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ABSTRACT 

Even if almost 70% of the water used worldwide is applied for crop irrigation, to meet 

global food demand, irrigation systems structural design, management, and maintenance 

have been inadequate. Therefore, the study assesses the efficiency of Wurko small-scale 

irrigation scheme in Lake Tana Sub-Basin, Blue Nile Basin, Ethiopia. Of the 85 ha 

designed command area, 61 ha was active during the study season. In this finding, a 

single irrigation season (December to June) of the year 2024 has been taken into 

consideration, based on 22 years of metrological data (2000–2021). Field observations, 

discharge measurements in the canals, measurements of water applied to the field, 

household survey and examination of moisture contents of the soil before and after 

irrigation, determination of soil physical properties were the primary data whereas 

climatic data, agronomic data, yields, command and cropped areas, and report of other 

documents are used as secondary data. The data are analyzed using the CROPWAT 8.0. 

The findings of the internal performance indicators were 77.51%, 70%, and 53.56% for 

conveyance, application, and overall efficiencies, respectively. The results of the external 

performance indicators, relative water supply, relative irrigation supply, water delivery 

capacity, irrigation ratio, and the sustainability of an irrigated, output per cropped and 

command area ,output per irrigation supply and water consumed were, in that order, 1.55, 

1.62, 1.24, 0.72,0.9, 14637 US$/ha, 10504 US$/ha, 14.15 US$/m3, and 2.69 US$/ m3, 

respectively. According to those external performance indicator figures, there is a limited 

supply of water, the real command area has shrunk by 28.2% from its original plan, and 

some of the initially installed structures are starting to fail. The overall performance is 

generally regarded as a good performance. As a result, for water users association to 

carry out its duties, the right organizational structure, plan monitoring, and capacity 

building must be in place. 

Keywords: Blue Nile, Wurko, Irrigation, CROPWAT, efficiency 
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1. INTRODUCTION 

1.1 Background 

Water is a valuable natural resource that is used for a multitude of purposes throughout 

the world. However, inadequate distribution over the world, combined with rising 

demand, could have a significant impact on its availability, perhaps leading to severe 

freshwater scarcity in the near future (Tzanakakis et al., 2020). The world population is 

increasing at alarming rate resulting increasing demand for food and consequently per 

capital land and water resources are decreasing (Nuru et al., 2020). With increasing 

population and demand for food, sustainable production increases irrigated agriculture 

must be achieved and limited freshwater and land resources, and increasing competition 

for these resources irrigated agriculture worldwide must improve its utilization of these 

resource (Molden et al., 1998). Irrigated agriculture in the form of space systems 

capturing the runoff from Ethiopian highlands along the Red Sea Coast has been a choice 

in the Horn of Africa for more than thousand years (Agutu et al., 2019). These were the 

precursors to small scale, traditional irrigation schemes, including diversion, spate, 

spring, lift and very small storage systems now widely practiced by local communities of 

the most important factors that are crucial to the development of many nations is the 

practice of irrigation (Kedir, 2021). Ethiopia, where over 80% of the population depends 

on rain-fed agriculture, understands the value of irrigation for economic development. 

Yet, the uneven and erratic distribution of rainfall causes crop failure and lower output 

(Alemu et al., 2017). Improving productivity and lowering the nation's susceptibility to 

climatic instability are two major benefits of developing irrigation and agricultural water 

management (Grigorieva et al., 2023). Irrigation is the deliberate application of water to 

plants in a timely manner for agricultural purposes, affecting the entire growth process 

from seedbed preparation to root growth, nutrient utilization, plant growth, yield, and 

quality (Angelakis et al., 2020).  

Performance is assessed for a variety of reasons: to improve system operations, to assess 

progress against strategic goals, as an integral part of performance-oriented management, 
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to assess the general health of a system, to assess impacts of interventions, to diagnose 

constraints, to better understand determinants of performance, and to compare the 

performance of a system with others or with the same system over time. The type of 

performance measures chosen depends on the purpose of the performance assessment 

activity (Molden et al., 1998). The performance assessment by using performance 

indicator is a principal approach to improve the scheme performances indictor may 

external or  Internal indictor which is examine the internal processes of the system and 

the level of water delivery service provided by the project (Muema et al, 2018). Best 

irrigation management supported by realistic analysis techniques during drought season 

help to make the right choice with respect to management aspect (Tsakiris et al., 2013). 

The mismatch between the supply and demand in equitable distribution and the over 

irrigation of water consuming crops are the main constraints that are faced in 

implementation of the best irrigation water management performance evaluation on the 

community managed small scale irrigation projects can help to determine how they are 

currently doing in relation to the chosen indicators (bidin A, 2017). Numerous indicators, 

selected from a wide range of options, have been proposed by researchers to evaluate the 

effectiveness of irrigation systems including those related to engineering, water usage, 

and physical performance. These measures are used to evaluate the financial 

performance, agriculture, water supply, and storage, application, and transportation 

efficiency (Kumar et al., 2021). The evaluation of irrigation performance revealed the 

challenges that hinder water use efficiency improvement includes crop diseases, socio-

economic factors, institution and policy-related issues, limitation in technical and human 

capacity, lack of agricultural input as well as market and nature-related factors. In the 

future, increased use of remote sensing techniques, more versatile sensors, simulation, 

and quantitative models are likely to be seen to improve water use efficiency (Eshete et 

al., 2020). 

This study deals on the Assessment of Irrigation Performance on Community Managed 

Irrigation Scheme. In The Case of Wurko Scheme located in Fogera Woreda, South 

Gondar Zone of Amhara National Regional State.  Performance indicators can be used to 

find areas of improvement in water management and irrigation efficiency. Many large-
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scale irrigation schemes in least developed countries are out of the reach of smallholder 

farmers, However, in these countries, small-scale irrigation is the primary donor to food 

security and developments in rural livelihoods (Nuru et al., 2020). 

1.2 Statement of the Problem  

Crop irrigation uses more than 70% of the world’s water, so improving irrigation 

efficiency is decisive to sustaining food demand from a fast-growing world population 

(Pardossi et al., 2009). Irrigation in Ethiopia started in the 1950s with traditional 

irrigation systems. Now, modern irrigation, including sprinkler and drip irrigation, is 

practiced in some parts of the country. The review showed that even though the farmers 

have been practicing irrigation for a long time, they still cannot surpass subsistence 

farming  (Eshete et al., 2020).  Non-irrigation-related technologies to conserve water and 

soil have been practiced by Konso people in the South, at least for the last four hundred 

years (Pierro et al., 2022). However, there is no well-documented resource material on 

water use for irrigation in Ethiopia. Modern irrigation development in Ethiopia does not 

have a centuries-old history (M. Belay & Bewket, 2013). There is no written history on 

how Ethiopia has used irrigation technologies to secure agricultural production, as the 

vast country with a small population has an adequate natural resource base and rainfall 

(Ababa, 2007). Irrigation development is one of the most practiced strategies to increase 

agricultural production, food security, rural livelihoods, and rural development. However, 

food security issues in developing nations have always been aggravated by rapid 

population growth and the consequent demand for food (Galkate et al., 2020). Ethiopia’s 

irrigation systems are not working to the same level because of poor structural design, 

poor management, and insufficient maintenance. Irrigation performance assessment is 

rarely conducted in Ethiopia due to a lack of field-level data (Awulachew & Ayana, 

2011). The region's interventions concentrate on developing new irrigation schemes to 

replace the outdated ones; however, insufficient water management at various farm levels 

is the root cause of low sustainability and performance. Ethiopia has abundant water 

resources, but its agricultural system does not yet fully benefit from the technologies of 

water management and irrigation (Abiyu, 2016).  
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The design document of Wurko small-scale irrigation project specifies that it will be used 

for twenty five years after the end of construction and that it will irrigate eighty five 

hectares of land. After completing the project in 2006 E.C., services started and the 

scheme has been in working for around ten years. Out of the eighty five hectares 

designated as the design command area, only sixty one hectares are currently under 

irrigation. This is mostly due to several factors, including inadequate water availability, 

excessive silt in the canal, poor water management, the absence of a super passage 

structure, poor water control gates, not fully operating water user associations, and 

conflicting of downstream users. Due to the scheme incomplete implementation, the 

actual amount of irrigated land is smaller than the design command area (Derib et al., 

2011). Additionally, the irrigation system performs well under the current conditions, 

even if the design should meet every demand for the design time.   

Therefore, the purpose of this paper is to identify the performance evaluation of Wurko 

irrigation project has not been done for the past 10 years, what motivated me to evaluate 

the irrigation performance of  Wurko scheme is to enhance the efficiency, increase the 

sustainability, to improve water user’s skill and increase agricultural output. 

1.3 Objective of the study  

1.3.1 General objective  

The main goal of the study is to evaluate and assess of irrigation performance on 

community managed irrigation system in the case of Wurko-scheme the Lake Tana sub-

basin, Blue Nile Basin, Ethiopia of the Amhara Region.  

1.3.2 Specific Objectives 

o To examine irrigation performance of Wurko scheme using internal and external 

indicators 

o To identify challenges, which are threatening the management performance of the 

scheme 

o To suggest remedial measures 
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1.4 Research Questions 

o How does this examine irrigation performance scheme to approach them? 

o Which factors are primarily responsible for challenging irrigation efficiency? 

o What corrective measure had to be proposed? 

1.5 Scope of the Study 

The scope of this study focuses on evaluating the performance and implementation of the 

Wurko-small scale irrigation scheme, but special attention is paid to the water supply 

versus demand and the water application performance (efficiency) of the irrigation 

system on the field level using performance parameter indicators such as irrigation water 

use efficiency, water supply, agricultural output, and physical and financial indicators of 

irrigation management performance. In addition to that, check the plan implementation 

and sustainability; water distribution; it is a review of current operating rules and 

regulations to ensure allocation and fairness to users. It also reviewed the irrigation 

system and the organizational arrangements that govern the implementation of the 

scheme. 

1.6 Significance of the Study   

Irrigation is one of the means to address Ethiopian food insecurity as it increases 

agricultural output, but different challenges and management practices have always been 

major bottlenecks for Ethiopian agriculture. Evaluation and assessment were performed 

on the Wurko small-scale irrigation project using the selective indictor’s measurements to 

identify areas that require improvement. The study provided crucial insights into 

performance evaluation on the scheme and suggesting further; the report was offering 

ideas for remedies, policy evaluation, and project management support. Key informant 

interviews and focus groups (FGDs) identified more problems that participants thought 

the government water sectors should address. The issues encompassed inadequate 

funding, especially for the purchase of motor pumps and spare parts supply, scarcity of 

agricultural inputs such as enhanced seed and pesticides, promoting market networks and 

information, gabions and, technical assistance for motor pump maintenance.  
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2. LITERATURE REVIEW 

2.1 Definition of Irrigation 

Irrigation is the artificial application of water to soil for the point of crop production. It is 

supplied to increase the water available from rainfall and the contribution to soil moisture 

from ground water (Brocca et al., 2018). The purpose of irrigation water supply is to 

augment soil moisture levels through ground water and rainfall. So that it overcome 

raising cropping intensity, expanding irrigable land area, and raising agricultural output, 

it is this research to boost agricultural production to fulfill the world's expanding food 

demands (Schoengold & Zilberman, 2014).Farmers have a significant controlling impact 

in this socio-technical event, which provides a this research to artificially improve 

agricultural production in the event of rainfall or lack thereof by lessening water stress on 

crops (Molden et al., 2007). Irrigation systems should be a relevant agent to give 

solutions to the increasing demand of food, and to the development, sustainability, and 

productivity of the agricultural sector. The design, managing, and operation of irrigation 

systems are crucial factors to achieve an efficient use of the water resources and the 

success in the production of crops (Holzapfel et al., 2009). 

2.2 Small-Scale Irrigation in Ethiopia 

The middle 19
th

 century irrigation development history of the world, especially Green 

Revolution, addressed that intensive irrigation expansion has the power and is also the 

key to eradicate food shortages of some nations. At the same period, an attempt  made to 

improve irrigation sector of Ethiopia but not successful as Asian countries (Kedir, 2021). 

According to Bruinsma, 2017  Food and Agriculture Organization (FOA) of the United 

Nations expenditures for expansion of irrigated agriculture have significantly declined 

during the last two decades for major reasons of decline in fresh water and land 

resources. Irrigation expansion has slowed down drastically over the past two decades 

and the worldwide emphasis has been on the rehabilitation and management 

improvement of existing schemes (Agide Dejen, 2012). 

 Small-scale irrigation schemes in Ethiopia are understood to include traditional small-

scale up to 100 ha and modern communal schemes up to 200 ha. Generally Ethiopian 
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irrigation projects are categorized as small-scale since they typically cultivate subsistence 

crops less than 200 hectares. When local methods are applied, traditional small-scale 

irrigation, which makes use of straightforward water diversions, can be reasonably 

priced. Nonetheless, some farmers utilize modest pumps and generators to lift water for 

gravity application, particularly those this research live close to market centers and grow 

high-value commercial crops (Gebul, 2021). 

 Small-scale irrigation is involving irrigation activities on small plots, comprising a small 

number of farmers, using relatively small reservoirs, river diversion, dams or a cluster of 

wells controlled by the farmers using technology they can operate and maintain. In 

highland areas like Ethiopia, where water is delivered through gravity, small scale 

irrigation schemes concern the upgrading of irrigation works, where the simple diversion 

structures, check dam ponds constructed by traditional communities with local means 

such as stone and brushwood (Dar, 2021). In Ethiopia, about 90% of the irrigation 

potential in terms of land and water resources has not been developed so far. However, 

there have been many ongoing medium and large-scale irrigation developments in recent 

years (Agide Dejen, 2012). A number of challenges, including concentrating on head 

works and basic canal construction, exclude practical command areas from their designs, 

and working with erratic water supply data. Furthermore, losses to net water availabilities 

may be more severe due to system leaks and surface water evaporation (Asefa & 

Tadesse, 2023). 

2.3 Crop Water Requirement 

Crop water requirements and crop irrigation requirements can be carried out from basic 

information from the crops selected and should include average planting date and average 

harvesting date (Sacks et al., 2010). Standard information on crop coefficient, rooting 

depth, depletion level and yield response factors, and length of individual growth stages 

are also needed (Performance Evaluation of Irrigation Management Practice at 

Ambomesk Irrigation Unit In, 2017). Crop irrigation uses more than 70% of the world’s 

water, and thus, improving irrigation efficiency is decisive to sustain the food demand 

from a fast-growing world population (Pardossi et al., 2009). Crop water requirements, 
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irrigation scheduling and irrigation water requirement of the irrigated crops at field levels 

and the irrigation project as a whole was used CROPWAT 8 system applied by (Sharma 

& Tare, 2022).This program uses the Food and Agriculture Organization Penman 

Monteith equation for calculating reference crop evapotranspiration. The irrigation 

requirements of each irrigation projects were calculated with CROPWAT 8 using the 

climatic data, cropping pattern, planting dates, and area of each crops (Geleto et al., 

2019). 

2.4 Irrigation Performance Evaluation  

Irrigation is the supply of water to agricultural crops by artificial means, designed to 

permit farming in arid regions and to offset the effect of drought in semi-arid regions. 

Effect of irrigation is a term that qualitatively describes the application efficiency, 

uniformity, and adequacy of irrigation (Feleke, 2017). The performance of irrigation 

projects is mostly assessed using collective experiences in water management, with a 

primary emphasis on water (District & Hararghe, 2011). Effective, efficient, and 

sustainable utilization of water resources are important strategies to cope with water 

scarcity However, no attention is given to the monitoring and evaluation of the 

performance of already established irrigation systems (Feleke, 2017). 

Irrigation schemes perform differently depending on a number of variables, including the 

design of the scheme, the experience of the community, market accessibility, institutional 

support, and organizational capacity. Insufficient irrigation infrastructure, a lack of 

managerial ability, and a lack of incentives led to notable variations in the production 

performance of cotton and sugar cane According to (Fan et al., 2018). Only 74% of the 

command area gets water, and 26% of the developed irrigation potential is underutilized, 

even though 86.5% of Ethiopia's 312 irrigation schemes were operational. In order to 

enhance the efficiency of water supply, irrigation systems' performance should be 

evaluated frequently using internal process indicators (Awulachew & Ayana, 2011). 

In developing nations like Ethiopia, small-scale irrigation could increase the income of 

impoverished rural households. It does, however, encounter obstacles like low technical 

expertise, poor awareness of enhanced irrigation techniques, and inadequate awareness of 
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water management (Bacha et al., 2011). Ethiopian irrigation systems are developed using 

a scheme-based methodology, which is hampered by low productivity, a lack of 

experience, inadequate baseline data, and a weak economic foundation. It is essential to 

engage people and offer reasonably priced irrigation methods and inputs in order to 

overcome these obstacles (Fan et al., 2018). 

2.5 Irrigation Performance Gaps and Remedial Measures 

In order to measure the accomplishment of goals, objectives, and targets, performance is 

evaluated using relevant indicators or indices (Moges, 2022). Measurement choices are 

impacted by the performance domain under investigation; common performance gaps 

include those related to technology, implementation, achievement, and management.  

Technological gaps occur when the infrastructure of an irrigation system lacks the 

capacity to deliver a given hydraulic performance standard. Although there are abundant 

rainfall and water resources, its agricultural system does not yet fully benefit from the 

technologies of water management and irrigation (Feleke, 2017). 

Implementation gap occur when management procedures are not carried out precisely as 

intended, necessitating changes to protocols, supervision, or training. It could be caused 

by differences in this research management procedure, such as maintaining canals and 

adjusting gates, are implemented. Achievement gap is the difference in land irrigation, 

cultivation intensity, water delivery timeliness, and fee collection rates between 

management targets and actual results. The solution to this problem is to change the 

objectives or improve management's capacity to meet them by increasing resources or 

reorganizing the organization. The country doesn’t have clear irrigation policy the sector 

is supported with low financial backups; organizational structure is shack and misaligned; 

the institution are weak so that irrigated areas and potentials are unknown or the figures 

are inconsistent; scheme categorization is confusing; improperly planned developments 

are failed and stagnated; large scheme development are stagnated and too slow to change 

the economy. For the last 60 years less than 0.65 million ha is developed in the country. 

Irrigation efficiencies of the schemes are below 35%. Finally, overhauling the sector as a 

way is recommended if real development is expected (Kedir, 2021). 
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Management gap refer to the difference between expected and actual irrigation effects.  

Performance is measured using indicators, including water delivery, efficiency, 

maintenance, sustainability, environmental aspects, socio-economic aspects, and 

management. An irrigation system consists of two objectives: outputs from the irrigated 

area and water delivery system performance. Total irrigable potential of the country is 

about 4,256,457ha Out of this in 2004, the water managed area estimated at 510 000 ha, 

of which 175 300 ha estimated to be full-control irrigation. However, research estimated 

that about 30 percent of the command area not operating at that time. Thus, in total 

around 1 958 000 ha land is water managed in (Tilahun et al., 2023). Management gaps 

are highly observed in Wurko small-scale irrigation project since the left side of the canal 

is threatening with overgrazing which is highly contributing the decreased performances 

due to canal siltation.  

Generally, in Wurko small-scale irrigation project has all those gaps which need a 

remedy in order to enhance its performance. Thus, the goal of this study is to identify the 

factors affecting scheme performance and provide solutions to improve it.  

2.6 Indicators of Irrigation Performance  

In irrigated agriculture, performance indicators are categorized as internal and external. 

Both performance indicators can be used to evaluate the effectiveness of an irrigation 

system. Numerous desired characteristics should be taken into consideration were 

selecting these indicators (Abera et al., 2019).  

A true performance indicator includes both an actual value and an intended value that 

enables the assessment of the amount of deviation. Some of the desirable attributes of 

performance indicators suggested a scientific basis: the indicator should be based on an 

empirically quantified, statistically tested causal model of that part of the irrigation 

process it describes. The indicators must be quantifiable: the data needed to quantify the 

indicator must be available or obtainable (measurable) with available technology. The 

measurement must be reproducible. The benchmarks for service quality are clear and 

unambiguously defined, accurately assessed, accurately representing the "state of 
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condition," objectively measuring the parameter, and mutually agreed upon and 

quantifiable( Eshetu Adane, 2020).  

2.6.1 Internal  

Internal indicators measure the technical or field performance of a project by comparing 

an irrigation event to an ideal one. An ideal irrigation is one that applies the right amount 

of water uniformly and without losses (Rao, 1993). Process measures refer to internal 

processes leading to the ultimate output, output measures describe the quality and 

quantity of outputs (Small & Svendsen, 1990).  Internal process indicators often relate 

performance to management targets like water timing, duration, flow rate, irrigated area, 

and cropping patterns (Moges, 2018). 

Hydraulic Performance Indicators 

Hydraulic performance indicators guide structures selection for irrigation water delivery, 

assessing efficiency and consistency. They evaluate water diversion, conveyance, and 

application, emphasizing the need for improvement in conveyance system performance. 

(Kazbekov et al., 2009) 

Water Delivery Performance 

Water delivery performance was considered as conveyance efficiency, annual relative 

water supply, irrigation supply, and water delivery ratio. These performances are 

determined at the field level using adequacy, equity, dependability, and efficiency 

(Legesse & Tadesse, 2021). The coefficient of variation (CV) estimated through the ratio 

of standard deviation to mean. In estimating these indicators, the values of delivered 

(QD), required (QR) and intended (QIn) for irrigation scheme had taken as basic 

variables. Adequacy, efficiency, equity and dependability are the main indicators of 

internal water delivery performance. These evaluate the system's capability to deliver 

water at the required rate, place, and time, and assessing the health of the service (Unal et 

al., 2004). 
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Irrigation Water Use Efficiencies 

Conveyance efficiency (Ec)-measures the total amount of water flowing in a canal system 

and shows the amount of water loss over a given travel distance. Factors contributing to 

the failure of irrigation schemes include lack of capacity for regular maintenance, weak 

institutional arrangements, and sedimentation of weirs and canals (Alebachew & Ing, 

2018). 

Application efficiency (Ea)-is determined by identifying losses from the field and the 

amount of water stored in the root zone. According to Yihune et al., 2022  the crop 

receiving more water during its growing season than it needed, indicating that inefficient 

irrigation water management practices are wasting a significant quantity of water.  

Distribution efficiency (DU)-is determined by the minimum depth divided by the average 

depth of a water front (NegeseYihune et al., 2022), suggests effective water distribution 

is achieved due to good canal layout and adequate time for each plot to receive water. 

Poor management of available water for irrigation has led to problems and reduced the 

benefit of irrigation investments.  

2.6.2 External  

The external indicators depend on the availability of complete data to calculate all the 

external indicators (the agricultural output, water supply, and physical indicators) for 

each small-scale irrigation project. In order to compare irrigation schemes, minimum sets 

of external indicators need to apply with the available information and comparative 

analyses can be made within and across the irrigation project 

Agricultural Output Indicators (Water and Land Productivity) 

Agricultural output indicators, such as yield per unit area per season and relative yield, indicate a 

system's potential for producing over expected yield under optimal conditions. Water 

productivity, particularly in scarce resources, provides a good picture of performance. Data on 

yield per unit area every season, as provided by (Kassie, 2021), shows that the potential for land 

production under environmental and supplemental input services. A system capacity to generate 

more than anticipated yield under ideal circumstances is indicated by the relative yield indicator. 

When water is in short supply, productivity is a useful indicator of system function. Output 

per unit irrigated cropped area (OPUIA) (birr/ha), command area (OPUCA) (birr/ha), 
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water supply/diverted (birr/m 3, irrigation water consumed (birr/m3).  For one hectare of 

irrigated land, on average 17,000 birr (2,150 dollars) allocated which equivalent to 15 to 

25% of the required during the time. On the contrary, according to Kedir, 2021 globally 

90% of financing irrigation projects is from domestic sources whereas the remaining 10% 

is from foreign sources. The development plans in general: were not in line with the 

policy; were nonobjective oriented; were divorced from actual existing conditions and it 

might  pilot exercises for future development endeavor (Kedir, 2021). 

The Relative Water Supply (RWS):- a water use indicator measures the efficiency of 

water use for a specific user type within specified boundaries. It is expressed as a 

percentage and requires the calculation of the net and gross amount of water used for the 

activity under study. This helps explain the efficiency of different uses in an irrigation 

system, which can have multiple users and differ in water demand for the same activity. 

Proportion of total water supplied (irrigation plus rainfall) to total crop demand, used for 

measuring adequacy and seasonal timeliness. A value near one indicates sufficient water 

supply to meet demand, were a higher value indicates excess water supply. 

The Relative Irrigation Supply (RIS):- is the ratio of total irrigation supply to total 

demand, assessing the degree of water stress or abundance in relation to irrigation 

demand. 

Physical indicators 

The Irrigation Ratio:- is the ratio of irrigated to irrigable command area, which can be 

affected by factors such as water management responsibilities and water supply reliability 

(Kibret et al., 2021).  

Sustainability of Irrigation Areas: - is the ratio of currently irrigable area to initially 

irrigated area. This important indicator mainly used to observe the condition of the 

irrigation systems either contracted or expanded. This many create social, economic and 

political problem. 
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3. MATERIALS AND METHODS 

3.1 Description of the Study Area 

3.1.1 Location of the Study Area  

The study area is Fogera Woreda, Bebekise Kebele Wurko small-scale irrigation scheme, 

which is in Gumara Catchment on the south-eastern shore of Lake Tana on the road from 

Bahir Dar to Gondar. Far from this research, it is 625 km from Addis Ababa and 55 km 

north of the regional capital of Bahir Dar. It is one of the 105 Woredas in the Amhara 

National Regional State of Ethiopia and is located at its center  (Muema et al., 2018). The 

major towns in Fogera Woreda are called Woreta. The study area has very flat land, 

which is known by the Fogera plane, adjacent to the eastern coast of Lake Tana Sub-

Basin, Blue Nile Basin, Ethiopia. The studies focus on small-scale Wurko irrigation 

scheme.  

The head Wurko structure of the Wurko small-scale irrigation scheme is located at 

1306472.57 m N and 353992.03 m E. The average elevation and altitude of the study area 

vary from 1794 m to 1853 m above sea level, and the catchment area of the Wurko small-

scale irrigation scheme is 5.44 square kilometers, or 544 ha. The study and design 

document for the Wurko scheme command area is 85 ha, but currently the irrigated area 

of the scheme is 61 ha and the effectively irrigated area is 55 ha. Then the study area map 

was prepared by delineating the boundary of the command area using Google Earth 

Professional, which was taken during drawing the shape of the irrigated command area 

created by the KML file and then added to the Arc-GIS software to convert the KML 

files into a Shape file where the boundaries were plotted, and the areas delineated. In our 

physical observation and the dominant type of soil in the project command area is 

vertisols, the texture is clay and land use is cultivated land the source of data is Lihiket 

Design & Supervision Corporation. 
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Figure 3:  1 Location Map of the Study Area 
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Figure 3:  2 Soil Map of the Study 

Source of Data is Lihiket Design and Supervision Corporation 

3.1.2 Climate Characteristics  

The altitude ranges of Fogera Worda are 1780 m to 2510 m, and the study area of the 

Wurko small-scale irrigation scheme is 1794 m to 1853 m. Total annual rainfall ranges 

from about 1100 mm to 1530 mm per year. The spatial distribution of rainfall showed 

that the eastern and central parts of Woreda receive the highest rainfall, while the 

northern portion receives the lowest. The seasonal rainfall distribution has a peak in July. 

This is the 'Maher' season, and it receives about 70% of the annual rainfall. The mean 
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annual rainfall is 1430 mm, and the mean monthly values vary between 0.6 mm (January) 

and 415.8 mm (July), which indicates poor temporal distribution of rainfall. The mean 

monthly temperature of the area is about 19 0 C, the mean maximum temperature is about 

27.3 0 C, and the mean minimum temperature is 11.5 0 C. The maximum and minimum 

temperature, relative humidity, wind speed, and sunshine hours of the climate data were 

estimated by CLIMWAT 2.0 and New_LOCKCLIM_1.10 software. 

3.1.3 Land Use and Land Cover Condition 

Land cover is what covers the surface of the earth, and land use describes how the land is 

used. Examples of land cover classes include water, snow, grassland, deciduous forest, 

and bare soil. Land cover examples include bare land, closed to open shrub land, mosaic 

crop land, vegetation, etc. Land use examples include wildlife management areas, 

agricultural land, urban areas, recreation areas, etc., so that the interest area of the 

physical property of the soil (texture) influences the nutrient and water holding capacity, 

aeration, drainage, and workability. In our physical observation and gathered from 

secondary data the dominant type of land use is cultivated land, the source of data is from 

Lihiket Design and Supervision Corporation. 
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Figure 3:  3 Land Use Map of the Study Area 

Source of Data is Lihiket Design and Supervision Corporation 

3.1.4 Field Layout, Crop Selection and Experimental Design 

To evaluate the irrigation water, use efficiency of the individual performance indicators 

at field level and compare it among them, fields were selected at the head, middle, and 

tail ends of each irrigation plot area. Soil samples from zero to thirty and thirty to sixty 

centimeters in depth were taken two days before and after irrigation was conducted. 

Potato, onion, teff, and tomato are regular crops in irrigation scheme, but onion is the 

major crop grown in the study area, where growers and farmers are selected. Therefore, 

onion is the dominant and representative crop, and most farms are covered by it because 

it has production potential and a good market in the area. The discharge of inflow and 

outflow in the canal is measured at specific reaches using the floating method to estimate 

conveyance efficiency including with losses from the canals. The selection of the 

representative canals was done based on canal type, slope and their width in the field. 
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Figure 3:  4 Layout Map of the Study Area 
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3.2 Material  

The material used in this study is basically categorized by field, laboratory, and analysis 

purposes. The primary data collected on the field using different materials, such as 

Auger, was used to collect disturbed soil samples for soil texture, field capacity, 

permanent wilting point, and soil moisture content determination. Core samplers were 

used to collect undisturbed soil samples to determine bulk density. Plastic bags were used 

to transport soil samples from the field to the laboratory. The ninety-degree V-notches 

were designed based on the branch off-take canal dimensions and used to measure the 

discharge of the branch off-take canals. Applied water to the field measured by parshal 

flume. Tape Meter to measure the distance (length and width) of plot areas. And GPS are 

used to measure the longitude, latitude, and elevation of the cross section of the scheme 

and sample points. A laboratory-sensitive balance is used to measure the weight of wet 

and oven-dry soil. The oven-dried material, which is found in the workshop for drying 

the soil samples at 105 degrees Celsius, is used to dry the soil only and measure bulk 

density and soil moisture content. Plate apparatus used in the laboratory to evaluate the 

water contents at field capacity, a permanent wilting point, and a smartphone camera to 

capture necessary photos during observation, on the field, and in the laboratory, Material 

is not only used for data collection but also for analysis purposes, like CROPWAT 8.0, 

Microsoft Excel, and data collected through questionnaires. 

3.3 Methods Data Collection 

The study involves significant data collection from field and concern departments such as 

crop area of each crop in command, yield of each crop in command area, local price of 

each crop, command area, irrigated cropped area, total water supply, surface diversions, 

rainfall, irrigation supply, diverted irrigation supply, and canal capacity to deliver water 

at system heading. All the necessary secondary data were collected from the Keble 

agricultural office, irrigation and lowland development office, Amhara regional water 

resource development bureau, and Amhara irrigation and lowland development bureau. 

Moreover, some discussions and interviews were conducted with farmers and Keble 

experts in the area to cross-check the secondary data obtained. 
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The scheme was divided into three as head; middle and tail reach Data were collected 

from both primary and secondary sources. The data collection was carried out in 

collaboration with agronomists, kebele development agents (DAs), and some farmers 

who were consulted about the irrigation scheme organizational structure and water 

management. 

Primary data were collected through field observations, field measurements, surveys 

using questionnaires, formal and informal communication with respective organizations 

and focus group discussions. Secondary data were gathered from different sources like 

reports, literature and personal visits to local agricultural offices. 

Floating objects and stopwatch were used for measuring canal water flow velocity, Tape 

meter was used to measure canal length and width, soil depth and Global Positioning 

System (GPS) was used to capture different coordinate points of the scheme. 

3.3.1 Primary Data Collection on field  

Primary data was gathered for the irrigation project in Wurko using techniques like field 

measurements, daily observations, and household questionnaires. To define pricing and 

production costs, cross-referencing, analysis, and other uses for this data are planned. 

Measurements of canal water flows, water surface height, and field observations are 

among the major data gathered from primary data sources. The flow data was taken from 

the field at the main head near the weir (at the head, middle, and tail), the secondary 

canal, both lined and unlined, and the tertiary final at the entrance of furrow irrigation at 

the field. Flow rate measurement is conducted to determine conveyance and application 

efficiency in a scheme using the floated method and parshal flume flow rate 

measurement, respectively. To investigate the soil texture, moisture content of the soil 

before and after two days of irrigation determination, moisture content of the soil at field 

capacity (FC), and permanent wilting point (PWP) were computed through laboratory 

analysis. Soil samples were taken from three growth stages of the crop (the initial stage, 

the developmental stage, and the maturity stage). Check the soil depth in the test pit 

before and after two days of irrigation. 
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In addition, using a core sampler, undisturbed soil samples were collected from different 

depths and the bulk densities at different depths were determined. The bulk density, field 

capacity, permanent wilting point, moisture content, and infiltration rate of the soils were 

determined by taking distributed soil samples at different depths. In all the crop growth 

stages, immediately after soil samples are taken, fields are irrigated, and the amount of 

water applied to each field is measured with a flume that was installed at the inlet of each 

farm to measure the discharge inflow to the farm. The soil infiltrate rate is measured 

directly by observing or reading the rate at which the water level declines with respect to 

time. The soil infiltration rate is characterized by using double-ring infiltrate-meter tools. 

Infiltration is a process of downward movement of water into the soil through the soil 

surface. It is partially inserted into the soil and filled with water, after which the speed of 

infiltration is measured. The double ring limits the lateral spread of water after 

infiltration. The volume of water passing through a unit cross-sectional area per unit time 

flowing into the soil profile is termed the infiltration rate. Household Survey Sampling: A 

stratified random sampling method was used to select the farmers for the surveys in this 

research. To evaluate the farmers’ perceptions about the Wurko-scheme organization 

structure, irrigation management, institutional aspects, and sustainability of the scheme, a 

questionnaire was collected. 

3.3.2 Secondary Data Collection 

Secondary data was gathered from the Amhara Nation Regional State of Irrigation and 

Lowland Development Bureau and design documents for every irrigation project. The 

secondary data includes crop type, production cost in each season, area irrigated for each 

crop in each season, total yield, irrigation crop prices, and cropping patterns for the 

schemes. Climate data were collected from the Wanzaye, Hamusit, and Woreta branches 

of the National Meteorological Agency. The data was used for 22 years, from 2000 to 

2021 G.C. For the analysis of Excel by the data filling method and for comparison by Arc 

GIs, a method of Thiessen Polygon (Koutsoyiannis, 1999). And the remaining data, 

which included the minimum and maximum temperature, relative humidity, wind speed, 

and sunshine hours, were being estimated using the CLIMWAT 2.0 software.  
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3.4 Methods of Data Analysis  

Field data analysis helps define irrigation system performance quantitatively (Hsiao et al., 

2007). The study was conducted during the dry season and while crops were being 

cultivated, in December, 2023. During the study period, daily visits and observations 

were made at the study site. Different methods of data analysis were used to achieve the 

goal of the study. Arc GIS and Google Earth were used to delineate the map of the study 

area and the layout of the irrigation schemes through digitization. As discussed before, 

the methods of data collection are primary and secondary data sources used to evaluate 

the performance of the Wurko irrigation scheme. For data analysis and manipulation 

activities in CROPWAT 8.0, Microsoft Excel is used. The data collected through 

questionnaires are analyzed descriptively using tables and percentages. In addition, 

depending on the nature of the questionnaires, some of the data are summarized with 

narrative reports, as seen in the appendix. 

3.4.1 Laboratory Analysis of Soil Samples 

Moisture Content and soil texture: - the soil after overcoming to field measuring the wet 

of weight using sensitive balances. Moisture contents were determined by gravimetric 

moisture content oven drying the soil samples collected from the fields by a 30 cm depth 

interval up to 60 cm, and then in laboratories, this soil sample oven dries for 105 
o
C. Here 

the soil sample is placed for 24 hours and dries, then measured using a sensitive balance 

to get the dry weight of the soil. The particle size composition of each particle was 

analyzed using laboratory analysis, and based on the percentage of each particle 

composition, the soil textural class was determined by the USDA soil textural triangle 

method. A critical aspect of classifying a soil by the USDA texture triangle is the 

methodology for determining the percentages of clay, silt, and sand  (Moreno-Maroto & 

Alonso-Azcárate, 2022). 

The average depth of water stored to the root zone (mm) were determined by gravimetric 

soil moisture content in each sample on a weight basis infraction (θw) were calculated 

using equation ( 3.1). The soil moisture content measurements were made by gravimetric 

method which involves collecting soil samples from the scheme with Auger for each 30 

cm depths of interval weighing the wet soil samples, removing the water by drying in an 
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oven at 105 
0
C for 24 hours and re-weighing the dry soil samples to determine the 

amount of water removed. For the scheme, soil samples were taken from zero to thirty 

and through sixty centimeters depths at the head, middle, and tail reach of the scheme 

before and after two days of irrigation. The number of samples at one visit is collect 

eighteen samples that is six, six, and six bags, respectively, before and after irrigated. The 

sampling techniques to decide depend on field visual observation of soil, type of crop, 

and topographic condition of the scheme. Similar to the previous point, taking more soil 

samples will make our task more efficient but not more cost-effective (Soil & 

Programme, 2020). Three crop stages are included in sampling: the initial, development, 

and harvesting stages. Values are computed using working processes in Bahir Dar 

University Faculty of Civil and Water Resource Engineering Geo-Technical Laboratory. 

Soil moisture content in each sample determined on weight basis formula (Black et al., 

2015). 

                  𝜃𝑤 =
       

  
*100………………………………. Equation 3. 1 

Where: - θw= Soil water content on a dry weight basis, Ww= Wet weight of the soil (gm) 

Wd= Dry weight of the soil (gm).  

Bulk density: it is refers to the compactness of soil, which was determined using 

undisturbed soil samples collected from nine pits (three pits from the head, middle, and 

tail) with a core sample volume of 98.125 cm3 at an interval of 30 cm each. The samples 

were weighed, placed in an oven, and dried at 105 °C for 24 hours. After drying, the soil 

and container were again weighed. The dry weight of the soil was divided by the sample 

volume to determine the dry bulk density. The dry bulk density (Bd) was computed by 

dividing the oven-dry mass of the soil sample (Md) by a known volume of the core 

sampler (Vc) (Brown & Wherrett, 2014).                 

        𝐵𝑑 =Md/Vc………………………….Equation 3.2 
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Where: Bd is the Bulk density of the soil (g/cm3) and Md is the dry weight of the soil 

(gm), Vc is the volume of core samplers (cm3) i.e. A is the area of the core (cm2) 

                     A = (πd
2
)/4    and Vc =A*h……………………...Equation 3.3 

Where h is the height of the core (cm) and d is the internal diameter of the core (cm)The 

according to (Cooper, 2016). Gravimetric moisture content on volume base are estimated 

as the product of gravimetric content and bulk density: 𝜃𝑣 = 𝜃𝑤 ∗ 𝐵𝑑 

   = ∑                    ∗     
     ……………………………………Equation 3. 4 

Where: Ws is the average depth of water stored to the root zone (mm), θvAI and θvBI are 

moisture content of the i
th

 soil layer after and before irrigation on an oven-dry volume 

basis (%), respectively; Di is the thickness of the i
th

 soil layer (m) and n is the number of 

layers in the root zone. 

Field capacity (FC) and permanent wilting point (PWP):- Plant growth is largely 

governed by the available water capacity (AWC) of the soil, which is the difference 

between the soil moisture held at field capacity (FC) and wilting point (WP) and 

determined using pressure plate apparatus in the laboratory and the soil moisture content 

at 0.33 bar suction were for FC and that at 15bar were for PWP by taking three composite 

soil samples from each stratum (head, middle and tail). Based on field capacity (FC) and 

permanent wilting point (PWP) total available water (TAW) amount in the soil were 

determined which is the total amount of water a crop can extract from its root 

zone  (Grewal et al., 2012). 

𝑇𝐴  = 1000 ∗ (θfc − θpwp) ∗ Dr……………………………Equation 3. 5 

Where:-TAW, ϴFC, ϴPWP and Dr are volumetric total available water in the root zone 

(mm), volumetric moisture content at field capacity (m3/m3), volumetric moisture 

content at the permanent wilting point (m3/m3) and plant root depth (m), respectively. 
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3.4.2 Determination of Crop and Irrigation Water Requirement 

Reference Crop Evapotranspiration (ETo) 

This parameter measured or calculated using CROPWAT 8.0 model based on monthly 

climatic data: minimum and maximum air temperature, relative humidity, sunshine hours 

and wind speed; Using crop area and meteorological data for each season, the total 

volume of water required for crops' evapotranspiration demand is calculated. Using 

CROPWAT 8.0 software, monthly potential evapotranspiration is calculated based on 

climate data. For data analysis and processing, statistical techniques and GIS applications 

are utilized. CROPWAT 8.0, created by FAO, is used to calculate the amount of water 

required for crops that are advised (Amini et al., 2022). Crop water requirements (CWR) 

are the amount of water needed to compensate for evapotranspiration losses from a 

cropped field. The model requires the climatic data mentioned above in order to 

determine ETo values. As a result, the model can calculate crop water requirement and 

irrigation requirement (Savva & Frenken, 2002). The scheme schedule is also completed 

by looking into and incorporating the scheme cropping pattern into the model. 

𝐸  =
               

   

     
         

             
…………………Equation 3.6 

Where: ETo is the reference evapotranspiration [ 𝑚𝑚𝑑𝑎𝑦−1 ], 𝑅𝑛 is net radiation at the 

crop surface [ 𝑀𝐽𝑚−2𝑑𝑎𝑦−1 ], 𝐺 is soil heat flux density [ 𝑀𝐽𝑚−2𝑑𝑎𝑦−1 ], 𝑇 is air 

temperature[°𝐶], 𝑢2 is wind speed [𝑚𝑠−1], 𝑒𝑠 and 𝑒𝑎 are saturation and actual vapor 

pressures respectively [ kPa], Δ is slope vapor pressure curve [ kPa °C−1 ].], and 𝛾 is 

psychometric constant [kPa °C−1].The CROPWAT model needs climate data (mean 

monthly minimum and maximum temperature, wind speed, relative humidity, sunshine 

hours and rainfall), crop data (crop type, growing stages, crop height, root depth, critical 

depletion, yield response factor and Kc of each major crop) and soil data (Soil texture, 

field capacity and permanent wilting point) for the determination of irrigation 

requirements. 
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CROPWAT 8.0 computer program:- is a practical tool to carry out standard calculations 

for reference evapotranspiration, effective rain fall, crop water requirement and irrigation 

requirements (Bekele et al., 2020).  

Effective Rainfall (Eff .R); - computed based on monthly rainfall, and effective rainfall 

refers to that portion of rainfall that can effectively be used by plants. This is to say that 

not all rain is available to the crops, as some is lost through runoff and deep percolation. 

How much water actually infiltrates the soil depends on soil type, slope, crop canopy, and 

the initial soil water content. 

Crop water requirements (CWR) 

It is defined as the depth of water to meet the water loss through evapotranspiration of a 

crop. The water requirement of the irrigated crops was determined using the crop water 

assessment tool (CROPWAT) for the initial, development, and late stages of crop  (A. M. 

Belay et al., 2023). This includes the total amount of water used in evapotranspiration. 

The model needs climatic, crop type, infiltration rate, and soil data for the determination 

of crop water requirements. The values of ETc and CWR (Crop Water Requirements) are 

identical, where ETc refers to the amount of water lost through evapotranspiration and 

CWR refers to the amount of water that is needed to compensate for the loss (Tibebe & 

Zemadim, 2015). The program estimates (ETc) based on equation, (Savva & Frenken, 

2002): 

                   𝐸𝑇  𝐸𝑇𝑜 ∗   …………………………………………… Equation 3. 7 

Where, ETc is a crop evapotranspiration (mm/day), Kc = crop coefficients 

(dimensionless) and ETo is a reference evapotranspiration (mm/day). The value of Kc for 

the initial, middle and end growth stages, Kc-init, Kc-mid and Kc-end, respectively, for 

many crops taken from (Anderson & French, 2019) 

            CWR = ETc – Pe ……………………………………. …..Equation 3.8 

                                                       If ETc > Pe 

     Otherwise CWR = 0, rainfall is enough  
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Data for major crops grown in the study areas including growing stages and stage lengths 

(Days), crop coefficients (kc), rooting depths (Zr), depletion levels (P), and yield 

response factors (ky) were obtained from report document, interview (Kibret et al., 2021). 

For the scheme cultivated crop CWR Total 

      =        +         +       +         ………………………Equation 3.9 

For the scheme cultivated crop CWR Tota 

=       +        +      +        …………Equation 3.10 

CWR for each crop = 𝐶 𝑅      * % of area cover onion+ 𝐶 𝑅       * % of area cover 

Tomato+𝐶 𝑅     * % of area covers Teff  𝐶 𝑅       * % of area cover pepper     

………………………..Equations 3.11 

Net Irrigation requirements (IR) 

It refers to the water that must be supplied through the irrigation system to ensure that the 

crop receives its full crop water requirements. If irrigation is the only source of water 

supply for the plant, the irrigation requirement is always greater than the crop water 

requirement to allow for inefficiencies in the irrigation system. If the crop receives some 

of its water from other sources (rainfall, water stored in the ground, underground seepage, 

etc.), then the irrigation requirement can be considerably less than the crop water (Abera 

et al., 2019). The determination of irrigation requirement was being calculated after 

estimation of effective rainfall. In order to compute the irrigation water requirement,  

CROPWAT 8.0 computes a daily water balance of the root zone (Tewabe, 2022) and is 

computed as; 

        𝑅  𝐸𝑇  𝐸𝑓𝑓 𝑅…………………………………………………. Equation 3. 12 

Rg=Rn/Ea ………………………………………………………………..Equation 3.13 

Where: Rn is the net irrigation requirement, which is the same as CWR, Rg is gross 

irrigation requirement, and Ea is the field irrigation application efficiency. Hence, the 
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gross irrigation requirement was determined by first measuring the field application 

efficiency and then dividing the net irrigation requirement (CWR) by the efficiency 

obtained. 

Irrigation Scheduling 

One of the most important ways to determine how much water our crops need during 

irrigation is to plan the irrigation water demand. The main purpose of the irrigation plan 

is to determine the amount of water that will flow over the irrigated crop. The amount of 

water that flows in the command is determined based on the basic or standard guidelines 

for irrigation. To calculate the interval for irrigation of crops, it is easy to calculate the 

total water available and the amount of available water that can be managed. The part of 

the total water available that is most easily extracted by the plant roots without causing 

stress is readily available water. 

𝑅𝐴   ∗ 𝑇𝐴 …………………………………………………………Equation 3. 14 

Where:-RAW =the readily available soil water in the root zone (mm), 

P = an average fraction of total available soil water (TAW) that can be depleted from the 

root zone before moisture stress the value occur zero to one water depletion 

fraction/management allowable depletion (%) and then the irrigation interval  calculated 

as (Eshetu Adane, 2020). 

                 
   

   
…………………………………………………Equation 3. 15 

Determination of Discharge in canal section  

Stream gaging is a technique used to measure the discharge, or the volume of water 

moving through a channel per unit time, of a stream. The height of water in the stream 

channel, known as a stage or gage height, can be used to determine the discharge in a 

stream. When used in conjunction with velocity and cross-sectional area measurements, 

stage height can be related to discharge for a stream. When a weir or flume device 

(generally made of concrete and located in a stream channel that has a constant, known 

shape and size) is used, mathematical equations based on the weir or flume shape can be 

used in conjunction with stage height, negating the need for velocity measurements. The 
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best approach for determining instantaneous stream or ditch flow is to use a current meter 

in conjunction with the standard USGS discharge measurement methodology, but in the 

absence of these two approaches, the float area method may be used as an approximation 

of flow. The float method involved dropping float material down a canal slope, where 

cutthroat flumes are used to measure the depth of water at field inlets. The mean flow 

velocity is calculated by multiplying the average flow velocity. 

The discharge (Q) in each section of the canal could be determined by multiplying the 

area of the section by the mean flow velocity in that section (Tilrem, 1986). The area of 

the cross-section in every chosen canal is computed. The discharge at the main, 

secondary, and tertiary canals is measured using the floated method. The starting and 

finishing positions of secondary and field canals, as well as exits and inlets, are the 

locations where discharges measure. The discharge amount would be equal to the product 

of the mean velocity and the area of the cross-section (A). The width of the main canal is 

equal from the intake to the beginning of the secondary canal, and the flow depth is 

measured at each division. A coefficient of 0.85 is commonly used to convert surface 

velocity to mean velocity in each vertical. The discharge (Q) in each section of the canal 

could be determined by multiplying the area of the section by the mean flow velocity in 

that section. The cross-section area in each selected canal is calculated by using the 

formula.( Bengtson, 2017) 

     𝑓𝑜    𝑎𝑝  𝑜 𝑑𝑎   𝑎𝑛𝑎  𝐴   (
     

 
  )*d………………..Equation 3. 16 

The flow discharge (Q) (m3 /s) in the canal is calculated by using the formula below; 

                     𝑚𝑒𝑎𝑛      ∗  𝑠…………………………………….Equation 3. 17 

Where, dy= a1&a2 = top width of the canal b = base width of canal (m), d = flow depth 

at inflow and outflow for each section, Vmean = mean flow velocity (m/sec) and V 

average = average flow velocity (m/sec). 
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Finally, discharge can be calculated by multiplying mean velocity and cross-sectional 

area of the canal (Commission, 2017) 

                             𝐴 ∗  𝑚𝑒𝑎𝑛……………………………………….Equation 3. 18 

                             (
  

 
)  

    ∗ ∗ 

 
……………………………………..Equation 3. 19 

Measuring Discharge Using a Weir: - Discharge in small streams can be conveniently 

measured using a weir. A weir is a small dam with a spillway, usually made of erosion-

resistant material such as concrete, of a specific shape. Two common weir shapes are a 

90° V-notch or a simple rectangular cutout. This method for measuring discharge 

involves creating a dam just downstream of the weir. This dam impounds in the weir, 

resulting in a consistent stage height (e.g., a pool of more stagnant water without 

complications determining height due to waves or ripples). Using the height of water in 

the weir, one can determine discharge using one of the following empirically derived 

equations: the depth of flow in the flumes is measured in meters from its graduated area, 

and the discharge is calculated based on the following formula (Techniques & 

Measurement, 1965). 

                     𝑓  𝐶  
………………….……………………………………..………………….Equation 3. 20 

Where, Q is discharge for free flow condition (m3/sec); C is free flow coefficient; n is 

exponents for free condition and H is water depth measured in the parshal flume (m).  

In the field application, the water depth is measured with a parshall flume measuring 

device to measure the flow of water from the entrance of the canal and the farmers to the 

field, and repeated readings are taken when the farmers irrigate the test sites. The flow 

rate is determined by measuring the vertical distance or water depth from the crest of the 

overflow part of the weir to the water surface in the upstream pool. The irrigator 

completed irrigating the test plot. The average depth of irrigation water passing through 

the weir and the respective time recorded for the sizes of the test plot being 

irrigated  (Suzi, 1997). The triangular or V-notch weir is preferable to other weirs for the 

measurement of low and widely variable flows (Eshetu Adane, 2020). The most common 
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angle of the notch is 90
o
, for which, with a value of C about 0.6-0.62, the formula for 

discharge is (Pospíšilík & Zachoval, 2023) 

                   ∗     
√       

 
∗  

 
…………………………….……... Equation 3. 21 

In addition to that, a Geographical Positioning System (GPS) was used to locate 

measuring inlet and outlet points, tape for measuring the length and width of canals, a 

stopwatch to know the time taken for water passing through the partial flume, a camera to 

take sequential pictures to show study progress, and any variation was used. Discharge 

measurements using the velocity-area method without the use of a weir provide a good 

estimate for stream flow and discharge. However, this method assumes several things, 

including a constant cross-sectional area (which is not always the case, as streams are 

erosive, dynamic systems), a strong relationship between stage height and discharge, and 

little human error in measuring velocity, stage height, and cross-sectional area (Caissie, 

2021). 

3.4.3 Evaluation of Internal Indicators 

Using indicators, irrigation performance was evaluated. Internal indicators investigate 

system hardware, institutional and managerial setup, water distribution and supply, and 

operations. What needs to be done to increase performance, internal indicators do 

(Muema et al., 2018).  

Estimation Conveyance Efficiency (Ec) 

This is the total amount of water flowing into a canal system at a point divided by the 

amount of water reaching a certain distance downstream of the previous point. It 

measures the efficiency of the canal system to convey water and shows the amount of 

water loss over a given travel distance. It was measured using floating methods in which 

the water flow velocity in the known cross-sectional areas of the canal system was 

measured and discharge was calculated as the product of velocity and canal cross-

sectional area  (Awulachew & Ayana, 2011). The conveyance of water from the source to 

the irrigated field can be through constructed earthen or lined canals. As water flows 
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from the system to the irrigation field, some amounts of water were lost in different such 

as evaporation from the water surface, deep percolation to soil layer below the canals, 

seepage through the bunds of the earthen canals, overtopping the bunds and runoff in the 

drain. Efficient irrigation system transports water with minimum losses and hence has 

high conveyance efficiency. The method of discharge measurement called floating 

method as floating materials being used for velocity measurement (Muema et al., 2018).  

Inflow discharge and outflow discharge (m3/s) in a specified canal reach measured three 

times a stage during the cropping season. First select the straight canal section and 

measure the distance. After knowing the amount and straight section to be drop on the 

upper of the canal section one on upper this research is drop the floating material and 

time recorder on down section of canal this research is start the stopwatch were floating 

material dropping. Then time it took to reach the marked section of the same canal to be 

registered. This research measured at more than three selected lengths based on the slope 

of the canal and the time it took taken to calculate the discharge. To determine the rate of 

flow (discharge) were calculated by equation (3.19). Water use efficiency from the source 

to the field  measured by conveyance and can be expressed by equation (3.22), (Diotto & 

Irmak, 2016); 

           
    

   
……………………………………………………. Equation 3. 22 

         𝑜𝑠𝑠         𝐸 ………………………………………. Equation 3. 23 

Where; L is conveyance loss (%), EC is conveyance efficiency (%) and, Qin and Qout 

are the inflows and outflow in specified canal reach length respectively? 

Estimation of Application Efficiency (Ea) 

Application efficiency is a comparison between the amount of water applied and the 

amount retained in the root zone. Losses from the field occur as a result of a result of 

deep percolation and runoff and reduce the application efficiency. Water applied to the 

field measured by installing par shall flow at the entrance of the selected farmer’s field 

during irrigating time. The par shall flume putting at a straight section of flow before 
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proceeding to the measurement. To determine the amount of water applied to the field, 

water depth passes through the flume to the field, and its respective time intervals are 

recorded with the size of the field being irrigated. The depth of water delivered to the 

field was recorded using a Parshall flume installed at the entrance of each field during 

irrigation. The discharge in each field was calculated using equation 3.20, and the depth 

of water applied was computed as the ratio of discharge times elapsed time to the area 

irrigated. The soil moisture content before and after two days of irrigation was identified 

by the gravimetric method. (A. M. Belay et al., 2023). To use Equation (3.4) to calculate 

the depth of water contained in the root zone through collecting soil samples at intervals 

of 30 cm from 0 to 60 cm. 

𝐸𝑎  
                                        

                                   𝑓 
∗    ………………………..Equation 3. 24 

Overall scheme efficiency 

Overall scheme efficiency was calculated as the product of conveyance and application 

efficiency. It was computed using the following formula: (A. M. Belay et al., 2023) 

𝐸p = Ec ∗ Ea ………………………………………………………………Equation 3.28 

Where Ep = scheme irrigation efficiency (%) 

Ec = conveyance efficiency (%) 

Ea = field application efficiency (%).  

Estimation of Distribution Uniformity (Du) 

Distribution efficiency refers to the on-field system used to store and distribute water to 

the fields. A common ratio used to calculate distribution efficiency was the volume of 

water applied to selected fields, and the factor that considered evaporative and seepage 

losses from storage needed to be qualified to measure distribution efficiency. Distribution 

uniformity is the ratio of an average of the lowest depth of measurements of irrigation 
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water infiltrated to the average depth of irrigation water infiltrated, and the soil moisture 

contents of the soils at the selected points were analyzed to determine the depth of water 

penetration. To determine the distribution uniformity of irrigation water in the field, soil 

moisture samples were taken from the selected farmer’s field at three locations of the 

scheme, starting from the head to the end of the fields. At each selected point in the 

fields, soil samples were collected at depths of 0–30 cm and 30–60 cm, and the moisture 

contents of the soil were computed to determine the depth of water penetration as 

follows: 

𝐷𝑢  
                       

                      
……………………………………………. Equation 3. 29 

3.4.4 Evaluation of External Indictors   

Agriculture, water supply and physical are the external irrigation performance indicators 

(A. M. Belay et al., 2023). 

Agricultural output indicators (water and land productivity) 

According to (Beshir & Bekele, 2008), Output per unit command area, output per unit 

irrigated area, output per unit irrigation water supply, and output per unit water consumed 

are the four fundamental comparative performance measurements. The performance of 

irrigated agriculture can be compared using such indicators as the baseline. The primary 

inputs for crop production output are land and water. The total value of production per 

harvested area during the irrigation seasons is how it is calculated. 

Output per unit irrigated cropped area (OPUIA) (birr/ha) 

It is computed as the total value of production per harvested area in the irrigation season.  

    𝐴  
                   

                      
……………………………………………Equation 3. 30 

Where, OPUIA = output per unit irrigated area, the production value is the revenue ($) 

collected from crop production, irrigated area (ha) is the sum of areas covered by crops. 
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Output per unit command area (OPUCA) (birr/ha) 

This represents the value of agricultural output per unit of irrigated nominal area. The 

calculated amount shows the productivity of the command area as well as its level of 

usage or cropping frequency for the specified production year. High-value findings 

demonstrate effective intense irrigation. From the perspective of land productivity, 

however, tiny values are irrelevant because less intensive irrigation cannot raise the 

amount of production per unit of land. This is especially important because the primary 

factor limiting production is land. The nominal or planned area that will be watered is 

known as the command area. 

   𝐶𝐴  
                   

                                  
……………………………. Equation 3. 31 

Where, OPUCA = Output per unit command area.  The production value is the revenue 

($) collected from crop production; command area (ha) is the design area to be irrigated,  

 

Output per unit irrigation water supply/diverted (birr/m3) 

This tells on how the total seasonal diverted irrigation water from a source was is 

productive. Irrigation water supply includes conveyance losses in canals. Water 

management is aiming to increase the output per drop of irrigation water diverted to the 

command area: 

      
                   

                         
……………………………………..Equation 3. 32 

Where, OPUIS = Output per unit irrigation water supply, the production value is the 

revenue ($) collected from crop production, irrigation supply (m3) is the volume of 

irrigation water diverted to the command area. 

Output per unit irrigation water consumed (birr/m3) 

The value of production per unit delivered irrigation water to the head of farm inlets in 

the irrigation seasons. It is the net irrigation water delivered to the farm and it does not 

include losses in conveyance systems. It is a useful comparative indicator because it 

addresses output per drop of irrigation water delivered to the user. A lower value of this 
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indicator indicates there is inefficient water use in the irrigation system or specifically at 

farm level. 

    𝐶  
                   

                           
……………………………………Equation 3. 33 

Where, OPUIC = Output per unit irrigation water consumed, the production value is the 

revenue ($) collected from crop production, water consumption is the crop water demand 

Water Supply Indicators 

It relate crop demand to the amount of water supply to the field (A. M. Belay et al., 

2023).according to  Equation (3.34 &3.35) two indicators were used to assess the 

performance of water supply, namely Relative Water Supply (Rws) and Total water 

supply is the Surface diversions plus net groundwater plus rainfall. 

Relative water supply: - the ratio of total water supply to delivered irrigation water. The 

total water supply is calculated as the volume of water diverted for irrigation plus rainfall 

(m3). 

    
                              

                     
……………………….………………Equation 3. 34 

Where, Total water supply = surface diversion plus rainfall (mm), Crop water 

requirement = potential ET, or the ET under were- water conditions for each crop (m
3
). 

Relative Irrigation Supply (Ris): - the ratio of irrigation supply to irrigation demand is 

known as the RIS indicator. In many irrigation schemes, irrigation water is a scarce 

resource and a significant production barrier. When evaluating the amount of water used 

for irrigation compared to the demand for irrigation, this indicator is helpful (Adisu 

Yihdego, 2017). Irrigation supply is the only surface diversions and net groundwater draft 

for irrigation and Irrigation demand is the crop ET less effective rainfall (Galkate et 

al.,2020) 

𝑅   
                 

                  
………………………………………………..Equation 3. 35 

Where; Irrigation supply = only the surface diversion for irrigation, Irrigation demand = 

the crop ET less effective rainfall. RIS relates irrigation supply to irrigation demand of 

the irrigation schemes in the production season. The computed value shows some 
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indication as the condition of water abundance or scarcity, and how tightly supply and 

demand are matched. 

Water Delivery Capacity (WDC) = is the ratio actually delivered discharge of water and 

designed (intended) discharge of water to be delivered. 

WDC (%) = Qa/Qi----------------------------------------------- Equation 3.36 

Qa = actually delivered discharge of water (m3/s) 

Qi= designed (intended) discharge of water to be delivered (m3/s) 

Physical Performance Indicators 

Two significant physical performance characteristics were chosen in accordance with this 

to assess the systems' irrigation intensities and sustainability. 

Irrigation ratio: -the relationship between currently irrigated areas and irrigable command 

(nominal) areas is known as the irrigation ratio. It indicates how much of the command 

area that is available for irrigated agriculture is being used at any one time. The design 

document contained the designed irrigable areas of the schemes, which were used to 

compute the indicator information of irrigated areas during the irrigation season (Agide 

Dejen, 2012).  

 𝑅  
              

                                 
……………………………………Equation 3. 37 

Where IR is the irrigation ratio, irrigated area is the area (ha) covered by irrigation and 

command area is the mean estimated total irrigable area (ha) during the design stage of 

the schemes. 

Sustainability 

this is mostly utilized to handle areas that have either shrunk or grown beyond the origina

l irrigated area. 

Lower values of this indicator would suggest that initially irrigated lands were abandoned

; hence, they would demonstrate shrinkage of the irrigated area over time, which might b 

caused by a variety of factors, such as a lack of water or the farmers' own lack of interest. 
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Conversely, values larger than one would suggest more sustainable irrigation and an incre

ase in the irrigated area. taken from the design document (Shinyekwa.,2011). 

    
                        

                        
……………………………………………Equation 3. 38 

Where, currently irrigable area = the area currently can be irrigated (ha), initially irrigated 

area the designed/nominal/ irrigable area (ha). 

Effectiveness of infrastructure (EI) 

The evaluation of the infrastructure’s effectiveness based on the physical structures in 

components of the irrigation system including weir, gates and drop structures, road 

crossing culvert, division boxes and turnouts were monitored on the primary, secondary 

and tertiary canals. Effectiveness of infrastructure (EI) is the ratio of functional to the 

total number of structures initially installed (Mosisa & Adeba, 2023). The value of the 

Effectiveness of infrastructure (EI) was computed using the following formula 

EI=
                                

                                              
……………………………..Equation 3.39 

3.4.5 Evaluation of Organizational Setup and Irrigation Water Management  

Discusses and organizes all relevant bodies in the Keble for organizational control and 

use of irrigation water. The functions of the water user association’s chairperson, 

secretary, treasurer, control committee, water user teams, water user group, Keble 

agricultural development agents’ experts, and farmers were assessed. These groups of 

associations in the Keble solve the conflict in the scheme; they distribute the irrigation 

water equally so that the community can repair the irrigation construction when it is 

destroyed. Structured interviews are used to assess the irrigation work using organized 

interviewers, and organizational indicators are used to evaluate the social and economic 

aspects of the planning, administrative system, and continuity; project evaluation types; 

irrigation water management practices; types and causes of conflict; conflict resolution 

techniques; and support services. Both members and non-members of the irrigation user 

association must be informed about and given an explanation of all irrigation regulations. 

The user's involvement in operation and maintenance tasks, such as cleaning and 

maintaining the canal, was also assessed. 
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Questioners and remedial measurement  

Irrigation agencies and researchers writing about the maintenance of irrigation 

infrastructure use a variety of differing terms to describe maintenance activities. Tasks 

may be classified by their frequency of occurrence, by their intended effect on the item 

maintained or by the magnitude of the Wurko undertaken. According to (Yusri, 2020) a 

classification defining: 

Normal or routine maintenance: - all work required maintaining the irrigation system 

operating as intended. 

Special maintenance: - needed because of damage from unforeseen circumstances like 

floods,  

Postponed maintenance- Wurko has a comparable but longer list of maintenance 

categories to address issues brought on by inadequate routine maintenance. Post pond 

maintenance tasks that, because of a lack of resources, are not covered by the "normal 

maintenance plan these were carried out under programmers: Regular or customary 

upkeep tasks that are routinely completed every year. Urgent upkeep Unexpected and 

immediate work is needed to avoid major structural breakdown and the ensuing loss of 

function.  

“Non-performed maintenance is referred to by this word. The term "essential structural 

maintenance" describes the process of fixing flow control and measurement structures to 

enhance system performance. 
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3.4.6 Sampling Techniques 

The household that provided the responses for the study was chosen through a three-stage 

sampling technique. The research district was purposefully chosen in the first phase 

because of its great potential for irrigation use. During the second phase, a random 

selection of rural Keble administrations was made from the study area Wurko irrigation 

potential Kebele. Households were dividing into two strata in the third stage, which was 

focused on Bebekis Keble (small-scale irrigation users and non-users who have access to 

irrigation water). The sample size was calculated using a straightforward formula with a 

7% precision level  (Teerenstra et al., 2012). To identify the respective sample for each 

stratum in each Gott, a sample proportion to the population was employed. Based on this, 

108 households from irrigation users and 90 households from non-users’ users were 

identified. Finally, respondent households were selected by using a simple random 

sampling technique from each stratum. To evaluate the farmers’ perceptions about the 

scheme organization structure, irrigation management, institutional aspects, and 

sustainability, questionnaires were collected.                             

 (n)= 
 

       
…………………………………………………Equation 3.41 

                             n =is the sample size; 

                                   N =is the population size 

                                    e =is designed level of precision i.e. =7 % 

                                    (n)= 
    

             
 

                                            = 198 

                            ∑
       

 

 

 
   …………………………………………Equation 3.42  

                                   Where: - Oi observation variable, Ei expected variable.  

          =is the chi-Test whether it is related or not considering significant level 5% 
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  Figure 3: 5 Flow chart showing data source, methodology and Interpretations 
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4. RESULTS AND DISCUSSIONS 

4.1 Physical properties of soils 

Field data such as soil samples and water application measurement at field for irrigation 

scheme were monitored at three appropriate locations (head, middle and tail end) within 

irrigation scheme in the command area. A Crop production is a function of water, 

nutrient, climate and soil environment (Ababa, 2007). The bulk densities of the soil 

varied from 1.24, 1.30, and 1.34 grams per centimeter cube at the head, middle, and tail 

of the Wurko small-scale project, and the soil textures were clay, clay loam, and sandy 

loam, dominated at the head, middle, and tail, respectively. As indicated in Table 4.1, the 

soil texture distribution clay that is found in the head and sandy clay in the in the middle 

of the scheme, whereas at the tail end of the soil is loam, and at the irrigation scheme, the 

dominant soil is sandy loam. This research tries to identify the soil texture types using A 

critical aspect of classifying a soil by the USDA texture triangle is the methodology for 

determining the percentages of clay, silt, and sand (Moreno eal.  2022). Proper growth of 

plant roots is attained when the bulk density of the soil is lower than the critical bulk 

density, which depends on the soil texture, mineralogy, particle shape, and organic 

matter. Particle size distribution was determined using mechanical analysis, and the soil 

texture was determined using the soil textural triangle (USDA). The soil moisture content 

was estimated using the gravimetric method (Alebachew & Ing, 2018). 
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Figure 4 . 1 Soil Texture Determinations Using Triangular Method 

Assuming that the soil particles are 100% pure, the process of identifying the soil types 

that is, the percentage of silt, sand, and clay is carried out during the entire time the soil 

particles are being dug up from the field. Using the triangle approach, soil texture was 

ascertained after obtaining the % of particles that contain, as illustrated in Figure 4.1. 

Additionally, the permanent wilting point and parameter field capacity are analyzed in 

table (4.1). The field capacity and PWP are inversely related to depth and vary depending 

on the kind of soil. These moisture constants (Fc and PWP) are determined in the 

laboratory using field sampling, measurement tools, tension tables, and pressure plate 

tools (Grewal et al., 2012). 
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Table 4. 1 Soil Properties and Textures Wurko SSIP Scheme at Different Depth 

 

According to (A. M. Belay et al., 2023) the bulk density ranges for clay-textured soil are 

0.76 to 1.52 g/cm3, which is compatible with table 4.1 findings. For clay loam and clay-

textured soils, the critical bulk densities are 1.6 and 1.4 g/cm3, respectively. According to 

Evett et al., 2018  For silt clay and loamy soils, respectively, the most crucial bulk 

densities for fine-textured soils are 1.38 and 1.53 g cm 3. The threshold at which water in 

bigger pores has been removed by gravity and other forces is known as field capacity 

(FC). The point known as the permanent wilting point (PWP) is reached when a plant's 

ability to draw water from the environment quickly enough to meet its needs is 

compromised (Datta & Stivers, 2017) according to table 4.2 the value were acceptable 

consistence see comparison value table( 4.1 & 4.2). 

 

 

 

 

 

 

 Location 

Soil depth (cm) 0-30 30-60 0-30 30-60 0-30 30-60

soil properity 

sand (%) 22 29 39 40 55 55

silt     (%) 32 28 33 31 29 26

clay    (%) 46 43 28 29 16 19

Texture clay clay clay loam clay loam sandy loam sandy loam

Bd    (gm/cm3) 1.23 1.25 1.25 1.34 1.30 1.38

FC       (%) 31.87 31.75 28.35 28.28 18.23 18.19

PWP     (%) 19.24 19.18 14.99 14.95 9.46 9.32

TWA     (mm) 126.3 125.7 133.6 133.3 87.7 88.7

Head Middle  Tail

Wurko irrigation scheme
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Table 4. 2 The Existed Reference Finding for Soil Texture. 

 

Source:(Ratliff et al., 1983) , (Grandgirard et al., 2002)  

   4.2 Determination of Reference Evapotranspiration (ETo) 

For this research, the metrological data is essentially what establishes the parameters 

needed for irrigation evaporation and precipitation more over climate data. Worta, 

Hamusit, and Wanzaye are the closest stations to the Wurko small-scale irrigation 

project, which located in Fogera Woreda. So that, the Thiessen Polygon was used to 

identify which station is the closest. The Woreta station covers approximately 134.64 

square kilometers, the hamusit covers 181.79, and Wanzaye covers 263,25 square 

kilometers. For this reason, the average Wanzaye climate data and the date of the 

metrological station were employed in this study's analysis. Observed figure 4.2 
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Figure 4. 2 The Thiessen Polygons for Identifying the Nearest Station 

4.2.1 Reference Evapotranspiration Analysis  

When water resources are managed to their fullest potential, the limited supply of water 

is satisfied. The first step in organizing and efficiently using irrigation water to mitigate 

the effects of water stress conditions is determining the amount of water required by 

crops. Table 4.3 shows the average of 22 years from the closest Wurko small-scale 

irrigation station. The missing climate was filled by data on temperature, precipitation, 

and other climate variables. Sunlight is a parameter that must be estimated for crop watt 



 

 

 

 

48 

 

software.  Precise calculation of evapotranspiration is a prerequisite for improved 

distribution and handling of water resources. Equation (3.6) was used to calculate the 

reference crop's evapotranspiration (ETo) in the study area. In June, the highest (ETo) 

values were 4.61 mm/day, and the lowest (ETo).  Except for July and August, typical 

monthly ETo values were significantly greater than effective rainfall, as shown in Table 

4.3 and Figure 4.3. Consequently, more water is needed to fully meet the scheme 

evapotranspiration requirements. The highest amount of rain was recorded in nearly three 

months June, July, and August at most in July. However, it is doubtful that precipitation 

would decrease in Bega in contrast to evapotranspiration, which will peak in May. 

Additionally, the largest precipitation occurs in July during the winter, corresponding to 

the lowest evapotranspiration. However, this does not always mean that the evaporation 

shown in figure 4.3 will decrease. 

Table 4. 3 Climate Components 

Month Rainfall (mm) Eff. Rainfall (mm) Eto(mm/month) Eto(mm/day) 

Jan 9.21 7.37 131.10 4.37 

Feb 11.27 9.01 137.10 4.57 

Mar 14.54 11.63 124.20 4.14 

Apr 25.56 20.45 117.00 3.90 

May 73.80 59.04 114.90 3.83 

Jun 151.61 121.29 138.30 4.61 

Jul 389.85 311.88 109.80 3.66 

Aug 360.01 288.01 116.70 3.89 

Sept 114.15 91.32 130.80 4.36 

Oct 60.45 48.36 119.10 3.97 

Nov 25.15 20.12 109.80 3.66 

Dec 9.99 7.99 113.40 3.78 

Sum 1245.58 996.46 1462.20 48.74 

Averge 103.80 83.04 121.85 4.06 

 

According to Seyoum, 2021  the Chemoga catchment in the Abay Basin, Ethiopia, has an 

annual rainfall of 1336.7 mm, with an average monthly effective rainfall of 825.7 mm. 

This information is used to determine the irrigation potential of the area. Similar findings 

indicate that the yearly rainfall was 1245.58 mm and the total effective monthly rainfall 

was 996.46 mm, based on table 4.3 above. As discussed earlier, the research highlights 
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the study area peak rainfall month of July as a climatic feature. The highest amount of 

rainy season precipitation, 389.8 mm, fell in July with an effective rainfall of 311.9 mm, 

while the lowest amount, 9.21 mm, and fell in January with an effective rainfall of 7.4 

mm. 

4.2.2 Rainfall and Effective rainfall analysis 

Crops cultivated with Wurko small-scale irrigation efficiently receive the effective 

rainfall, which is determined by taking 80% of the total amount of rain. The main rainy 

season (kiremet), which runs from June to September, accounts for 81.5% of the total 

annual rainfall; the amount received in June, July, August, and September accounts for 

12.2%, 31.3 %, 28.9%, and 9.2% of the total, respectively. The rainfall received from 

March to May is approximately 9.1% of the total rainfall, which is considered the small 

rainy season (Belg). Ninety-five percent of the total rainfall occurs between March and 

October, with the remaining four percent falling in the dry season (November, December, 

January, February, and June) (Figure 4.3).) 

 

 

Figure 4. 3 Climate Analyses Using Nearby Station 
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4.2.3 Crop water and Irrigation water requirement 

  The following calculation was used to compute the volume of water reaches in each 

crop kind. Equation (3.9) above indicates that 0.53176 Mm
3
 of crop watts are required 

overall, which is more than the 0.53115 Mm
3
 of irrigation required according to equation 

(3.10). 

                                      Table 4. 4 Crop Water and Irrigation Requirements 

Crop Type CWR (mm/ha) IR (mm/ha) 

onion 118.667 173.254 

Tomato 232.703 339.747 

Teff 139.718 203.988 

Pepper 52.262 76.303 

Total (mm*ha) 543.351 793.292 

Total (m
3
/seson) 331444 483908 

 

The irrigation requirements for the crop kinds of tomato and onion are extremely 

negligible despite their importance, as seen in figure 4.4. This formula is used to 

determine the crop watt need for each crop; however, the FAO's CROPWAT 8.0 program 

was used to perform the initial CWR calculation. The two parameter cropwate 

requirement and irrigation requirement were the result of climate data, planting date, soil 

types, infiltration rate and crop type entering into cropwate software. 

 

Figure 4. 4 Crop Water Requirements on Different Crops 
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Net and Gross irrigation requirement  

There exist multiple ways for computing the net irrigation need. The difference between 

the amount of precipitation during the irrigation season and the evapotranspiration (ET) 

needed for full crop yields which are determined. The amount of water needed to reach 

the soil's field capacity, or the amount needed for crop development, is known as the 

NIR. Climate and cropping pattern are the determining factors. In order convert NIR into 

gross irrigation requirements, application irrigation efficiency is required. Various losses 

occur during the application and transportation of irrigation water, including seepage, 

runoff, evaporation, and percolation. Water is needed for specific operations like 

transplantation, leaching, and land preparation. As a result, CWR takes into account ET 

and losses incurred when applying the water required for various uses  (Ewaid et al., 

2019). Some water is lost by transporting. Gross irrigation requirement: - supply to the 

root zone of the crop. Leaks from pipelines, seepage and evaporation from open channels, 

and evaporation from droplets sprayed through the air are a few examples of the causes 

of losses. More water needs to be pumped than what can be stored in the crop root zone 

because of these losses. The quantity that needs to be pumped is known as the gross 

irrigation requirement.  

4.3 Performance Indictors   

Indicators are used to measure assessment of irrigation performance. An indicator 

describes the level of actual achievement in respect of one of the objectives of irrigation. 

Indicators are used to simplify the intention of performance evaluation of one’s scheme 

otherwise here it has a complex internal and external factor affecting the performance of 

irrigated agricultural systems. Indicators used in this research are relative values that 

compare actual achievements with target values. Performance assessment (PA) is defined 

as evaluating the resource use and the efficacy or achievements of processes involved. 

Similarly, performance indicators (PIs) are quantitative measures of the performance of a 

system, in that it reveals information about an entity in the form of a value or parameter 

(Ahmad et al., 2024). PA aims to ensure the efficient and effective use of resources by 

providing appropriate feedback to the management at all levels. PA has played an 
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enormous role in water resources management and design; in they allow a basis for 

comparing similar systems or identifying areas with potential for improvements provides 

a framework for monitoring progress and inform investment decisions.  

 Similarly, PIs play an important role in attaining sustainable development, in that they 

help in disseminating information, simplifying complex scientific data and informing 

decision-makers on the status of the water system in question. 

Therefore, consistent PA is essential for sustainability because it is almost impossible to 

properly inform decision makers, implementing agencies, or donor agencies if little or no 

knowledge of how existing schemes perform. For example, using PIs, large-scale 

irrigation's low performance had diverted donors' and governments' attention from large 

irrigation schemes. Many case studies showed an actual state of the systems or evidence 

of improvement after analyzing irrigation systems. Research had used indicators to assess 

how water is distributed among small farms holders. The key challenges impeding the 

success of irrigation development are; poor scheme management, imperfect market, 

financial shortage, insufficient technical skill, lack of awareness about the use of 

irrigation, environmental and, social impact and institutional challenge (Aw & Diemer, 

2005). Although Ethiopia's population is rapidly increasing and the country is facing food 

shortages, its current irrigation potential is less than 5%. Hence, expansion of cropland 

and development of irrigation methods is crucial (Yimere & Assefa, 2022). 

4.3.1 Internal performance indictors  

Conveyance Efficiency 

It refers to the volume of water lost by the network of conveyance canals due to seepage 

and evaporation (A. M. Belay et al., 2023). And calculated by Equation (3.19), More over 

as shown below Table (4.5) unlike unlined canal section the main canal loss is high, or 

conveyance efficiency is lower than secondary lined canal section because this special 

case come over at the head of main canal sedimentation appears refer questioner result 

table (4.18) and also head loss increasing with length. General speaking the conveyance 

efficiency is nearly high the loss is low. The conveyance efficiency performance is lower 
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than expected and irrigation infrastructure is rapidly deteriorating, mostly due to lack of 

maintenance and, in some cases, because of construction issues. Illustrate Irrigation 

structure like ditches are open channels used to carry irrigation water to or part way to its 

point of use. Small, inadequate ditches without proper control structures and maintenance 

probably cause more trouble in operating a furrow irrigation system than any other factor. 

In porous soils, unlined ditches lose considerable quantities of water by seepage 

Table 4. 5 Conveyance Efficiency of Canal Section 

Canal section Length(m) Ec (%) Loss (%) 

MC lined 1600 80.15 19.85 

SC lined 930 86.12 13.88 

SC unlined 150 72.45 27.55 

Teritiary unlined 340 73.18 26.82 

Total Ec % 3,020  77.51 22.02 

According to Alebachew & Ing, 2018 the value of  conveyance efficiency of main, 

secondary , tertiary canals overall results were 86.17, 86.26 , 55.97 and 76.13 % 

respectively. Thus above result of this finding (Table 4.5) is acceptable. As the researcher 

put it, the performance results were good, but in order to be better in the future, illegal 

water abstraction, sedimentation of canals, inadequate operation, maintenance provisions 

and conflict resolution works provide. Therefore, suitable management approaches are 

required to improve the irrigation system performance. 

Application efficiency 

The application efficiencies (Ea) were computed from water applied and water stored in 

the root zone using equation (3.21) on the three farmers’ fields at each canal reaches at 

different crop growth stages (Figure 4.5). The estimated application efficiency of selected 

fields at the irrigation scheme was (65.66%), (76.87 %) and (68, 89%) at the head, middle 

and tail reach respectively with an average application efficiency of the scheme 70 % 

mean average. The details of application efficiencies for the selected fields in the scheme 

are shown in Figure (4. 5). The average values of application efficiencies of the three 

reaches were within the ranges indicated in many literatures reported for surface 

irrigation. Average application efficiency for surface irrigation in the range of 50 to 60% 
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recommended 50 to 70% for properly designed furrow irrigation. As the finding 

indicated, the middle and tail the end of test plots have been more efficient while the 

users head are the least effective. This suggests that those irrigators, who received less 

water for entry, were not using what they have got efficiently.  

 

Figure 4. 5 Application Efficiency at Different Field 

The application efficiency due to field reach the middle reach also high efficiency.it is the 

measurement of weather the delivered water is used by the root of irrigation or not.in a 

good conveyance structure the application efficiency from upstream to downstream. In 

Table 4.6 the application efficiency good at the middle reach which consisted different 

field 4, 5, and 6. 

Table 4. 6 Application Efficiency of Canal Section 

 

  Wf Ws Ea 

Hreach 82 54 66 

Mreach 69 53 77 

Treach 72 49 69 

Averge 74 52 70 
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Figure 4.5 illustrate how application efficiency seems like during different stage of 

irrigation season. The initial stage is a stage after the crop planting to some day they have 

their own standard for different crop types above fifty days. Since this initial stage the 

amount of water used increasing up to own developmental stage meaning the application 

efficiency smaller than that of developmental stage. 

 

Figure 4. 6 Application Efficiency at Different Stage 

From table 4.7 the analysis of application efficiency based on their stage such as initial, 

developmental and last stage. The water delivered to field is very high and the 

consumption of crop also high due to this reason the amount of water stored to soil is 

decreasing. The application efficiency is maximum during the last stage because of 

application efficiency defined as the ration of the water applied to field to its 

consumption.                       

Table 4. 7 Application Efficiency on different stage 

Wurko small scale irrigation 

 Head Middle Tail Application efficacy (Ea) 

Stage Wf Ws Wf Ws Wf Ws Head Middle Tail 

  mm mm mm mm mm mm % % % 

Intial  76.79 46.79 52.86 41.00 50.39 30.21 60.94 77.57 59.96 

Dev't 85.99 60.90 88.00 61.64 82.98 57.98 70.82 70.04 69.87 

Last 83.05 53.63 66.92 56.38 81.41 59.19 64.58 84.24 72.71 

Averge  65.45 77.28 67.51 
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Application efficiencies in the range 85–95% are achievable in all but the most adverse 

conditions and commonly  a recommended value range seasonal efficiencies between 60 

and 80% (Smith et al., 2005). Thus the finding is consistent with 70% average value 

according to (Table 4.6 & 4.7). The field application efficiencies (Ea) varied from 20 to 

80%, most importantly between 40 and 60% (Abera et al., 2019). 

Distribution Uniformity (Du) Efficiency  

Distribution efficiency refers to the on-field system used to store and distribute water to 

the fields. A common ratio used to calculate distribution efficiency was the volume of 

water applied to selected fields, and the factor that considered evaporative and seepage 

losses from storage needed to be qualified to measure distribution efficiency. 

                                    Table 4. 8 Distribution Uniformity According to Stage 

                                                       Head Middle Tail DU (%) 

Intial 42.33 50.996 24.23 52.29 

Dev,t 49.41 53.354 42.655 82.22 

Last 47.27 51.278 26.353 84.79 

Avg.depth 46.34 51.876 31.079 73.1 

 

According to Geleto et al., 2019  the research were  conducted to evaluate the 

comparative performances of two community-managed small scale irrigation schemes at 

Gemesha and Ufute with command area of 48 ha and 40ha using internal performance 

indicators and distribution uniformity value  (98.32 and 97.79%) respectively with 

convince this finding seen (Table 4.10). Another research conducted by Zewude & 

Mojira, 2022  explains that the result of DU, 80.67% which is greater than this finding  

confirms that there is relatively reasonable combination of irrigation technical 

parameters. Similarly, the research conclusion was found stated as the value of DU 

increases as the flow rate increased regardless of furrow lengths and decrease as the 

furrow length increase. 

Deep percolation ratio 

The deep percolation ratio of the farmers varied according to equation (3.27) in the 

Wurko small-scale irrigation scheme, with 34% at the head, 23% at the middle reach, 
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31% at the tail reach, and 29% as the average deep percolation ratio. A high deep 

percolation ratio in the scheme suggests over-irrigation. Lower application efficiency is 

the natural effect of a higher deep percolation. The outcome also shows that losses are 

trending upward in tandem with increased access to water or that downstream irrigators 

are irrigating at a higher loss than their upstream and middle-stream counterparts. 

Overall irrigation efficiency of the scheme 

Equation 3.28 can be used to calculate overall efficiency, which is the product of 

application and conveyance efficiency. This research illustrates that the overall irrigation 

scheme efficiency in this study was 53.56%, which is good. Ultimately, the overall 

scheme efficiency was computed as the product of conveyance and application 

efficiency. For surface (furrow) irrigation techniques, the overall scheme irrigation 

efficiency of 50–60% is good; 40% is reasonable, while 20–30% is bad (Abera et al., 

2019). Water Use Efficiency (WUE) in irrigation is the ratio of actual water withdrawal 

to effective water use. It describes the efficiency of water consumption in a certain 

process. Efficiency depends on both procedure and scale. Along a canal, the conveyance 

efficiency is the ratio between the volume of water at delivery points and inflow at 

entrance. At field level, effective water use is the water transpired by the crop and some 

other special requirements (land preparation, salt leaching). Runoff, deep percolation and 

evaporation from bare soil or standing water in paddy fields, are losses seen below Table 

(4.11). 

Table 4. 9 Summary of Internal Process Indicators Result 

Internal indictors value (%) 

Conveyance efficency (Ec) 77.51 

Application efficency ( Ea) 69.94 

Deep  percolation efficency (Ed) 29.00 

overall  efficency(Ep) 53.56 
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4.3.2 External Performance Indicators 

Water Delivery Indicators 

The measurements include production per unit of command, production per unit of 

cultivated area, production per unit of water used, and production per unit of irrigation 

provided, which establish a connection between output and land and water. Meanwhile, 

the remaining three metrics, namely water delivery capability, relative water supply, and 

relative irrigation supply, pertain to the supply of water from irrigation. Water delivery 

performance encompasses a combination of physical and institutional components 

utilized for obtaining water from naturally concentrated sources and regulating the 

movement of water from its source to the root zone of land dedicated to agricultural crop 

production ( Awulachew & Ayana, 2011). 

 Relative water supply: the comparison is made between the total amount of water 

applied, which includes irrigation water and total rainfall, and the water needed by the 

crops during the specified period. The total water supply for small-scale schemes was 

acquired from the respective scheme management for the specific period. The water 

required by the crops was estimated using meteorological data from the meteorological 

stations of the schemes, and in the CROPWAT 8.0 version, equations 3.34 and 3.35 were 

utilized to determine both RWS and RIS indicators. The relative water supply (RWS) 

indicates if there is enough irrigation water for the command area. If the relative water 

supply value is below one, it means that the water supplied is less than what the crops 

need. If the value is above one, it means that more water is being added to the root zone 

than the plants require. The relative water supply indicator was calculated to be 1.55. 

This indicates that the total water supplied was insufficient for the crop water demand, 

resulting in a surplus of water for the irrigated land. Despite this excess water and 

available effective rainfalls, it was not possible to irrigate additional farmland. 

 Relative irrigation supply (RIS): - is indicates the irrigation demand. The calculated 

relative irrigation supply value exceeded one which is 1.62, indicating that the diverted 

irrigation supply adequately met the crop's irrigation needs. This outcome suggested that 
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there was no surplus water available to irrigate more land beyond the currently irrigated 

areas. From late March to early June, downstream users experienced a shortage of water.  

The relative irrigation supplies represent the ratio of the water volume obtained from 

springs and effective rainfall to the total crop demand. This serves as a useful 

performance measure to assess water shortage in relation to demand. However, RIS does 

not indicate the correct timing or quantity of water application, nor does it reflect the 

actual water consumed by the crops. Instead, it simply illustrates the overall balance of 

supply and demand. It is important to note that an RIS value exceeding one does not 

automatically ensure sufficient irrigation due to various factors. 

 Water delivery capacity (WDC): - is the ratio actually delivered discharge of water and 

designed (intended) discharge of water to be delivered. The system's ability to deliver the 

necessary volume of water to meet peak crop water requirements is indicated by the 

water delivery capacity. Equation (3.36) was used to determine the water delivery 

capacity, based on the design document's specified water amount of 0.11 m
3
 per sec, and 

the actual water delivered through the main canal is 0.082 m
3
 per sec. The actual delivery 

of water to the main canal falls significantly below the designed discharge, indicating a 

WDC result of 1.24. With a WDC value greater than 1, the canal capacity at peak crop 

demand times exceeds the requirements. The canal's capacity serves as a constraint for 

meeting the maximum crop water requirement. The canal discharge capacities decreased 

because the flow was obstructed by the use of stone and mud, sedimentation, and the 

growth of grasses due to inadequate scheme management. Consequently, the flow 

velocity decreased as depicted in figure (4.8). 
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Figure 4. 8 Water Delivery Indicator Result 

Relative water supply (RWS) is defined as the ratio of the total water supply to the total 

water demand, expressed by Etc. Relative water and irrigation supply values for this 

finding consistent which is 1.55 and 1.62 consistent result according to Berihune & 

Moges, 2022  they were found as 1.71 and 1.47 respectively.  
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Agricultural Output Indicators/Land and Water Productivity 

The national economy of Ethiopia is mainly driven by the agricultural sector, which 

constitutes approximately 46% of the GDP, nearly 90% of export earnings, and employs 

85% of the population and possesses a wide range of natural resources, including land, 

irrigation potential, and diverse ago-ecological conditions suitable for cultivating various 

crops. These resources require careful consideration and systematic utilization to bring 

about significant and sustainable growth in the agricultural sector, thus contributing 

positively to the country's overall economic development (MoA, 2011). Below are the 

four fundamental external performance indicators that link output to unit land and water. 

These indicators, known as "external," form the foundation for comparing the 

performance of irrigated agriculture. Although water is a limited resource, the 

productivity per unit of water may hold greater significance. In contrast, while land is 

constrained in comparison to water, the productivity per unit of land may have greater 

significance. 

 

The land productivity indicator is crucial when land is limited. It is obtained by 

calculating the total production value per harvested area in the irrigation season. The 

harvested or irrigated area comprises the area that was irrigated during the irrigation 

seasons. The yearly harvested area is dependent on the cropping intensity, being the total 

sum of all areas under crops during the year. This indicator remains unaffected by the 

cropping or irrigation intensity. When evaluating agricultural performance, land and 

water productivity indicators were examined using irrigation supply per season and the 

crop water consumed per season, which were (531,146) and (531,756) m3 respectively. 

The cropped area measures 61 hectares, and the total income of the scheme is 892,829 

US$. The production capacity of each cropped area demonstrates how much gross return 

can be generated within the available water and land productivity. Meanwhile, the result 

obtained by using a meter cube of applied water reflects the output per unit of water 

consumed and the water's productive potential seen below table (4.12) 
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Table 4. 10 Irrigated Crop Type, Yields and Output Production Values of the Scheme 

Crop types 
Area Yield Total yield Unit price Total output Total 

(ha) (Ql/ha) (Ql) (Birr/Ql) (Birr) income(US$) 

Onion 21 300 6300 2500 15750000 225000 

Tomato 19 320 6080 1600 9728000 138971 

Teff 13 180 2340 15000 35100000 501429 

Pepper 8 30 240 8000 1920000 27429 

Total 61 830 14,960 27,100 62,498,000 892,829 

                     Ql= quintal, 1Ql=100kg and 1 US$ = 70 Ethiopian Birr rate,  

I. Land productivity indicators.   

In assessing land productivity issues, performance indicators for output per unit area 

irrigated and output per unit command area were examined using equations (3.30 and 

3.31). The analysis revealed that the output per unit area irrigated amounted to 14637 

US$/ha. Meanwhile, the output per unit command area performance of the scheme 

yielded 10504 US$/ha 

 

Figure 4. 9 Land Productivity Indicators Result 

II. Water productivity indicators 

Water productivity (WP is the measurement of assessing the amount of water needed to 

produce a certain yield. It consists of the ratio of grain yield to actual evapotranspiration, 

representing the amount of physical biomass or yield generated per unit of water 
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consumed (Ahmad et al., 2024). Equation (3.32) represents the revenue from agricultural 

output per meter cube of irrigation water supplied. The scheme's output per unit irrigation 

supply similarly, a study found the output to be 2.69 US$/m3. Equation (3.40) describes 

the return on water consumed by the crop, and this indicator focuses on the efficient 

utilization of water by the scheme from an economic perspective. The values for this 

indicator were determined to be 14.15 US$/m3. 

.  

Figure 4. 5 Water Productivity Indicators Result 

Physical indicators 

Design command area, and currently irrigated and the initial irrigated areas were 85 ha, 

61 ha and 55 ha, respectively. Equations 3.37 and 3.38 were used to calculate the 

irrigation ratio and sustainability of the irrigated area. The main reason that the cultivated 

land has decreased by 24 ha from the designed area is because some individual’s persons 

are water from the Gumara River through pumps and watering from the end of the 

Bebekes canal. Also, the main reason why the area covered by crops has decreased by 6 

ha is due to various challenges.  

The Irrigation ratios: - is gauged by area irrigated to the area planned to be irrigated, 

water logging, tail end deprivation and yield. it might be managed to utilize the limited 

availability of water and its growing need. During the study period, 72% of the command 
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area was currently under irrigation, while about 28% were not under irrigation. The 

irrigation ratio of the scheme represents the total area under irrigation versus the total 

designed command areas of already implemented irrigation projects during a specific 

year or averaged over years in the country or region. After discussions with Keble experts 

and the Wurko irrigation project committee, it was determined that the main reasons for 

the challenges were increased competition from neighboring Woreda and Keble upstream 

of the diversion headwork, the construction of a highway road across the scheme, shorter 

flow lengths of main canals due to low water levels, poor condition of laterals, reduced 

productivity due to water shortage, lack of irrigation infrastructure, and low interest in 

irrigation due to low returns. 

Sustainability of irrigated area: - area is determined by comparing the current irrigated 

area to the originally designed irrigated area, indicating whether the area under irrigation 

is shrinking or growing since the inception of the scheme. This comparison is a valuable 

indicator of the sustainability of agricultural irrigation. The research focused on priority 

issues such as climate change, environmental impact, and conservation of natural 

resources; non-traditional water resources; innovations in irrigation technology; and 

water usage efficiency. Other researchers related to sustainable irrigation areas found 

similar results in several areas related to sustainable irrigation in agriculture that permit 

further research and promotion  (Dejen, 2015). 
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Figure 4. 11 Physical Indicators Result. 

The sustainability of irrigated areas is used to show whether the command areas required 

for irrigation are adequately serviced. Even though the current irrigated area and required 

command area during the irrigation season were explained in Table 4.13. As a result, the 

SIA using equation 3.38 and 3.37 was 90%. The computed values of the sustainability 

irrigated area of the Wurko scheme were below one, which indicated that the current 

irrigated area was below the proposed values during the construction period of the 

irrigation scheme. The reduction of the Wurko command area was due to water scarcity 

and poor maintenance activity of the scheme. 

Table 4. 11 Environmental Sustainability of Wurko Scheme 

Wurko irrigation command area Unit Extent 

Required irrigated area Ha 61 

Current irrigated area Ha 55 

Sustainability of irrigated area % 90 

Effectiveness of infrastructures (EI) 

To measure maintenance performance and determine of the scheme system is operating 

as anticipated or not, for the infrastructure efficiency.  Equation 3.39 is used in 

determining the overall water management of an irrigation scheme based on the 
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functioning of the irrigation structure. The next section discusses the practical issues with 

the headwork and canal construction components of the Wurko diversion that decreased 

its performance. These are: -High seepage in the canal; -Occurrence of breaking at the 

main canal; -Clogging of the turnout problem, as indicated by the performance numerical 

value below Table (4.14). 

                                Table 4. 12  Status of Infrastructures 

Status of existing structures in number 

Total Installed   Function Mal-function     EI (%) 

31 20 11 65 

4.4 Organizational set up and Managerial Technical Measurement  

In the Wurko irrigation project a 198 beneficiary homes chosen from the scheme's head, 

middle, and tail reach were interviewed to obtain information about the farmers' 

perceptions of the scheme's performance. To evaluate the characteristics of households 

for the irrigation scheme, a survey of households was carried out. The queries centered on 

the scheme's sustainability and upkeep, as well as the socioeconomic characteristics, 

institutional backing, and organizational structures of the wurko water management 

methods. 

 4.4.1 Organizational set-up of water user associations 

Every participant is a member of the Water Use Associations (WUAs) that were 

established following the scheme's installation in each irrigation site. It is said that the 

WUAs committee reports to the general assembly. The irrigation scheme's organizational 

structure is primarily responsible for managing conflicts, operations, and maintenance, as  

Well as resource mobilization. The following figure (4.12) shows the general 

organizational structure of the WUAs committee. The WUA committee's highest body, 

the general assembly, makes the ultimate choices based on the best concept to maintain 

the scheme's strong performance and in accordance with small-scale irrigation guidelines. 

The general assembly of all irrigation system sites is composed of committees for 
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operations, maintenance, and audits, in addition to a chairman and secretary. The 

sustainability of irrigation schemes depends on community participation, which is 

defined as including scheme users in the decision-making processes for the design and 

execution of irrigation project. 

 

Figure 4.12: Organizational Set-Up of Water Users Associations in the Study Scheme 

The purpose of water users' associations (WUAs) is to organize nearby farmers and 

enable them to participate in the planning, distribution, and management of water 

resources. However, there is conflicting empirical data regarding WUA performance. 

According to Chattopadhyay et al., 2022  WUAs are successful in enhancing crop output 

through increased crop diversification, boosting farmer income, and enhancing the 

irrigation system's financial viability 

Socio-economic characteristics of farmer 

The small-scale irrigation scheme chiefly surveillance categorized by government, 

private group and Socio-economic characteristics of farmer (beneficiary), so that this 

research believed that the greater number protection performs with Socio-economic 

characteristics of in operational, maintenances. The larger number of beneficiaries and 

the positive impact on household livelihoods analysis measured percentage. This is the 
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ratio of aggregated number of successfully operating irrigation schemes to the total 

developed irrigation schemes in the country during the time considered. Socio-economic 

analysis is basically required to have a clear-cut comprehensive idea about the 

composition of the respondents in the study area which will be useful to derive valid 

conclusions which may help the researcher to suggest better location-specific feasible 

solutions for the improvement of efficiency in the study area. Generally, the 

socioeconomic analysis focuses on identifying the adaptive capacity of individuals or 

communities based on their internal characteristics such as age, education etc. A clear-cut 

comprehensive idea about the socioeconomic composition of the respondents in the study 

area will be useful to derive valid conclusions which may help the policy makers to 

suggest better location-specific feasible solutions for improvement of scheme cultivation 

practice. 

Beneficiaries target performance: This is the ratio of actual number of beneficiaries using 

irrigation schemes and planned or targeted number of beneficiaries. Because of the 

Wurko scheme's proficiency schemes and factors like sex, age, and family members, this 

is mostly relevant to community-based study. One agricultural practice utilized by rural 

farmers to enhance the general standard of living in their community is small-scale 

irrigation. This practice lowers poverty and increases income while also securing food, 

addressing social needs, and meeting other criteria. One of these services that is helpful 

for introducing and developing modern technology procedures is training (agrochemicals, 

enhanced seed varieties, and appropriate fertilizer types and rates) (Zemarku et al., 2022). 

Based on the beneficiaries' sampling results as provided in Table 4.15 and Equation 

(3.41), many irrigation scheme users (76.3%) were families controlled by men. About 

42.9% of the heads of recipient households were between the ages of 20 and 65. The 

average family size of the irrigation project was reported by 60.6% of respondents to be 

between three and six members, while approximately 34.3% of the household heads who 

benefited from the scheme were married. The irrigation scheme's primary beneficiaries 

were illiterate family heads, which made up 30.30% of the total, while the remainder 

28.18% could only read and write. 
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Table 4. 13 Socio-Economic Characteristics of Farmer 

Sex of household 

Female 102 51.5 

Male 96 48.5 

Total 198 100 

Family size 

1 to 2 29 14.6 

3 to 6 120 60.6 

>=7 49 24.7 

Total 198 100.0 

Age 

<20 20 10.1 

20-65 85 42.9 

>65 93 47.0 

Total 198 100.0 

Marital status of the household head 

Widowed 30 15.2 

Married 68 34.3 

Divorced 53 26.8 

Unmarried 47 23.7 

Total 198 100 

Literacy level of the household head 

Illiterate 60 30.30 

Read &write  56 28.28 

Elementary 43 21.72 

High school 

complete 
39 19.70 

Total 198 100 

The main causes of irrigation scheme failure and underperformance in Ethiopia are said 

to be issues with planning, executing, and/or maintaining the system. During the design 

and implementation phases of irrigation projects, the most often stated issues were low 

community participation, a lack of trustworthy hydrological data particular to the 

location, poorly built irrigation facilities, excessive construction costs, and delayed 

project completion. The two main issues with small-scale irrigation management 

techniques in Ethiopia are the existence of weak local scheme governing institutions and 

the exclusion of users from management choices  (Berhe et al., 2022). Field survey: 

Starting in end of December 2016 and continuing through the conclusion of this research, 

each plan completed an extensive field investigation that involved a walkthrough of all of 

its component parts. The primary goal is to convey the following viewpoint:  

i.  To familiarize myself as soon as possible with the irrigation water sources for 

these schemes. 
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ii. To examine and measure the water diversion head works physically. 

iii.  To comprehend the water distribution and conveyance systems and promptly 

assess their state. 

iv. To understand the existing irrigation scheduling and operation of flow control 

structures. 

v. To assess on-farm and off-farm irrigation water management practices. 

Sex of household head: - it is hypothesized that probability of sex of the farmer would 

have a positive influence on the use of irrigation water. As indicated from the total result 

106 (53.5 %) of the respondents were male. The chi-square test result also shows that 

there is a significant relationship between sex of household head and irrigation utilization 

seen below table. Furthermore, it became obvious through focus group discussions 

(FGD) that households headed by men and women did not engage in irrigation 

agricultural operations to the same extent and also shown that the productivity of 

irrigation water and sex had a positive and significant link (Sisay, 2018).  

Table 4. 14 Percentage Distribution of Sample Households by Sex 

 
Sex of household head 

Irrigation Utilization   

User Non user Total X2 value  

NO_ % NO_ % NO_ % 

51.98 

Female 41 38.0 51 56.7 92 46.5 

Male 67 62.0 39 43.3 106 53.5 

n sanple (n=198) 108 100 90 100 198 100   

Source: own computation based on Appendix table significant at less than 1% probability 

level 

Extension: service access and utilization  

Research investigations at the Wurko irrigation system established the usefulness of 

frequent irrigation performance monitoring as an indicator to target maintenance. The 

ability to access extension services is unavoidably important for developing knowledge 

and expertise in the use of better agricultural inputs.  Here, the focus is not so much on 

formalizing institutions, but on building internal capacities with regard to the technical, 

financial and managerial skills considered necessary to manage  and take over operation 

& maintenance tasks This shows weak extension administrative arrangements on the 
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behalf of Wurko irrigation, Moreover, the chi-square test result revealed that there is no 

significant relationship between extension service access and irrigation utilization in the 

study area seen Table (4.17) The chi-square test result also shows that there is a 

significant relationship between non user and user head and irrigation utilization 

(Table4.17 ) according to Abiyu, 2016 similar method is used a result of 59.1 %. 

Table 4. 15 Relationships between Extension Service Access and Irrigation Utilization 

Extension service access and use 

Irrigation Utilization 

User   Non user   Total   X2 value  

NO_ % NO_ % NO_ % 

54.45 

No 33 30.6 48 53.3 81 40.9 

Yes 75 69.4 42 46.7 117 59.1 

  108 100 90 100 198 100   

     Source: own computation based on table significant at less than 1% probability level 

Asset Management planning (sectors) 

The format of a questioner about watershed management includes whether it is treated or 

not, accumulation of sediment in the main canal, and canal alignment. This type of 

questioner is directed regarding someone who may be concerned. According to the 

results, 44% of the scheme suffers from accumulation of sediment at the head of the main 

canal, which occurs when the flow is diverted to an area that is not intended for 

irrigation; even though the catchment area is flat, the flood is affected because of the 

untreated area (see table 4.11 and the catchment area of figure (3.3) above). The canal 

alignment is somewhat challenging because of the presence of rock, making it difficult to 

pass the rock beneath it. 

Table 4. 16 Interviews to Perceptional Manager of Scheme 

 

No_of Respons % 

Watershed is untreated  10 

Is ther accoumulation of sediment in MC  44 

Cnal Aligment & seepage  26 

Confilt  during constrction  20 

Total 100 
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Training and Technical Advice 

Enhancing farmers' knowledge and abilities can be achieved in large part through training 

and technical guidance. More farmers receive training and technical assistance, the more 

likely it is that they will implement new technologies to enhance their production system, 

such as small-scale irrigation (Rasanjali et al., 2021). Although most rural residents are 

unaware of the benefits of new technologies, there is a great need for technical guidance 

and training, particularly when implementing new technology. Most irrigation users were 

found to have received technical guidance and training. 

The chi-square test result revealed that there is a significant relationship between training 

and irrigation utilization. However, after the training program 100% of the farmers said 

they got extremely sufficient knowledge regarding their problems but 35.9 % of farmers 

mentioned they do not require more training for their current cultivation. And they are all 

satisfied and got maximum benefit from this training program. Agricultural training is 

important to disseminate the knowledge of new technology. This study investigated the 

effectiveness and impact of agricultural training related to agricultural technologies 

offered. It is expected that the trainings have a positive impact on farmers. According to 

conclusion (Table 4.19 & 4.15) there was no association between demographic factors 

(age, gender, marital status, educational level, employment, and number of family 

members) and new agricultural technology application in the field. When consider the 

trained farmers point of view regarding the training program, majority of them were 

happy about the allocated number of days, allocated time for the practical and theory part 

and presentation. Trained farmers thought that the practical knowledge provided by the 

institution were extremely sufficient. 

Regarding the impact of the study, training programs increased the usage of high yielding 

varieties, following DOA recommendation regarding seed and plant rate herbicide and 

pesticide usage, new irrigation methods, and new machines and equipment. 

Table 4. 17 Relationship of Training and Technical Advice with Irrigation Utilization 
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Training and Technical Advice 

Irrigation Utilization 

User Non user Total   

NO_ % NO_ % NO_ % X2 value  

No 20 18.5 51 56.7 71 35.9 

61.9 

Yes 88 81.5 39 43.3 127 64.1 

n=(198) 108 100 90 100 198 100 

 

Questionnaire survey 

A questionnaire survey to water users themselves is a useful tool to collect primary data 

needed for performance assessment. In community-managed schemes, relevant data such 

as agricultural output, landholding, cropping pattern and intensity, degree of satisfaction 

with irrigation service, etc., are hardly available from secondary sources in this scheme 

cases A questionnaire were used to obtain farmers’ views on their crop yields, the 

adequacy of irrigation supply, flood hazard and the effect of channel and structure 

condition on water management. The questionnaire were not designed to gather large 

volumes of data for statistical analysis but to guide discussion with farmers at different 

locations to identify common issues concerning the hydraulic and agricultural 

performance of the scheme and maintenance requirements. Individuals or groups of 

farmers were interviewed at nine sites. There was no single outstanding feature common 

to many farmers. Rather several different concerns were expressed, most of which related 

to the design and operation of the scheme rather than to maintenance constraints. 

Table 4. 18 Problems Having in the Study Area 

No_ problem having study area 

Users 

No_ % 

1 Damage by drinking animals 4 19 

2 Grasses and silt accumulation 8 38 

3 Seepage due to old age of structure   6 29 

4 conflict during watering  3 14 

5 Total 21 100 
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From the above table this research evaluates the structural failure due to its oldest 

structure by seepages and sedimentation at the upstream of the main canal near to weir. 

The sedimentation affected not only the conveyance efficiency but also the application 

efficiency. In the Wurko small Scale irrigation not only conflict during watering but also 

conflict were during the construction wire. In generate the environmental flow is 

acceptable ten person of the flow but due to conflict downstream using pump irrigation 

above 10% is used environmental flow. Hence, to achieve net water savings, water-

efficient technologies and practices need to be used in combination with other measures 

such as incentives for conservation and proper use. Besides, appropriate regulations 

should be set that limit water allocation and usage. The government and partners should 

allocate resources for capacity building of farmers regarding irrigation, which in 

extension will lead to enhancement in WUE. 

Conflict over irrigation water utilization: It is a dummy variable in this study representing 

the quarrel among irrigation users. The quarrel among the members of water users’ 

association will reduce the utilization of irrigation water for cultivation purpose. The 

survey result indicated that majority (80.6 %) of irrigation users reported as there is 

conflict over irrigation water utilization. The chi-square test result also revealed that there 

is a significant relationship between conflict over irrigation water use and irrigation 

utilization (Table 4.21). 

 

Table 4. 19 Conflict over Irrigation Water Utilization among Respondents 

 
Conflict over irrigation 

water utilization 

Irrigation Utilization 

User Non user Total   

NO_ % NO_ % NO_ % X2value  

No 21 19.4 70 77.8 91 46.0 

67.2 

Yes 87 80.6 20 22.2 107 54.0 

n=(198) 108 100 90 100 198 100 
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Narrative report about Challenges and Opportunities of Small-Scale Irrigation 

Utilization 

Challenges: According to conversations with Woreda irrigation experts, estimates of the 

potential for small-scale irrigation schemes and their productivity in the study area differ 

from one source to the next because of a variety of factors, including poor water 

management (i.e., irrigators' lack of experience improving water use efficiency), poor 

land management, and little knowledge of micro-dams, furrow irrigation, and 

infrastructure maintenance that is difficult for farmers to manage on their own.  

Information and records (e.g., file generation and management about climate data, 

rainfall, runoff, and sedimentation; hydrological data for micro-dams construction are not 

well identified); insufficient supply of improved seeds; dependency condition on 

government and donors; conflicts over irrigation water utilization; inadequate and 

frequent training to handle technologies prior to introduction; too small land holdings and 

continued division of land leads to problems of diversification into high value crops; 

shortage of improved seed supply; and inadequate marketing access and linkage and the 

main obstacles in the project area are the inefficient use of resources like manpower and 

water, study (i.e., inadequate research on irrigation water management and weak 

connections between extension and research services in irrigation sectors), and improper 

input use.  

During focus group discussions (FGDs) and key informant interviews, respondents also 

reported that the governmental water sectors should solve the major small-scale irrigation 

problems identified during the study, which include financial constraints, especially for 

the purchase of motor pumps, shortage of agricultural inputs like improved seed and 

pesticides, design and construction of high-cost irrigation structures, supply of spare parts 

and gabions, technical supports such as maintenance of motor pumps, strengthening of 

the of the value chain, provision of market information and market networks, facilitating 

infrastructure, especially roads and storage, and supply of agro-chemical.  

Opportunities: According to the information collected from focus group discussions and 

key informant interviews, the overall opportunities for the development and management 
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of irrigation water are the availability of high surface water potential and allocation in 

various Keble, good motivation and willingness from policy makers for the development 

of water projects, the voluntariness of irrigation users to attend scientific trainings, and 

the and the wide range of technologies that now exist countrywide and can also be 

adapted to the local situation. These all-positive factors and the current natural situations, 

such as climate change (i.e., occurrence) and agricultural product market competition, are 

good reasons to utilize the available water resources in the area. In general, the scheme 

has the opportunity to increase its production by addressing training and technical advice 

for the beneficiaries because of their productive age (see Table 4.15). Growing water 

demand and water scarcity have turned into a prominent challenge to livelihoods in 

several parts of the world. Global warming, water pollution, population growth, 

urbanization, and poor water resource management have all contributed to the water 

crisis. Water scarcity is expected to affect socio-economic activities, food security, 

education, health, and the intensity climate change, thereby catching the attention of the 

public. 
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5.  CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion  

As observed to the field during Wurko irrigated scheme, irrigation water management 

were poor and highly losses due to the absence of flow controlling systems, lack of 

information to the users and concerned body required for maintenance, laws and 

regulations and how to improve the performance of their systems. 

Internal performance indicators such as conveyance efficiency, field application 

efficiency, storage efficiency, deep percolation ratio and overall efficiency of the scheme 

were computed. External performance indicators relative water supply, relative irrigation 

supply, water delivery capacity, irrigation ratio, and the sustainability of an irrigated, 

output per cropped and command area, output per irrigation supply and water consumed 

were evaluated. Internal indicators has a 1600m length of rectangular lined main canal 

which providing water to one lined and one unlined secondary canals with few direct 

tertiary canals. From this lined concrete canal, the average conveyance efficiency is 

80.15%, and one lined and one unlined secondary canals corresponding conveyance 

efficiency is 86.12% and 72.45% respectively and the average delivery efficiency of the 

scheme is 77.51%. The result shows that there was high water loss due to lack of frequent 

canal cleaning (sediment and weed removal) and maintenance, the absence of flow 

control gates, lack of supper passage, conflict of user’s , lack of soil and water 

conservation structure. The average field application efficiencies of the scheme at the 

head, middle and tail reach of selected fields are 66%, 77% and 69%, respectively and the 

average field application efficiency of the scheme is 70.6% as compared with an 

application efficiency of 50-70% for furrow irrigation observed in other African countries 

the finding were good. The overall efficiency of the Wurko scheme is 53.56% which is 

relatively good. However, head reaches irrigated fields are managed less efficiently than 

the middle and tail end fields in terms of water use. External performance indicators 

relative water supply, relative irrigation supply, water delivery capacity, irrigation ratio, 

and the sustainability of an irrigated, output per cropped and command area, output per 
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irrigation supply and water consumed are evaluated  as follows 1.55, 1.62, 1.24, 0.72,0.9, 

14,637 US$/ha, 10,504 US$/ha, 14.15 US$/m3, and 2.69 US$/ m3, respectively. 

Generally, according to the results of the research the current irrigation area has shrunk 

by 28.2% from the design. The scheme has been giving service for around 10 years; 

however, the scheme has not been fully functional as expected and although the design 

should fulfill its requirements in terms of the design period, so the performance of the 

irrigation system is relatively good performance of the scheme at the existing conditions. 

The irrigation efficiency was mainly reduced due to the sedimentation, conflict of users, 

lack of constructing cattle trash, and lack of constructing supper passage, lack market 

network, the lack of availability of herbicides and pesticides are among the main 

problems that have reduced the efficiency of agricultural production output.  
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5.2 Recommendations  

 By providing beneficiaries with training is mandatory in irrigation water and 

structure management, scheme operation, and maintenance, recipient farmers can 

improve irrigation techniques, better utilize the water at their disposal, and break 

the present trend of growing grains rather than crops.  

 According to the results of the research, the irrigation efficiency was mainly 

reduced due to the sedimentation created on the canal. Also, I think that if the 

upper part of the canal is need for natural resource work, if cattle trash is 

constructing for the animals to drink, and if they are made for the animals to 

supper passage, through the irrigation efficiency will be increase. 

 The system's Water User Association has identified shortcomings in the 

application of management-related rules and regulations. For the water users 

association to fulfill its mandate, the appropriate organizational structure, plan 

monitoring, and capacity building must be in place. This will ensure better water 

management, equitable irrigation water distribution, maintenance, and the 

solution of disputes among irrigation scheme users. 

 Strengthening the water distribution capacity of the canals by the application of a 

gated division system, routine canal cleaning, and repair of damaged irrigation 

infrastructure may be essential for strengthening the proportionality of irrigation 

water supply and demand. 

 The government should entities at different levels for sustainable asset 

management (operation and maintenance) and water management in the strategy 

to address the purpose of food security. 

 The spring source for the irrigation project is not fenced, so animals could go in 

and drink the water, damaging the structure. This means that regular supervision 

is required. The study made a strong case for the need for better irrigation water 

management in order to make the most of the few water resources. 

 In order to assess the effectiveness of the plan and the amount of water needed, 

further researchers must choose a few more crops. 
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APPENDIX 

Appendix A  

Questionnaires for the Evaluation of Wurko Small Scale Irrigation Scheme 

 Zone: South  Gonder  Woreda:-Fogera  Kebele: Bebbekis  

Scheme Name: Farmer’s Name:    

Location of the irrigation part: head/mid/tail Date 

Awareness for all concerned body specially irrigators by providing the following 

information 

1.  Information for Structure 

1.1 How and when the scheme is constructed. 

1.2 How many infrastructures are there? 

1.3 What are they and their purpose? 

1.4 All the structures still functional or not describe the reason and show in number.  

2 Characteristics of the scheme site 

2.1 Type of structure according to  

2.1.1 Watershed is treated or not 

2.1.2 Construction materials 

2.1.3 High and masonry diversion weir  

2.1.4 Source of water  

2.1.5 Diversion headwork from source   

2.1.6 Command area (ha)  

2.1.7 Irrigable area (ha) በመስኖ ሊለማ የሚችል ቦታ 

2.1.8 Initial irrigated area (ha)  

2.1.9 Irrigated area (ha)  

2.1.10 No. of beneficiary famers Male ------- Female ---------- Total -------- 

2.1.11 Length of main and secondary concrete lined and unlined  and tertiary canals (m)  

3 Remedial measurements  

3.1 How to improve their system design and operation improving the structure design  

3.2 Extension service access and utilization 
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3.3 Asset Management planning (sectors) 

3.4 Training and Technical Advice  

3.5 Interview (Questionnaires) for Farmer  

4 Productivity of land and water 

4.1 How Optimization program is performed 

4.2 Which strategy is taken to improve the production and to increase their profit? 

4.2.1 In which plan is focused water and/or land Resource assessment? 

4.2.2 How the price and transportation to market seems like 

4.2.3 Have Develop a real-time irrigation management decision 

5. Major crops grown this scheme. 

4.3 What are the major types of crops were grown in this scheme. 

4.4 Cropping pattern   

4.5 First and last planting date 

4.6 Harvesting date 

4.7 Interval of irrigation 

6. Division of fields 

6.1 Division of scheme  Head         Middle  Tail  

6.2 Select three farmers field for experiment at each part H1 H2 H3 M1 

 M2 M3 T1 T2 T3 

6.3 Dominant irrigation practices  Basin  Border  Furrow 

7. Evaluation of Organizational Setup and Irrigation Water Management 

I. 7.1 Have any organizational association to sustainability and Improve 

productivity of irrigation systems. 

II.  Does Monitoring and Evaluation or Contact Agreement With WUA 

III. watersheds: - untreared1_________Treated___________2 good 

treated________3  

IV.  accumulations of sediment: - main canal 1_____secondary________2 Tertiary 

______ 

V. canal alignment and seepage: - fair 1______good ______2 very good _____3 
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VI. Is there any conflict about being started construction commencement and after 

weir constructed due to water resource yes ______________1 no___________2 

VII. Discusses and organizes all relevant bodies in the Keble for organizational control 

and use of irrigation water. 

VIII. How the Organizational Setup and Irrigation Water Management member such as 

water user association’s chairperson, secretary, treasurer, control committee, 

water user teams, water user group, Keble agricultural development agents’ 

experts and farmers monitoring the scheme 

IX. How Organizational indicators used to evaluate the social and economic 

characteristics of the planning and administrative system and continuity. 

X.  What types of project evaluation irrigation water management practices.  

XI.  What types and how can solve causes of conflict using methods of conflict 

resolution and give up support services to sustain the irrigation project 

8 Socio economical  

Household head: Male=1 Female=0    

Family size: 1 =Group1-2, 2= Group3-6 and 3=Group>=7 

1.3 Age: <15 years=1 _   15-65years=2 >65years=3   

Marital status of the respondent: 

i. Married=1 ii. Widowed=0 iii. Divorced=2 iv. Unmarried=3_   

Literacy level of the household: 

i. illiterate=0 ii. Read and write only=1 iii. Elementary=2    

iv. High school complete =3  vii. Diploma and above=4   

        9 Household Assets 

what is the major occupation of the household? 

i. Crop Production=0 II. Livestock =1   III. Vegetable=2 IV. Mixed farming=3   

Do you have additional incomes that supplement your major occupation? Yes=1/ No=0 

If yes, what? ……………………………………………………………….. 

How do you evaluate the sufficiency of rainfall of the area for crop production? 

i. Excess=1 ii. Sufficient=2 iii. Insufficient=0 IV. Very low=3   

How many times you produce annually by applying irrigation? 
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................When?  

 For how long you have access to irrigation water in a year on your major irrigated plot 

(which month and No. of months i. 1-3 months=0 ii. 4-6 months =1 iii. 7-9 

months=2 Months……………………. 

Do you think the project were important in your area? Yes=1/No=0 

If yes, has the use of irrigation increased your annual income? Yes=1/No=0 

If yes, what is the estimated proportion of increment in the amount of income from crops 

compared to before the project time? % 

Do you irrigate all of your irrigable lands? Yes=1 / No=0 

If not, why? Rank in order; 

i. Shortage of water=0 ii. Low productivity=1 iii. Poor quality of irrigation=2   

iv. Getting sufficient produce by rain feed agriculture=3 v. poor maintenance=4   

vi. Others (specify)………… 

 Is there a mechanism of water pricing for irrigation users? Yes=1/No=0 

If yes, in what way do you price? 

10 Project Evaluation 

Who initiated the idea of constructing the structures? 

i. Local people=0 ii. DA=1 iii. Project staff=2 iv. Others   

If it is not the local people, have you agreed about the construction of the structures? 

Yes=1/No=0 Why? .......................................................................  

Did you agree on the project/Diversion? Yes=1/No=0 
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Appendix B 

 

 

Appendix Figure B1 in laboratory to check the weight of wet soil and core cutter by 

sensitive balance instrument.  

 

 

 Appendix Figure B 2 to check laboratory on oven-dry soil instrument. 
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    Appendix Figure B 3 pressure apparatus used in laboratory to check Fc & PWP   

 

                            Appendix Figure B 4 the source of spring location   
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Appendix Figure B 5 the weir structure and practically used instrument  

 

                                    Appendix Figure B6 onion harvesting stage at Field 
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Appendix Figure B7 Measurement of Discharge Using Parshall Flume at Entrance in the 

Field 

 

 

   Appendix Figure B 8 Method of primary data collection 
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Appendix C 

Appendix Table C1soil properties at different field 

 

Appendix Table C2 Net and Gross irrigation values for selected crop 

 

 

 

 

depth Bd MC stored depth Tsdepth

Unit cm gm/cm3 % mm mm Total storge  

Field 1 0-30 1.23 3.5 12.92

30-60 1.25 3.6 13.50

Field 2 0-30 1.25 3.7 13.88

30-60 1.34 3.8 15.28

Field 3 0-30 1.30 3.9 15.16

30-60 1.38 4.1 16.97

Field 4 0-30 1.26 4.4 16.63

30-60 1.37 4.5 18.50

Field 5 0-30 1.34 5.3 21.31

30-60 1.36 5.6 22.85

Field 6 0-30 1.37 5.6 23.02

30-60 1.38 5.8 24.01

Field 7 0-30 1.27 2.9 11.01

30-60 1.38 3 12.42

Field 8 0-30 1.26 3.2 12.10

30-60 1.34 3.3 13.27

Field 9 0-30 1.30 3.1 12.05

30-60 1.26 3.2 12.10

23.51 63.15

11.72

36.47

12.68

12.07

43.85

13.21

14.58

16.07

17.56

22.08

Etc Eff.rain NIR GIR

Crop Type

Oinion 358.2 83.04 275.2 393.1

Tomato 488.3 83.04 405.3 578.9

Teff 418.1 83.04 335.1 478.7

Pepper 398.5 83.04 315.5 450.7

mm
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Appendix D 

Appendix Table D 1 the climate data in Wanzaye station 

 

            Appendix Table D 2 rain fall and effective rain fall  in Wanzaye station 

 

 

Country: Ethiopia                  Station: Nearest sta  wanzaye

Altitude: 1806 m.                  Latitude: 11.76 °N     Longitude: 37.55 °E

                     MONTHLY ETO PENMAN-MONTEITH DATA

Month Min TempMax Temp Humidity Wind Sun Rad ETo

°C °C % km/day hours MJ/m²/day mm/day

January 12.7 26.1 47 104 12.3 24.6 4.37

February 14.1 27.5 37 112 9.3 22 4.57

March 15.2 28.1 31 47 8 21.4 4.14

April 7.8 27.9 34 37 7.6 21.2 3.9

May 15.7 26.5 38 30 7.5 20.8 3.83

June 14.8 23.6 39 34 12.3 27.6 4.61

July 14.3 21.7 40 37 7.5 20.5 3.66

August 13.9 21.7 36 54 7.9 21.4 3.89

September 13.3 22.9 33 64 10.4 25.1 4.36

October 12.9 24 32 63 9.5 22.6 3.97

November 12.6 24.7 32 65 9.4 20.9 3.66

December 12.3 25.3 32 61 12.3 23.9 3.78

Average 13.3 25 36 59 9.5 22.7 4.06

MONTHLY RAIN DATA

(File: C:\ProgramData\CROPWAT\data\rain\Revised rain fall.CRM)

Station: wanzaye sation

Eff. rain method: Effective rain is 80 % of actual rain

Rain Eff rain

Month mm mm

January 9.2 7.4

February 11.3 9.0

March 14.5 11.6

April 25.6 20.4

May 73.8 59.0

June 151.6 121.3

July 389.9 311.9

August 360.0 288.0

September 114.2 91.3

October 60.5 48.4

November 25.1 20.1

December 10.0 8.0
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Appendix Table D 3 Crop watt requirement for Onion  

 

 

 

 

 

 

 

 

 

CROP WATER REQUIREMENTS

ETo station: Nearest sta  wanzaye       Crop: onion             

Rain station: wanzaye sation            Planting date: 07/04

Month Decade Stage Kc ETc ETc Eff rain Irr. Req.

coeff mm/day mm/dec mm/dec mm/dec

Apr 1 Init 0.7 2.78 11.1 2 8.7

Apr 2 Init 0.7 2.73 27.3 5.4 21.9

Apr 3 Init 0.7 2.71 27.1 10.2 17

May 1 Deve 0.74 2.86 28.6 14.7 14

May 2 Deve 0.84 3.22 32.2 18.6 13.6

May 3 Deve 0.94 3.86 42.4 25.9 16.6

Jun 1 Mid 0.99 4.45 44.5 29.5 15

Jun 2 Mid 0.99 4.77 47.7 34.4 13.3

Jun 3 Mid 0.99 4.39 43.9 57.6 0

Jul 1 Late 0.95 3.72 37.2 89.5 0

Jul 2 Late 0.9 3.2 16 57.1 0

358.2 344.7 120
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Appendix Table D 4 Crop watt requirement for Tomato 

 

 

 

 

 

 

 

 

CROP WATER REQUIREMENTS

ETo station: Nearest sta  wanzaye       Crop: Tomato            

Rain station: wanzaye sation            Planting date: 07/04

Month Decade Stage Kc ETc ETc Eff rain Irr. Req.

coeff mm/day mm/dec mm/dec mm/dec

Apr 1 Init 0.6 2.39 9.5 2 7.1

Apr 2 Init 0.6 2.34 23.4 5.4 18

Apr 3 Init 0.6 2.32 23.2 10.2 13.1

May 1 Deve 0.61 2.36 23.6 14.7 8.9

May 2 Deve 0.71 2.73 27.3 18.6 8.7

May 3 Deve 0.84 3.42 37.6 25.9 11.7

Jun 1 Deve 0.96 4.3 43 29.5 13.5

Jun 2 Mid 1.06 5.1 51 34.4 16.6

Jun 3 Mid 1.07 4.74 47.4 57.6 0

Jul 1 Mid 1.07 4.19 41.9 89.5 0

Jul 2 Mid 1.07 3.82 38.2 114.1 0

Jul 3 Late 1.05 3.85 42.4 108.1 0

Aug 1 Late 0.94 3.58 35.8 104.1 0

Aug 2 Late 0.82 3.2 32 104.2 0

Aug 3 Late 0.74 3 12 29 0

488.3 747.1 97.6
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Appendix Table D 5 Crop watt requirement for Teff 

 

Appendix Table D 6 Crop watt requirement for Pepper 

 

CROP WATER REQUIREMENTS

ETo station: Nearest sta  wanzaye       Crop: Teff              

Rain station: wanzaye sation            Planting date: 07/04

Month Decade Stage Kc ETc ETc Eff rain Irr. Req.

coeff mm/day mm/dec mm/dec mm/dec

Apr 1 Init 0.4 1.59 6.4 2 3.9

Apr 2 Init 0.4 1.56 15.6 5.4 10.2

Apr 3 Deve 0.42 1.62 16.2 10.2 6.1

May 1 Deve 0.58 2.23 22.3 14.7 7.7

May 2 Deve 0.77 2.94 29.4 18.6 10.8

May 3 Deve 0.97 3.95 43.5 25.9 17.6

Jun 1 Mid 1.06 4.76 47.6 29.5 18.1

Jun 2 Mid 1.06 5.11 51.1 34.4 16.7

Jun 3 Mid 1.06 4.7 47 57.6 0

Jul 1 Mid 1.06 4.15 41.5 89.5 0

Jul 2 Mid 1.06 3.78 37.8 114.1 0

Jul 3 Late 0.87 3.18 35 108.1 0

Aug 1 Late 0.53 2 20 104.1 0

Aug 2 Late 0.3 1.16 4.6 41.7 0

418.1 655.6 91.1

CROP WATER REQUIREMENTS

ETo station: Nearest sta  wanzaye       Crop: Sweet Peppers     

Rain station: wanzaye sation            Planting date: 07/04

Month Decade Stage Kc ETc ETc Eff rain Irr. Req.

coeff mm/day mm/dec mm/dec mm/dec

Apr 1 Init 0.6 2.39 9.5 2 7.1

Apr 2 Init 0.6 2.34 23.4 5.4 18

Apr 3 Init 0.6 2.32 23.2 10.2 13.1

May 1 Deve 0.61 2.36 23.6 14.7 8.9

May 2 Deve 0.72 2.75 27.5 18.6 8.9

May 3 Deve 0.85 3.46 38.1 25.9 12.2

Jun 1 Mid 0.96 4.3 43 29.5 13.5

Jun 2 Mid 0.97 4.67 46.7 34.4 12.3

Jun 3 Mid 0.97 4.3 43 57.6 0

Jul 1 Mid 0.97 3.8 38 89.5 0

Jul 2 Late 0.96 3.42 34.2 114.1 0

Jul 3 Late 0.89 3.25 35.7 108.1 0

Aug 1 Late 0.83 3.15 12.6 41.6 0

398.5 551.5 94
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Appendix Table C 7 Crop Patter for scheme 

 

Appendix Table D 8 irrigation scheduling for crop 

 

 

 

 

CROPPING PATTERN DATA

Cropping pattern name:  Wurko Scheme 

Planting Harvest  Area  

No. Crop file           Crop name             date    date     %   

1 ...CROPWAT\data\croponion                07/04   15/07  35

2 ...\CROPWAT\data\croTomato               07/04   24/08  31

3 ...ROPWAT\data\cropsTeff                 07/04   14/08  21

4 ...a\CROPWAT\data\crSweet Peppers        07/04   04/08  13

CROP IRRIGATION SCHEDULE

ETo station:  Nearest sta  wan Crop: onion                    Planting date: 07/04

Rain station:  wanzaye sation  Soil: Sandy loam               Harvest date: 15/07

     Timing:        Irrigate at 100 % depletion

     Application:   Refill to 100 % of field capacity

     Field eff.     70  %

Table format: Irrigation schedule

Date Day Stage Rain Ks Eta Depl Net Irr Deficit Loss Gr. Irr Flow

mm fract. % % mm mm mm mm l/s/ha

8-Apr 2 Init 0 1 100 32 11.7 0 0 16.7 0.97

14-Apr 8 Init 0 1 100 34 14.5 0 0 20.7 0.4

20-Apr 14 Init 0 1 100 30 14.3 0 0 20.5 0.4

30-Apr 24 Init 0 1 100 30 17.1 0 0 24.4 0.28

22-May 46 Dev 0 1 100 43 32.6 0 0 46.5 0.24

22-Jun 77 Mid 0 1 100 48 40.5 0 0 57.9 0.22

15-Jul End End 0 1 100 8


