect on yields. A score less than one indicate
that less irrigation water was provided than was necessary.
A number of 1.0 or above signifies that the irrigation supply
met or exceeded the necessary standards. The findings show
that farmers have applied more than enough irrigation water
to meet crop demand during the whole season. Moreover,
the 2005-06 year had the lowest recorded value of RIS, 1.92.
There was most likely less rainfall, less maintenance done to
the canal system, less organizational weakness, a different
kind of crop being farmed, and so on throughout that time.

-

Figure 7: Relative irrigation supply of the season.

Irrigation efficiency indicators

a. Application efficiency

Application efficiency is computed as the ratio of
moisture added to the soil profile due to irrigation to the total
water supplied to the farm or the ratio of moisture retained
due to irrigation with total water added to the field.

Depth of L.
Farm Farm Time of Flow t‘l:fe aVOI;; ::Iie applied de l\:l(: E:)I; RZ Ag’flf’iléiC:;LOU
position size(ha) irrigation(hr) rate(l/s) wa t(:)IP(mS) water, Da, s torI')age (mm) (%) y
(mm)
Field 1 0.8 8 7.5 204 58.09 30.2 52.4
Field 2 0.5 8 7.8 224 44.82 2891 64.5
Field 3 0.25 8 6.8 195 78 33.68 43
Average 53.3%

Table 7: Calculated application efficiency.

The outcome demonstrated that, in accordance with the
US soil conservation service range of 55% to 70%, field-3
falls short of the achievable application efficiency for surface
irrigation systems. Numerous studies believe that the
scheme’s average water application efficiency (Ea), of 53.3%,
is insufficient and hence inefficient. The result obtained is
consistent with the findings of Solomon (1988), FAO [19],
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the command area’s water application efficiency is deemed
inadequate due to its value being less than 60%. The three
farmer’s fields that were chosen have substantially lower
application efficiency than the Tekeze basin’s community-
based irrigation findings, which are 65% and 85% [20].
Wahaj [21] states that for furrow irrigation, the water
application efficiency values should be 65-85%. These are
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seasonal values that should be achievable with appropriate
design and management practices. In contrast, Solomon [22]
recommended that the achievable application efficiency for
furrow irrigation fall between 60 and 75 percent. Thus, the
scheme’s water applications were deemed inappropriate;
this suggests that farmers overwatered their crops, leading
to increased deep percolation and runoff losses. High deep
percolation losses are the main reason for the reduced
water application efficiency, according to measurements and
observations made in the field. The field observations of the
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farmers’ shallow water wells, which are dispersed over the
whole command area, provide evidence for this.

b. Conveyance efficiency

Water was transported from the river’s source to fields
or farms for crop usage via a network of canals, watercourses,
and channels. The system’s water conveyance efficiency was
assessed using conveyance efficiency. It was also used to
gauge how well the conduits carrying water to the field were
working.
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Field Station-1 Flow . Distance
measurement discharge measurement _ Station-2 b (e Conveyance
discharge(m3/s) . efficiency (%)
point (m3/s) point stations(m)
Main canal
1-M 0.621 2-M 0.502 380 80.83
2-M 0.567 3-M 0.503 420 88.71
3-M 0.492 4-M 0.321 400 65.24
4-M 0.521 5-M 0.432 420 82.91
Secondary canal
1-S 0.23 2-S 0.193 450 83.91
2-S 0.156 3-S 0.103 430 66.02
3-S 0.143 4-S 0.102 400 71.32
4-S 0.102 5-S 0.074 420 72.54
Tertiary canal
1-T 0.155 2-T 0.118 400 76.12
2-T 0.109 3T 0.077 420 70.64
3T 0.109 4-T 0.089 380 81.65
4-T 0.119 5-T 0.088 400 73.94
5-T 0.128 6-T 0.087 420 67.96
6-T 0.124 7-T 0.098 380 79.03
7-T 0.121 8-T 0.086 400 71.07
8-T 0.123 9-T 0.076 420 61.78
9-T 0.098 10-T 0.071 440 77.55
10-T 0.087 11-T 0.064 380 73.56
11-T 0.076 12-T 0.055 420 72.36
12-T 0.076 13-T 0.054 400 71.05
13-T 0.076 14-T 0.054 440 71.05
14-T 0.072 15-T 0.05 440 69.44
14-T 0.072 15-T 0.05 440 69.44
Average 73.41%

Table 8: Calculated conveyance efficiency.

The outcome demonstrated that the scheme’s average
conveyance efficiency was 73.41%. Nevertheless, considering
that high channel efficiency for the field was discovered. The
plan conveyance efficiency is in line with research findings
from the Food and Agriculture Organization (FAO) [23]
conducted in Egypt in 2002, which projected that water
losses via canals accounted for 25-50% of all water losses.
Since the scheme’s average application efficiency was
73.41%, conveyance losses indicate that, of the total water
harvested and stored, the remaining portion that is, 26.59%
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is lost. This does have implications for locations where water
scarcity exists.

c. Distribution uniformity

Water distribution uniformity measures the extent
to which water is uniformly distributed and stored in
the effective root zone soil along the irrigation run. The
distribution uniformity indicates the magnitude of the
distribution problem.
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Irrigation
p::il:ilclm event Depth of water stored at each sampling point up to the effective RZ, X (mm)
X1 X2 X3 X4 X5 X6 X7 X8 X9 -
Xm
. 1st 28.18 | 25.01 | 2838 | 32.74 | 27.49 | 3657 | 22.32 | 3883 | 29.09
leld-
2nd 3225 | 27.03 | 23.61 | 3138 | 26.89 | 355 | 33.09 | 34.13 | 27.46
- 27.47 | 2629 | 26.83 | 33.82 | 26.42 | 32.41 | 30.38 | 28.18 | 30.01
T
293 | 267 | 24.74 | 3372 | 258 | 3086 | 29.49 | 31.71 | 2851
DU of Field-1 (%)
1st 28.17 | 27.95 | 2581 | 2647 | 32 | 2451 | 24.17 | 33.27 | 28.87
Field-2 éng 30.37 | 2835 | 281 | 2553 | 30.42 | 2021 | 31.64 | 282 | 21.97
T
31.04 | 18.05 | 29.7 | 2853 | 35.71 | 2023 | 17.3 | 29.59 | 28.64
29.86 | 24.78 | 27.87 | 2684 | 32.72 | 21.93 | 24.87 | 30.33 | 26.49
1st
DU of Field-2(%) 2nd | 36.58 | 35.56 | 34.93 | 25.94 | 36.79 | 34.82 | 34.48 | 36.06
3rd
3498 | 28.67 | 33.56 | 2039 | 29.19 | 32.11 | 3333 | 344 | 3057
Field-3 1St325n;183rd 35.73 | 30.23 | 30.18 | 27.92 | 2882 | 35.04 | 36.12 | 29.09 | 34.05
3135 | 322 | 2475 | 33.7 | 3325 | 34.87 | 32.51 | 32.02 | 30.04
DU of Field-3 (%)

Table 9: Depth of water stored (caught) within the effective RZ of each farm.

The irrigation schemes’ average distribution uniformity
was 75.58%. The distribution homogeneity exceeds the
70% value discovered in the irrigation systems of the
Western United States by Pitts [24]. FAO [6] proposed
that distribution uniformity (DU) of 65% was considered
“sufficient” while a DU of 30% was considered “poor” when
it came to average rotational supply with management and
communication. However, SJVDIP [25] estimates that the

furrow irrigation distribution uniformity should be between
80 and 90 percent, meaning that the distribution uniformity
is inefficient.

d. Storage efficiency

The water storage efficiency refers to how completely
the water needed before irrigation has been stored in the
root zone during irrigation.

Depth of irrigation water Depth of irrigation water
Field position required(mm) retain in 60cm soil Storage efficiency (%)
Dreq depth(mm)
Field-1 Field-2 48.9 34.8 71.1
Field-3 72.1 52.6 72.9
33.4 17 50.8
Average 64.90%

Table 10: Calculated storage efficiency (%).
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The irrigation schemes’ average storage efficiency
was 64.9%. Lesley [26] states that the irrigation scheme’s
overall water storage efficiency, or 96.63%, is taken to be the
maximum figure that can be attained for furrow irrigation.
According to Michael [9], the potential values for furrow
irrigation range from 85% to 100%. Storage efficiency values
are the highest values that can be achieved globally. This
indicates that the goal of irrigation water storage-refilling
the root zone to field capacity-is, in some way, perceived as
having been accomplished.

Conclusions

The purpose of the study was to evaluate the
effectiveness of small-scale irrigation projects in Ethiopia’s
south. Various metrics have been employed to assess the
system’s performance in comparison to other systems
operating in comparable environments or accomplishing
its primary goals. The 2007-08 season outperformed the
previous one in terms of output per unit of command area
and output per unit of cropped area. This was attributed to
both favorable market conditions and effective management
practices. More water was redirected to the Delbo irrigation
schemes, according to the average relative water supply
(RWS) and relative irrigation supply (RIS), which showed
that irrigation water is not a scheme restriction. i.e., when
the amount of water available exceeded the amount required
in every field, it was clear that the irrigation water was not
applied consistently and effectively. The total production of
all crops was not combined into an internationally tradable
single crop; consequently, the agricultural performance
indicator is not compared with other countries worldwide.
Levine [27] stated that water supplied more than 2.5 times
the netrequirement was an indication of inappropriate water
management. The 2008/09 cropping season’s diversified
cropping pattern led to the relatively higher value of output
per unit of cultivated land and command area, while the lower
value in the other year was primarily caused by crop choice
and management issues [28-31]. According to the study,
farmers simultaneously produce comparable crops, which
causes a market exchange among them. Therefore, marketing
and other essential facilities like price, information, storage,
marketplace, production diversity, and consumer preference
should be taken into account in any future interventions
to promote crop production, especially cash crops [32-36].
Farmers are applying excess water to their fields, and the
findings of the water delivery indicators indicated that there
is no water shortage for the plan. To enhance effective water
use and production, water management must be improved
[37,38]. Regarding the farmers’ efficiency in applying water,
the irrigation plan is deemed inadequate [39-42]. As a result,
a significant amount of water is lost from the canals both
temporarily and steadily. According to the results of water
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storage efficiency, irrigation water replaced roughly 65%
of the moisture that evapotranspiration had reduced below
field capacity (FC). According to the irrigation scheme’s
performance indicators, the season of 2008/09, when
farmers were cultivating more high-value crops, performed
well in terms of production per unit of land and water,
respectively. However, the other season’s performance didn’t
show an increasing or decreasing trend due to poor cropping
practices and low input utilization [43-45]. These data were
gathered between 2005/06 and 2009/10. Inefficient water
consumption was shown by the water use performance
indicators, indicating that more effort has to be done to
increase water use efficiency [46].

Recommendation

The outcomes have led to the following suggestions
being made to enhance the performance of the irrigation
scheme:

» The irrigation projects have a significant conveyance
loss. To lessen the seepage loss, it is therefore strongly
advised to line or build canals using concrete or masonry.

» Uponexamining the farmers’ fields, it was discovered that
although application efficiencies were low, distribution
efficiencies were strong. Therefore, it is necessary to
apply correctirrigation schedule in order to improve the
effectiveness of the irrigation systems.

» Emphasis should be placed on crop selection, irrigation
water management, and input utilization. Establishing
strategically located market access improves the
scheme’s performance.
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