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ABSTRACT 
The sustainability of irrigated agriculture has been questioned both economically and 

environmentally. Evaluation of the performance of irrigation schemes helps to know the present 

status of the scheme and to apply possible measures for improvement. Irrigation scheme 

performance assessment is vital to evaluate the impacts of irrigation practices, to identify 

performance gaps and to improve system performances. However, the performance of 

Kitamewukia Small Scale Irrigation schemes was not assessed since its operation. Therefore, this 

study was carried out to evaluate the water delivery, on-farm water management and 

organizational performances of irrigation schemes. To undertake this study primary collected 

through field measurements and secondary data were collected from the secondary sources. 

CROPWAT 8.0 model and GIS software were used to analyze the data. The result of this study 

revealed that, average conveyance efficiencies 89.11 % and 83.48%, respectively, for lined and 

unlined main canals and the mean conveyance loss 0.05 (l/s/m) and 0.07 (l/s/m) for lined and 

unlined main canals. The application and storage efficiency was, respectively, 54.2% and 50.2%. 

Analyses of water-use showed that relative water supply and relative irrigation supply were 1.8 

and 2.4 respectively. Output per unit irrigated area values of 63821.3ETB/ha was calculated at 

irrigation scheme. Furthermore, the output per unit command area of scheme is 79327.6ETB/ha. 

Water productivity factors such as, Output per unit irrigation water supplied and Output per unit 

water consumed values of 14.54ETB/m3, 15.4ETB/m3 in irrigation scheme were calculated, 

respectively. The result of the physical indicators, which were irrigation ratio and sustainability 

of irrigated area, were found to be 0.80 and 1. Around 54.9% of gross return on investment was 

obtained. Unfair distribution of water was due to water scarcity and illegal water users as the 

beneficiaries responded. Generally, the scheme requires improvement measures. The overall 

efficiencies of irrigation scheme were found to be 43.3%. 

Keywords: efficiency, external factors, internal factors, conveyance efficiency and loss. 
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1. INTRODUCTION 

1.1 Background  

Ethiopia is endowed with ample water resources with 12 river basins with a surface water 

resources annual runoff  volume 122 billion m³ of water and an estimated 2.6-2.65 billion m³ of 

ground water potential (Girma & Awulachew, 2007). Irrigation plays an important role in 

ensuring food security for Ethiopia's large and still growing population. Growing population in 

highland areas of rain fed agriculture on rapidly declining natural resources base has secured 

irrigated agriculture a prominent position in country's development agenda. However according 

to many studies in irrigation water use efficiency is below satisfactory in the country. The 

growing water shortage and the misuse of available water resources are nowadays major 

problems to sustainable development for most river basins of Ethiopia. Different irrigation 

schemes did not assure the net irrigation demand even though the available water is more than 

that due to high losses from storage space, conveyance, and application to irrigation plots. 

 

Improving water use efficiency or agricultural water productivity is an important response to 

increasing water scarcity, including the need to maintain enough water in rivers and lakes to 

sustain ecosystems and meet growing demand. (Molden et al., 2010) addresses the need to 

improve water productivity by (i) meeting the growing demand for food and changing date 

pattern of an increasingly urbanized population (ii) responding to pressure to reallocate water 

from agriculture to cities and industries and secure water supply for environmental and climate 

adaptive uses, and (iii) contribute to poverty reduction and economic growth of poor farmers. 

To quantify the significant positive and negative impacts of irrigation development in Ethiopia 

the following five specific objectives were defined (S. Awulachew & Merrey, 2005). a) to 

generate information that can be used to improve the performance of irrigated agriculture and 

enhance its positive benefits while minimizing its negative externalities, b) to guide future 

irrigation investments and fill the gap in knowledge about the total impact of irrigation 

development on economy, society and environment, c) to address specific health and poverty 

alleviation issues, d) to develop methodological guidelines for assessing the impact of irrigation 

investment, e) to strengthen Ethiopian capacity for interdisciplinary research and political 

implementation. (Kamara & Mccornick, n.d.) States that the irrigation water use efficiency varies 
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data. According to (Dejen, 2015), the majority of irrigation systems operating in Ethiopia are 

characterized by low technical, hydraulic, operational and service levels. According to the 

authors, shortcomings include inadequate irrigation planning, inadequate operating plans, water 

inundation and salinization, lack of appropriate institutional structure for management, physical 

water control facilities. Inadequate water supply management, channel sedimentation and lack of 

proper maintenance, lack of proper assets, management, etc. challenges of small-scale irrigation 

systems. To know the efficiency and  effectiveness of water use at the farm level and to mitigate 

the current challenges caused by inefficiencies of irrigation systems and poor irrigation 

management at Kitamewukia small-scale irrigation scheme.  

1.2 Statement of the Problem  

Poor irrigation water management is one of the main causes of low water efficiency in irrigation. 

When available water resources become scarce; more emphasis on efficient use of irrigation 

water to bring about maximum economic efficiency and sustainability of water resources. This 

requires measuring and evaluating the efficiency with which water is extracted from water 

sources to produce crop yields. Kitamewukia irrigation schemes are a community managed small 

scale irrigation schemes developed for surrounding farmers who applying irrigation. These 

small-scale irrigation scheme have a number of problems, some of the problems are; the water 

control structures constructed in the scheme were not operational and the conveyance system of 

Kitamewukia small-scale irrigation projects have high amount of water losses. 

In addition to the harmful side effects, this practice leads to investments that can be significantly 

higher than needed. The lack of basic knowledge of irrigation water use efficiency has several 

serious drawbacks that are the limited water resources are not optimally distributed and used, 

because of which much water goes to waste and less land can be irrigated. And hydraulic 

parameters over the entire irrigation system might not reflect the real parameters. 

The design of the irrigation system, the level of tillage, the skill and attention of the irrigator are 

the main factors affecting irrigation efficiency. The efficiency of using water for irrigation 

includes many different factors and takes into account the losses during storage, transportation 

and application to the irrigated plots. Identifying the different components and knowing what 

improvements can be made is essential to making the best use of this important but scarce 

resource (Hassen, 2004). Improving the efficiency of irrigation systems through various 

interventions is seen as the key issue to address the need to increase the productivity of irrigated 
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land under water pressure. (Haile, 2015) has defined adequate knowledge of irrigation water 

management such as  irrigation planning techniques, water-saving irrigation management 

technologies, water metering techniques, operation and maintenance of irrigation facilities is one 

of the areas of development and management challenges irrigation system in Ethiopia. Given the 

fact that water scarcity will be a major constraint on agricultural production and the need to 

increase the productivity of irrigated perimeters, the overall performance of the irrigated 

perimeters should be improved. With the expected slowdown in the expansion of irrigated land, 

more attention seems to be needed on improving existing irrigation systems and their efficient 

long-term operation and maintenance (Agide Dejen, 2012).  

Kitamewukia small-scale irrigation schemes have been giving service for 5 years. However, the 

schemes have not been fully functional as expected and their performances are underutilization 

and the structures are under failure. More generally there are many factors accountable for the 

poor performance of irrigation schemes at the existing conditions.  

Monitoring and evaluation of their performance is, therefore the first measure that has to be 

taken to improve irrigation water use efficiencies at different levels: at the water source, at the 

conveyance system and at farm and field levels. This study aim was to undertake a comparative 

performance evaluation of Kitamewukia small-scale irrigation schemes. Since its inception, the 

irrigation system evaluation studies had never been conducted on the performance of this 

irrigation scheme. So, the performance evaluation of the schemes would help to improve the 

performance of the irrigation system in terms of efficiencies, farm water management and, to 

identify causes for poor irrigation management system.  

1.3 Research questions 

 Which factors are the major impediments of Irrigation water use inefficiency? 

 What is the level of operational and maintenance procedure applied to the conveyance 

system? 
 What are the water losses in water distribution system? 

 How is the irrigation scheme organization contributed for the management and sustainability 

of the scheme? 
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2. LITERATURE REVIEW 

2.1 Overview of Irrigation Development in Ethiopia 

Ethiopia has long been irrigated to produce food crops for livelihoods. However, in the 1960s, 

modern irrigation systems were put into operation to grow industrial crops in the Awash Valley. 

Private concessionaires, which operate farms for growing commercial crops such as cotton, sugar 

cane and horticultural crops, launched the first formal irrigation programs above and below the 

Awash Valley in the late 1950s. In the 1960s, irrigated agriculture was expanded in all parts of 

the Awash Valley and the Lower Rift Zone (Girma & Awulachew, 2007). The development and 

management of modern small-scale irrigation (SSI) began in the 1970s and was initiated by the 

Ministry of Agriculture (MoA) in response to the massive drought that caused widespread crop 

failures and food insecurity (Amdissa, 2006). From 1974 to 1991, no major private capital 

investment was made as a result of the 1975 Land Reform Declaration, which banned the 

ownership of private land or the leasing of commercial land in accordance with the socialist 

policies adopted by the government. During this period, public investment focused on the 

development of state-owned farms and producer co-operatives, accounting for less than 10% of 

total production at the time (S. B. Awulachew et al., 2010).  Currently, the government is putting 

more emphasis on the irrigation sector to improve national food security. Efforts are being made 

to gradually involve farmers in various aspects of small-scale irrigation system management, 

starting with planning, implementation and management aspects, especially water distribution, 

operation and maintenance, in order to improve the performance of irrigated agriculture. 

2.2 Irrigation potential in Ethiopia 

Ethiopia is having 112 million hectares of land. Of this, 30 to 70 million hectares occupy 

cultivated land, and only one-third is currently cultivated (about 15 million hectares). Ethiopia 

ranges from 3.7 million to 4.3 million hectares to estimate the irrigation potential of countries 

that comply with the agreed standards, but the actual irrigation area is estimated to be about 10% 

of the potential, of which about 55% is traditional. Irrigation system, 20% of which is modern 

small scale. Irrigation systems and 25% of modern small-scale irrigation systems are medium- 

and large-scale irrigation commercial farms (private and government-owned).  

(Kamara & Mccornick, n.d.) State that the potential for irrigation is being exploited as one of the 

under-utilized opportunities in Ethiopia. The nation has a National Irrigation Development 
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technology investment, have a workforce available,  can reach fragmented communities and 

households, and  are possible in small flat areas, so about two third of this expansion occupies  

(Bisrat, 2015). 

2.4 Irrigation efficiency and performance-definitions  

Irrigation efficiency is a special case of water utilization efficiency. This is a measure of 

irrigation efficiency at a given limit. There are many ways to measure efficiency, some of which 

are traditional and well-known, while others are new and seek to understand the temporal factors 

of efficiency and efficiency of the entire system. However, unlike productivity (with units),  

efficiency is expressed in% and is a measure of net total water usage or net water days relative to 

total water days. According to (Engineering & Division, 2013), the system irrigation efficiency 

of 50-60% is good. 40% is sufficient, but 20-30% system irrigation efficiency is considered low. 

Please note that the above values are just guidelines. In addition to design and other engineering 

factors, agricultural efficiency is highly regulated by the operation of key supply systems to meet 

actual field supply requirements and system operator skills FAO, (1997). Although water savings 

are generally high in irrigated agriculture, upstream interventions do not always increase water 

availability for downstream users. A common solution to address water scarcity is to improve 

irrigation efficiency. However, this concept of efficiency can be misleading (water quality is too 

poor), as upstream leaching losses contribute to aquifer replenishment and losses from the 

project can be recover downstream if not (Grandgirard et al., 2002).  Irrigation efficiency is 

generally defined in three aspects: (1) the performance of the irrigation system, (2) the 

uniformity of water application, and (3) the response of crops to irrigation. These irrigation 

efficiency measurements are interrelated and vary on a spatial and temporal scale. Spatial scales 

can be defined for a single field or on a larger scale to the entire irrigation district or to the basin. 

The temporal scale can vary from a single irrigation event to longer periods such as part of the 

growing season or periods of several years (Diotto & Irmak, 2016). Similar; Irrigation efficiency 

can be defined for different sizes, operations, or components of the irrigation system. (Bos et al., 

1990) identified three separate processes: promotion, distribution, and field applications. (Hirai 

et al., 1978) identified four components: transportation, storage, distribution areas, and the entire 

system. Irrigation water utilization, on the other hand, is a similar concept, but on a different 

scale, which is the ratio of the amount of water used by the crop to the amount of water applied 

to the crop level. If the water use of the plant is related to the water applied for irrigation, the 
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constraining resource, output per unit water may be more important, whereas if land is a 

constraint relative to water, output per unit land may be more important (Molden et al., 1998).  

I. Output per unit irrigated area  

Molden et al., (1998) stated that it is land productivity indicator and important when land is a 

constraint. It can be calculated as the total value of production per harvested area in the irrigation 

season. The harvested /Irrigated / area includes the areas that were irrigated in the irrigation 

seasons. The annual harvested area depends on the cropping intensity. The area is the sum of all 

the areas under crops during the year in this case. This indicator is not affected by the intensity of 

cropping/ irrigation Molden et al., (1998).  

II. Output per unit command area  

This is more relevant for land is the major constraint factor for production. It is the value of 

agricultural production per unit of nominal area, which can be irrigated. The computed value 

indicates the level of utilization or number of cropping frequency of the given command area in 

the production year and the productivity of the command area. Smaller values of this indicator 

can also imply, less intensive irrigation and high value result shows there is good intensive 

irrigation Molden et al., (1998).  

III. Output per unit irrigation supply  

It is one of water productivity indicator which indicates how well the total annual diverted 

irrigation water from a source is productive. This is important parameter when water is scarce 

and calculated as the total value of production per unit water diverted from the headwork to the 

command area throughout the irrigation seasons (Molden et al., 1998). 

IV. Output per unit water consumed  

According (Molden et al., 1998) stated that Consumed water is the actual evapotranspiration or 

process consumption from only irrigated crops (ET); it excludes other losses and water depletion 

from the hydrological cycle. The computed value does not affected by water losses through the 

system but only affected by the climatic feature of the area. It used to observe water consumption 

of crops at scheme level through evapotranspiration relative to the diverted and delivered amount 
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TAW is the amount of water that a crop can extract from its root zone, and its magnitude 

depends on the type of soil and the rooting depth. The fraction of TAW that a crop can extract 

from the root zone before moisture stress is the readily available soil water. 

2.10 Crop water and irrigation water requirement  

The crop water requirement of different crops in the study area was calculated using CROPWAT 

8.0 model which is familiar and easy to manipulate. CROPWAT 8.0 has been compute crop 

water requirement by feeding the computed monthly ETO values together with the necessary 

crop, rainfall and soil data. The water requirement of crops was calculated by taking into 

consideration the growth periods (initial, development, and late crop) using CROPWAT 8.0 

model. Crop water requirement or ETc can be calculated as:  

ETc= Kc x ETo --------------------------------------------------------------------------------------- (2.6)  

Where:  ETc: Crop water requirement      

              Kc:  Crop coefficient 

              ETo: Crop Evapotranspiration 
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determining the amount of water applied to the field, the average depth of irrigated water flowing 

through the channel to the field and each time were recorded along with the size of the field to be 

irrigated. 

Table 3.1 Location of water applied depth measurement points 

initial stage Irrigation water applied depth measurement points 

Field Longitude latitude Elevation(m) 

Water 

depth(mm) 

Elapsed       

time(min) Area(m2) 

Upper 

416804 1257878 2469 103 145 450 

416855 1257940 2468 89 150 310 

Middle 

416732 1257728 2458 86 140 270 

416770 1257797 2463 90 120 340 

Lower 

416724 1257479 2445 79 180 420 

416701 1257639 2451 74 200 220 

 

development stage Irrigation water applied depth measurement points 

Field longitude latitude Elevation(m) 

Water 

depth(mm) 

Elapsed       

time(min) Area(m2) 

Upper 

416804 1257878 2469 98 155 450 

416855 1257940 2468 86 165 310 

Middle 

416732 1257728 2458 81 145 270 

416770 1257797 2463 84 150 340 

Lower 

416724 1257479 2445 75 175 420 

416701 1257639 2451 69 180 220 
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Table 3.2 Conveyance efficiency measurement points 

Measurement     

points 

Distance  b/n                                       

measurement                                     

points(m) 

Longitude                          

at outlet                     

points 

Latitude                              

at outlet                      

points 

Outlet point                                            

of average                          

elevation(m) 

Lined Main canal 220 416898 1257928 2466 

Lined Main canal 150 416822 1257903 2470 

Lined Main canal 180 416795 1257835 2465 

Lined Main canal 165 416759 1257763 2459 

Unlined Main canal 162 416705 1257670 2454 

Unlined Main canal 125 416724 1257547 2447 

 

Factors that decrease conveyance efficiency 

In the process of applying irrigation water to crops, water losses occur. These losses have to be 

taken into account when calculating the gross irrigation requirements of an irrigation project. 

This can be done through the use of an efficiency factor, which has to be estimated at the 

planning stage. The efficiencies of the irrigation scheme are below the standard. The reason of 

this loss is the breakage of the canal sedimentation, the seepage of the canal and head work 

structure, illegal use of water of the farmer. Different types of irrigation systems have different 

levels of efficiency. The higher the irrigation efficiency, the larger the area that can be irrigated 

from a given finite water source, and the less the leaching of nutrients and damage to the soil and 

the more environmentally friendly the irrigation system. The water that is saved can be used for 

other productive purposes.  

C) Water Application Efficiency 

After the water is conveyed through a canal system to the off take where the farmer (or farmers) 

distributes the flow to the field inlet, the ultimate goal is to apply it as uniformly as possible over 

the field, at an application depth which matches the water depletion of the root zone (Bos et al., 

1990). Application efficiency was calculated from the fields at the upper, middle and lower of 

the water source. Water source after determining the water depth  actually introduced into the 

field using the partial trough and the water depth  retained in the root area of the soil  before and 



























44 
 

description and descriptive statistic. Close ended questions were discussed using percentages, 

graphs and tables. Information from open ended questions, household survey, key informants 

and group discussions was discussed through qualitative descriptions. Descriptive statistics 

measures such as mean were calculated for performance evaluation of the scheme. To estimate 

the crop water requirements (CWR), irrigation scheduling and irrigation water requirement 

(IWR) of the irrigated crops at field levels and the irrigation project as a whole the CropWat for 

windows (CropWat 4 Windows Version 4.2) were used. This program uses the FAO (1992) 

Penman-Monteith equation for calculating reference crop evapotranspiration. The determination 

of the CWR by this model depends on the determination of the reference evapotranspiration 

values using the available climatic data. The determination of IWR was carried out after 

estimation of effective rainfall by USDA soil conservation service method (Ewaid & Abed, 

2019). 
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4. RESULT AND DISCUSION 
4.1 Characterization of Kitamewukia Irrigation Scheme 

The conveyance system consists of one Main canal to irrigate total command area of 75 ha. The 

main canal starts from off take site on right side and conveys water for a length of 2.1Km. The 

current irrigated area is 60.34 ha. The dam type is masonry dam or gravity masonry dam, its crest 

length is 109m and it has 17.4m height. The survey result shows that majority of the structures 

were nonfunctional. There were a number of illegal water abstraction points and canal breaching. 

4.2 Soil data analysis results 

4.2.1 Soil textural class and bulk density 
Based on laboratory analysis of the particle size distribution, the texture class was found to be 

clay at upstream region, clay at middle region and clay loam at lower region of the area. As seen 

in Table 4.1, the bulk densities in the upper, middle and lower parts of the region are 1.34, 1.27 

and 1.34g/cm3 respectively. In the upper and lower part of the command, higher values of bulk 

density were recorded at indicating that the soil was more compacted than in the middle 

command area of the irrigation scheme. Miller and Donahue (1995) recommend a soil bulk 

density of less than 1.4 g/cm3 for clay and clay loam soil for better plant growth. Therefore, the 

study area of bulk density is recommended, and then the soil is generally suitable for plant 

growth. 
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Table 4.1 Soil textural classes and bulk density 
      Particle size distribution    (%) Textural class 

canal    

reach 

soil depth  

(cm) 

Bulk density    

(gm/cm3 ) Sand Clay Silt 

Upper 0-20 1.33 0.99 47.98 50.81 clay  

20-40 1.27 18.39 37.89 43.72 clay  

40-60 1.41 17.54 38.06 44.4 clay  

Average   1.34         

Middle 0-20 1.23 22.43 37.36 40.21 Clay 

20-40 1.25 28.58 30.61 40.81 Clay 

40-60 1.32 22.29 31.74 45.99 Clay 

Average   1.27         

Lower 0-20 1.52 20.02 17.16 62.82 clay loam 

20-40 1.21 28.27 22.61 49.11 clay loam 

40-60 1.3 26.61 17.74 55.65 clay loam 

Average   1.34         

 

4.2.2 Soil field capacity and permanent wilting point 

The soil moisture at field capacity (FC), permanent wilting point (PWP) and total available water 

(TAW) with the interval of 20cm up to 60cm soil depth were analyzed and the results were 

indicated in (Table 4.2). The soil textural class for this irrigation scheme at the upper and middle 

canal reaches is clay and the average calculated value of total available water of this irrigation 

scheme for these reaches was 170.3mm/m and 162.7mm/m respectively which is within the 

acceptable range which was Fao (1989) ICE(1983) recommended FC, PWP and TAW values for 

clay soil ranges from 25%-40%, 12%-20% and 160-300mm/m respectively. The lower canal 

reach has a clay loam soil type with average calculated value of total available water 155mm/m, 

which is within acceptable range as recommended by ICE (1983) FC, PWP and TAW 15%-30%, 

7%-16% and 100-180mm/m respectively.  
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Table 4.2 Soils FC, PWP and TAW before irrigation of Kitamewukia irrigation scheme 
Canal           

reaches 

Soil depth           

(cm) 

  FC                                      

(%) 

PWP            

(%) 

TAW               

(%) 

TAW                

(mm/m) 

Upper 

0-20 31.4 14.6 16.8 168 

20-40 28.5 13.8 14.7 147 

40-60 34 14.4 19.6 196 

Average         170.3 

Middle 

0-20 34.2 16.1 18.1 181 

20-40 26.4 13.1 13.3 133 

40-60 31.6 14.2 17.4 174 

Average         162.7 

Lower 

0-20 23.5 12.4 11.1 111 

20-40 31 13.2 17.8 178 

40-60 31.9 14.3 17.6 176 

Average         155.0 

Total Average         162.7 

Where: Total Average = (upper average + middle average + lower average)/3 

4.3 Internal Factor Affecting Irrigation Water Use Efficiency 

Although many internal factors have been proposed by different authors, the types of factors 

chosen depend on the objective of the performance assessment (Clemmens & Molden, 2007). In 

this study, field water management was evaluated in terms of application efficiency, storage 

efficiency, and uniformity of distribution. 

4.3.1 Conveyance Efficiency 

Conveyance efficiency, Ec measures the percentage of recorded system discharge that has been 

allocated to water management units. The conveyance efficiency of the systems is calculated 

using an equation that takes into account the total flow provided by the conveyance system and 

the total inflow into the system. The main canal conveyance efficiency monitored during this 

study is presented as shown in the table. 
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Table 4.4 Main canal conveyance efficiency and loss  

Canal 

type 

Location 

of plots 

Distance 

b/n 

points(m) 

Inflow  

(l/s) 

Outflow     

(l/s) 

Conveyance loss 

Ec (%) (l/s) (l/s/m) 

Lined 

Main 

canal  

Upper 220 101.8 93.2 8.6 0.039 91.55 

Upper 150 83.5 72.68 10.82 0.072 87.04 

Middle 180 71.5 63.7 7.8 0.043 89.09 

Middle 165 67.48 59.9 7.58 0.046 88.77 

Average           0.05 89.11 

Unlined 

Main 

canal  

Lower 162 61.3 53.1 8.2 0.05 86.62 

Lower 125 53.4 42.9 10.5 0.08 80.34 

Average           0.07 83.48 

 

Seepage losses in water conveyance system  

Seepage in irrigated agriculture has been defined as the movement of water in or out of earthen 

irrigation canals through pores in the bed and bank material. There are many factors that affect 

seepage from canals (Wachyan & Rushton, 1987) texture of the soil in the canal bed and banks, 

water temperature changes, siltation conditions, bank storage changes, soil chemicals, water 

velocity, microbiological activity, irrigation of adjacent fields, and water table fluctuations. 

Proper design and construction of conveyance systems are necessary to minimize seepage, due to 

the limited available water supply and ever-increasing demand for water. Seepage is not only a 

waste of water, but also may lead to other problems such as water logging and Stalinization of 

agricultural land. When the measurements are not available to estimate seepage losses from 

canals or ditches; Kostiakov A.N. formula can be applied. There are many methods to estimate 

seepage losses from canals among - Kostiakov A.N. Formula (empirical formula) (Abu-Gulul, 

1975). 















56 
 

poor as compared to 63% storage efficiency usually found in typical furrow irrigation systems 

(Raghuwanshi & Wallender, 1998). This normally shows over irrigation of the field and this 

might be associated with the intention of the farmers on high return from high irrigation depth. 

Table 4.9 Storage efficiency for three field location test plots 
  Upper Middle Lower 

Stage 

Required          

Water   

depth 

(mm) 

Stored 

water         

depth 

(mm) 

Ea         

(%) 

Required          

Water 

depth 

(mm) 

Stored 

water         

depth 

(mm) 

Ea         

(%) 

Required          

Water 

depth 

(mm) 

Stored 

water         

depth 

(mm) 

Ea         

(%) 

Initial 
94.63 46.88 49.5 89.54 45.94 51.3 85.4 42.73 50.0 

         
Dev't 

82.56 37.88 45.9 83.6 42.79 51.2 81.7 40.32 49.4 

         

Late 
76.7 38.6 50.3 79.5 41.08 51.7 81.6 42.85 52.5 

                  

Average     48.6     51.4     50.6 

 

Storage efficiency at initial stage  

As indicated on figure 4.2 below, the obtained result of storage efficiency of selected fields from 

Kitamewukia irrigation scheme was 49.5%, 51.3% and 50.0 % at upper, middle and lower users 

respectively with an average storage efficiency of 50.3%, but in general, the storage efficiencies 

of scheme was very poor as compared to 63% storage efficiency usually found in typical furrow 

irrigation systems (Raghuwanshi & Wallender, 1998). This normally shows over irrigation of the 

field and this might be associated with the intention of the farmers on high return from high 

irrigation depth. 
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Table 4.11 values of CWR and IR 

Scheme CWR    
(mm/season) 

Eff rain 
(mm/season) 

NIR 
(mm/season) 

CWR           
(m3) 

Eff rain          
(m3) 

NIR   
(m3) 

Kitamewukia 514.5 434.1 435.1 310449.3 261935.94 262539.3 
The total crop water demand for this cropping season will be 524.7 mm/season. The volume of 

CWR will be 60.34 × 104 × 514.5 × 10-3 m3 = 310499.3m3/season. The total irrigation 

requirement is calculated in the same way and the result is 435.1mm/season i.e. 

262539m3/season. 

4.5 External Factor Affecting Irrigation Water Use Efficiency 

External performance factors evaluate irrigation systems based on relative comparison of 

absolute values, rather than being referenced to standards or target. Many factors used for 

external performance evaluation can be calculated from secondary data rather than primary data. 

These set of factors are designed to show gross relationship and trends and are useful in 

indicating where more detailed study should take place, where a project has done extremely well, 

or where dramatic changes take place. 

4.5.1 Agricultural output Factors 
The total proposed irrigable area in the design document of the scheme was 75 hectares. This 

was the gross irrigable potential of the scheme .But, presently, irrigated area was 60.34 ha and 

total annual command area was 60.34 ha. The six main crops in the project and considered for 

the present study were wheat, Potato, Cabbage, Tomato, Pepper and Onion. Different parameters 

related with crop productivity were calculated for each of the crop and are given in Table 4.10.  
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Table 4.12 Total yield and land coverage of Kitamewukia irrigation Scheme 
Irrigated           

Crops 

Area                   

(ha) 

Yield             

(qu/ha) 

Total                  

Yield (qu) 

Price               

(br/qu) 

Production           

(br) 

Production          

($) 

Wheat 21.25 20 425 3300 1402500 27500.00 

Onion 14.7 33 485.1 3200 1552320 30437.65 

Maize 5.6 22 123.2 2600 320320 6280.78 

Potato 7.23 42 303.66 1500 455490 8931.18 

Pepper 6.2 8 49.6 4000 198400 3890.20 

Tomato 5.36 80 428.8 2000 857600 16815.69 

Total 60.34 205 1815.36 16600 4786630 93855.49 

qu: quintal & 1qu=100kg  

A. Land productivity indicators 

 Land productivity was evaluated using the two indicators which were output per unit irrigated 

area and output per command area.  

I. Output per unit irrigated area (OPUIA)  

According to the analysis of the result the output per unit irrigated area was 79327.6ETB/ha as 

indicated in (Table 16).This finding shows that the scheme has better value than Ariyo Kulano 
small scale irrigation scheme found in Kucha Woreda, SNNPR, Ethiopia, the output per irrigated 

area was 37675.84ETB/ha as reported by (HAILE, 2018). Also lower values than Selamko 

irrigation scheme found in Upper Blue Nile, Ethiopia the output per irrigated area was 

90297.62ETB/ha  reported by (Berihune & Moges, 2022).  

II. Output per unit command area (OPUCA)  

It is an indication of whether all the command areas generating returns or not. The output per 

unit command area of the irrigation scheme was 63821.3ETB/ha as indicated in (Table 4.13). 

This result was nearly similar with (Berihune & Moges, 2022) report, the output per unit 

command area of Selamko irrigation scheme was 60198.14ETB/ha. The result was higher than 

results obtain in Turkey (hayrabolu irrigation scheme) and in Ethiopia (Dodicha small scale 





63 
 

Table 4.14  Net crop water & irrigation requirement per seasons 
Cropping Season Net Crop Water Requirement, 

mm/season 

Net Irrigation requirement, 

mm/season 

Area 

(ha) 

From Jan _ May 514.5 435.1 60.34 

To change the depth to volume of CWR, multiply it by the total irrigated area. Thus, the average 

value of CWR and IR was 310499.3m3 /season and 262539 m3 /seasons respectively. 

A) Relative water supply 

The relative water supply was calculated using Equation 3.21 expressed as:  

RWS= (Irrigation water diverted + Total rainfall) / (CWR)  

The estimated values of irrigation water diverted, total rainfall and crop water requirement 

(CWR) are given in Table 14. Substituting the values in Equation 3.26, the relative water supply 

may be calculated as: 

RWS = (1050.47+434.1) / (514.5) =1.8 

B) Relative Irrigation supply 

The relative irrigation supply was calculated using Equation 3.22 Expressed as:  

RIS= Irrigation diverted / Irrigation requirements. The values of irrigation water supplied and 

irrigation water requirement are given in Table 18. Thus, RIS was calculated as: 

RIS = 1050.47/435.1 = 2.4 

Table 4.15 Results of some parameters for cropping season 
Command        

Area                   

(ha) 

Production          

(birr) 

Irrigation Supply 

CWR       

mm 

IR        

mm 

Total RF  

mm m3 Mm 

 

75 4786630 67230 1050.47 514.5 435.1 434.1 
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A certain number of Irrigation days are accorded to it and has to be shared between the different 

users. It is also the unit of collective structure maintenance organization. The water user 

committee is traditional water leader which elected by the users among the villagers. In case of 

conflict between two users (robbery, disagreement about the schedule, on-respect of agreement 

...), the judging takes place in the presence of the committee. This process is frequently used to 

resolve problems involving people from different clusters or conflicts between committee and 

users than cannot be resolved by traditional system. In case of big problems, it is also possible to 

ask the Woreda administration tribunal but this is very uncommon. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

A number of the structures are affected by sedimentation, weed growth, flooding, erosion, 

problems. Therefore the numbers of functional structures initially installed has been becoming 

nonfunctional and the command areas of the irrigation scheme is reduced compared to initially 

planned command area.  

From internal factors water application efficiency, water storage efficiency and overall efficiency 

and external factors include agricultural output; physical and financial factors were used. The 

organizational setup, irrigation water management and scheme maintenance was evaluated. 

The nature of flow control structures and the operation rules are the main factors determining the 

condition of the water delivery to off takes at different reaches. In systems where discharges of 

off take structures are more sensitive it is likely that middle and lower off takes are supplied with 

limited. 

The Irrigation project lacks adequate and effective coordination between the interested parties 

naturally leads to disconnectedness between the institutions and organizations, insufficient 

communication, misunderstandings, unawareness of projects being carried out. For effective 

coordination, there is a need for legal regulation in terms of responsibility and authority. 

The textural class of the soil was clay and the bulk density was ranged from 1.21gm/cm3 to 

1.41gm/cm3. The total water holding capacity of the soil was ranged from 111mm to 196mm. 

The main canal efficiencies were low due to unlined throughout their lengths so that increase 

seepage loss, sedimentation, eroded the side of canals. Lack of frequent canal cleaning and 

maintenance also the cause of low efficiencies of canals. Mainly evaporation and seepage loss is 

was the great role to facilitate the above factors. There were sufficient relative irrigation supply 

and high relative water supply which was beyond the crop demand. The application and storage 

efficiency was relatively low due to irrigation users were applied excess amount of water without 

considering water requirement of the crop. The overall efficiency was 43.3% which was poor. 

The agricultural outputs which were output per unit command area, output per unit irrigated area, 

output per water diverted and output per unit water consumed values 63821.3br/ha, 
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79327.6br/ha, 14.54br and 15.4 respectively. About 80.45% of the irrigable area of the scheme 

was under irrigation that means 19.55% was out of production. The sustainability of irrigated 

area was one which means neither expands nor contract. From the irrigation scheme, 66% of 

gross return on investment was obtained.  

Sustainability of irrigation scheme is under risk and the irrigable area has been shrinking from 

the original area. The main reasons is small-scale irrigation scheme structural failures, erosion, 

water shortage, excessive water loss through seepage, flow of water over the wetted perimeter of 

the canal due to improper canal construction canal, broken of escaping canal and farmers low 

attitude for irrigation agricultural development were the main causes. As a result these small-

scale irrigation schemes need to take quick mitigation measurements. 

Although Water User Association is established, it was not well strengthened to handle the water 

management responsibility as result individual beneficiaries are operating the system. As a result 

conflict among users due to water theft and unauthorized canal breaking observed. 

The majority of water control structures are destroyed and no attempt is made to maintain and 

make operational.  

Generally, in the irrigation project, there are social, legal, technical, and institutional problems 

that affect the irrigation system. Beneficiary participation in canal clearing and regular 

maintenance was very low. 
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5.2. Recommendations 

The irrigation scheme has very low water efficiency. Therefore, the conveyance system should 

be improved by regular cleaning of the canal, maintenance of the destructed irrigation 

infrastructure and construct a structure. 

The lack of proper design and placement of the canal contributed to the unequal distribution of 

water among farmers in different locations and the loss of conveyance water in the canal. 

Therefore, proper redesign of these structures and canals is essential. 

Increase reservoir water by minimizing evaporation and seepage losses and other factors by 

using or constructing soil and water protection structures and protecting canal banks and dam 

sides from erosion. 

The Irrigation scheme users should produce more than once per year to get high production that 

could increase gross return of the investment. 

Awareness creation and capacity building should be given to local administrations, development 

agent, irrigation water user association (IWUA) and farmers on management of irrigation water 

and irrigation structures. 

The water users committee should be strengthened by training and there should be monitoring 

and evaluation by respected bodies to increase their performance. 

Clear organizational structure would be required for making the irrigation users responsible 

which helps the sustainability of the irrigation scheme. 

The water user association of the scheme is not well organized. They were a management gap. 

Therefore, reforming or training them is essential to ensure healthier water management, 

equitable distribution of irrigation water, and resolution of disputes among users of the irrigation 

scheme. 
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APPENDIX B. METEROLOGICAL AND REATED DATA DEBER TABOR STATION 

Element: Monthly Rainfall in mm      Region: Gondar             Station: Debre Tabor 

Table 7.5 monthly rainfall in (mm). 

  Month 

Year Jab Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2005 0.0 0.0 1.2 1.4 25.6 70.6 177.2 279.3 244.1 16.8 18.8 0.0 

2006 1.3 0.0 48.2 60.3 86.4 68.7 363.6 321.5 144.7 58.9 66.7 4.6 

2007 16.5 0.0 26.3 41.3 78.1 237.1 375.0 335.6 154.8 53.3 8.2 8.7 

2008 23.4 0.0 0.0 4.7 0.0 100.2 270.9 260.1 106.7 0.0 28.2 0.0 

2009 0.0 5.5 68.5 0.0 7.9 18.8 420.0 373.0 92.1 0.0 1.6 37.8 

2010 0.0 8.3 0.0 81.4 76.7 143.2 312.0 283.1 115.6 55.6 12.3 33.4 

2011 15.3 0.0 53.5 12.4 58.9 72.1 94.0 214.0 318.3 99.0 0.0 64.6 

2012 0.0 0.0 0.0 0.0 27.6 124.2 403.8 411.3 101.1 33.1 13.4 0.0 

2013 3.9 1.0 15.1 11.6 57.4 103.7 444.9 281.6 125.4 122.2 3.7 0.0 

2014 12.2 1.7 72.9 35.8 124.2 112.8 174.6 332.9 181.2 47.4 0.0 0.0 

2015 0.0 17.0 41.5 0.0 182.8 63.6 197.7 335.9 136.2 5.8 31.4 38.3 

2016 0.0 0.0 17.8 43.7 129.2 108.0 443.8 376.7 43.6 44.5 0.0 0.0 

2017 0.0 29.2 27.0 58.5 104.6 36.8 309.5 321.4 98.1 15.5 15.5 0.0 

2018 0.0 29.3 2.2 24.2 15.8 94.1 299.5 320.1 88.8 54.2 59.4 1.2 

2019 0.0 18.6 29.5 56.6 141.6 163.8 401.9 281.3 304.0 18.6 21.8 1.4 
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Element: monthly wind speed.        Region: Gondar.             Station: Debre-Tabor 

Table 7.6 monthly wind velocity in (m/sec). 

  Month 

Year Jab Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2005 1 1.2 1.3 1.2 1.6 1.2 1.2 1.2 1.1 0.7 0.7 1 

2006 1 1.2 1.2 1.3 1.4 1.4 1.1 1.1 1.1 0.8 0.8 1 

2007 1.12 1.17 1.21 1.2 1.18 1.08 1.05 1.09 0.95 0.78 0.89 0.32 

2008 0.89 1.01 1.2 1.17 1.12 0.88 0.95 1.18 1.03 0.99 1 1.32 

2009 1.26 1.51 1.67 1.61 1.32 1.28 1.24 1.39 1.12 0.94 0.91 1.1 

2010 1.22 1.23 1.19 1.56 1.01 1.34 1.15 1.15 1.22 0.87 0.89 0.93 

2011 0.93 1.08 1.2 1.29 1.15 1.27 0.87 1.14 1.09 0.85 0.79 0.95 

2012 0.9 1.2 1 1.2 1.2 1.1 1 1.1 0.9 1 0.8 1.1 

2013 1.03 1.23 1.23 1.16 1.67 1.22 1.1 1.2 1.05 1.04 0.81 0.89 

2014 1 1.2 1 1.1 1.1 1.1 1 0.9 1 0.7 0.8 0.8 

2015 0.9 0.9 0.9 1 0.9 0.9 0.7 0.8 0.8 0.6 0.7 0.8 

2016 0.5 0.9 1 1.2 1 0.9 3.9 0.9 0.8 0.8 0.6 0.6 

2017 0.7 0.8 0.9 0.9 0.8 1 0.7 0.6 0.6 0.4 0.6 0.8 

2018 0.8 0.7 0.8 0.9 0.7 0.8 0.8 0.7 0.7 0.4 0.5 0.7 

Element: Monthly Max Temp in oC.       Region: Gondar.      Station: Debre Tabor 

Table 7.6  monthly maximum temperature in (oC). 

  Month 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2005 23.2 26.2 26.6 24.1 24.5 23.4 19.9 20.6 22.5 23.6 24.8 23.9 

2006 24.5 25.6 25.1 24.7 24.1 23.8 22.4 22.6 22.1 22.9 23.4 23.7 

2007 23.3 25.3 24.2 23.3 24.8 23.7 23.2 23.0 23.4 23.4 23.6 23.5 

2008 24.0 24.2 27.2 25.5 26.2 23.9 22.1 23.2 23.6 23.3 23.6 23.4 

2009 24.3 25.3 26.5 24.9 28.2 27.4 21.9 22.8 32.1 0.0 23.2 22.9 
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2010 23.8 25.6 25.3 24.7 24.6 27.3 22.3 23.6 25.3 22.4 23.4 22.4 

2011 22.7 25.1 23.4 25.9 24.1 27.2 20.4 21.8 26.6 24.9 26.1 24.7 

2012 23.1 24.2 25.3 27.9 27.7 27.0 24.6 24.2 27.5 27.8 27.0 27.5 

2013 28.1 28.3 28.2 28.3 27.1 25.1 22.0 21.7 23.0 23.8 23.7 23.3 

2014 24.5 25.8 25.9 25.8 24.6 24.1 21.4 20.5 21.7 23.4 24.4 23.6 

2015 24.4 26.4 26.3 27.3 25.3 23.8 22.4 21.5 22.8 25.0 24.2 23.8 

2016 25.0 27.1 28.1 26.9 24.5 24.1 21.8 21.9 22.1 24.4 23.9 23.8 

2017 25.1 25.4 26.3 26.7 24.0 25.3 21.0 20.4 22.9 23.8 23.8 24.5 

2018 24.6 25.5 26.3 25.8 26.7 24.5 20.2 20.2 22.7 23.6 22.7 24.9 

2019 25.4 26.6 26.5 26.0 26.5 23.2 21.1 20.9 22.0 23.6 24.0 24.4 

Element: Monthly Min Temp in 0C.        Region: Gondar.          Station: Debre Tabor 

Table 7.7 monthly minimum temperature (0C). 

  Month 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2005 10.9 12.0 11.9 12.0 12.5 11.4 11.7 11.9 10.9 11.9 10.7 0.0 

2006 11.4 12.8 12.6 12.6 12.8 11.4 11.4 3.6 11.2 11.4 10.8 0.0 

2007 10.4 12.7 13.1 9.0 12.1 11.3 11.1 10.9 10.7 10.8 10.7 10.9 

2008 10.9 11.1 11.1 11.4 11.9 11.4 10.7 11.5 12.2 11.9 7.5 5.4 

2009 10.9 14.2 15.2 0.0 15.9 15.4 10.9 11.2 18.6 10.3 7.5 2.7 

2010 6.7 7.0 7.3 6.6 7.9 8.2 5.4 11.4 15.4 10.3 7.5 3.9 

2011 5.0 5.2 5.0 7.0 10.8 8.2 5.4 2.7 17.0 12.9 8.2 0.0 

2012 8.3 12.2 10.0 10.6 12.1 9.9 7.1 6.7 9.0 7.8 6.8 7.8 

2013 8.0 9.0 5.8 7.4 6.4 6.6 3.7 2.8 4.5 4.7 5.6 5.0 

2014 6.2 9.1 35.2 10.3 9.8 9.6 5.7 2.5 6.9 3.6 13.0 6.4 

2015 10.5 11.5 10.2 9.5 8.7 9.5 9.8 9.5 9.4 12.4 11.0 8.1 

2016 9.81 11.56 12.0 11.8 11.8 10.7 12.7 12.3 10.3 13.3 9.1 9.7 

2017 9.6 11.7 12.3 12.8 11.8 11.7 11.0 11.0 11.3 11.4 11.5 9.9 

2018 10.0 11.8 11.8 12.4 13.2 6.5 10.5 10.6 10.8 10.7 10.0 10.4 

2019 10.5 11.9 12.2 12.9 12.8 11.6 10.9 11.1 11.1 10.8 11.2 10.0 
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APPENDIX C APPLICATION AND STORAGE EFFICIENCY OF KITAMEWUKIA 

IRRIGATION PROJECTS 
 

Table 7.8 Application and storage efficiency at initial stage 

Field 

Water 

depth  

(mm) 

Elapsed 

time 

(min) 

Area

(m2) 

Applied 

depth  

(mm) 

Stored 

depth 

(mm) 

Required          

Water 

depth 

(mm) 

Ea       

(%) 

Es      

(%) 

Upper 103 145 450 89.7 46.88 94.63 52.3 49.5 

Middle 86 140 270 86.4 45.94 89.54 53.2 51.3 

Lower 79 180 420 80.5 42.73 85.4 53.1 50.0 

 Application and storage efficiency at development stage 

Upper 98 155 450 77.4 37.88 82.56 48.9 45.9 

Middle 81 145 270 78.5 42.79 83.6 54.5 51.2 

Lower 75 175 420 71.2 40.32 81.7 56.6 49.4 

 Application and storage efficiency at late stage 

Upper 93 170 450 69.8 38.6 76.7 55.3 50.3 

Middle 78 180 270 72.8 41.08 79.5 56.4 51.7 

Lower 70 210 420 74.5 42.85 81.6 57.5 52.5 
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7.2 List of appendix figures 

 
Figure 7.1  Determination of soil textural class 

  
Figure 7.2 Erosion on retaining wall on the head work and Canal Destruction 
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Figure 7.3 Nonfunctional off take gates on the conveyance system 

 
Figure 7.4 High water losses through seepage and canal sediments 
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Figure 7.5 Water flow measurement on the conveyance system 

    



86 
 

 

Figure 7.6Measuring the amount of water applied to the field 

      
Figure 7.7 Soil moisture determination using oven dry method 
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Figure 7.8 Dispersing agent and sieve analysis 

   
Figure 7.9 Soil sample collection using core sampler 




