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ABSTRACT 

This study attempts to evaluate the performance of the Bilate and Furfuro irrigation 

schemes in Silti Zone, Southern Ethiopia using internal and external performance 

indicators. To achieve the aim the primary and secondary data were gathered. Two 

schemes were evaluated by their own merits using internal performance indicators and a 

comparison was also made using external performance indicators. For field data 

measurements three farmers’ fields were selected at the head, middle, and tail-end of each 

scheme. The results of analyses revealed that average field application, water storage and 

overall irrigation efficiencies were 55.9 & 58%, 53 & 46.5% and 28 & 32% for Bilate and 

Furfuro schemes respectively. This implied that the two schemes were performing 

inefficiently and inadequately, but, water distributed uniformly. The results obtained for 

conveyance efficiencies implied that most canal sections had unreasonable losses of water 

in two schemes. The results of external indicators show that, RWS, RIS, WDC, OPUIA, 

OPUCA, OPUIS, OPUWC, SIA and IR were 0.68 & 0.79, 0.61 & 0.77, 0.66 & 0.53, 

4140.4 & 1781.5 $/ha, 4510.3 & 1968.5 $/ha, 0.94 & 0.28 $/m
3
, 0.99 & 0.39 $/m

3
, 1.05 & 

1.02, 1.11 & 1.09 for Bilate and Furfuro schemes respectively. This revealed that the 

applied water was not satisfied the crop water demand, but their irrigated lands were 

expanded for two irrigation schemes. Furfuro scheme was better than Bilate in terms of 

relative water supply and relative irrigation supply, but their results obtained were below 

acceptable values. However, Bilate scheme had significantly better land and water 

productivity than Furfuro scheme due to used high value crops, better agricultural inputs 

and removal of grass cover and sedimentation from canal systems. Hence, Bilate irrigation 

scheme was better performing than Furfuro scheme. Therefore, adopt the best practices 

learned from Bilate irrigation scheme for the Furfuro scheme. Moreover, properly 

maintain malfunctioned infrastructures, create WUAs and agricultural experts, and create 

awareness for farmers and WUAs on irrigation water management in two schemes. 

 

Keywords: performance, land and water productivity, irrigation efficiency and adequacy 
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1. INTRODUCTION 

1.1. Background and Justification 

For many people, agriculture is the foundation of their economic growth in developing 

countries (FAO, 2014). Despite this, the food competition is a major challenge for many 

years in Ethiopia, because of food insecurity (Endalew et al., 2015). One of the reasons for 

this is population pressure, poor and erratic rainfall, poor farming technologies, drought, 

famine, etc. However, there is sufficient water resource potentials availability in a country 

(Berhanu et al., 2014). But, irrigation policy is the utmost safeguard against the effects of 

drought. The proper utilization and effective use of available water resources in the 

agricultural sector has a major role in food security and economic development, it might 

contribute up to 140 billion ETB to the country's economic development and up to 6 

million households’ moves into food security (Awulachew et al., 2010). Even so, 

agricultural production was dependent only on rain-fed agriculture for many years in most 

parts of the country.  

The expansion of irrigated agriculture on various scales (small, medium, and large) and 

options (diversion, storage, gravity, and pumping), particularly small-scale irrigation 

schemes are suggested as the best alternative to provide a positive and significant impact to 

ensure sustainable agricultural crop production and household income, enhance reliable 

household food security, social needs fulfillment and social poverty reduction (FAO, 1997; 

Tesfaye et al., 2008; Tizita, 2017; Ahmed, 2019; Wondimagegnhu & Bogale, 2020 and 

Jambo et al., 2021). Accordingly, the Ethiopian government and NGOs designed and 

constructed many small-scale as well as large-scale irrigation schemes (MoA, 2011). The 

same source also reported that in some places of the country the traditional small-scale 

irrigation schemes were also developed by the community members.  
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Although, as the study outlined in the major part of Ethiopian, irrigated agricultures are 

served by the surface canal irrigation system, and unfortunately, the majority of operational 

irrigation schemes are characterized as poor performance level (FAO, 2007; Awulachew et 

al, 2007 and Awulachew & Ayana, 2011). The performance of the existing irrigation 

schemes in Ethiopia was estimated at an average of 36% below design capacity. This 

indicated that about 230,000ha of irrigated land was lost due to the underperformance of 

the existing irrigation systems. Almost 90% of these irrigation performance gaps have 

happened in small-scale irrigation schemes (Awulachew et al., 2010).  

The conditions of physical infrastructures, cropping intensity, lack of awareness of farmers 

as well as irrigation managers, and administration structures affect the performance level 

of irrigation schemes (Mercoiret et al., 2007 & Abdulai, 2006). Moreover, situations such 

as poor operation, maintenance, and field irrigation water management practices, faults in 

planning, design, and implementation, absence of continuous improvement initiatives and 

performance monitoring mechanisms, and lack of managerial and operational rules are 

causes of the poor performance of irrigation schemes (Awulachew & Merrey, 2007; 

Cakmak & Beyr, 2004; Lambisso, 2008 and Ulsido & Alemu, 2014).    

Any irrigation system must be continuously quantified and monitored concerning crop 

yield, land, and water productivity as the final goal of the irrigation system (FAO, 1996). 

Moreover, the current information on irrigation efficiency, uniformity, adequacy, irrigated 

agricultural outputs, and continuousness inhibits the improvement of the existing irrigation 

projects. The field-level irrigation schemes' performance evaluation should consider only 

inputs (i.e water) (Jurriens et al., 2001). But, the comparative performance evaluation 

mainly focuses further on the water, land, and crop production of the existing irrigation 

schemes (Molden et al., 1998).  
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1.2. Problem Statement                      

Many existing irrigation schemes that are managed by the community, particularly in 

Ethiopia, are characterized by unreasonable losses of irrigation water at field and farm 

level; unfair distribution of irrigation water within the field; unable to supply adequate 

water for crop water demand; low level of land and water productivity (Molden et al., 

1998; FAO, 2007; Awulachew & Ayana, 2011 and Agide et al., 2016). Thus, most of them 

fail to achieve the objectives they were planned and implemented. Therefore, it needs 

continuous evaluation and monitoring of the present situation for operating irrigation 

schemes to address weak points, identify any performance gap, and causes for the gap, and 

made improvement measures (FAO, 1996). The same is true for Bilate and Furfuro 

irrigation schemes. 

Bilate and Furfuro irrigation schemes faced various problems like malfunctioned division 

boxes and flow control gates in canal systems, sedimentation in the main and secondary 

canal and headwork site, unnecessary grass cover and stagnation of irrigation water in the 

tertiary canals, poor operation and maintenance practices, lack of awareness of water user 

and even agricultural experts on crop water demand and irrigation scheduling, high field 

water competition, lack of irrigation water measurement practice, poor on-farm irrigation 

water management strategies. Moreover, the interest of farmers in irrigation has intensified 

in recent years, increasing water demands and so; there has been an increasing pressure to 

improve two irrigation schemes' performance to ensure the land and water productivity.  

Furthermore, clear information has been needed on how well one system is performing 

relative to another; which system responds better to irrigated agriculture output, and how 

much the irrigation schemes meet the planned and implemented objectives. Unfortunately, 
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there were not yet any formal and systematic field studies conducted and improvement 

strategies were recommended for Bilate and Furfuro irrigation schemes.   

1.3. Objectives of the Study 

1.3.1. General Objective 

 The main objective of this study was to evaluate the Bilate and Furfuro irrigation 

schemes found in Silte Zone, Southern Ethiopia based on internal and external 

performance indicators  

1.3.2. Specific Objectives 

 To evaluate the Bilate and Furfuro irrigation schemes using internal performance 

indicators that help to measure field-level irrigation schemes' performance. 

 To evaluate two schemes using the selected external performance indicators.  

 To compare the performance of two irrigation schemes that help to provide the 

lesson from best practices. 

1.4. Research Questions 

 How much the irrigation efficiencies and uniformities are in the two irrigation 

schemes?  

 What are the performance gaps and where to improve the performance of each 

irrigation scheme?  

 How is the level of land and water productivity in two irrigation schemes? 

 Which irrigation scheme is performing relatively better? 

1.5. Scope of the Study 

This study was done on Bilate and Furfuro irrigation schemes located in the upper Bilate 

river and Dijjo sub-basin respectively in Silti Zone, Southern Ethiopia. This study 
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particularly focused on the performance evaluation of each irrigation scheme based on 

quantified internal and selected external performance indicators. The internal performance 

indicators used in this study were conveyance, field application, water storage, and overall 

irrigation efficiencies and irrigation uniformities. However, irrigation ratio and deep 

percolation ratio were not evaluated in this study, because farmers practiced closed end 

furrow in study areas. While, the evaluated external performance indicators were relative 

water supply, relative irrigation supply, water delivery capacity,  output per unit irrigated 

area, output per unit command area, output per unit irrigation supply, output per unit of 

water consumed, sustainability of irrigated area and irrigation ratio. Finally, the 

comparison was made between two irrigation schemes based on estimated values of the 

selected external performance indicators and conveyance losses. However, the financial 

performance indicators and organizational setup were not seen in this study. Because of the 

absence of design documents, initial investment cost including cost of irrigation structures 

in each scheme and no cost of irrigation water delivered (i.e no farmers paid irrigation 

water fees) in study area. 

1.6. Significance of the Study 

This study is necessary to take possible improvement measures in areas where drawbacks 

happened that used to improve qualities of irrigation activities, improve management 

ability of the managers, save water and energy, enhance irrigation efficiency and 

uniformity, meet irrigation adequacy, ensure land and water productivity of the system, 

support sustainability of the irrigation agriculture. Hence, it used to guide irrigation 

managers, agricultural experts and decision makers to prompt improvement measures and 

assist engineers to design new systems. Moreover, it provides clear information on each 

irrigation scheme to learn each other and take lesson from best practices for improvement.  
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2. LITERATURE REVIEW 

2.1. Irrigation in Ethiopia 

Haile (2015) reported that irrigation practices in Ethiopia were in use starting from 1950 

through the use of surface irrigation methods for the production of commercial crops such 

as sugar cane and cotton. The smallholder farmers’ economies were improved through the 

existence of irrigated agriculture (MoA, 2011). Moreover, the development of irrigation 

practices also supported the smallholder farmers' agricultural developments (Makombe et 

al., 2011); by enhancing food production in arid and semi-arid regions, promoting 

economic growth, creating employment opportunities, and improving the living conditions 

of smallholder farmers (Nata and Asmelash, 2007 and Abraham et al., 2011).  

Nowadays the irrigation developments, especially small-scale irrigation in Ethiopia are 

supported by the government, donors, and NGOs, to assure livelihood in the rural area. 

Essential investments were made in modifying existing irrigation or establishing new 

irrigation to meet food demand (Morya, 2017). As a result, irrigation infrastructures are 

increasing year after year, which shows country-wide positive development implications 

and experiences in small and large-scale irrigation schemes. Ministry of Water Resources 

of Ethiopia, MoWR (2002), considered that based on the size of the command area 

irrigation system is classified as small-scale irrigation systems (<200 ha), medium-scale 

irrigation systems (200-3000 ha), and large-scale irrigation system (>3000 ha). In the 

Ethiopian case, the small-scale irrigation systems particularly have been provided more 

positive and significant impacts on land productivity and crop yields, household food 

security, social needs fulfillment as well as rural poverty reduction (Hagosa et al., 2011; 

FAO, 2007 and Jambo et al. 2021). 
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2.2. Performance Evaluation of Irrigation Schemes 

The performance of irrigated agriculture is influenced by variables such as infrastructure 

design, management practices, climatic conditions, availability of inputs, socioeconomic 

settings, price of the product, etc. Hence, evaluation of the existing situation of irrigation 

schemes is very important to identify performance gaps and causes of gaps (Molden et al., 

1998). Moreover, it helps to diagnose the deviation of actual irrigation performance from 

the expected performance during the planning of the irrigation system (Gorantiwar & 

Smout, 2005). The performance evaluation means identifying any weak points, 

bottlenecks, and/or areas with particular deficiencies in existing irrigation schemes. 

Furthermore, it is essential to make immediate actions to maintain and improve system 

operation (FAO, 2007). 

The study on performance evaluation of Wosha soyama irrigation scheme located at 

Wondo Genet, SNNPRS in Ethiopia was conducted by Tesfaye (2020). This study was 

carried out using field-level performance measures such as conveyance, application, water 

storage and water distribution efficiencies, and deep percolation ratio. The study reported 

that the performance of this irrigation scheme was poor due to deep percolation losses, 

leakage in unlined canals, and seepage losses. Moreover, the overall irrigation efficiency 

was below the desired performance level which is 26%. This study suggested that the 

adoption of water-saving practices may improve irrigation schemes' performance. 

Dessalew et al. (2016) conducted a study on the performance evaluation of Bedene 

Alemtena small-scale irrigation scheme in Hallaba Special Woreda, Southern Ethiopia. 

This study concluded that the performance of this irrigation scheme was good, however, to 

sustain more than this all activities in the irrigation network should be monitored and 

checked, technical requirements should be met, training and extension should be enhanced, 
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evaluations should be performed on a seasonal basis and the results should be delivered to 

the relevant individual and institutions with an efficient monitoring and evaluation system. 

Tadesse (2017) conducted a study on the performance evaluation of Bobe and Laku small 

scale irrigation schemes in Awash Kunture Sub-basin by using comparative performance 

indicators. The study reported that excess irrigation water was delivered to the crop field 

based on relative water supply and relative irrigation supply indicators. This study revealed 

that the Bobe irrigation scheme had better performance than Laku irrigation scheme in 

terms of all evaluated parameters. Moreover, the study also suggested that the external 

indicators are a very good estimator of the irrigation schemes' performance, used to 

document reliable and consistent documentation systems and the same study should be 

adopted and practiced on some other small-scale irrigation projects in the country. 

Nuru et al. (2020) conducted the study on a comparative performance assessment of Jamis 

and Homacho Sogido small-scale irrigation schemes in West Harerghe, Oromia Regional 

State, Ethiopia. This study was carried out in two irrigation seasons (2009 and 2010) using 

irrigated agriculture output indicators. The study concluded that the Hamacho Sogido 

irrigation scheme was more productive and had better economic profitability. 

Beshir & Bekele (2008) conducted a study on the analysis of irrigation systems using 

comparative performance indicators on two large irrigation schemes in the upper Awash 

basin (Nura Era state and Wonji state farm). This study confirms that the availability of 

water was not a problem in Nura Era irrigation scheme based on high values of relative 

water and irrigation supply with low values of output per unit consumed water. But, less 

attention was given to irrigation water management and low water rate was practiced. 
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Shenkut (2015) conducted the study on the performance assessment of Shina Hamusit and 

Selamko irrigation schemes in Ethiopia using comparative performance indicators such as 

irrigated agriculture output, water use (supply), and physical and financial performance 

indicators. This study reported that water supplied was not met the crop demand based on 

results of relative water supply and relative irrigation supply. However, the reported results 

for physical performance indicators show that the irrigated areas were expanded. 

This study concluded that the problems causing low productivity originate from poor 

management and the deterioration of physical infrastructures. Hence, investment for 

improvements of physical infrastructures, management, and operation of the system at all 

levels will bring substantial improvement in the performance of any irrigation schemes. 

2.3. Performance gaps in irrigation system 

The identification of any performance gap in the goal achieving process and amending the 

situation is necessary for the irrigation performance improvements. Hence, managers at 

different levels should identify performance gaps, find the causes for the gap and take 

corrective measures to cure the poor targeted performances. There are four potential kinds 

of performance gaps in irrigation system performances (Douglas and Juan, 1999). 

Technological Performance Gap: This is when the physical infrastructure cannot deliver 

the amount of a given hydraulic performance standard. The normal solution to amend the 

technological performance gap is changing the type of irrigation system, proper design, or 

changing the condition of physical infrastructure and/or maintenance of the non-functional 

infrastructures. 

Implementation Performance Gap: This type of gap is when a difference arises between 

how management procedures are supposed to be implemented and how they are 
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implemented. This includes such problems as how people adjust gates, maintain canals and 

report information. To mitigate this kind of problem in irrigation the strategies of 

implementing operational procedures, consistent supervision or monitoring of the system, 

and awareness creating techniques should be changed. Training the farmers and developing 

their capabilities regarding the operation, maintenance, and overviews of system 

management are vital roles in irrigation systems. 

Achievement Performance Gap: This performance gap is the variation among 

management targets and actual achievements. Such problems are generally addressed 

either by changing the objectives or increasing the capability of management to achieve 

intended targets through increasing accessibility to management or reforming 

organizations' setups in irrigated agriculture. 

Impacts of Management: This is the state of varying what people think should be the 

ultimate effects of the use of irrigation and what results. These are gaps in impact 

performance and include such measures as agricultural and economic profitability of 

irrigated agriculture, productivity from the amount of irrigation water, poverty alleviation, 

and environmental problems. If management procedures are being followed and targets are 

being achieved, but ultimate impacts are not as intended, then the problem is not that the 

managing organization has performed badly, since these effects are generally beyond its 

direct control and so, this is the problem of policy (Douglas and Juan, 1999). 

2.4. Performance Indicators for Irrigation Schemes 

Any irrigation system performances are evaluated and monitored by either qualitative or 

quantitative measures of aspects of irrigation standards or targets called performance 

indicators (Savva & Frenken, 2002 and Bos, 1997). They examined the actual achievement 

of the final goal based on objectives intended in each stage (Murray-Rust & Snellen, 
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1993). Performance indicators measure the irrigation performance level with permissible 

tolerances and are assumed to be unsatisfactory if the value of indicators is descended or 

beyond a particular range of standard values (Tebeba & Ayana, 2015 and Molden et al., 

1998). These performance indicators are either internal or external factors that affect the 

performance of the irrigated agriculture system (Small and Svendsen, 1992). Furthermore, 

they identify the main irrigation system constituents (infrastructures, on-farm management, 

and organizational setups) (Awulachew & Ayana, 2011 and Makombe et al., 2007). 

2.4.1. Internal Performance Indicators 

Internal performance indicators examine the system’s internal operations and procedures 

that relate performance to management targets by analyzing the efficiency, uniformity and 

adequacy of the irrigation system (Molden et al., 1998). Thus, they are used to assess the 

performance of irrigation schemes following a goal-oriented model approach (Kloezen and 

Garces-Restrepo, 1998). They help the irrigation managers to monitor every managerial 

and operational performance (Murray-Rust & Snellen, 1993).  But doesn’t helps in 

assessing the importance of irrigation in a given system, at separate system levels, and with 

separate irrigation water sources relative to other systems.  

Moreover, the internal performance indicators address how the input (water) is used, 

without providing the information on what wider hydrological, agricultural, economic, 

social, and environmental impacts the inputs have led to. The common irrigation efficiency 

terms (conveyance, field application, water storage, and overall irrigation efficiency), 

uniformity, and recently complementary terms (runoff ratio, deep percolation ratio) are 

used as internal performance indicators for on-field level irrigation system evaluation and 

also put as the remarkable primary performance indicators (Murray-Rust & Snellen, 1993).  
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2.4.1.1. Conveyance Efficiency  

The main importance of irrigation schemes is delivering water from the diversion point to 

the field. However, water transporting in the conveyance system, some amount of water is 

lost. This may be caused by leakage, silt deposit, seepage, evaporation loss, or illegal water 

turnout. To be said efficient conveyance system, the water should transport with minimum 

losses. The main useful indicator to check the performance level of the conveyance system 

is conveyance efficiency.  

It measures the effectiveness of the conveyance canals to deliver required irrigation water 

and shows the loss of irrigation water over a given travel distance and is vigorously 

affected by the length of the canals and the soil types in the canal banks (Ramulu, 2005). 

Moreover, the loss of the irrigation water in the conveyance system depends on the quality 

and experiences of operation and maintenances of conveying canals (Ali, 2011).  

FAO (2001) reported that the conveyance efficiency for the lined canal at any length is 

95%. While unlined canals in clay soil the conveyance efficiency should be 80%, 85%, and 

90% for canal lengths of ˃2000m, 200-2000m, and ˂200m respectively. Moreover, the 

conveyance efficiency is 70% for unlined poorly managed main canals and 85% for the 

well-managed unlined canals (MoAFS, 2002). The same source also reported that the 

conveyance efficiency for unlined canals in clay soil with a short length of canal (<200m) 

is 90%. Also, Brouwer et al., (1989) suggested a conveyance efficiency of 95% for the 

lined canal at any length.  

2.4.1.2. Field Application Efficiency  

At the field level, the irrigation water may lose by deep percolation, tail water runoff, 

evaporation, and seepage losses, especially in surface irrigation systems and that might 
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affect applied irrigation water. Thus, field application efficiency examines the stored water 

in the root zone relative to the irrigation water applied to the field (FAO, 1989).  

The study conducted on-field application efficiency of the irrigation system states that their 

attainable values vary greatly with irrigation system, type, and management (Solomon, 

1988).  The same source suggested the field application efficiency for the basin, border, 

and furrow irrigation were in the ranges of 80- 90%, 70-85%, and 60-75% respectively. 

Moreover, Irmak et al. (2011) explained the potential application efficiency values of (45-

65), (55-75), (60-80), (40-60), (65-80), and (60-90) percent for well-designed and well-

managed conventional furrow, surge furrow, tail water reuse furrow, paddy basin, 

precision level basin, and border irrigation system respectively. Irrigation management 

improves field application efficiency by 5-20% by applying the right depth of water in the 

right place at the right time (Edkins, 2006). 

2.4.1.3. Water Storage Efficiency  

In any irrigation scheme, the irrigation practices could satisfy the water requirement of the 

soil to compensate for the moisture depleted by evapotranspiration. Irrigated fields may 

have good field application efficiency, yet the irrigation practice may be poor. Such 

problems may be because of poor water storage efficiency, as the water required before 

irrigation may not store in the root zone during irrigation (Garg, 2006). The storage 

efficiency explains how well the system stored water in the plant root zone to meet crop 

water needs. In another word, it indicates the adequacy of the operating irrigation schemes. 

High storage efficiency means that the irrigation brings the soil moisture to field capacity 

(Howell, 2003). It might reduce the crop yield since it reflects the degree of soil moisture 

stress. The recommended water storage efficiency for furrow irrigation systems is 63% 

(Raghuwanshi and Wallender, 1998).  



14 
 

Jibril et al. (2017) conducted a study on the performance evaluation of Badeggi irrigation 

scheme in Niger state Nigeria. This study reported that 70% of water storage efficiency 

was poor and the reason for this was the low water-holding capacity of the soil and excess 

seepage loss. However, Yemendwosen & Zinabu (2015) conducted a case study on the 

evaluation of irrigation water management at sugarcane production in Wondo Genet in 

southern Ethiopia. This study reported a better average water storage efficiency of 94.96%. 

2.4.1.4. Irrigation Uniformity  

The fair distribution of irrigation in the field is affected by many factors like the method of 

irrigation, topography, soil infiltration characteristics, furrow types, field length, irrigation 

system pressure, and flow rate (Irmak et al., 2011). Accordingly, for surface irrigation, the 

fair distribution of irrigation water throughout the field is affected by: (i) differences in 

opportunity time for irrigation caused by advance and recession, (ii) spatial variability of 

soil-infiltration properties, and (iii) non-uniform grades of the irrigated fields.  

The most commonly used irrigation water uniformity indices considered in surface 

irrigation systems are distribution uniformity and Christian's uniformity coefficient 

(Zerihun et al., 1997). Most of the time Christian's uniformity coefficient is recommended 

for stationary sprinklers irrigation systems (Irmak et al., 2011). The distribution uniformity 

more commonly helps to examine the irrigation water distribution over the field in surface 

irrigation systems, but it is also recommended for micro and sprinkler irrigation systems.  

The studies conducted by Eisenhauer (1997) and Irmak et al. (2011) reported that the 

distribution uniformity values of ≥60% indicated the irrigation water is fairly distributed 

throughout the irrigated field. Moreover, Raghuwanshi and Walender (1998) 

recommended the irrigation uniformities for advanced furrow system was 70%. Guesh 

(2017) conducted a study on comparative performance evaluation of Maishawsh and 
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Midmar irrigation schemes in Meren sub-basin, Ethiopia. This study reported good 

distribution uniformities for Maishwsh and Midmar irrigation schemes, its values were 

94.21 and 93.4% respectively. 

2.4.1.5. Overall Irrigation Efficiency 

It represents the effectiveness of the entire physical system and operating decision in 

delivering irrigation water from a water supply source to the target crop demands (Irmak et 

al., 2011). It includes the conveyance efficiency in water delivery and distribution systems, 

and field application efficiency at the field level (Rai et al., 2017). According to FAO 

(1989), the overall irrigation efficiency of 50–60% is good; 40% is reasonable, while 

between 20–30% is considered to be poor. Savva and Frenken (2002) reported that for 

African irrigation schemes the overall irrigation efficiency is commonly observed in the 

range of (40-50%). In Ethiopia, various studies reported the overall irrigation efficiencies 

values less than this range, for example, Muhammedziyad et al., (2018); Eticha (2011); 

Tadesse (2017); Zinabie (2018), and Minchil (2019) reported the overall irrigation 

efficiencies were 35.9%, 28.6%, 25.89%, 34.97%, and 35.36% respectively. 

2.4.2. External Performance Indicators 

External performance indicators examine and compare the system’s output and bulk 

impacts of irrigated agriculture among irrigation schemes and/or within the same scheme 

over time helps to give insight into how productive and efficient land and water resources 

are used for irrigated agriculture. Moreover, the external performance indicators are used 

to evaluate outputs and impacts of intervention in individual systems and compare the 

performance of a system over time, and at different system levels (Molden et al., 1998).  
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2.4.2.1. Water Delivery Performance Indicators 

Molden et al. (1998) proposed major water delivery performance indicators such as 

relative water supply, relative irrigation supply, and water delivery capacity. They are used 

to measure the irrigation adequacy of the irrigation schemes, meaning they measure 

whether or not the maximum crop water and irrigation water requirements are satisfied by 

supplied irrigation water and present canal capacity at the system head. 

I. Relative Water Supply  

It is the most comprehensive indicator to examine whether or not the applied water from 

all sources tightly meets the crop demands over a specific period of crop grown in a 

specific area (Levine, 1982). (Molden et al., 1998 and Cornish, 2005) recommended that a 

unit value for relative water supply is better than higher or lower values. Because, its value 

of more than one indicates extra water is applied to the root zone beyond plant demands 

while its value below one indicates the water supplied does not tightly satisfy the crop 

demands (Raghuwanshi and Wallender, 1998).  

Solomon (2016) conducted a study on performance evaluation in Jari and Aloma small-

scale irrigation schemes, Tehuledere district, Ethiopia. This study reported that the relative 

water supply values were almost equal to one. This study concluded that the water supplied 

was tightly sufficient for the crop water demand. Shenkut (2015) carried out a study on a 

comparative performance assessment of Shina Hamusit and Selamko irrigation schemes in 

Ethiopia. This study reported that the results of relative water supply were 1.55 and 1.87 

respectively for Shina Hamusit and Selamko irrigation schemes. This means that the water 

applied was beyond the crop water demand. Adane et al. (2020) conducted a study on the 

performance assessment of upper Blue Nile small-scale irrigation schemes in Ethiopia. The 

study reported that the values for relative water supply were 6.21, 5.23, 4.11, and 3.56 
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respectively for Ashar, UpperQuashine, Zuma-1, and Zuma-2 irrigation schemes. This 

study concluded that excess water was delivered to the field beyond crop water demand 

causing water logging problems, and then, plant root aeration.  

II. Relative irrigation supply  

According to Awulachew and Ayana (2011), relative irrigation supply examined the 

irrigation schemes as to whether or not the total applied irrigation water satisfied the 

irrigation water demand (i.e net irrigation requirement). The unit value of relative irrigation 

supply is expected from good performing irrigation schemes and that indicates the applied 

irrigation water is sufficient tightly to meet crop irrigation demand, i.e. neither surplus nor 

deficit. If its value is greater than one, the excess irrigation water is applied that is beyond 

the irrigation water demands while if its value is less than one, the water applied does not 

satisfy the irrigation demand (Molden et al., 1998).  

Agide (2012) conducted a study on a comparative performance assessment of community-

managed Golgota and Wedecha (Godino sub-system and Gohaworki Sub-system) 

irrigation schemes in Ethiopia.  The study reported that the relative irrigation supply for 

Golgota, Godino sub-system, and Gohaworki sub-system irrigation schemes were 3.17, 

1.90, and 1.20 respectively. This study concluded that irrigation supply at Godino sub-

system was well matched to the demand of than Golgota scheme and Gohaworki sub-

system. But, excess water was applied in Golgota irrigation scheme and Gohaworki sub-

system schemes. The reasons were farmers themselves are responsible for the volume of 

water diverted from the river and there is no irrigation water fee in Golgota scheme and the 

absence of water control gates at the headwork of Gohaworki sub-system schemes.  

Agide et al. (2016) conducted a case study on the analysis of water delivery performance 

of small-scale irrigation schemes in terms of diversity and lessons across schemes, 
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typologies, and reaches in Ethiopia. This study concluded that the relative irrigation supply 

for semi-modern irrigation scheme was responded to the highest, but, the traditional 

scheme replies the lowest value due to disparities in the water supply at irrigation reaches. 

III. Water Delivery Capacity  

It is an indication of the degree to which irrigation infrastructure constrains the cropping 

intensities by comparing the canal conveyance capacity to peak consumptive demands 

(Molden et al., 1998). This indicator addresses the question of whether the system has been 

designed and constructed in such a way that able to meet the peak water demand of the 

irrigated crops in a particular growth period (Kloezen and Garces-Restrepo, 1998).  

Molden et al., (1998) recommended that the water delivery capacity value must be one for 

good performing irrigation schemes. However, for the conclusion, it should be interpreted 

in the context of the irrigation system and in conjunction with the other indicators.  

Zinabie (2018) conducted a case study on the performance evaluation of Golina small-

scale irrigation in North Wollo, Ethiopia. This study reported that the main canal has 82% 

of design capacity due to maintenance problems and water shortage. According to Samad 

et al. (2000), in a study on water delivery performance in the Doroodzan irrigation scheme 

in Iraq, the system could not deliver water according to the real crop water requirement. 

Janvier and Blessing (2020) conducted a case study on the performance evaluation of 

Rugeramigozi 1 and Rugeramigozi 2 irrigation schemes in Rugeramigozi Marshland in 

Rwanda. This study reported that the existing irrigation canals' capacities were sufficient to 

meet the irrigation water requirements at the peak demand period. 
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2.4.2.2. Irrigated Agriculture Output Indicators 

According to Molden et al. (1998), the irrigated agriculture performance indicators are 

evaluators of land and water productivity of irrigated agriculture. Where water is a 

constraining resource, output per unit of water may be more important, while if the land is 

a constraint relative to water, output per unit of land may be more important. The land 

productivity shows the response of each cropped area to generating gross return within the 

available water and is the effectiveness of land productivity. While the water productivity 

describes the outcome gained through using a meter cube of applied water and it is the 

effectiveness of water productivity.  

Agide (2012) conducted a study on a comparative performance assessment of Golgota and 

Wedecha irrigation schemes in Ethiopia. This study reported that in terms of land 

productivity Golgota irrigation scheme could be considered the benchmark in the region 

due to more intensive irrigation and better investment; however, it had poor water 

productivity due to uncontrolled water diversion and the absence of irrigation fees. While 

Godino sub-system of Wedecha irrigation scheme could be benchmarked in the region for 

water productivity. Mintesinot et al. (2004) conducted a study on the performance 

evaluation of community-managed irrigation schemes in Tekeze basin in Ethiopia during 

two cropping seasons. This study reported that the higher values of land productivity were 

obtained during the first season than in the rest of the seasons, because, in the first season 

most of the irrigated land was cultivated by high-value crops (Tomato, Onion, and Papers).  

Janvier and Blessing (2020) conducted a study on the performance evaluation of 

Rugeramigozi 1 and Rugeramigozi 2 irrigation schemes in Rwanda. This study reported 

that low land productivity was obtained for two irrigation schemes. However, the water 
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productivity was superior for Rugeramigozi 2 than Rugeramigozi 1 scheme due to the 

adoption of deficit irrigation strategies in Rugeramigozi 2 scheme. 

2.4.2.3. Physical Performance Indicators 

Molden et al. (1998) and Bos (1997) proposed two physical performance indicators (such 

as irrigation ratio and sustainability of irrigated area) for the evaluation of the expansion or 

contraction of irrigated land in irrigation schemes. Irrigation ratio is the expansion or 

contraction of the currently irrigated area relative to the designed command area that is 

attributed to water management responsibilities and reliability of irrigation water supply. 

This indicator empowered to investigate the alterations or changes in the area irrigated and 

provide valid reasons for such variation (Raghava et al., 2011).  

The sustainability of irrigated areas is an indication of currently irrigable areas relative to 

the initially irrigated area that is used to check the condition of the irrigation system either 

expanding or contracting (Bos, 1997). Zinabie (2018) conducted a study on the 

performance evaluation of Golina irrigation in North Wollo, Ethiopia. This study reported 

that the sustainability of irrigated areas was decreased by 35.14% due to water shortage 

and water utilization conflict among water users. 

Awulachew & Ayana (2011) conducted a study on the performance assessment of 

irrigation schemes at the national, regional, and scheme levels in Ethiopia. This study 

reported that 86.5% of irrigation schemes were operating, 74.1% of the command area is 

under cultivation and only 46.8% of the planned beneficiaries have benefited from 

implemented irrigation schemes during the period of this study. This study sets the reasons 

for these problems as lacking sustainable funding, gaps in the extension of agronomic 

practice, poor farming, and post-harvest technologies.  
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2.5. Comparison of Existing Irrigation Schemes 

The means of comparing the performance across the irrigation schemes helps to assess the 

spatial variation of irrigation performance and also a variation in various irrigation seasons 

(Kloezen and Garces-Restrepo, 1998). Then, evaluate its effectiveness in terms of the 

performance of agricultural production. For this purpose international water management 

institute proposed various comparative indicators, which relate outputs from irrigated 

agriculture to the major inputs of water, land, and finance (Molden et al., 1998). The same 

source has standardized the external/comparative indicators to cross-system comparison 

for an approach to relate output from the system derived from the inputs into that system. 

Several studies were conducted on performance evaluation across irrigation systems 

(Agide, 2012; Beshir and Bekele, 2008; Degirmenci et al., 2003; Gorantiwar and Smout, 

2005; Guesh, 2017 and Nuru et al., 2020). 

Tesfaye et al. (2019) conducted the study on a comparative performance evaluation of 

Wosha and Werka irrigation schemes located at Wondo Genet in southern Ethiopia. This 

study justified that, the irrigated agricultural output indicators were relatively better at 

Werka irrigation scheme. Whereas, Wosha irrigation scheme had responses to better water 

supply and water delivery capacity. However, the crop water demands were not tightly met 

by diverted irrigation water in these irrigation schemes' and so; the performance was poor 

in terms of relative water supply and relative irrigation supply. 

Mekonen and Seleshi (2005) conducted a study on comparative performance evaluation of 

Hare, Sille, Bilate, Metahara, and Wonji irrigation schemes based on management and 

cropping types. This study revealed that in a Hare irrigation scheme more than 50% of 

irrigation water loss was seen over a 5 km canal distance and its conveyance efficiency 

was poor due to bad physical infrastructures, seepage, and leakage canals, and unofficial 
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points of water turnouts. However, there was no constraint on water availability and supply 

at the irrigation scheme level. But, wide variations in the amount of productivity were seen 

among these irrigation schemes with the same cropping and management types.  
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3. MATERIAL AND METHODS 

3.1. Description of the Study Areas 

The study was conducted at Sankura and Wulberag Woredas, Silti Zone, Southern Ethiopia 

at a distance of about 208 km and 183 km to the South West of Addis Ababa respectively. 

The study areas are located geographically in the range of 7º27'13" to 7º40'10"N Latitude, 

38º5'17" to 38º43'8"E Longitude, and 1837 to 1897m Altitude. The area in Bilate and 

Furfuro irrigation schemes receives a mean annual rainfall of 953.3mm and 1006.1mm 

respectively (NMSA). About 10.5-11.2% of rainfall is received from November to March 

which is considered the minor rainy season. The main rainfall season is from June up to 

September. For detailed information, see appendix-B, tables 1 and 2.  

Figure 3.1: Location Map of the Study Areas 
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As indicated in figures 3.2 and 3.3 below, the monthly rainfall is higher than the monthly 

reference evapotranspiration between the end of May and the beginning of October. This 

indicated that, no need for irrigation application during this season. Since the monthly 

reference evapotranspiration is higher than monthly rainfall, the irrigation is critically 

significant during January; February, March, November, and December. However, in 

April, May, and October supplementary irrigation may support rainfall shortage.   

 

Figure 3.2: Climatic Water Balance in Bilate Irrigation Scheme 

 

 

Figure 3.3: Climatic Water Balance in Furfuro Irrigation Scheme 
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3.2. Description of Two Irrigation Schemes 

The distance between the Bilate and Furfuro irrigation schemes is approximately 22 

kilometers and they have similar climatic conditions, soil types, and farmland management 

as described in the following sections.  

3.2.1. Bilate Irrigation Scheme 

The Bilate irrigation scheme is located in the upper Bilate river basin, Sankura woreda 

having the geographic location of its headwork at 7
º
29'23"N Latitude, 38

º
5'17"E 

Longitude, and 1897m Altitude. It was established in 2004 E.C by the Federal Government 

of Ethiopia. The initially designed area was 305 ha. Its source of water is Bilate River 

diverted by constructed diversion weir having about 7.2 km length of the fully lined main 

canal. The command area is located on the left side of the River. Bilate irrigation scheme 

operates only once a year (December to May) with the other seasons being rain-fed and/or 

the farmers have no interest to grow irrigated crops (Sankura Woreda Agricultural Office). 

All water users in the irrigation districts are smallholder farmers. The water users practice 

rotational irrigation based on their field location relative to the main canal. Farmers at the 

head and near the main canal receive irrigation water first as it is diverted downstream.  

The dominant soil texture in the command area is clay loam for soil profiles up to the 

depth of about 60cm and clay for soil profiles below this depth (Soil Laboratory results in 

table 4.1). The major crops grown in the command area are Maize, Potato, Onion, Tomato, 

Green pepper, and Cabbage (Sankura Woreda Agricultural Office). Based on field 

observations the division boxes and control gates currently malfunctioned except at 

headwork as indicated in figure 3.5 below. But, the water division and flow controlling 

were done by local materials such as stones and soils. The cross-sections of some unlined 

canals are very wide which may lead to water stagnation as indicated in figure 3.5 below.  
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Figure 3.4: Headwork and Head Regulator in Bilate Irrigation Scheme 

 

Figure 3.5: Current Conditions for Physical Infrastructures in Bilate Irrigation Scheme 

3.2.2. Furfuro Irrigation Scheme 

The Furfuro irrigation scheme is located in the sub-basin of Dijjo watershed, in Wulberag 

woreda having the geographic location of its headwork at 7
º
40'21"N Latitude, 38

º
10'48"E 

Longitude, and 1875m Altitude. It was established in 1999 E.C by the Regional 

Government of SNNPRS. The initially designed area was 200 ha. Its source of water is 

Furfuro River diverted by constructed diversion weir to the fully lined main canals found 

on the left and right sides of the river. The command areas are located on both sides of the 

Damaged division boxes and control gates  

Unwanted widen size of tertiary canal    
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River. Furfuro irrigation scheme also operates once a year (December to May) with the 

other seasons being rain-fed and/or the farmers have no interest in irrigation (Wulberag 

Woreda Agricultural Office). All water users in the irrigation districts are small private 

growers. They receive irrigation water on a rotational basis depending on their field 

location relative to the main canal. Farmers at the head and near the main canal also 

receive water first.  

The dominant soil texture in the command areas is clay loam at soil profiles up to the depth 

of about 60cm, and clay at soil profiles below this depth (Soil Laboratory result in table 

4.2). In its command area, major crops grown are Maize, Potato, Onion, Tomato, Green 

pepper, Cabbage, and Carrot (Wulberag Worada Agricultural office). Based on field 

observations the division boxes and flow control gates are currently malfunctioned except 

at headwork as indicated in figure 3.7 below. The water division and control were done by 

local materials such as stones and soils. Most unlined tertiary canals have an unnecessarily 

cross-sectional size and their waterway is covered by grass as indicated in figure 3.7. These 

may cause irrigation water stagnation and water exposed to evaporation losses. 

                                      

Figure 3.6: Headwork in Furfuro Irrigation Scheme  
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Figure 3.7: Current Conditions for Physical Infrastructures in Furfuro Irrigation Scheme 

3.3. Materials Used 

The materials and equipment used during data collection and measurements were Core 

samplers, Augers, Oven, Measuring Tapes, Stopwatch, Analytical balance, Plastic bags, 

Parshall flumes, GPS, Double ring infltrometer, Staff gauges, Hammer, Digital camera, 

floating objects, and others. Furthermore, an Excel spreadsheet was used for data analysis, 

New_LocClim 1.10 was used for climatic data generation, and CROPWAT 8.0 was used 

for determining crop water requirement, irrigation water requirement, and irrigation 

scheduling. And also, ArcGIS, and Google Earth were used for study area delineation. 

3.4. Field Experimental Layout  

To collect and measure the relevant data at the field level, the representative three farmers' 

fields were selected at the head, middle and tail end water users in each irrigation scheme 

based on land tenure arrangements, water management practices, the willingness of the 

farmers, and main canal reach that utilize the irrigation water.  

Non-controlled flow distribution  Leakage of canal water 

Grass coved tertiary canals   
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  Figure 3.8: Field Layout of Bilate Irrigation Scheme 

  Figure 3.9: Field Layout of Furfuro Irrigation Scheme 
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3.5. Data Collection and Analysis 

3.5.1. Data Collection 

A. Primary Data Collection 

The irrigation data (like flow discharges in main, secondary, and tertiary canals sections; 

present discharge capacity of the main canal at its head, and depth of irrigation water 

applied) were measured at field level for two irrigation schemes. The soil data (bulk 

density, texture classes, field capacity, permanent wilting point, and soil moisture contents 

before and two days after irrigation) were analyzed in the soil laboratory, whereas the 

infiltration rate was measured at the field level for two irrigation schemes.  

Moreover, the sources of irrigation water and way of irrigation water supply, size of 

irrigated field; the current status of physical infrastructures (diversion headwork, water 

conveyance, and distribution systems, flow division, and flow control structures), 

conditions of irrigation scheduling, on-field irrigation water operation, management and 

maintenance practices, dimensions of canal systems, irrigated crop types, crop planting 

date and length of crop growing period were collected through field observation, informal 

field survey and field measurements in two irrigation schemes.  

B. Secondary Data Collection 

The daily grid climatic data for rainfall, maximum and minimum temperature for 37 years 

(1981-2018) were collected from National Meteorological Service Agency. Since the grid 

data were collected by satellite, there were no missed data. Due to the absence of either 

grid or manually collected station data in two study scheme areas, average monthly data 

for relative humidity, wind speed, and sunshine hour were loaded using New_LocClim 

1.10 software. The monthly rainfall for each month was computed by adding all daily 
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rainfall data in that month. Afterward, the average monthly rainfall for each month was 

computed as the average monthly data for 37 years of that month. The average monthly 

maximum and minimum temperatures for each month were computed as the average daily 

temperature data for 37 years of that month. The detailed information on average monthly 

climatic data was indicated in appendix-B, tables 1 and 2. 

The crop data (development stages, crop coefficient, rooting depth, critical depletion level, 

and yield response factor) were adopted from FAO (1992, 1996 & 1998) published papers. 

Moreover, production and market price data (crop yield and local prices of the yield) and 

area size data (command area, initially irrigated area, and area irrigated during the study 

period) were collected from Silti Zone Water Resources Bureau, Sankura and Wulberag 

Woreda Agricultural and Revenue Offices as indicated in appendix-F. 

3.5.2. Data Analysis 

3.5.2.1. Estimation of Internal Performance Indicators 

The internal performance indicators (field application, water storage, conveyance, and 

overall irrigation efficiencies, and irrigation uniformity) were determined for each selected 

field in two irrigation schemes. These internal performance indicators were used to 

evaluate on-field irrigation water management practices and day-to-day operations. To 

determine these internal performance indicators the relevant data were collected, measured 

and analyzed: - i) soil physical properties (at field and soil laboratory); ii) depth of 

irrigation water applied (using Parshall flume); iii) depth of stored water at the effective 

root zone (from soil moisture analysis); iv) total available soil water and readily available 

water and v) canal flow discharges (area-velocity method using floating objects). However, 

recently complementary terms (runoff ratio and deep percolation ratio) were not evaluated, 

since the farmers used close-end furrow, hence, no runoff loss. 
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 Soil Physical Properties Analysis 

The soil's physical properties (bulk density, textural class, field capacity, permanent 

wilting point, and soil moisture content before and two days after irrigation) were analyzed 

in the soil laboratory and the infiltration rate was measured at the field level for each 

selected field of two irrigation schemes. 

I. Methods of Soil Samples Collection 

The soil samples were collected from each selected field at the head, middle and tail end of 

each irrigation scheme. The soil samples were collected at three intervals of the soil 

horizon (0-30, 30-60 and 60-100 cm) since the soil profile variation is at 30cm intervals in 

the study areas. These soil parameters were determined for soil depth within the cultivated 

crop effective root zones because different crops have various root depths. The selected 

fields at the head, middle and tail end of Bilate irrigation scheme were cultivated with 

maize and potato. While the selected fields at the head, middle and tail end of Furfuro 

irrigation scheme were cultivated with onion, tomato and cabbage.  

Canadell et al., (1996) categorized crops as shallow rooting crops (30-60cm), medium 

rooting crops (50-100cm), and deep rooting crops (90-150cm). The crops like potato, 

onion, and cabbage are categorized as shallow rooting crops and so, the soil parameters 

were considered up to 60cm soil depth for fields cultivated by these crops. While, maize 

and tomato are categorized as medium rooting crops and so, the soil parameters were 

considered up to 100cm soil depth for fields cultivated by these crops. 

II. Soil Textural Class and Bulk Density 

To determine the soil textures the composite soil samples were collected diagonally from 

each selected field by using Auger. Then, the soil textural classes were analyzed in the 

Areka Agricultural Research Center Laboratory. The proportions of sand, clay, and silt in 
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each soil sample were computed by following the procedures of the hydrometer analysis 

procedures. Then, the soil textural classes were estimated based on the United States 

Department of Agriculture (USDA) soil texture classification triangle.  

Whereas to determine the bulk density, undisturbed soil samples were collected from each 

selected field by using the volumetric ring from the pit excavated in each selected field. 

Afterward, the collected soil samples were placed in an oven and dried at 105°C for 24 

hours in Areka Agricultural Research Center Laboratory. Then, dried samples were 

withdrawn from the oven and their dry weight was measured. Finally, the bulk density of 

the soil was computed by equation (3.1) (McKenzie et al., 2004). 

    
                       

                                 
                                                                       (3.1) 

Where BD is the soil bulk density (gm/cm
3
) 

III. Soil Field Capacity and Permanent Wilting Point  

Undisturbed soil samples were collected with a Core sampler from each selected field of 

two irrigation schemes. Then, soil field capacity and permanent wilting points were 

analyzed in Ethiopia Construction Corporation and Research Soil Laboratory. The soil 

samples were air-dried and then, prepared soil samples were saturated up to all the soil 

pore spaces filled with water. Then, the prepared soil samples were entered into a pressure 

plate of 1/3 and 15 bars were applied for field capacity and permanent wilting points 

respectively (Kirkham, 2005). The weight of water retained in a known volume of soil 

after pressure plates of 1/3 and 15 bars were measured for field capacity and permanent 

wilting points respectively. Moreover, the weight of the same volume of dry soil was also 

determined. Finally, the gravimetric soil moisture contents at field capacity and permanent 

wilting points were determined using equations (3.2) and (3.3) respectively. 
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                                  (3.2) 

     
                                                   

                                     
                               (3.3) 

Where FC is field capacity at 1/3 bars pressure, PWP is permanent wilting point at 15 bars 

IV. Measurement of the Infiltration Rate  

Johnson (1991) concluded that the soil texture is the major inherent factor that affects the 

infiltration rate in crop fields. As mentioned before, the dominant soil textures are clay 

loam and clay for all selected fields of two irrigation schemes. Thus, the numbers of 

infiltration test points were mostly chosen based on soil texture variations. Therefore, in 

this study, one infiltration test was taken in each selected field of two irrigation schemes.  

The infiltration rates were measured at the field level using a Double ring infiltrometer 

having 30 and 60 cm diameters of the inner and outer ring respectively. These rings were 

driven into the soil to a depth of 15 cm by the hammer. Then, two rings were filled with a 

certain amount of water at the same level as the known initial water level. The water level 

declined over time was recorded frequently. The measurement was continued until the 

declined water level tends to approach constant values in a certain interval of time. 

Figure 3.10: Infiltration Rate Measurements at Field Level 
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 Measurement of the Depth of Irrigation Water Applied 

The depths of irrigation water applied into each selected field were measured by 7.7cm (3-

inch) throat width Parshall flume. This type of Parshall flume was selected based on the 

size of field distributary canals. The Parshall flume was installed in the field canals at 10 m 

apart from the field inlets. The applied irrigation water was diverted through the installed 

Parshall flume. Then, the head of passing water through the Parshall flume was followed 

carefully and was measured regularly until farmers stopped their irrigation. Because the 

irrigation water level may increase or decrease in its sources and/or transport systems. 

Additionally, the time consumed when the farmers irrigated their fields until they stopped 

irrigating the field was also recorded. Furthermore, the areas of the irrigated field were 

measured. According to FAO (1981), the Parshall flume flow rate was taken directly from 

the table according to the Parshall flume manufactured specifications that do not need 

calibration as indicated in appendix-D, table 1.  

Then, the gross depth of irrigation water that farmers’ applied to their field was determined 

by equation (3.5) which is derived from equation (3.4) (FAO, 2001). The equation (3.4) 

was recommended to determine the time required to apply the desired depth of irrigation 

water. Finally, the gross depth of irrigation water applied was determined from the 

recorded application time, Parshall flume flow rate, and area of the irrigated field by 

equation (3.5) below.  

   
   

  
                                                                                                                             (3.4) 

   
       

 
                                                                                                                        (3.5) 

Where, T is time (minute); d is gross irrigation water depth applied (cm); A is an area of 

the field (m
2
) and q is the flow rate of Parshall flume (l/s)  
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Figure 3.11:  Measurement of Field Applied Irrigation Water using Parshall Flume 

 Measurement of the Depth of Irrigation Water Stored at Effective Root Zones 

The depth of irrigation water stored at the effective root zone was determined from soil 

moisture contents which were measured before and two days after irrigation. The field 

application method was furrow irrigation method in two irrigation scheme. Accordingly, 

for each selected field three furrows at the beginning, middle, and bottom of the field and 

three test points in each furrow were selected (i.e total of nine test points were selected) by 

arranging in grid manner of that field. At each test point, the soil samples were collected 

and then the depth soil moisture contents were analyzed before and after irrigation. 

The fresh weights of each collected soil sample were measured at the field level. Then, 

these collected soil samples were placed in an oven and dried at 105°C for 24 hours at 

Areka and Worabe Agricultural Research Center. After 24 hours the samples were 

withdrawn from the oven and their dry weights were measured using an analytical balance. 

Afterward, the gravimetric soil moisture contents (%weight bases) were determined by 

equation (3.6) (George et al., 2014) for each collected soil sample. Then, volumetric soil 

moisture contents (%) were determined by equation (3.7). The depth of soil moisture 
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contents at the root zone was computed by multiplying volumetric soil moisture content 

(fraction bases) with the effective root depth by equation (3.8) (Depeweg, 2002).  Finally, 

the depth of irrigation water stored in the root zone was estimated by the depth of soil 

moisture content after irrigation minus the depth of soil moisture content before irrigation. 

    (
                                                

                       
)                                                 (3.6) 

                                                                                                                        (3.7) 

Dm = θv(fraction bases) * Dz                                                                                            (3.8) 

Where %Wt is gravimetric soil moisture content (%weight bases),    is the volumetric soil 

moisture content (%), Dm is the depth of soil moisture contents at the effective root zone 

(mm) and Dz is the depth of the effective root zone (mm) 

 The Depth of Irrigation Water needed before Irrigation (RAW) 

The readily available water at the effective root zone was computed from the total 

available water and depletion levels of each irrigated crop by equation (3.10). But, the total 

available water at the effective root zone was computed by equation (3.9) (FAO, 1998).  

TAW = 1000(FC– PWP)*BD*Dz                                                                                    (3.9) 

RAW = TAW*p                                                                                                              (3.10) 

Where; TAW is total available water (mm); FC is the gravimetric soil moisture content at 

field capacity (fraction), PWP is the gravimetric soil moisture content at permanent wilting 

point (fraction), Dz is the effective root zone of a crop (m), BD is bulk density (gm/cm
3
), 

RAW is readily available water (mm); p is critical depletion level for each crop (fraction) 
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 Canal Flow Discharge Measurement 

 The flow discharges were measured at main, secondary, and tertiary canals sections in 

Bilate irrigation scheme, while at sections of main canals and tertiary canals in the Furfuro 

irrigation scheme because there are no secondary canals in the Furfuro irrigation scheme. 

Then, the flow discharges in canal sections were computed by equations (3.11) (Reginald, 

2009). The main and secondary canals are lined and rectangular, while the tertiary canals 

are unlined in two irrigation schemes. In Bilate irrigation scheme the measurement of the 

flow discharges was done at about twelve points in the lined main and secondary canal 

sections. While in unlined tertiary canal sections the measurements were done at about 

eight points. In Furfuro irrigation scheme the measurement of discharges was done at 

about four points in the lined main as well as unlined tertiary canal sections. 

Q = Vmean * Aw                                                                                                                (3.11) 

Where Vmean is average flow velocity (m/s), Aw is canal wetted cross-section area (m
2
) and 

Q is flowing discharges (m
3
/s) 

The velocity of the flowing water was measured by area-velocity methods using a floating 

object, because this method is simple, low cost, and it is preferable where other techniques 

become impracticable (i.e very low velocities and shallow streams) (Reginald, 2009; 

Canyon and Wolker, 2012 and John, 1978). For a floating object, a straight canal section 

was selected based on the slope of the canal. Then, the floating object was dropped on the 

flowing water. The floating objects used were one liter empty bottle and the measurements 

were taken three times in each section to improve measurement accuracy. Then, the time 

consumed by the floating object to move from the start point to downstream until it 

reached the marked length of the canal was recorded as indicated in figure 3.12 below. 



39 
 

The surface velocity was determined by equation (3.12) below. The surface velocity is 

multiplied by a correction coefficient for the fact that the surface velocity of the water is 

greater than the average velocity according to Reginald (2009). Hence, John, (1978) 

suggested the correction coefficient ranges from 0.8 for rough beds to 0.9 for smooth beds 

of the canal sections (average values of 0.85 were used for this study). Then, the average 

velocity was computed by equation (3.13). 

   
 

 
                                                                                                                              (3.12) 

Vmean= k*Vs                                                                                                                    (3.13) 

Where, L is the length of canal that the floating object traveled (m); t is the time taken by 

the floating object from started point to the marked point (seconds); Vs is the surface 

velocity of the flow (m/s) and k is correction coefficient 

 Computation of the Canal Conveyance Losses 

The canal conveyance losses were computed from inflow-outflow discharges measured in 

canal sections by equation (3.14) (Mohammadi et.al, 2019).
 

   
      

 
                                                                                                                     (3.14) 

Where QL is water loss rates (l/s/m), QO is outflow at the outlet of canal sections (l/s), QI is     

inflow at the inlet of canal sections (l/s) and L is canal length between inlet and outlet (m) 

Field Application Efficiency  

It indicates the amount of losses of irrigation water in field level. To compute the field 

application efficiency, the measured values of actually applied irrigation water and soil 

water stored at the effective root zone of the irrigated crops were used. The field 

application efficiency was computed for each selected field at the head, middle, and tail-
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end of each irrigation scheme. Then, field application efficiency was estimated as the ratio 

of the depth of irrigation water stored at the effective root zone to the depth of irrigation 

water applied to the field using equation (3.15) (Ramulu, 2005). 

    
                                                  

                                                
                                                     (3.15) 

Where Ea is field application efficiency 

Water Storage Efficiency 

It refers to how completely the water needed prior to irrigation has been stored in the root 

zone during irrigation water application. To estimate water storage efficiency, the 

measured values of the depth of irrigation water stored at the effective root zone and the 

irrigation water needed before irrigation were used. The water storage efficiency was 

estimated for each selected field at the head, middle and tail-end of each irrigation scheme. 

Then, water storage efficiency was estimated as the ratio of the depth of irrigation water 

stored during irrigation to the depth of water needed before irrigation at the effective root 

zone by equation (3.16) (Garg, 2006). 

    
                                                   

                                                   
                                                   (3.16) 

Where the depth of irrigation water needed before irrigation is the readily available water 

(RAW) of the soil in the effective root zone and Es is `storage efficiency (%) 

Irrigation Uniformity 

To evaluate the distribution of applied irrigation water within the field level Christian's 

uniformity coefficient were analyzed in each selected furrows. To estimate the Christian's 

uniformity coefficient, the depth of irrigation water stored at the effective root zone at 

three equally spaced points of the selected furrows on a grid arrangement for each selected 
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field was used. The moisture stored in each test points was done by soil moisture contents 

analysis using gravimetric methods for that test points as discussed previous section. 

Christian's uniformity coefficient was computed for three selected furrow at head, middle 

and tail-end selected fields for each irrigation scheme. Then, for each selected field the 

Christian's uniformity coefficient was the average values of the Christian's uniformity 

coefficient of the three selected furrow of that selected field. The Christian's uniformity 

coefficient was computed following suggestion made by Ramulu, (1998): 

   (  
 

 
)                                                                                                           (3.17)                                                      

Where CU is Christian’s uniformity coefficient (%), D is average depth of water stored 

(mm); d is average of absolute deviation depth of stored water from the mean (mm)  

Conveyance Efficiency 

It estimates the amount of water that is lost or mismanaged in the conveyance system. To 

estimate the conveyance efficiency and conveyance loss in the canal systems, the inflow 

and outflow discharges were used. The conveyance efficiency was computed as the ratio of 

outflow to inflow discharges by equation (3. 18) (Ramulu, 2005). 

    
                                     

                                           
                                                                (3.18) 

Where Ec is conveyance efficiency 

Overall Irrigation Efficiency 

It stands for the efficiency of the entire physical system and irrigation water delivery 

system that convey irrigation water from the sources to the field crops, but, does not 

include the efficiency related to root zone storage capacity (Irmak et al., 2011). The overall 

irrigation efficiency was computed by equation (3.19) (Rai et al., 2017):  
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Eo = (Ec * Ea)*100
 
                                                                                                    (3.19) 

Where Eo is the overall irrigation efficiency (%); Ec is conveyance efficiency (fraction); 

and Ea is the field application efficiency (fraction) 

3.5.2.2. Estimation of External Performance Indicators 

Three groups of the selected external performance indicators were evaluated for two 

irrigation schemes. These three groups of external performance indicators were water 

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

delivery capacity); irrigated agriculture performance indicators (output per unit irrigated 

area, output per unit command area, output per unit irrigation supply and output per unit 

water consumed) and physical performance indicators (sustainability of irrigated area and 

irrigation ratio).  

3.5.2.2.1. Water Delivery Performance Indicators 

To evaluate water delivery performance indicators, the relevant data like total net irrigation 

water applied (seasonal irrigation water applied); total net water applied (the sum of 

seasonal irrigation water applied and effective rainfall); total net crop water requirement 

(seasonal crop water requirement); total net irrigation water requirement (seasonal crop 

water demand less effective rainfall);  discharge capacity of the main canal at the system 

head and peak irrigation flow demands were determined for each irrigation scheme.  

 Determination of the Total Net Irrigation Water Applied 

Total irrigation water applied for a season was estimated from the measured depths of 

irrigation water applied. The depth of irrigation water applied per interval for the known 

plot of the irrigated area was measured as mentioned in section 3.5.2.1. The number of 

irrigation was estimated as the ratio of the total crop growing period to the fixed irrigation 
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interval that farmers practiced. The seasonal depths of irrigation water applied were equal 

to the product of the depth of irrigation water applied per interval and the number of 

irrigation (Garg, 2006).  

Finally, the volume of seasonal irrigation water applied for each crop was computed as the 

product of the depth of seasonal irrigation water applied and irrigated area of that crop by 

(3.20). Therefore, the volume of seasonal irrigation water applied in the whole irrigated 

area was the sum of the volume of seasonal irrigation water applied to each irrigated crop 

field. Since field measured depth of irrigation water applied is the gross amount, hence, the 

total net irrigation water was computed by considering field application efficiency. And so, 

the total net water applied was determined from total irrigation water and effective rainfall.  

Va = 10*Da*Ac                                                                                                                (3.20) 

Where Va is volume of seasonal irrigation water applied for each crop (m
3
); Da is the depth 

of seasonal irrigation water applied for that crop (mm) and Ac is irrigated area by that crop. 

N.B. number "10" is unit conversion based on principles of 1mm = 1litre/m
2
 =10m

3
/ha 

 Crop Water Requirement and Irrigation Water Requirement 

The crop water and irrigation water requirements were determined in CROPWAT 8.0 

model (FAO, 1977). This model adopted the FAO Penman-Monteith equation to determine 

the reference and crop evapotranspiration. The effective rainfall was also computed using 

CROPWAT 8.0 model keeping in mind that this study considered the losses due to runoff 

and deep percolation for reasonable effective rainfall (Depeweg, 2002). Hence dependable 

rainfall (FAO/AGLW) formula was adopted, because the rainfall for each period will vary 

from year to year and therefore, rather than using mean rainfall data (FAO, 1992). 
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Then, the total net crop water requirement was computed from the crop water requirement 

of each cultivated crop by equation (3.21). While the total net irrigation water requirement 

was computed from the irrigation requirements of each cultivated crop by equation (3.22). 

Then, the volume of seasonal crop water demand in the whole irrigated area of each 

irrigation scheme was computed by equation (3.23). But, the volume of seasonal irrigation 

water demand in the whole irrigated area was computed by equation (3.24). 

         ∑
                    

          

 
                                                                                 (3.21) 

        ∑
                   

          

 
                                                                                          (3.22) 

CWRv = 10*CWRtotal*Atotal                                                                                            (3.23) 

IRv = 10*IRtotal*Atotal                                                                                                      (3.24) 

Where, CWR(i) and IR(i) are the depth of crop and irrigation requirements  for each crop 

(mm) respectively, CWRtotal is the depth of seasonal crop water demand for whole scheme 

irrigated area (mm), IRtotal is the depth of seasonal irrigation water demand for whole 

scheme irrigated area (mm); CWRv is the volume of seasonal crop water demand (m
3
); IRv 

is the volume of seasonal irrigation water demand (m
3
) and Atotal is total irrigated area (ha) 

 Peak Irrigation Flow Demand of the Irrigation Schemes 

First total crop growing days, net irrigation requirement and the area being irrigated were 

collected for each irrigated crop. The total irrigated area (Atotal) and maximum growing 

period (Bmax) were chosen. The maximum net irrigation requirement of the irrigated crops 

was converted into gross irrigation requirement using equation (3.25). Afterward, peak 

scheme irrigation water demand for unit hectare area was computed using equations (3.26). 
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Then, the peak scheme irrigation water demand for the whole scheme's irrigated area was 

computed using equations (3.27). The reason for using project irrigation efficiency is that 

the scheme irrigation requirement includes net irrigation water requirement as well as 

irrigation water losses at conveyance and field canals system and field level.  

       
      

  
                                                                                                             (3.25) 

  (
   

  
)  

                          

             
                                                                                (3.26) 

q (l/s) = q (l/s/ha)* Atotal                                                                                                  (3.27) 

Where Bmax is the maximum total growing period; GIRmax is the maximum gross irrigation 

requirement; IRnmax is the maximum net irrigation requirement and Ep is project efficiency 

The results of peak irrigation flow demand obtained by these procedures were also verified 

by computing the duty for each irrigated crop. Accordingly, the duty for each irrigated crop 

was determined based on equation (3.28). Afterward, the irrigation flow demand for each 

crop was determined using equation (3.29). Therefore, the peak irrigation flow demand 

that is needed in the whole irrigated area was computed using equation (3.30).  

  
    

 
                                                                                                                         (3.28) 

  
 

 
                                                                                                                               (3.29) 

     ∑   
 
                                                                                                                 (3.30) 

Where D is the duty (ha/cumecs); B is the total growing season (day); Δ is seasonal gross 

irrigation requirement (cm) and q is irrigation flow demand for the irrigated crop (cumecs); 

A is irrigated area by that crop (ha); Qmax is irrigation flow demand that needed in a whole 

irrigated area (cumecs); n is the number of irrigated crops and qi is irrigation flow demand  
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I. Relative Water Supply  

To estimate the relative water supply, the values for total net water applied and total net 

crop water demand was used. According to Raghuwanshi and Wallender (1998), the 

relative water supply was computed as the ratio of total net water applied (irrigation water 

plus effective rainfall) to the total net crop water demand in volume by equation (3.31): 

                            
                              

                                
                                   (3.31) 

II. Relative Irrigation Supply 

The relative irrigation supply was determined as the ratio of total net irrigation water 

applied to the total net irrigation water demand in volume, (i.e. crop evapotranspiration 

minus effective rainfall) using equation (3.32) (Perry, 1996). 

                                 
                                  

                                      
                        (3.32) 

III. Water Delivery Capacity (WDC) 

To estimate the water delivery capacity at the main canal head the relevant data (i.e 

discharge capacity of the main canal at the system head and peak irrigation demands) were 

used. Then, the water delivery capacity at the head of the main canal was computed as the 

ratio of the present canal capacity at the system head to peak consumptive demand by 

equation (3.33) (Molden et al., 1998). It evaluates whether or not the current capacity of 

the irrigation scheme satisfied the peak demand of whole irrigated crops. 

     
                                              

                       
                                                           (3.33) 

Where WDC is water delivery capacity 
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3.5.2.2.2. Irrigated Agriculture Output Performance Indicators 

To estimate irrigated agriculture performance indicators, the relevant data regarding total 

irrigated area during the period of analysis, the output of the irrigated area, production 

value in local price, and size of command areas were collected from Sankura and 

Wulberag Agricultural and Revenue offices as indicated in appendix-E, tables 1 and 2 and 

appendix-F, tables 1 and 2. Since different crops were grown in two irrigation schemes; it 

was difficult to compare two irrigation schemes using crop production directly. Hence, the 

crop production values were converted to money values based on local market prices and 

finally converted to US$ to standardize and to compare the results with other findings 

worldwide. Additionally, the total volume of irrigation water applied and the total volume 

of crop water demand for two irrigation schemes was estimated as mentioned in sections 

3.5.2.2.1. 

Then, four basic irrigated agriculture performance indicators (output per unit irrigated area, 

output per unit command area, output per unit irrigation supply, and output per unit water 

consumed) were computed by equations  (3.34 up to 3.37) (Molden et al., 1998). 

                               (
   

  
)  

          

                         
                                     (3.34) 

O                            (
   

  
)  

          

            
                                               (3.35) 

                                  (
   

  )  
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Where Production is the output of the irrigated area measured at the local market; Irrigated 

area is the sum of the areas irrigated during the period of analysis; Command area is the 
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designed area; Diverted irrigation supply is the volume of irrigation water diverted 

throughout the crop growing period and Volume of water consumed by ET is the actual 

evapotranspiration of the whole cultivated crops. 

3.5.2.2.3. Physical Performance Indicators 

Two physical performance indicators (i.e irrigation ratio and sustainability of irrigated 

area) were analyzed by equations (3.38 and 3.39) (Molden et al., 1998 and Bos, 1997).  

                                  
                        

                        
                                             (3.38) 

                 
                         

            
                                                                       (3.39) 

3.5.2.3. Comparison between Two Irrigation Schemes 

In this study, the comparison between Bilate and Furfuro irrigation schemes was made 

based on estimated values of the external performance indicators (such as relative water 

supply, relative irrigation supply, water delivery capacity, output per unit irrigated area, 

output per unit command area, output per unit irrigation supply, output per unit water 

consumed, sustainability of irrigated area and irrigation ratio) and conveyance losses.  

3.5.2.4. Estimation of Irrigation Duration and Irrigation Scheduling 

The acceptable duration of irrigation was determined from the depth of irrigation water 

applied and the basic infiltration rate of the soil measured using equation (3.40). The 

reasonable irrigation water demand and irrigation interval for each development stage were 

computed based on the daily water balance of the field. Daily water balance calculation 

considered the soil water holding capacity, daily crop water demand, available effective 

rainfall, and soil moisture deficit for every day of the growing season.  

                        
                                 

                                   
                                                (3.40) 
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4. RESULTS AND DISCUSSION 

4.1. Internal Performance Indicators                                                                                                                     

 Soil Physical Properties Analysis 

The analyzed soil laboratory result indicated that the dominant soil texture is clay loam in 

the upper two soil profiles up to 60cm soil depth in all selected fields of two irrigation 

schemes. But, below 60cm soil depth the dominant soil texture is clay in each selected 

field of two irrigation schemes, except in the header field of Furfuro irrigation scheme 

which had clay loam texture in whole tested soil depths as indicated in tables 4.1 and 4.2.  

The result obtained show that the bulk density values of clay loam textured soils are found 

in the range of (1.19 to 1.39 g/cm
3
) and clay textured soils are found in the range of (1.19 

to 1.31 g/cm
3
) in each selected field of two irrigation schemes as indicated in the tables 

4.1and 4.2. USDA/NRCS (2008) recommended the ideal bulk density value for better plant 

root growth is less than 1.10 g/cm
3
 for clay loam and clay textured soils.  

Table 4.1: Soil Textural Class and Bulk Density for Bilate Irrigation Scheme 

 

Field Location 

Soil depth 

(cm) 

Particles size distribution (%) 

%Clay      %Silt          %Sand 

Textural 

classes 

Bulk density 

(g/cm
3
) 

 

Head  

 

0-30 28 28 44 clay loam 1.30 

30-60 30 27 43 clay loam 1.39 

60-100 42 24 34 clay 1.31 

 

Middle  

 

0-30 30 30 40 clay loam 1.28 

30-60 38 25 37 clay loam 1.29 

60-100 50 22 28 clay 1.23 

 

Tail  

 

0-30 32 30 38 clay loam 1.35 

30-60 30 30 40 clay loam 1.19 

60-100 35 30 35 clay 1.19 
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Table 4.2: Soil Textural Class and Bulk Density for Furfuro Irrigation Scheme 

 

Field Location 

Soil depth 

(cm) 

Particles size distribution (%) 

%Clay      %Silt          %Sand 

Textural 

classes 

Bulk density   

(g/cm
3
) 

 

Head  

 

0-30 35 38 27 clay loam 1.28 

30-60 33 37 24 clay loam 1.24 

60-100 37 37 26 clay loam 1.26 

 

Middle  

 

0-30 35 40 23 clay loam 1.30 

30-60 38 39 25 clay loam 1.25 

60-100 50 18 32 clay 1.21 

 

Tail  

 

0-30 38 28 34 clay loam 1.22 

30-60 28 30 42 clay loam 1.32 

60-100 56 16 28 clay 1.21 

 

However, the same source proposed the bulk densities that affect root growth is (1.10-1.49 

g/cm
3
) and (1.10-1.39 g/cm

3
) for clay loam and clay soils respectively. The results 

obtained in this study show that the bulk densities may affect the root growth according to 

mentioned author above. This implied that the soil might be highly compacted and this 

compaction of soil reduces pore space and high resistance to root penetration.  

The results obtained for field capacity, permanent wilting point, and total available water at 

effective root depth were indicated in appendix-A, tables 2 and 3. The result obtained 

shows that the total available water was between (167.7 - 192.7mm/m) in each selected 

field of the two irrigation schemes. The average values of total available water obtained 

from selected fields of each irrigation scheme were used as input data for CROPWAT 8.0 

model. The average values for each irrigation scheme were obtained as the average of the 

total available water measured from the selected fields at the head, middle, and tail-end of 

each irrigation scheme. The average total available water obtained in this study was (179.5 

and 180.1 mm/m) for Bilate and Furfuro irrigation schemes respectively.  
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 Soil Infiltration Rates  

The field measured values for basic infiltration rates were 8 and 9mm/hr in Bilate and 

Furfuro irrigation schemes respectively as indicated in appendix-A, table 1. Since the 

dominant soil texture was clay loam, especially upper two soil profile depths (i.e up to 

60cm soil depth) in two irrigation schemes, the obtained values for basic infiltration rates 

were in agreement with FAO (1996) recommended value for the same soil types. The 

obtained values for basic infiltration rates were used for evaluation of farmer application 

rate of the irrigation water and also used as input data for CROPWAT 8.0 model to 

determine the irrigation scheduling. 

Figure 4.1: Cumulative and Basic Infiltration Rate for Bilate Irrigation Scheme 

Figure 4.2: Cumulative and Basic Infiltration Rate for Furfuro Irrigation Scheme 
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4.1.1. Field Application Efficiency 

The field application efficiency was calculated from the measured values of the amount of 

irrigation water applied and water stored at effective root zone. The results of the measured 

values for irrigation water applied were indicated in appendix-D, tables 2, and 3 for two 

irrigation schemes. Furthermore, the results of the measured values for soil moisture stored 

at effective root zones were indicated in appendix-A, table 4 for two irrigation schemes.  

As the selected fields were irrigated by different crops i.e fields selected at head and 

middle irrigated by maize, while at tail-ends was irrigated by potato in Bilate irrigation 

scheme. The fields selected at head, middle and tail-ends were irrigated by onion, tomato 

and cabbage respectively in Furfuro irrigation scheme. Hence, the depth of applied water 

and water stored at effective root zone were different in each fields as the root depth of 

different crops were different for different crops. 

As indicated in table 4.3, the result obtained for field application efficiencies at the head, 

middle, and tail-end fields were 61.1%, 52.8%, and 53.7% respectively with an average 

application efficiency of 55.9% in Bilate irrigation scheme. While, the results obtained for 

application efficiencies at the head, middle, and tail-end fields were 51.9%, 64.9%, and 

57.3% respectively with the average application efficiency of 58% in Furfuro irrigation 

scheme as indicated in table 4.3. This indicated that the field application efficiency varies 

from field to field in the similar farming system, methods of irrigation water application, 

and field operation strategies, but the difference may be the on-field water management.  
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Table 4.3: Field Application Efficiency for Bilate and Furfuro Irrigation Schemes 

Field 

Location 

Bilate Irrigation Scheme Furfuro Irrigation Scheme 

WAD 

(mm) 

SMS 

(mm) 

Ea (%) WAD 

(mm) 

SMS 

(mm) 

Ea (%) 

Head 61.2 37.4 61.1 32.2 16.7 51.9 

Middle 65.5 34.6 52.8 40.4 26.2 64.9 

Tail end 38.6 20.7 53.7 28.9 16.5 57.3 

Average    55.9   58.0 

WAD is the depth of applied irrigation water and SMS is soil moisture stored  

FAO (1989) reported that the maximum attainable application efficiency for surface 

irrigation systems is 55%-70%. The average field application efficiencies obtained in this 

study were within the recommended standard mentioned above for two irrigation schemes. 

The main reason might be the applied water is less than the soil moisture deficit, farmers 

used closed-end furrow (which may minimize runoff losses), the type of soil texture is 

clayey, and the compactness of the soil in the study area (which may reduce deep 

percolation losses).  In conclusion, the obtained application efficiencies of this study imply 

the need to take the improvement measures of on-field water management and day-to-day 

operations.  

4.1.2. Water Storage Efficiency 

The water storage efficiency was calculated from soil moisture stored and readily available 

water that was needed before irrigation at the effective root zone. The result measured for 

soil moisture stored in each selected field of two irrigation was indicated in appendix-A, 

table 4. While readily available water of each irrigated crop was indicated in appendix-A, 

tables 2 and 3. The result obtained in this study for water storage efficiencies was indicated 

in table 4.4 below for two irrigation schemes. 
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Table 4.4: Water Storage Efficiency for Bilate and Furfuro Irrigation Schemes 

Field 

Location 

Bilate Irrigation Scheme Furfuro Irrigation Scheme 

SMS  

(mm) 

RAW 

(mm) 

Es (%) SMS  

(mm) 

RAW 

(mm) 

Es (%) 

Head 37.4 94.8 39.4 16.72 28.9 57.9 

Middle 34.6 83.6 41.4 26.21 66.6 39.3 

Tail end 20.7 26.5 78.1 16.54 39.1 42.3 

Average    53.0   46.5 

SMS is soil moisture stored and RAW is readily available water 

The result obtained for water storage efficiencies of the selected fields at the head, middle 

and tail end were 39.4%, 41.1%, and 78.1% respectively with an average value of 53.0% in 

Bilate irrigation scheme. While, the result obtained for water storage efficiencies of the 

selected fields at the head, middle, and tail end were 57.9%, 39.3%, and 42.3% 

respectively with an average value of 46.5% in Furfuro irrigation scheme. Raghuwanshi 

and Wallender (1998) and Levine (1982) recommended that the water storage efficiency 

for furrow irrigation systems is 63%. Thus, the water storage efficiencies obtained in this 

study were very poor in the two irrigation schemes. This indicated that may the applied 

irrigation water was not satisfied the soil moisture deficit in the two irrigation schemes. 

This reflects directly soil moisture stress and inadequacy of irrigation water applied. The 

main reasons might be the applied irrigation water was below an intended water demand, 

farmers practicing fast application rates of irrigation water than soil infiltration rate, and/or 

farmers lacking awareness of different crop needs a different amount of water.  

4.1.3. Irrigation Uniformity 

The results of the measured values of soil moisture stored at test points were indicated in 

tables 4.5 and 4.6 below. Then, the results obtained in this study for Christian's uniformity 
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coefficients were indicated in table 4.7 for two irrigation schemes. Thus, the average 

Christian’s uniformity coefficients were (92.3, 92.6 and 88.2%) and (91.0, 93.6 and 

94.3%) for selected fields at head, middle and tail-end in Bilate and Furfuro irrigation 

schemes respectively. The irrigation uniformities values obtained in present study for all 

selected furrows as well as all selected fields in each irrigation schemes were much higher 

than the advanced furrow irrigation systems, which is 70% as reported by Raghuwanshi 

and Walender (1998). Therefore, the irrigation uniformities of the two irrigation schemes 

were very good, the reason for this might be the farmers used short-length at most 20 

metere furrow length; closed-end furrow practices and good land grading practices in the 

study area.  

Table 4.5: Depth of moisture stored in each test points in Bilate irrigation scheme 

Field Location Furrow one Furrow two Furrow three 

Head 39.0 38.8 41.0 43.6 32.5 36.0 35.3 34.3 35.8 

Middle 41.0 36.1 34.7 37.9 34.1 33.6 32.8 30.5 30.7 

Tail 16.1 18.3 24.3 18.3 22.0 22.7 19.4 22.3 23.1 

 

Table 4.6: Depth of moisture stored in each test points in Furfuro irrigation scheme 

Field Location Furrow one Furrow two Furrow three 

Head 14.7 16.9 19.0 14.6 16.5 19.1 14.3 16.7 18.6 

Middle 22.4 26.9 26.3 25.0 27.2 26.7 23.8 31.1 26.5 

Tail 17.0 17.8 17.0 16.1 16.8 14.3 17.1 15.0 17.9 

 

 



56 
 

Table 4.7: Christian’s Coefficient Uniformity for Bilate Irrigation Schemes 

Head Selected Field Moisture stored Mean CU (%) 

Beginning 

Furrow   

Total moisture stored  39.0 38.8 41.0 39.6 
94.3 

Absolute deviation from mean 1.6 1.5 3.6 2.2 

Middle Furrow Total moisture stored 43.6 32.5 36.0 37.4 
88.9 

Absolute deviation from mean 6.2 4.9 1.4 4.1 

Bottom Furrow  Total moisture stored 35.3 34.3 35.8 35.1 
93.6 

Absolute deviation from mean 2.1 3.1 1.5 2.2 

Average for field 92.3 

Middle Selected Field 

Beginning 

Furrow   

Total moisture stored 41.0 36.1 34.7 37.3 
92.8 

Absolute deviation from mean 6.4 1.5 0.2 2.7 

Middle Furrow Total moisture stored 37.9 34.1 33.6 35.2 
95.4 

Absolute deviation from mean 3.3 0.5 1.0 1.6 

Bottom Furrow  Total moisture stored 32.8 30.5 30.7 31.3 
89.6 

Absolute deviation from mean 1.8 4.1 3.9 3.3 

Average for field 92.6 

Tail Selected Field 

Beginning 

Furrow   

Total moisture stored 16.1 18.3 24.3 19.6 
81.8 

Absolute deviation from mean 4.6 2.4 3.6 3.6 

Middle Furrow Total moisture stored 18.3 22.0 22.7 21.0 
91.0 

Absolute deviation from mean 2.5 1.2 2.0 1.9 

Bottom Furrow  Total moisture stored 19.4 22.3 23.1 21.6 
91.9 

Absolute deviation from mean 1.3 1.6 2.4 1.8 

Average for field 88.2 
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Table 4.8: Christian’s Coefficient Uniformity for Furfuro Irrigation Schemes 

Head Selected Field Moisture stored Mean CU (%) 

Beginning 

Furrow   

Total moisture stored  14.7 16.9 19.0 16.9 91.1 

Absolute deviation from mean 2.0 0.2 2.3 1.5 

Middle Furrow Total moisture stored 14.6 16.5 19.1 16.7 90.6 

Absolute deviation from mean 2.2 0.2 2.4 1.6 

Bottom Furrow  Total moisture stored 14.3 16.7 18.6 16.5 91.3 

Absolute deviation from mean 2.4 0.0 1.9 1.4 

Average for field 91.0 

Middle Selected Field 

Beginning 

Furrow   

Total moisture stored 22.4 26.9 26.3 25.2 93.8 

Absolute deviation from mean 3.8 0.7 0.1 1.6 

Middle Furrow Total moisture stored 25.0 27.2 26.7 26.3 96.5 

Absolute deviation from mean 1.3 1.0 0.5 0.9 

Bottom Furrow  Total moisture stored 23.8 31.1 26.5 27.1 90.6 

Absolute deviation from mean 2.5 4.9 0.3 2.6 

Average for field 93.6 

Tail Selected Field 

Beginning 

Furrow   

Total moisture stored 17.0 17.8 17.0 17.2 96.0 

Absolute deviation from mean 0.4 1.2 0.4 0.7 

Middle Furrow Total moisture stored 16.1 16.8 14.3 15.7 93.9 

Absolute deviation from mean 0.4 0.2 2.2 1.0 

Bottom Furrow  Total moisture stored 17.1 15.0 17.9 16.7 93.2 

Absolute deviation from mean 0.5 1.5 1.4 1.1 

Average for field 94.3 
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4.1.4. Conveyance Efficiency 

The conveyance efficiency and loss were estimated from the inflow and outflow discharges 

measured in main, secondary, and tertiary canal sections as indicated in tables 4.9 and 4.10 

for two irrigation schemes. The FAO (2001) recommended that the conveyance efficiency 

for lined canals of any length is 95%. For earthen canals with clay soil could be 80%, 85%, 

and 90% for canal lengths of ˃2000m, 200-2000m, and ˂200m respectively.  

Thus, except at 900m lined main canal section of Bilate irrigation scheme and 5300m lined 

main canal section of Furfuro irrigation scheme, the results of conveyance efficiencies at 

lined canals were below recommended value. Moreover, estimated values of conveyance 

efficiencies for unlined tertiary canals sections were below the recommended values in two 

irrigation schemes. The main reason might be evaporation losses, malfunctioning of 

control gates, high sedimentation, illegal water turnouts in main and secondary canals, 

water stagnation, grass covers of the canals’ waterway, and canal size widening.  

As indicated in table 4.9, the results for average conveyance losses were 0.5, 1.4, and 6.0 

(l/s) per 100m for lined main and secondary, and unlined tertiary canals in Bilate irrigation 

scheme. While in Furfuro irrigation scheme the average conveyance losses in lined main 

and unlined tertiary canals were 0.067 and 2.36 (l/s) per 100m respectively as indicated in 

table 4.10. Thus, more water was lost in unlined canal sections, because of seepage and/or 

leakage losses and their cross-section was widened and stagnation of water was common, 

which exposed to evaporation losses. In conclusion, the results obtained in this study for 

conveyance efficiencies and losses indicated high losses of irrigation water in conveyance 

systems of two irrigation schemes that may influence the irrigation adequacy. 
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Table 4.9: Canal Conveyance Efficiency and Loss for Bilate Irrigation Scheme 

Canal Types 
Lc (m) Q (l/s) 

Conveyance 

Efficiencies (%) 

Conveyance loses 

(l/s)/100m 

Main canal 

7200 
282.60 

91 0.4 
257.09 

900 
168.18 

96 0.8 
160.79 

1500 
82.64 

93 0.4 
77.24 

Average    0.5 

Secondary canal 

400 
78.86 

87 2.6 
68.48 

210 
20.66 

89 1.1 
18.32 

106 
5.22 

88 0.6 
4.60 

Average    1.4 

Tertiary-1 115 
26.58 

57 9.90 
15.20 

Tertiary-2 96 
20.18 

67 6.94 
13.51 

Tertiary-3 120 
8.63 

57 3.09 
4.92 

Tertiary-4 105 
10.83 

61 4.03 
6.59 

Average    6.0 

 

Table 4.10: Canal Conveyance Efficiency and Loss for Furfuro Irrigation Scheme 

Canal Types Lc (m) Q (l/s) Conveyance 

Efficiencies (%) 

Conveyance loses 

(l/s)/m 

Main Canal -1 5300 
88.443 

96 0.069 
84.766 

Main Canal -2 6100 
43.184 

91 0.065 
39.200 

Average    0.067 

Tertiary-1 380 18.087 57 2.06 
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10.267 

Tertiary-2 210 
15.108 

63 2.64 
9.562 

Average   76.7 2.35 

Lc is canal length and Q is flow discharge  

4.1.5. Overall Irrigation Efficiency 

According to table 4.11, the overall irrigation efficiencies obtained in this study were 28 

and 32% for Bilate and Furfuro irrigation schemes respectively. Rai et al. (2017) suggested 

that the overall irrigation efficiency values between 50 and 60% are good, 40% are 

reasonable, while 20-30% are poor. Thus, the overall irrigation efficiencies recorded in this 

study were poor; the reason might be losses of water in conveyance systems.  

Table 4.11: Overall Irrigation Efficiency for Bilate and Furfuro Irrigation Schemes 

Efficiencies % Bilate Irrigation Scheme Furfuro Irrigation Scheme 

Overall conveyance efficiency 78.6 76.7 

Average application efficiency 55.9 58 

Overall irrigation efficiency 28 32 

 

4.2. External Performance Indicators  

4.2.1. Water Delivery Performance Indicators                                                                               

The results obtained on water delivery indicators (relative water supply, relative irrigation 

supply, and water delivery capacity) were discussed in this section as indicated in table 

4.12. Thus, the relative water supply and relative irrigation supply were calculated from the 

total volume of water applied, the total volume of irrigation water applied, the total volume 

of crop water demand, and total volume of irrigation water demand. The determined values 
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for total crop water demand and irrigation water demand for two irrigation schemes were 

indicated in appendix-C, tables 1and 2. Whereas, the measured values for total irrigation 

water applied in two irrigation schemes were indicated in appendix-D, tables 2 and 3.  

Table 4.12: Relative Water Supply and Relative Irrigation Supply for Two Schemes 

Scheme Total water 

applied/season 

(m
3
) 

Total net irrigation 

water 

applied/season (m
3
) 

Total  

CWR/season 

(m
3
) 

Total 

IR/season 

(m
3
) 

RWS 

 

RIS 

 

Bilate 945968 701115 1392385 1147532 0.68 0.61 

Furfuro 801699 685073 1,009,465 892839 0.79 0.77 

 

The result in table 4.12 indicated that the relative irrigation supplies were 0.61 and 0.77 for 

Bilate and Furfuro irrigation schemes respectively. Molden et al. (1998) suggested that the 

relative irrigation supply value of one is better than the higher or lower values for any 

irrigation scheme. The results obtained in this study show that the relative irrigation 

supplies were below one for the two irrigation schemes. This indicated that applied water 

is not tightly matched to irrigation water demand in the two irrigation schemes. The reason 

might be the losses of irrigation water in the conveyance system, lack of awareness of crop 

water demand, and expansion of the irrigated area. The results obtained for relative water 

supplies were 0.68 and 0.79 for Bilate and Furfuro irrigation schemes. These results 

implied that the sum of irrigation water applied and effective rainfall was not satisfied the 

crop water demands in the two irrigation schemes.  

As indicated in table 4.13, the results obtained for water delivery capacities were 0.66 and 

0.53 for Bilate and Furfuro irrigation schemes respectively. According to Molden et al. 

(1998), the value of water delivery capacity below one implied that the designed and 

constructed canal conveyance capacity does not meet peak consumptive demands in a 
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particular period and constrains the cropping intensities. Thus, the results obtained in this 

study indicated that the present discharge capacity of the canal at the system head was 

much lower than the peak crop demand in the two irrigation schemes. Because, during the 

study period, the main canal did not deliver its full capacity due to high water competition 

in its water sources in Bilate irrigation scheme and there was no assigned body to adjust 

the flow controlling gate and leakage losses in main canals in Furfuro irrigation scheme. 

Table 4.13: Water Delivery Capacity for Bilate and Furfuro Irrigation Schemes 

Schemes Canal 

discharge 

(cumecs) 

  

Canal 

discharge 

(l/s) 

 

Peak consumptive 

demand (cumecs) 

 

Peak 

consumptive 

demand (l/s) 

 

  

WDC 

 

Bilate 0.282 282 0.425 425.4 0.66 

Furfuro 0.132 132 0.251 250.5 0.53 

  

4.2.2. Irrigated Agricultural Output Performance Indicators  

The relevant data were collected for the estimation of the irrigated agriculture performance 

indicators. The data collected for irrigated area per crop, irrigated crop yields, local market 

price, total irrigated areas and total productions were indicated in appendix-E and F for two 

irrigation schemes during the study season. Then, the results obtained in this study for 

irrigated agriculture performance indicators those evaluated as land productivity (output 

per unit irrigated area and output per unit command area) and water productivity (output 

per unit irrigation supply and output per unit water consumed) were indicated in table 4.13.  
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Table 4.14: Land and Water Productivity for Bilate and Furfuro Irrigation Schemes 

Irrigation Schemes Bilate Furfuro 

Irrigated area during this study (ha) 332.25 221 

Production from total irrigated area (US$) 1375651.8 393,701.6 

Designed area (ha) 305 200 

Total Irrigation Water Applied (m
3
/season) 1,460,656 1,427,236 

CWR (m
3
/season) 1,392,385 1,009,465 

Output per unit irrigated area (US$/ha) 4140.4 1,781.5 

Output per unit command area (US$/ha) 4510.3 1,968.5 

Output per unit irrigation Supply (US$/m
3
) 0.94 0.28 

Output per unit water consumed (US$/m
3
) 0.99 0.39 

 

4.2.2.1. Output per unit Irrigated Area 

According to table 4.14, the results obtained on output per unit irrigated area were 4,140.4 

and 1,781.5 US$/ha in Bilate and Furfuro irrigation schemes respectively. The variation 

between the results of output per unit irrigated area among two irrigation schemes was 

2358.9 US$/ha. The study conducted by Degirmenci et al. (2003) in 12 irrigation schemes 

in the Southeastern Anatolia project suggested that the variation between output per 

irrigated area among various irrigation schemes is in the range of (308-5771 US$/ha). 

Thus, the result obtained in this study indicated that the variation of output per irrigated 

area in two irrigation schemes was in the recommended range of this mentioned author. 

4.2.2.2. Output per unit Command Area 

According to table 4.14, the results of output per unit command area were 4510.3 US$/ha 

and 1,968.5 US$/ha for Bilate and Furfuro irrigation schemes respectively. The variation 
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between the results of output per unit command area among two irrigation schemes was 

2541.8 US$/ha.  Degirmenci et al. (2003) suggested that the variation between the output 

per unit command area could be in the range of (1223 - 9436 US$/ha) among various 

irrigation schemes. Thus, the results obtained in this study showed that the variation 

between the output per unit command area among Bilate and Furfuro irrigation schemes 

was in the recommended range of the mentioned author. 

The result of this study indicated that the output per unit command area is better than 

output per unit irrigated area in two irrigation schemes. This is evidence that there is an 

effect thereby expansion of the irrigated area by 27.25ha in Bilate and 21ha in Furfuro 

irrigation schemes relative to the designed command area without delivering additional 

irrigation water.  

4.2.2.3. Output per unit Irrigation Supply 

The result obtained in this study on output per unit irrigation supply was 0.94 US$/m
3
 and 

0.28 US$/m
3
 for Bilate and Furfuro irrigation schemes respectively. Cakmak et al. (2004) 

conducted a study on sixty irrigation schemes found in Kizilimak Basin, Turkey, and 

suggested the values for output per unit of irrigation supply could be in the range of (0.03 - 

2.21 US$/m
3
). Thus, the result of output per irrigation supply was in the recommended 

range of mentioned author for two irrigation scheme. 

4.2.2.4. Output per unit of Water Consumed 

The results obtained in this study on output per unit of water consumed were 0.99 US$/m
3
 

and 0.39 US$/m
3
 in Bilate and Furfuro irrigation schemes respectively. Molden et al. 

(1998) suggested that the output per unit of water consumed for irrigation schemes could 

be in the range of (0.03 - 0.91 US$/m
3
). Thus, the result of output per water consumed for 

Furfuro irrigation scheme was in the recommended range of mentioned author. While the 
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result of output per water consumed for Bilate irrigation scheme was beyond recommended 

range, the reason might be farmers use a high level of agricultural inputs, and the 

command area may have better soil fertility.  

The output per unit irrigated area and output per unit command area are termed land 

productivity. While output per unit irrigation supply and output per unit water consumed is 

termed water productivity. Therefore, Bilate irrigation scheme had better land and water 

productivity than Furfuro irrigation scheme.  

4.2.3. Physical Performance Indicators 

4.2.3.1. Sustainability of Irrigated Area 

According to table 4.15, the result of sustainability of irrigated area for Bilate and Furfuro 

irrigation schemes were 1.02 and 1.05 respectively. This indicates that actual irrigated 

areas during the study season were 102% and 105% of the initially irrigated area in Bilate 

and Furfuro irrigation schemes respectively. Therefore, irrigated areas of the schemes were 

expanded compared with the initially irrigated area. Similarly, various studies reported the 

values indicating the expansion of the initially irrigated area in existing irrigation schemes, 

for example, Agide (2012); Kassa and Ayana (2019), and  Tadesse (2017) reported the 

values of 1.22 for Golgota irrigation scheme, 1.08 for Tahtay Tsalit irrigation scheme, and 

1.2 for Bobe irrigation scheme respectively, who conducted their studies in Ethiopia. 

4.2.3.2. Irrigation Ratio 

According to table 4.15, the results of irrigation ratio in Bilate and Furfuro irrigation 

schemes were 1.09 and 1.11 respectively. This means that actual irrigated areas during the 

study season were 109 and 111% of the designed command in Bilate and Furfuro irrigation 

schemes. This means that the irrigated lands were expanded in these irrigation schemes 
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areas. The reasons might be the self-initiation and interest of farmers within the schemes 

command areas to irrigate their land due to good land productivity as better soil fertilities 

of the areas and interest coming from neighboring farmers to irrigate extra land in addition 

to the designed area. Minichil (2019) reported similarly greater than one value for 

irrigation ratio in Kulech irrigation schemes evaluated in four consecutive years. 

Table 4.15: Irrigation Ratio and Sustainability of Irrigated Area for Two Schemes 

Schemes 

 

Currently 

Irrigated area 

(ha) 

Actual irrigated 

land in any season 

(ha) 

Designed 

area (ha) 

 

Sustainability 

of Irrigated 

Area 

Irrigation 

Ratio 

 

Bilate 332.25 325.5 305 1.02 1.09 

Furfuro 221 209.5 200 1.05 1.11 

 

4.3. Comparison made between Bilate and Furfuro Irrigation Schemes 

As indicated in tables 4.9 and 4.10, more irrigation water was lost in the conveyance 

systems of Bilate irrigation scheme than Furfuro irrigation scheme. The reason might be 

higher canal sedimentation, illegal water turnouts, and malfunctioned division boxes and 

flow control canals in Bilate irrigation scheme than Furfuro irrigation scheme.  

As indicated in table 4.12 above, the relative water supply and relative irrigation supply 

values obtained were low in two irrigation schemes, depicting that, disregarding the 

distribution of the supply, the scarcity of irrigation water was being supplied much less 

than the demand. Moreover, the water delivery capacity values obtained were also low in 

two irrigation schemes, implying that the present main canal capacity at the system head 

was not meet the peak irrigation demand of the system. Since the result obtained for RWS, 

RIS and WDC were below acceptable values for two irrigation schemes. But, Furfuro 
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irrigation scheme had relatively better values of RWS and RIS than Bilate scheme. In 

Furfuro irrigation scheme there is no competition to irrigation water, hence, farmers 

applied the irrigation water as much as amount of their interest. However, in Bilate 

irrigation scheme there were high competition of water in its source and field. 

As indicated in table 4.15 above, the result obtained in this study for the sustainability of 

the irrigated area and irrigation ratio was within an acceptable range of (Molden et al., 

1998 and Cornish, 2005) recommendation. This indicated that the irrigated areas were 

equally expanding for the two irrigation schemes. Thus, in terms of physical performance 

indicators, there was no difference between these two schemes' performance, hence, the 

irrigated land is currently expanded. This implied that the shortage of delivered irrigation 

water never reduces the farmers’ motivation to irrigate their fields and neighboring 

farmers' intensification for irrigation, however, it may affect irrigation water adequacy.  

As indicated in figure 4.3 below, the land productivity (output per unit irrigated area and 

output per unit command area) of Bilate irrigation scheme was much higher than Furfuro 

irrigation scheme. This might be happened due to differences in irrigated field productivity 

during the study season because of the variation in cropping pattern, soil fertility, and 

willingness of farmers to invest more agricultural inputs such as fertilizers, pesticides and 

herbicides, which means higher yield per unit of land at Bilate irrigation scheme. 

Moreover, highly productive and marketable crops such as potato and Maize were 

dominant crops in Bilate scheme. From this evidence, therefore, the Bilate irrigation 

scheme had better land productivity than Furfuro irrigation scheme.  
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Figure 4.3: Comparison of Bilate and Furfuro Schemes based on Land Productivity 

According to figure 4.4, the result obtained for output per unit of irrigation supply and 

output per unit of water consumed were better in Bilate irrigation scheme than Furfuro 

irrigation scheme. This implied that more outputs were returned from unit irrigation water 

applied and water consumed from Bilate irrigation scheme than Furfuro irrigation scheme. 

The reason might be the irrigated crops were high value crops in Bilate irrigation scheme; 

better soil fertility; farmers’ awareness and motivation for irrigation. Therefore, Bilate 

irrigation scheme had better water productivity than Furfuro irrigation scheme.  

Figure 4.4: Comparison of Bilate and Furfuro schemes based on Water Productivity 

OPUIA (US$/ha) OPUCA (US$/ha)

Bilate Irrigation Scheme 4140.4 4510.3

Furfuro Irrigation Scheme 1781.5 1968.5
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Bilate irrigation scheme had significantly better land and water productivity than Furfuro 

scheme due to use of high value crops, better agricultural inputs and removal of grass 

cover and sedimentation from canal systems. Hence, Bilate irrigation scheme was better 

performing than Furfuro irrigation scheme. Therefore, adopt the best practices learned 

from Bilate irrigation scheme for the Furfuro scheme. Moreover, properly maintain 

malfunctioned infrastructures, create WUAs and agricultural experts, and create awareness 

for farmers and WUAs on irrigation water management in two irrigation schemes. 

4.4. Irrigation Duration and Irrigation Scheduling 

The acceptable duration of the irrigation was determined from the depth of irrigation water 

applied and the basic infiltration rate of the soil as indicated in table 4.16 below. The soil 

types of the study areas were clay loam and clay and the bulk density shows the soil is 

highly compacted. Hence, a long duration of irrigation and slow flow rate application is 

preferable. But, the duration of irrigation that farmers practiced in each selected field at the 

head, middle, and tail end of each irrigation scheme was much lower than the acceptable 

duration of irrigation. This indicated that farmers’ application rate was faster than the basic 

infiltration rate of the soil. This might cause overflow of irrigation water. 

The measured depth of the irrigation water that farmers had applied to each selected field 

at the head, middle, and tail end was 61.17mm, 65.49mm, and 38.60mm per interval and 

they used fixed irrigation intervals of 13, 14, and 15 days respectively in Bilate irrigation 

scheme. Whereas, in the Furfuro irrigation scheme the measured depth of the irrigation 

water that farmers applied to selected fields at the head, middle, and tail end was 32.2mm, 

40.38mm, and 28.88mm per interval and used fixed irrigation intervals of 5, 6, and 6 days 

respectively. The farmers practiced fixed irrigation intervals for all crops because they are 
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free to irrigate till they have received enough water and continue until the furrows store 

some amount of water by thinking that it can help until the next irrigation.  

The acceptable net irrigation application depths and irrigation intervals for major irrigated 

crops were computed and their results are indicated in appendix-C, tables 4 up to 8. Hence, 

the depth of irrigation water and irrigation intervals that farmers practiced was not 

proportional to the acceptable depth of irrigation water and irrigation intervals in two 

irrigation schemes. The reason might be the farmers get the irrigation water on rotational 

bases; they also lack the awareness of irrigation scheduling and the absence of water 

management and day-to-day operational rules in the study schemes areas. 

Table 4.16: Comparison of Farmers' Irrigation Duration with Acceptable Duration 

  
Depth of water 

applied (mm) 

Acceptable 

duration (hours) 

Farmers' 

duration (hours) 
Scheme Field Location 

  

 Head 61.2 7.6 4.2 

Bilate Middle 65.5 8.2 4.0 

 Tail 38.6 4.8 4.2 

 Head 32.2 3.6 1.7 

Furfuro Middle 40.4 4.5 2.4 

 Tail 28.9 3.2 2.3 
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5. CONCLUSION AND RECOMMENDATIONS 

 5.1. Conclusions 

Performance evaluation of the irrigation schemes is a vital activity to pinpoint and locate 

the problem areas and so that prompt improvement options and then, assists engineers to 

design new systems. Moreover, the comparative performance evaluation provides clear 

information on performance level of the schemes that enables to transfer best practices to 

take improvement measures. Therefore, the objective of this study was to evaluate the 

performance of the Bilate and Furfuro schemes in Silti Zone, Southern Ethiopia. Two 

irrigation schemes were evaluated by their own merits using internal performance 

indicators and a comparison was also made using external performance indicators. Three 

representative farmers’ fields were selected at the head, middle and tail end of each 

irrigation scheme.  

The results of application efficiencies for two irrigation schemes indicated the need for 

improvements in on-field water management. The water storage efficiency results of the 

two schemes show that the applied water had not satisfied the soil moisture deficit, 

therefore, indicating the inadequacy of the irrigation. Moreover, the results of conveyance 

efficiencies and losses show that the two schemes had an unreasonable loss of irrigation 

water in their conveyance systems. The overall irrigation efficiencies were poor in two 

irrigation schemes. Generally, the results of internal performance indicators indicated that 

two irrigation schemes were performing inefficiently and inadequately. The main reason 

might be the applied irrigation water was below the crop water demand or farmers lack 

awareness of different crops need different amounts of water, high sedimentation and 

illegal water turnout in main and secondary canals and water stagnation, grass cover in 

canals waterway, and widening of tertiary canals size and unreasonable losses of water in 



72 
 

conveyance systems. But, the irrigation water was distributed uniformly within the field in 

two schemes. The reason might be the farmers use short-length and closed-end furrows. 

The results obtained for external performance indicators revealed that the applied irrigation 

water is not tightly satisfied the crop water demands and peak consumptive use. The reason 

might be poor field water management; failure in infrastructures (division boxes and flow 

control gates); unacceptable losses of irrigation water in conveyance systems; irrigation 

intensification from neighboring farmers and illegal water turnout in main and secondary 

canals; high water competition among farmers and at the source of Bilate irrigation scheme 

and lack of awareness on water demand of crops. However, the irrigated lands were 

expanded in two irrigation schemes. Moreover, the results of output per unit command area 

were better than output per unit irrigated area in two irrigation schemes; this is evidence 

that there is an effect thereby expansion of the irrigated area by 27.25ha in Bilate and 21ha 

in Furfuro schemes relative to the designed area without delivering additional irrigation 

water. Moreover, the result of output per unit of water consumed was better than output per 

unit of irrigation water supply for two irrigation schemes, this is evidence that the lack of 

awareness to apply the crop water demand may affect the irrigated agriculture outputs.  

The Furfuro irrigation scheme was better performing than Bilate irrigation scheme in terms 

of conveyance losses, relative water supply, and relative irrigation supply. Whereas the 

Bilate irrigation scheme was meaningfully better performing than Furfuro irrigation 

schemes in terms of irrigated agriculture output and water delivery capacity. So, Bilate 

irrigation scheme had better performance than Furfuro irrigation scheme. The reason might 

be productive use of irrigation water; had better soil fertility, higher value crops were 

irrigated dominantly, more intensive irrigation, better agricultural inputs in Bilate irrigation 

scheme. Hence, the irrigation managers in Furfuro irrigation scheme adopt the best 
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practices learned from Bilate irrigation scheme. But, two irrigation schemes need 

improvement measures. This study was conducted only in one irrigation season and 

performance evaluation of two irrigation schemes was not seen regarding financial 

performance indicators and organizational setups. 

5.2. Recommendations  

 The two irrigation schemes need proper maintenance of the division boxes and 

flow control gates; continuously removing sediment from the main and secondary 

canals and prevention of grass cover in unlined canals waterways, water stagnation 

in-field distribution canals, and widening of unlined canal sections.  

 Encourage water users association and local agricultural experts who share water 

and ensure equity among users, especially during periods of water shortage. 

 Create awareness to beneficiary farmers and water users’ associations about field 

irrigation water measurements, irrigation water management strategies, scheme 

operation, and maintenance practices through continuous training. 

 Wereda experts and DAs with water users association must plan seasonal water 

demand, irrigation duration, and scheduling for farmers and water association users 

according to the crop pattern in the scheme area and do not irrigate an area that 

exceeds the planned area. Thus, decisions concerning flow rate, duration, and 

frequency should be placed in the hands of DAs and WUAs. 

 Adopt the best practices learned from Bilate irrigation scheme for the Bilate 

irrigation scheme; for example, use more productive crops, better agricultural 

inputs, removal of grass cover and sedimentation from canal systems, etc. 
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7. APPENDICES 

Appendix A: Results of Soil Physical Properties in Study Schemes 

Table 1: Cumulative and Basic Infiltration Rates in Bilate Irrigation Schemes 

Reading 

time 

Cumulative 

time 

Water level reading  

          (mm) 

Intake Basic 

infiltration rate 

Cumulative 

infiltration  

Minute minute Before 

filling  

After 

filling  

mm mm/hr mm 

0 0  112 0 0 0 

5 5 106.1 111 5.9 71 6 

10 15 104.8 112 6.2 37 12 

15 30 106.5 109 5.5 22 18 

20 50 104.2 112 4.8 14 22 

25 75 107.1 110 4.9 12 27 

25 100 105.7 112 4.3 10 32 

30 130 107.8 111 4.2 8 36 

30 160 107 109 4 8 40 

30 190 105 112 4 8 44 

 

Table 2: Cumulative and Basic Infiltration Rates in Furfuro Irrigation Schemes 

Reading 

time 

Cumulative 

time 

Water level reading  

          (mm) 

Intake Basic 

infiltration rate 

Cumulative 

infiltration  

Minute minute Before 

filling  

After 

filling  

mm mm/hr mm 

0 0  105 0 0 0 

5 5 98.8 104 6.2 74 6 

10 15 97.4 106 6.6 40 13 

15 30 100.1 105 5.9 24 19 

20 50 99.5 107 5.5 17 24 

25 75 101.6 106 5.4 13 30 

25 100 101.3 105 4.7 11 34 

30 130 100.3 107 4.7 9 39 

30 160 102.3 106 4.7 9 44 

30 190 101.3 105 4.7 9 48 
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Table 3: Soil Field Capacity, Wilting Point, TAW, and RAW in Bilate Irrigation Scheme 

Field 

Code 

Soil depth 

(cm) 

FC 

(%) 

PWP 

(%) 

TAW 

(mm/m) 

TAW (mm/root 

depth) 

RAW (mm/root 

depth) 

Head  

0-30 38.6 23.7 193.2 58.0 29.0 

30-60 37.4 22.1 213.4 64.0 32.0 

60-100 39.1 26.2 169.1 67.6 33.8 

Total 100   191.9 189.6 94.8 

Middle  

0-30 35.7 21.2 185.3 55.6 27.8 

30-60 37.2 24.1 169.2 50.8 25.4 

60-100 40.0 27.6 152.3 60.9 30.5 

Total 100   168.9 167.3 83.6 

Tail 

Reach 

0-30 37.5 23.5 188.9 56.7 14.2 

30-60 38.8 25.0 164.6 49.4 12.3 

Total 60   163.4 106.1 26.5 

                                                  BD-bulk density            

 

Table 4: Soil Field Capacity, Wilting Point, TAW, and RAW in Furfuro Irrigation Scheme       

Field 

Code 

Soil depth 

(cm) 

FC 

(%) 

PWP 

(%) 

TAW 

(mm/m) 

TAW (mm/root 

depth) 

RAW (mm/root 

depth) 

Head  
0-30 38.4 22.9 197.7 59.3 14.8 

30-60 36.7 21.6 187.6 56.3 14.1 

Total 60   192.5 115.6 28.9 

Middle  

0-30 37.3 23.4 180.3 54.1 21.6 

30-60 38.1 24.8 166.7 50.0 20.0 

60-100 40.3 27.4 156.0 62.4 25.0 

Total 100   167.7 166.5 66.6 

Tail 

Reach 

0-30 38.0 23.1 181.6 54.5 19.1 

30-60 36.9 22.5 190.5 57.1 20.0 

Total 60   177.1 111.6 39.1 

The reason for recorded different values for RAW and soil moisture stored in each selected 

field is the different for irrigated crops so different root depth; different in soil physical 

properties such as FC, PWP, BD 

 

 



88 
 

Table 5: Soil Moisture Stored in each Selected Field of two Irrigation Schemes 

Field Code 

Bilate Irrigation Scheme 

 

Furfuro Irrigation Scheme 

 

Soil Depth 

(cm) 

Moisture Stored 

(mm) 
Soil Depth (cm) 

Moisture Stored 

(mm) 

 

Head 

 

0-30 10.7 0-30 7.93 

30-60 13.2 30-60 8.79 

60-100 13.5   

Total 100 37.4 60 16.72 

 

Middle 

 

0-30 9.8 0-30 8.00 

30-60 12.3 30-60 10.20 

60-100 12.5 60-100 8.01 

Total 100 34.6 100 26.21 

 

Tail 

 

0-30 10.5 0-30 7.44 

30-60 10.2 30-60 9.10 

Total 60 20.7 60 16.54 

 

Appendix B: Climatic Data in Study Areas 

Table 1: Monthly Climatic Data in Bilate Irrigation Scheme 

Month Avrg. 

Temp 

◦C 

Humidity 

% 

Wind 

Km/day 

Sun 

hours 

ETo 

mm/month 

Total 

rainfall 

mm/month 

Effective 

rainfall 

mm/month 

January 20.2 72 69 8.1 119.0 14.3 0 

February 19.7 67 69 8.1 115.1 22.7 3.6 

March 19.7 73 69 8.3 134.5 45.5 17.3 

April 18.9 77 69 8.1 125.7 97.6 54.1 

May 18.6 91 69 7.3 117.2 116.4 69.1 

June 18.6 90 95 6.3 103.5 138.5 86.8 

July 18.8 91 52 5.2 99.2 150.7 96.6 

August 18.8 91 35 5.3 102.3 118.2 70.6 

September 18.5 93 69 5.1 98.4 134.1 83.3 

October 18.7 88 69 8.1 118.1 91.4 49.1 

November 19.8 75 86 8.5 115.5 16.3 0 

December 20.9 70 86 8.2 116.9 7.6 0 

Total      953.3 530.4 
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Table 2: Monthly Climatic Data in Furfuro Irrigation Scheme 

Month Avrg. 

Temp 

◦C 

Humidity 

% 

Wind 

Km/day 

Sun 

hours 

ETo 

mm/month 

Total 

rainfall 

mm/month 

Effective 

rainfall 

mm/month 

January 19.8 72 69 8 116.9 13.9 0 

February 19.3 67 69 8.1 113.7 22.8 3.7 

March 19.3 73 69 8.3 132.7 44.7 16.8 

April 18.5 77 69 8.1 124.8 81.3 41 

May 18.2 91 69 7.3 115.6 122.1 73.7 

June 18.4 90 95 6.3 102.9 140.9 88.7 

July 18.6 91 52 5.2 98.6 159.7 103.8 

August 18.4 91 35 5.3 101.7 144.4 91.5 

September 18.3 93 69 5.1 97.5 145.3 92.2 

October 18.4 88 69 8.1 117.2 106.8 61.4 

November 19.4 75 86 8.5 114.6 16.3 0 

December 20.5 70 86 8.2 115.6 7.9 0 

Total      1006.1 572.9 

 

Appendix C: Crop and Irrigation Water Requirements and Irrigation Scheduling 

Table 1: Seasonal Water Demand and Effective Rainfall for Bilate Irrigation Schemes 

Crop types Total growing 

season (days) 

Seasonal 

CWR (mm) 

Seasonal Eff. 

Rain (mm) 

Seasonal  

IRn (mm) 

Seasonal  

GIR (mm) 

Maize 120 457.4 83.7 371.6 774 

Potato 110 421.7 73.2 346.5 722 

Cabbage 120 404.5 85.9 318.6 664 

Onion 100 375.4 49.1 320.5 668 

Tomato 110 408.5 41.5 363.2 757 

 Pepper 125 475.8 88 390 813 
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Table 2: Seasonal Water Demand and Effective Rainfall for Furfuro Irrigation Schemes 

Crop types Total growing 

season (days) 

Seasonal 

CWR (mm) 

Seasonal Eff. 

Rain (mm) 

Seasonal  

IRn (mm) 

Seasonal  

GIR (mm) 

Maize 120 452.1 64.1 390.1 812.7 

Carrot 115 434 61.9 372 775.0 

Cabbage 120 399.9 70.5 327.2 681.7 

Onion 100 371.3 42.2 326.5 680.2 

Tomato 110 406 43.5 361.1 752.3 

Pepper 125 470.3 72.7 397.7 828.5 

 

Table 3: FAO Recommended Crop Water Requirements of Different Crops 

Crop Types Recommended seasonal Crop Water Requirements (mm) 

Cabbage 380-500 

Maize  500-800 

Onion 350-550 

Potato 500-800 

Tomato 400-600 

Source: FAO Irrigation and Drainage paper 33 published in 1996 by Doorenbos et.al. 

The CWR for potatoes was below FAO No. 33 recommended range. The main reason 

might be the recommended value is for medium grown varieties with a total growing 

season of 120 to 150 days. But, the field survey of this study indicated that the total 

growing days for potatoes was about 110 days which is early grown variety. Moreover, the 

CWR for maize is also below FAO No. 33 recommended range. The main reason might be 

the recommended root depth for maize crops is in the range of 1 to 1.7m. But, the field 

survey of this study indicated that the maximum rooting depth for the maize was 1m. 
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Table 4: Irrigation Scheduling for Tomato in Furfuro Irrigation Scheme 

Date 
RAW (mm/root 

depth) 

Net Irrigation 

application (mm) 

Irrigation 

number 

Intervals 

(days) 

1/10/2021 19.3 19.34 First 9 

1/19/2021 19.3 18.85 Second 9 

1/28/2021 29.8 29.75 Third 9 

2/6/2021 45.4 44.72 Fourth 10 

2/16/2021 62.7 61.62 Fifth 12 

2/28/2021 64.5 59.40 Sixth 12 

3/12/2021 64.5 64.16 Seventh 12 

3/24/2021 64.5 60.90 Eighth 13 

4/6/2021 64.5 62.97 Ninth 14 

4/20/2021 64.5 31.12 Tenth end 

 

Table 5: Irrigation Scheduling for Maize in Bilate Irrigation Scheme 

Date 
RAW (mm/root 

depth) 

Net Irrigation 

application (mm) 

Irrigation 

number 

Intervals 

(days) 

1/5/2021 26.0 26 First 15 

1/20/2021 26.0 24.5 Second 14 

2/3/2021 42.0 41.2 Third 13 

2/16/2021 65.2 65.2 Fourth 14 

3/2/2021 86.5 85.1 Fifth 16 

3/18/2021 86.5 83.3 Sixth 16 

4/3/2021 86.5 82.8 Seventh 16 

4/20/2021 86.5 49.6 Eighth end 
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Table 6: Irrigation Scheduling for Potato in Bilate Irrigation Scheme 

Date 
RAW (mm/root 

depth) 

Net Irrigation 

application (mm) 

Irrigation 

number 

Intervals 

(days) 

1/15/2021 11.8 11.5 First 5 

1/21/2021 11.8 11.5 Second 6 

1/27/2021 11.8 11.5 Third 6 

2/2/2021 11.8 11.8 Fourth 6 

2/7/2021 13.4 13.4 Fifth 5 

2/11/2021 15.0 12.7 Sixth 4 

2/15/2021 16.7 14.4 Seventh 4 

2/19/2021 18.3 16.0 Eighth 4 

2/23/2021 19.9 17.6 Ninth 4 

2/27/2021 21.5 19.1 Tenth 4 

3/3/2021 23.1 21.5 Eleventh 4 

3/7/2021 23.6 21.3 Twelfth 4 

3/11/2021 23.6 20.8 Thirteenth 4 

3/15/2021 23.6 20.8 Fourteenth 4 

3/19/2021 23.6 20.8 Fifteenth 4 

3/23/2021 23.6 20.8 Sixteenth 4 

3/27/2021 23.6 20.8 Seventeenth 4 

3/31/2021 23.6 20.8 Eighteenth 4 

4/4/2021 23.6 20.0 Nineteenth 4 

4/8/2021 23.6 19.3 Twenty 4 

4/13/2021 23.6 23.2 Twenty first 5 

4/18/2021 23.6 22.1 Twenty second 5 

4/23/2021 23.6 20.8 Twenty third 5 

4/29/2021 23.6 7.23 Twenty fourth end 
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Table 7: Irrigation Scheduling for Onion in Furfuro Irrigation Scheme 

Date 
RAW (mm/root 

depth) 

Net Irrigation 

application (mm) 

Irrigation 

number 

Intervals 

(days) 

1/9/2021 10.1 10.1 First 4 

1/13/2021 10.1 9.4 Second 5 

1/18/2021 10.1 9.4 Third 5 

1/23/2021 10.1 9.4 Fourth 4 

1/27/2021 12.3 10.7 Fifth 4 

1/31/2021 14.6 12.1 Sixth 4 

2/4/2021 16.8 14.5 Seventh 4 

2/8/2021 19.1 16.0 Eighth 4 

2/12/2021 21.4 17.6 Ninth 5 

2/17/2021 24.2 24.2 Tenth 5 

2/22/2021 24.2 22.3 Eleventh 5 

2/27/2021 24.2 22.3 Twelfth 5 

3/4/2021 24.2 23.3 Thirteenth 5 

3/9/2021 24.2 23.5 Fourteenth 5 

3/14/2021 24.2 23.5 Fifteenth 5 

3/19/2021 24.2 23.2 Sixteenth 5 

3/24/2021 24.2 22.6 Seventeenth 5 

3/29/2021 24.2 22.0 Eighteenth 5 

4/3/2021 24.2 21.0 Nineteenth 6 

4/9/2021 24.2 24.1 Twenty 6 

4/15/2021 24.2 11.3 Twenty first end 
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Table 8: Irrigation Scheduling for Cabbage in Furfuro Irrigation Scheme 

Date 
RAW (mm/root 

depth) 

Net Irrigation 

application (mm) 

Irrigation 

number 

Intervals 

(days) 

1/5/2021 14.1 14.1 First 6 

1/11/2021 14.1 13.2 Second 7 

1/18/2021 14.1 13.2 Third 7 

1/25/2021 14.1 13.2 Fourth 7 

2/1/2021 14.1 13.3 Fifth 6 

2/7/2021 15.7 14.6 Sixth 6 

2/13/2021 17.6 16.7 Seventh 6 

2/19/2021 19.6 18.5 Eighth 6 

2/25/2021 21.5 20.4 Ninth 6 

3/3/2021 23.4 22.7 Tenth 6 

3/9/2021 25.4 25.2 Eleventh 6 

3/15/2021 27.3 27.1 Twelfth 6 

3/21/2021 33.9 33.4 Thirteenth 7 

3/28/2021 33.9 31.5 Fourteenth 7 

4/4/2021 33.9 31.0 Fifteenth 7 

4/11/2021 33.9 30.6 Sixteenth 7 

4/18/2021 33.9 30.6 Seventeenth 7 

4/25/2021 33.9 30.5 Eighteenth end 
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Appendix D: Flow Measurements in Study Schemes 

Table 1: Free Flow Discharge Values for Different Size of Parshall Flumes 

 

Head (cm) 

Through width (inches) 

1 2 3 6 9 

Discharge (l/s) 

2 0.140 0.281    

3 0.263 0.526 0.772 1.496 2.504 

4 0.411 0.822 1.206 2.357 3.889 

5 0.581 1.162 1.705 3.354 5.471 

6 0.771 1.541 2.261 4.473 7.232 

7 0.979 1.957 2.872 5.707 9.155 

8 1.205 2.407 3.532 7.047 11.231 

9 1.446 2.889 4.239 8.489 13.448 

10 1.702 3.402 4.991 10.027 15.801 

11 1.973 3.943 5.786 11.656 18.281 

12 2.258 4.513 6.621 13.374 20.885 

13 2.557 5.109 7.496 15.177 23.605 

14 2.868 5.731 8.408 17.062 26.440 

15 3.191 6.377 9.358 19.027 29.383 

16 3.527 7.048 10.342 21.070 32.433 

17 3.875 7.743 11.361 23.188 35.585 

18 4.234 8.460 12.413 25.38 38.837 

19 4.604 9.200 13.499 27.643 42.186 

20 4.985 9.961 14.616 29.976 45.630 

21 5.376 10.744 15.764 32.379 49.167 

22  11.547 16.942 34.848 52.794 

23   18.151 37.384 56.510 

24   19.389 39.984 60.312 
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Table 2: Depth of Water Applied in each Selected Fields of Bilate Irrigation Scheme 

 

Table 3: Depth of Water Applied in each Selected Fields of Furfuro Irrigation Scheme 

According to the study area the amount of the farmers applied irrigation water to each 

selected field were depending on availability of water to that field 

 

Field measured data 

Head 

(cm) 

Q(l/s) 

 

A(m
2
) 

 

Applied depth 

(mm) 

Field 

Code 

Irrigation 

events 

Intervals 

(days) 

Time 

(minute) 

Head  

 

 

1 

13 

251.15 8 3.532 875 60.83 

2 260 8 3.532 875 62.97 

3 246.54 8 3.532 875 59.71 

Average       61.17 

Middle  

 

 

1 

14 

245.43 13 7.496 1640 67.31 

2 241 13 7.496 1640 66.09 

3 230 13 7.496 1640 63.08 

Average       65.49 

Tail  

 

 

1 

15 

255.5 8 3.532 1382 39.18 

2 244.6 8 3.532 1382 37.51 

3 255.09 8 3.532 1382 39.12 

Average       38.60 

Field measured data 
Head 

(cm) 

 

Q(l/s) 

 

 

A(m
2
) 

 

 

Applied 

depth (mm) 

 

Farm 

Types 

Irrigation 

events 

Interval 

(days) 

Time 

(minute) 

Head  

 

 

1 

5 

108.7 7 2.872 558 33.57 

2 99.8 7 2.872 558 30.82 

3 104.3 7 2.872 558 32.21 

Average       32.20 

Middle  

 

 

1 

6 

148.7 8 3.532 755 41.74 

2 139.9 8 3.532 755 39.27 

3 143 8 3.532 755 40.14 

Average       40.38 

Tail  

 

 

Average 

1 

6 

128.3 8 3.532 1000 27.19 

2 138.9 8 3.532 1000 29.44 

3 141.7 8 3.532 1000 30.03 

      28.88 
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Appendix E: Total Production from Irrigated Fields in Study Irrigation Scheme 

Table 1: Production of Irrigated Land in Bilate Irrigation Scheme 

Irrigated 

Crops 

Irrigated 

cropped 

area (ha) 

 

The output 

of irrigated 

area (Ql/ha) 

 

Total 

yield 

(Ql) 

 

Unit 

local 

price 

(birr) 

Production 

(Birr) 

Production 

$USA 

Maize 18.5 42 777 1300 1010100 23019.6 

Potato 235 140 32900 1500 49350000 1124658.2 

H. Cabbage 19.25 160 3080 1000 3080000 70191.4 

Onion 15.5 150 2325 600 1395000 31791.2 

Tomato 10.5 170 1785 1400 2499000 56950.8 

Green Pepper 3.25 10 32.5 2000 65000 1481.3 

L. Cabbage 30.25 140 4235 700 2964500 67559.3 

Total 332.25    60363600 1375651.8 

H. Cabbage means head cabbage and L. cabbage means local cabbage 

Table 2: Production of Irrigated Land in Furfuro Irrigation Scheme 

Irrigated 

Crops 

Irrigated 

cropped 

area (ha) 

The output of 

irrigated area 

(Ql/ha) 

Total 

yield 

(Ql) 

Unit local 

price 

(birr) 

Production 

(Birr) 

Production 

$USA 

Tomato 8 120 960 1400 1344000 30629.0 

Onion 126 110 13860 600 8316000 189516.9 

L. Cabbage 60 150 9000 700 6300000 143573.4 

Carrot 7.75 130 1007.5 750 755625 17220.3 

Maize 13 25 325 1300 422500 9628.5 

Green Pepper 6.25 11 68.75 2000 137500 3133.5 

Total 221    17275625 393701.6 

L. cabbage means local cabbage 
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Appendix F: Crop Raw Data for CROPWAT 8.0 Model  

Table 1: Maize Crop Characteristics  

                    Growth stage 

Maize crop characteristics Initial Dev.t Mid Late Total 

Length of growing season(days) 21 34 39 26 120 

Crop coefficient(kc) 0.4  1.2 0.9  

Rooting depth(m) 0.3  1 1  

Depletion level(p) 0.55 0.55 0.55 0.55  

Yield response factor (ky) 0.4 1.5 0.5 0.2 1.25 

Source: FAO (1992, 1996 and 1998) 

Table 2: Potato Crop Characteristics 

                    Growth stage 

Potato crop characteristics Initial Dev.t Mid Late Total 

Length of growing season(days) 24 29 29 29 110 

Crop coefficient(kc) 0.5  1.2 0.9  

Rooting depth(m) 0.3  0.6 0.6  

Depletion level(p) 0.25 0.25 0.25 0.25  

Yield response factor (ky) 0.8 0.8 0.7 0.2 1.1 

 

Table 3: Onion Crop Characteristics 

                    Growth stage 

Onion crop characteristics Initial Dev.t Mid Late Total 

Length of growing season(days) 15 25 25 35 100 

Crop coefficient(kc) 0.5  1.1 0.9  

Rooting depth(m) 0.25  0.6 0.6  

Depletion level(p) 0.25 0.25 0.25 0.25  

Yield response factor (ky) 0.45  0.8 0.3 1.1 

Source: FAO (1992, 1996 and 1998) 
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Table 4: Tomato Crop Characteristics 

                    Growth stage 

Tomato crop characteristics Initial Dev.t Mid Late Total 

Length of growing season(days) 13 26 35 35 110 

Crop coefficient(kc) 0.5  1.25 0.9  

Rooting depth(m) 0.3  1 1  

Depletion level(p) 0.4 0.4 0.4 0.4  

Yield response factor (ky) 0.4 1.1 0.8 0.4 1.05 

Source: FAO (1992, 1996 and 1998) 

Table 5: Cabbage Crop Characteristics 

                     Growth stage 

Cabbage crop characteristics Initial Dev.t Mid Late Total 

Length of growing season(days) 29 44 36 11 120 

Crop coefficient(kc) 0.5  1.05 0.95  

Rooting depth(m) 0.25  0.5 0.5  

Depletion level(p) 0.35 0.35 0.35 0.35  

Yield response factor (ky) 0.2  0.45 0.6 0.95 

 

Table 6: Pepper Crop Characteristics 

                     Growth stage 

Pepper crop characteristics Initial Dev.t Mid Late Total 

Length of growing season(days) 18 24 65 18 125 

Crop coefficient(kc) 0.4  1.1 0.9  

Rooting depth(m) 0.3  1 1  

Depletion level(p) 0.3 0.3 0.3 0.3  

Yield response factor (ky)     1.1 

Source: FAO (1992, 1996 and 1998) 


