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Equity of River Water to Traditional Irrigation Users: Case 

Study of Holetta River, Holetta Town, Ethiopia 

Synopsis 

77,e main objective of the study was to assess the equity and efficiency of Holetta River to 
lradilional irrigation users and ils managemenl practices. In Ihe sludy bOlh qualitative 
and quanlitative research approaches were used By Purposive and convenient sampling 
methods open ended queslionnaire and unstruclured interview were employed with direct 
observation. [n addition, crop water requirement studies were undertaken for Ihe 
evaluation of balanced water dislribution. In facl Ihe range is not serious however Ihere 
is a problem of equity in water dislribution 10 users. The water dislribution doesn't 
accounl for Ihe Iype of crop and ils stage, land hold and distanl fro m the primary 
channel. Also farmers act makes problems on ensuring equity. On Ihe olher hand there is 
no participation of females' on equity of water. Farmers water applications being the 
same for all crop stage and wide jilrrow syslem causes water wastage. SCientifically 
suggeslions are proposed to the farmers for crop water requirement and irrigation 
intervals. Thus to improve equity, Ihe management of the irrigation is importanl. Also 
enabling the community to jidly transfer the irrigation to them is significant. To perk up 
water produclivity by new technology innovations with integrating farmer's knowledge 
and scientific water sharing principles from cropping calendar and land distance has to 
be seen. A Iso for water productivity farmers should develop storage pond and store water 
and use from it. Not only concerning crop stage but focusing on crops with its high profil 
margin and less water demanding need to be considered. As an option to farmers with 
high land size could plant perennial crops which their demand of water become 
decreasing at latter stage of crop life and its water demand is high only in flowering and 
fruiting period. Unlike Ihat Ihose who have small lands could plant annual crops but fo r 
both cases crop diversifications based on its financial return is significant. In the future it 
is imperalive 10 study bOlh engineering and social aspects via accounting all users 
including farmers and inslilutes and olher users in Ihe irrigation for better deployment. 
In Ethiopia crop water requirement studies should be given attentions for efficienl 
utilizations of waler resource to increase agricullural product. This thesis research can 
be a baseline for government interventions for community based irrigations syslem 
improvement andjidltramfer to the community. 

Key words: - Equity, Irrigation, Holetta river, Crop water requirement 
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1. Introduction 

1.1. Background 

Irrigation has been practiced III Ethiopia since ancient times for producing subsistence food 

crops. However, modern irrigation systems were started in the 1960s with the objective of 

producing industrial crops in Awash Valley. Since mid-1980s, the Ethiopian government has 

responded to drought and fam ine through promoting and construction of irrigation infrastructure 

aimed at increasing agri cu lture production. These are traditional, small , med ium and large-scale 

irrigation (Awulachew et al. 2007). 

Although, various efforts have been made to deve lop Ethiop ia's water resou rces to increase its 

contribution to the national economy, a number of factors hinder irrigation development in 

Eth iop ia. Accord ing to Rahmato ( 1999), the major contributing factors for low irrigation 

development initi at ives in Ethiopia is the rugged topographic feature of the country coupled with 

the lack of investment and technical capacity. Rahmato highlighted that man y of the country's 

rivers flow over deep and narrow gorges that wou ld require enormous resources to utili ze the 

waters for agricultura l pu rposes. Further to th is he po in t out that except for the river Awash, 

many of Eth iop ia's rivers cross international borders; the water is shared by two or more nations, 

and thi s creates significant ' ownership' issues with neighbouring countries (Tess faye Haile 

2008). 

Overa ll irri gation deve lopment of Ethiopia is estimated to be 5-6% of the developable potential 

of the 3.7 mill ion ha. The revised figure puts the total irrigated area at about 250,000 hectares . 

Th is number gives a per cap ita irrigated area of about 30 m2 The va lue is very small compared to 

450 m2 global per cap ita irrigation area. Accord ing to the 200 I Water Sector Development Plan, 

the targeted growth expansion is also not significant and not expected to bring a significant 

change of the much-needed economic growth. Consider ing the popu lation growth and the 

targeted development of the 2002, water sector development strategy, the per capita irrigated area 

on ly reaches 45 m2 per head by the year 2015 and does not move the sector sign ifi cantl y. 

Therefore, given extreme meteoro log ical and hydrological variab ili ty in Ethiopia, it is important 

that significant attention be given to enhance better water control, use and management of the 

water resources for agricultural production through irrigated agricu lture (Awu lachew et al. 2007). 



Trad itional irrigation has a very old hi story in Ethiopi a, espec ially in some parts of the country 

like Konso. Trad itiona l irrigation system has been practiced for centuries in highlands of the 

country (Rahe l Deribe 2008). The trad itional irrigation schemes are built under a se lf-help 

program carried out by fanners on their own initiative and vary from less than 50 ha to 100 ha. 

Traditional water comm ittees admin ister the water d istribution and coordinate the mai ntenance 

act ivities of the schemes. The total irrigated area under traditional system is estimated to be about 

138,000 ha and about 572,000 farmers are involved. Traditional irrigation is also very common in 

peri-urban areas, particu larl y in Addis Ababa and Bahir Dar, for the production of vegetables for 

the local market (Gall 2007). 

Farmers have built trad itional small-sca le schemes on their own initi ati ve, sometimes with 

government technical and material support. They manage thro ugh their own water users 

assoc iation or committees. The household farm size vari es between 0.25 ha and 0.5 ha. Water 

users associations have long existed to manage traditi ona l schemes. They are generally well 

organized and effective ly operated by farmers who know each other and are committed to 

cooperat ing closely to ach ieve common goa ls. Typ ical assoc iations comprise up to 200 users who 

share a mai n canal or a branch canal. They may be grouped into severa l teams of 20 to 30 farmers 

each. Such associat ions handle construction, water all ocation, operation and maintenance 

functions (Awulachew et al. 2005). 

1.2. General problem statement 

Current survey revea ls evident successes on some schemes, where farmers admitted sati sfaction 

in terms of improvement in incomes, as well as expansion of schemes (farm area) due to 

increased access ibility to water. However, ev idence of conflicts between traditiona l irrigators and 

those on modern schemes regarding property rights to water creates a need for clearer water and 

irri gation manage ment policies, which cou ld be a basic framework for clear definition of water 

rights . Clear ly defined rights to land and water are very crucia l and must be taken into account in 

project design and implementation, if modest investments from farmers are to be expected in land 

improvement and other production enhanc ing activities (Selesh i and Merrey 2007). 

Irrigation has a tremendous role in addressing food security, income generation and job 

opportunity for irrigation users. To understand the equity of river water fo r irrigation among its 
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users, we need to understand the farmers' interests of crop production , water management 

practices, socio-economic status and the techno logy they have been adopting. 

In Holetta town of Madda Guddina kebe le, the traditional irri gat ion user has water user 

associations with seven committee representat ives. To control the water sharing us ing four 

stati ons the committee and users appoi nts two water dividers in each station. Each station would 

get water for 48 hours except station fo ur to 30 hours wh ich goes to kebele 03. They also have 

irrigation bylaws to punish those who violate the ru les. The ru le is a simple guidel ine rather than 

lega l ru les. From experience farmers not we ll obey the law of water use rs associations. 

The major prob lem associated with thi s principle is the issue of equity in water sharing. The river 

is a perennial ri ver though water sharing become problem in the dry seasons. Due to thi s the 

farm ers violate the princip le and disp lace the channel to their land. Sometimes the committees 

take some measures to ba lance the wate r sharing, however these measures were found to create 

conn ict among users. The water sharing principle they adopt does not accou nt for types of crops 

they plant, the stage of growth of the crop, production of land , crop water requ irem ent and 

community management of the irrigation . 

1.3. Focused research questions 

There is problems of equ itableness and management of Holetta River. This research tried to 

eva luate scient ifi cally the equity of Holetta River among its users for irrigation purpose. This 

study would ultimate ly insure equitab ly of the river to its irrigation users and make communal 

irrigation management and utili zation in safe way to improve equity. 

To attain th is goa l the focused research questions include: 

• Do the existing water sharing princip les cause inequ itableness? 

• Are the trad it ional irrigation methods efficient? 

• Do crop se lections by the farmers have contribution to the prob lem of equ itableness? 

• What about gender issue in equity? 

• What sc ientific methods wou ld solve such water sharing prob lem? 

3 



1.4. Objective 

To assess equity and effi ciency of Holetta ri ver water to its trad itional irri gat ion users and the 

management pract ice. 

Thus the specific objecti ves would be: 

• To know the irrigation water requirement of the crops these vill agers are growing based 

on its frequency and timing 

• To improve the management of the ri ver water 

• To set scientifi c water sharing principles 

• To improve gender effects in water shar ing 

• To propose technical and managerial so lutions to the prob lems of equitableness 

1.5. Significance of the study 

It is provides a base for future stud y to various users and give ins ight to proj ects that helps to the 

soc iety. It is important fo r planning and management of the river. On the other hand, it support 

and give an idea for community takeover and management of the river as we ll. It also shows the 

status of fa rmers managed irrigation systems and gives recommendation fo r better management 

and capacitating fa nner' s ability to handle it. 

1.6. Scope and limitation of the study 

The subject of the study would be those who use or involve in the traditional irri gati on at Madda 

Gud ina kebele. Because there are 145 households uses the ri ver wi th furrow irrigation to their 

100 hectare of land for horticultural and field crops product ion. It is better to stud y the issue of 

equity of the rivers compared to among other Kebele's of the town. Thus, survey methods were 

employed in order to measure the equitableness of the irrigation water di verted from Holetta 

River. The research is limited to the appropriateness of in formation gained from the town 

admi ni st ration and kebele office abo ut the river and household al so may not answers well of the ir 

income, capital , and production cond it ions. 
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1.7. Organization of the study 

The study includes six chapters. Chapter two focuses on literatures related to introduction to 

irrigations and socio-economic issues. Also it explai ns traditiona l irrigat ion water management 

and some crop water req ui rements findin gs. Chapter three dea ls the methodology and design of 

the study and chapter four puts the study areas features and its facts. Then in chapter five detai I 

analys is and result on the objectives to river equitability and scientific irrigation water 

management presented. Finall y in chapter six, conclusion and recommendation are given from 

the resu lt. 
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2. Literature review 

2.1. Brief memo about irrigation 

Irri gat ion deve lopment could be defined as a case of agricu ltural development in wh ich 

technology intervenes to provide contro l for the so il moi sture reg imes in the crop root zone . The 

aim is in order to achi eve a high standard of continuous cropp ing. Regarding the ways of 

suppl ying water, flood irrigation, furrow irrigation , sprinkling or spray irrigation and drip 

irrigation are identified. With respect to the area irrigated , scale of operation and type of contro l 

or management, irrigation is categorized either as small, medium or large sca le. Irrigation may 

also be categorized using other criteria such as ownership, economic objective and modernity 

(Darout Gum 'a 2004). 

Tank irrigation , small dam irrigation and shallow or deep tube irri gation are termed as small-sca le 

irrigation schemes. Some considerations of the criteria of classifying irrigation in terms of sca le 

may vary from country to country. For example, in India an irrigatio n scheme of 10,000 hectares 

is class ified as ' small ' whil e in Ghana, the largest irrigation scheme is 3000 hectares. However, 

in most cases, large-scale schemes are formally planned and typica lly managed by government 

departments delegated with necessary authority for fai rl y comprehensive contro l and wh ile small 

scale schemes are mostly user managed (Darout Gum'a 2004) 

Irrigation projects in Ethiop ia are identified as large-sca le irrigation if the command area is 

greater than 3,000 ha, medium-sca le if it fal ls in the range of200 to 3,000 ha, and small-sca le if it 

covers less than 200 ha. The categorization is based on the size of land area irrigated. In addition 

to the above class ification according to MOWR (2002) , the new classification developed by 

Lemperiere also includes the d imens ions of time and management. This system distinguishes 

between four d ifferent types of irrigati on schemes in Ethiopia: trad itional, modern communal, 

modern private and public (Awulachew et ai. 2005). 

According to the database deve loped in the stud y, " Impact of Irrigation on Poverty and 

Environment (IIP E)", currently, data on 79 I schemes has been collected from different reg ional 

states of Ethiopia. According to the database, the total estimated area of irrigated agricu lture in 

the country is 107,265.65 hectares out of wh ich 20,038.39 hectares are from small -sca le, 
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30,29 1.26 hectares is from medium-scale and 56,936 hectares is from large sca le (Awu lachew et 

al. 2007). 

From Awlachewe and others (2005), the small-scale irrigation schemes in Ethiopia are 

understood to include trad it ional small-scale schemes up to 100 ha and modern communal 

schemes up to 200 ha . However; 'traditional ' spate irrigat ion scheme, for instance in T igray, of 

up to 400 a lso observed 

2.2. Irrigation and its socio-economic concerns 

Equitab le transfer schemes might shed li ght on how to d iv ide water among farmers prod ucing 

irrigated crops. The ana lysis deals w ith heterogeneous farmers (differing land size, crops) sharing 

the same pool of water. The onl y way to susta in no envy and equal sharing indi v idual rationality 

is to sp li t this poo l equall y, providing that the water market is competitive and production 

fu nctions sat isfy some regularity property. If not, or if farmers are reluctant to market, one way to 

implement an effi cient allocation of water complying w ith no envy and equal sharing indiv idua l 

rationali ty is to price or tax water at its shadow cost (which nevertheless has to be estimated) and 

to redistribute equall y the money collected (Am bec and Ehlers 2007) . 

A comprehensive stud y in Oromia, Amhara, and SNNP and Tigray regions of Ethiopia finds 

there is s igni ficant difference in inc idence, depth and severity of poverty between households 

w ith access to irrigation and those w ithout. However, the poverty incidence among the sample 

households is still unacceptably hi gh irrespective of access to irrigation, indicating that poverty 

deeply entrenched in rural Ethiopia . Povelty inc idence is also re lated to the cropping pattern, 

indicating that mere access to irrigation wou ld not bring the desired results. Poverty s ituation is 

more sever among farmers devoting sign ificant proportion of their cropping land to food grains 

(cerea ls, oil seeds and pulses) irrespective of access to irrigat ion. Vegetable growers are better off 

in terms of poverty s ituation. The implication is that· irri gation project planners should consider 

the crop mix in future irrigation deve lopment plans (Namara eta' I. 2007). 

Poverty indices were found also to be responsive to the irrigation intensity as measured by the 

size of irri gated a rea. Poverty incidence is s ignificantly lower among households w ith hi gher 

irrigated area size. Due to demand outstripping the limited suppl y of irrigation service and 

considerat ions for equ ity, irri gation plots are rat ioned in Ethiopia. The limited differentiation 

observed in the size of irrigated land among sample farmers is due to the prevalence of informal 
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irrigable land markets. Thi s ca ll s fo r an investigation to determine a minimum irrigated area that 

needed to be a llotted to a household for susta ined poverty reduction and food insecurity 

eradication. Poverty indices a re also responsive to irrigation typology and irrigation intensity. 

Among the irrigation the two irrigation typolog ies studied the poverty situation is relatively 

milder among modern irrigatio n scheme users (Namara eta' !. 2007). 

Poverty and irrigation nexus whether has an effect on income ineq uali ty or not showed different 

assumption. In this regard quantitative evidences from empirica l studies on vari ous countries 

show a mi xed picture. A study made by Marrit and Ruerd (2005) in Ethiop ia found that irrigation 

stimulated growth without deepening inequality. However, Kimmage (1991) in N igeria, Hussein 

and Hanjra, (2004) in India have argued that irrigation has large been more beneficial to the rich 

and thus increased inequality (Tessfaye Haile 2008). 

On the other hand , Namara and other (2007) study showed that income inequality among 

households with access to irrigat ion is worse than that of those without access. The implication is 

that even thou gh accesses to irrigation moves up the mean income, farmers have d ifferent 

capacity in making better use of the avail ab le irrigation water and therefore irrigation w idens the 

income gap. However, the main policy concern in Ethiopia is reducing abso lute poverty at this 

moment. Finally, the stud y confi rms that whil e the income inequalities among households 

without access to irrigation are lower, it was found that inequa lity among rain-fed poor farmers is 

higher than those with access to irrigation. 

The FAO (1999) pointed out that many Sub-Saharan countries have realized the critica l ro le of 

irrigation in food production. However, the relativel y high cost of irrigation deve lopment 

combined with the inadequate physical infrastructure and markets access, poor investments in 

irr igat ion, lack of access to improved irrigation technologies, and lack of affordable and readily 

available water supp lies, have been responsible constraints for a relatively slow rate of irrigation 

development in this region. FAO further identified fragmented and small land holding, unsecured 

or lack of land titles, high interest rates, and poor transpOltation and marketing fac ilities as further 

constraints affecting the capacity of farmers to invest and manage irrigat ion projects ( Tessfaye 

Haile 2008) . 

Internat ional experience with farmer irrigation management suggests that, for a successfu l 

community management of irri gation schemes, the economic and financ ial costs of sustainable 

self- management must be a sma ll proportion of improved income. The transaction cost of the 
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organ ization must be low, and irrigation must be central to the improvement of li velihoods for a 

significant number of members. Develop ing local leadership ski lls for irrigation management 

also appears to be a key factor fo r successful co ll ective irrigat ion management (Rahel Deribe 

2008). 

Irri gation systems are highl y interdependent as the ab ili ty of ind ividual fa nners to appropriate 

water is greatly influenced by the behaviour of fanners in the area. Where irrigat ion water serves 

more than a single person, patterns of social interaction govern the use of those faci liti es. 

Reali zi ng that irrigat ion water is a community property and therefore needs communal 

management can be the impetus fo r farmers to organize and community management of irrigation 

often involves the fo rm at ion of organi zat ion of formal user groups known as Water Users 

Association (WUAs) (Darout Gum'a 2004). 

Most of the new initiatives for for ming WUAs and management strategies do not evolve from the 

trad itional system . Instead, the structure is largely imposed by government agencies and the 

do nor community. The long- run susta inab ili ty of these institutions often remains quest ionab le. In 

general it seems desirable to use ex isting local organizations. If the ex isting organizations are 

insufficient or inadequate for the purpose, careful ana lysis should lead to the des ign of facilitat ing 

organizat ions congruent with local culture (Darout Gum 'a 2004). 

There is no specific po licy on irrigation in Ethiopi a. Therefore, it is part of genera l Water 

Management. The legal framework of water management is defined in the Ethiopian Water 

Resources Management Proclamation No 19712000 and the Council of Min isters of Eth iopian 

Water Management Regulations No 11 5/2005. The Et hiopian Water Resource Management 

Policy defined the selected opt ions to be used as instruments for achieving intended goals and 

objectives and give genera l princip les and directives. To realize this goa l, the government has 

spelled out a number of specific objectives (Gall 2007). 

However in the ex isting documents the prob lem of water allocation between different uses is 

raised. The water is considered as an economic and social good. As it is states in Water 

Resources Management Proclamation the domestic use shall have the priority over and above 

other water uses (Federal democratic Repub lic of Ethiopia, 2000). But the first principle adopted 

is an Integrated Water Resource Management. Subsequently All social and econom ic 

development programmes, investment plans and programmes and water development activity of 

any person shall be based on relevant Basin Master Plan Studies (Ga ll 2007). 
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Irrigat ion deve lopment is one of the major pillars of the rural deve lopment strategy. In more 

recent years, the strategy of irri gation has shi fted from large-scale approaches to sma ll -sca le and 

household leve l interventio n. Following the new po li cy, most regional states have introduced 

household level irrigat ion schemes at massive scale ai ming to ach ieve food security. For instance 

a report by the mini stry of ag ricu lture and rural deve lopment (MoARD, 2007) indicates that in 

2007 alone about 952,000 households have built small water harvesting ponds to promote 

irrigation at fa nner level .Nevertheless, such intensive interventions lack comprehensive studies 

that can help improve the effecti veness of poli cy approaches in achieving food security and 

poverty reduction (Berehanu Haile 2009). 

2.3. Traditional irrigation water management in Ethiopia 

The best start ing point perhaps is to learn from the success of tradi tional irrigation systems, 

especially from the institutional and legal aspect of water administration and management. 

Understand ing the evolution, development and funct ioning of trad itional water uses associations 

shou ld give important insights as how to orga nize and develop modern irrigat ion associations 

(Rahel Deribe 2008). 

Communi ty participation in spate irrigation at Raya valley shows the farmers in the study sites is 

self-organi zed under water users associations. The major problem with traditional irri gat ion 

systems is the frequent damage caused by flooding on the tradit ional diversion wei r and irrigation 

infrastructure. As the result, farmers are engaged in repeated main tenance of these structures 

(Hai le Kidane 2009). 

Another study in Eastern Oromia in two-irrigat ion system called Doni Kunb i and Bato Gegaga 

small-scale irrigation revealed that small holder 's irri gation is very important. Th is is especiall y 

true in areas where insufficient and erratic rain fall is a recurrent phenomenon. Moreover thi s 

study revealed, a number of technical, institutional , policy and management problems that 

constraint irri gation performance. Desp ite the existing irrigation water users association 

(IWUAs) , lack of support from different stakeholders' has affected their influence in the 

irri gation deve lopment (Lemma Dinku 2004). 

Fo r instance, the trad itionally formed IW UA did not get facilities such as credit and market 

information because the agri cultura l po li cy gives priority to fa nners that relay on rain fed 

agricu lture. Generall y, the result of thi s study showed, construction of irri gation infrastructu res 
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by itse lf could not result in significant change. For successful irrigat ion project performance, 

beside const ruct ion of irrigation infrastructure it is equally im portant to consider the socia l 

aspects (Lemma Dinku 2004). 

There are farme rs' co-operative organ isat ions in some places providing cred it services for WUAs 

operated community-based small-sca le irrigation schemes. Farmers participate in the constructi on 

and maintenance of community-based irrigation schemes by contributing labour and locally 

ava ilab le material s. The efficiency of commu nity-based irrigat ion schemes is genera lly low; 

although, there are efforts, in some donor-funded projects, to develop demonstration tr ials ai med 

at improv ing efficiency. The hi gh ly centrali sed top-down approach to rural deve lopment in the 

past has had a negative effect on fann ers worki ng together as a group. Therefore needs to be a 

concerted effort to create awa reness among farmers' groups as to the benefits of working together 

- such as better se rvices relating to water distribut ion, increased barga ining power, access to 

credit, and im proved infrastructure (Mekuria Tafesse 2003) . 

Women are not participating, as expected, in irrigation act ivit ies. This is main ly because women 

are mainl y engaged (cu ltura lly) in household activities such as ch ild rearing, food preparation , 

water fetching, etc. However, addressing issues relat ing to gender sensiti vity and ba lance is now 

a priority in the implementat ion of community-based projects (Mekuria Tafesse 2003). 

Institu tiona l analysis of water management on communal irri gation in T igray (Atsbi Wemberta) 

di strict and Oromia (Ada'A) woreda in 22 schemes shows that the partic ipation of female-headed 

househo ld at forum and leadership is very low. However, the estimat ion result shows that less 

number of conflicts and vio lation of rules are associated with hi gh proportion of fema le 

household headed. Th is suggests policy intervention is needed to encourage the participation of 

women in fa rm, forum and at leadersh ip level in water users associations and in confli ct 

reso lution committee. In add ition, effort should make to change the wrong perception of the 

society towards gender inequality (Rahel Deribe 2008). 

The study was conducted using a sample of 80 fa rmers se lected from fo ur districts of Awi Zone, 

to detect where do inefficiencies exist and ident ify the poss ible causes. Following many of the 

previous emp iri cal works, stochastic frontier production was employed to ana lyze the data. Thi s 

method was used for its better ability to detect the level of efficiency through decompos ing the 

error term into random noise and ineffic iency effect (Temesgen and Ayalneh 2005). 

The findings of the study indicated that farmers operating under traditional irrigation schemes are 
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efficient; hence, improv ing productivity requires introduction of new technology. On the other 

hand , farmers producing under modern commlll1i ty irrigation schemes have a significant 

inefficiency so that the productivity of these fanners can be raised through im proving their 

efficiency. The main causes of inefficiency were identified to be inadequate irrigation experience 

and discouraging price of the produce. Higher size of livestock was also identified as one of the 

causes of ine fficiency (Temesgen and Aya lneh 2005). 

Through century old pract ices, fanners of Amhara reg ion have used their indigenous knowledge 

to innovate sustainab le irrigation practices to address their water management needs. These 

practices and innovations stretch from abstraction of water, designing and development of 

diversion structures, designing of irrigation canal s, crossing of big gu lli es, developing appropriate 

cropp ing systems and equitable sharing of water to contlict management issues. Impact of such 

practices have led to improved irrigation water use efficiency and better cropping systems in 

most of the traditional. However, water allocation and d istribution systems among users should 

be adjusted by considering problems of female-headed household and elders (l-Ian ibal et al. 

2008). 

A case study on two traditional irrigation schemes in North GondaI' shows the farmers have 

develop knowledge of irrigation management and crop se lection in production. Farmers in Beles 

traditional scheme prefer to produce garlic because of its storage ability and hi gh profit margin 

where as farmers in Zarima prefer to produce pepper because of its profit margin and tomato due 

to its productivity (Han ibal et al. 2008) . 

Genera lly, fa rmers shift from consumption to market oriented farming system. They focus on 

crops that give hi gh price per yield , hi gh yie ld per unit area and market oriented agricultural 

system. Farmers of both schemes are trying to maximize their benefit through utili zing the 

synergetic effect of both irrigated and rain fed systems, i. e. some crops are sown under irr igated 

systems but are grown and matured in rain y season and vice versa. Thi s he lps to increase 

irrigation in tensity by harvesting and replanting crops at any time of the season .The methods and 

frequency of irrigation and depth of applicat ion of water for each crop is developed and fine­

tuned by farme rs themse lves (Han iba l et al. 2008). 
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2.4. Crop water requirements and water balance studies in Ethiopia 

A water balance often leads to the understanding of hyd rological systems. This water balance 

states that the water inflow to an area must equa l the outflow, plus any change of water storage 

within the area. The major hydro logical components that playa role in the water balance are 

precipitation, river fl ow, evapotranspiration, water storage and ground water flow (Eyasu Yazew 

2005). 

In 1998, Internat ional Water Management Inst itute (IWMI) performed a comprehensive water 

balance studies in the command area of Sirilanka's Oya irrigation scheme to assess the impact of 

water consumption by perennia l vegetation. The study found that perennial vegetations' 

consumes almost tw ice the amount of water as crops in the area. The main conclusion from this 

study is that water consumption by perenn ial vegetation should be a significant considerat ion in 

irrigation planning management and performance assessment (Renaualt 200 I). 

A survey on the God ino irrigation scheme revealed that farmers used the same amount of water 

and interva ls, regard less of crop spec ies and growth stage. [n an effort to improve the water 

product iv ity, two tradit ional irrigat ion-schedu ling methods were compared with two scientific 

methods, using furrow irri gation. The growth performance and tuber yield of potato (cv. A wash) 

revealed that irrigation schedu ling using a neutron probe sign ifi cantly outperform ed the 

tradit ional methods, followed by the SWB (So il Water Balance) model irri gation ca lendar. Since 

the neutron probe method involves high initia l cost and ski ll s, the use of the SWB Calendar is 

suggested as replacement for the traditiona l methods (Geremew Eticha 2008). 

Also series of field , rain shelter, growth cabinet and modelling studies were conducted to 

investigate hot pepper response to different irrigation regimes and to ca librate and validate the 

soi l water balance (SWB) model. Soil, climate and management data of five hot pepper growing 

regions of Ethiopia were identified to develop irrigation ca lendars and est imate water 

requirement of hot pepper under d ifferent growing cond itions. High irrigat ion regimes increased 

fre sh and dry fruit y ield, fru it number, harvest index and top dry matter production. Yield loss 

could be prevented by irri gating at 20- 25 % depletion of plant ava il able water, confirming the 

sensitivity of the crop to mil d so il water stres (Yibeka l Alemayehu 2009). 

Besides that to facil itate irrigation scheduling, simple canopy cover based procedure was used to 

determine FAO- type crop factors and growth periods for d ifferent growth stages of five hot 
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pepper cu lti vars. Growth analysis was done to calcul ate crop-specific model parameters for the 

SWB model and the model was successfu ll y cal ibrated and validated for five hot pepper cultivars 

under di ffe rent irrigation regimes. FA 0 basal crop coeffic ients (Kcb) and crop- speci fic model 

parameters for new hot pepper cu lti vars can now be estimated from the database, using canopy 

characteri sti cs, day degrees to maturity and dry matter production (Y ibekal Alemayehu 2009). 

The comparison between a spatia ll y distr ibuted crop index and reported yield was eva luated in 

Ethiopia. The crop index was generated by a crop water balance model that simulates the 

reduct ion of crop yield (as a percentage of the potential) due to water deficit. This model is 

currentl y operational as a monitoring and forecasting too l for region-wide food security ana lyses 

in drought prone countries in Sub-Saharan Afri ca. The most important input parameters of the 

model are Africa-wide satellite-based rainfall estimate images and spatia ll y di stributed potentia l 

evapotransp iration images calcu lated from 6-hou rl y numerical weather model data. District leve l 

crop yield data from Eth iop ia were used to eva luate the performance of the model. Histor ica l 

sorghum yie ld data fro m 1996-1999 were used to evaluate the performance of a seasona l water 

requirement satisfaction index (WRS I) for sorghum. WRSI va lues and reported district yield data 

were sign ifi cant ly correlated (Gabriel and James 2002). 

The WRS I mode l was particularly successful in captur ing the response of the crop during a 

re latively dry year. [n d istricts that never experienced water defic it during the stud y period, it was 

possib le to infer the magnitude of yie ld variability that was caused by factors other than water 

supply. There was no indication that the percent area of sorghum in a district influenced the 

relationship between WRS I and repOited yield. This was probably due to a wrong assumption in 

usi ng only sorghum area instead of total agricul tura l area in the di strict (Gabriel and James 2002). 

Future studi es should re-evaluate and address the importance of the size of agricultu ral area while 

comparin g d istrict-wide WRS I with yie ld data co llected from a fract ion of the di strict area. This 

study also showed that a small change in WRSI can result in a larger change in yield. Pub lished 

yield reduction functions were generally at a plot leve l whereas the relationship evaluated 

compr ised of several thousand fa rm -p lots in a d istrict. Instead of using or assum ing a yie ld 

reduction funct ion that was establi shed at experimental stations it is recommended that such yield 

reduction function be established for various regions (Gabriel and James 2002). 

Study examined the impact of climate change on crop production in two districts in Ethiop ia and 

also assessed adaptation measures in these distri cts. The research was implemented by a 
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national team under the FAO leadership. It developed a unified approach to crop si mulation 

mode ll ing of the relationship between yield and evapotransp iration as the measure of water use 

by crops. The coun try team adapted the FAO ' s CROPWA T program to assess potentia l and 

actual crop water use by maize and sorghum in the Adama and Miesso di stri cts. The simulation 

of yie ld reduction and estimation of crop use was based on ten-year crops and meteoro logica l 

data using the model (CEEPA 2006). 

The study results give realistic values for maize and sorghum evapotranspiration and actual yield . 

The crop water response analyses show marked ly different results between the two dist ri cts. They 

also show that the gap remains wide between actual and potential yie ld and actual and maximum 

evapotransp iration, especially in drier conditions for rain fed crops. However, rain fed maize and 

sorghum seem to be performing better in terms of crop water use in the sub-humid climate of 

Adama than in the semi-arid climatic cond itions of Miesso, since Adama has better rainfa ll 

(CEEPA 2006). 

This corroborates the we ll -known fact that wate r is among the main li miting factors in most 

African farming systems and therefore irrigation could play an important role in agricul tural 

development. The average values for crop water productivity (CWP) for these crops do not 

exactly match the commonly publi shed ranges. As expected , sorghum appears to be the most 

water efficient crop grown in the se lected d istricts and performs especia ll y well in the dry 

conditi ons of M iesso, wi th very low actu al evapotransp irat ion and still reasonable actual yie lds 

(CEEPA 2006). 

Maize is a more water demanding and stress sens itive crop. From the resul ts observed from 

Adama and Miesso, maize water productivity appears to be even poorer than usual standards . 

This might we ll be due to a varietal problem or to crop management issues. In any case, maize 

should be grown only where good availability of water can be guaranteed. It shou ld therefore be 

grown under irrigation or in ra in fed areas where rainfall is re li ab le and the crop needs can be 

adeq uately satisfied. In response to thi s situation , various adaptive measures have been 

undertaken in the se lected districts as well as allover the country. Use of supplementary 

irri gation (smal l scale irri gation with tanks, water harvestin g), mulching and the appl ication of 

so il water conservation techniques, alternative crop management features (adapted planting 

densities, t iming of operations, conservation tillage, intercropp ing) are being applied and should 

be further encouraged (CEEPA 2006) . 
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The effect of rain-fed with ra in- fed supplementary irrigation on yie ld and yield components of 

Maize (Zea mays L.) was carried out at Meke ll e University main campus under Tigray region in 

Ethiop ia. The experiment was laid out in a Randomized Complete Block Design (RCBD), and 

in vestigated in the early cropping season of the year 2007. There were two main treatments 

(Rain-fed (R I) and Rain-fed with supplementary irrigation (R2)). The R2 was irri gated three day 

in terva l aft er seedling at 110Iitre/plot. Ferti li zer was applied to each plot at the rate of 180kg 

Dap/plot and 30gramUrea/plot. Al l management practi ces were the same with exception of water 

added to R2. Data were analyzed for variance and LSD at 5% leve l of significance (Bello 2008). 

Resul t showed significant response on soil moisture content, harvested plant stand with number 

of cobs, fresh grain weight (kg) and dry grain weight (kg) while other parameters (p lant height, 

number of rows with cobs, number of seed/cob and 1000 fresh and gra in we ight (kg)), shown 

non-significant di fference. The sign ificant effect on harvested plant stand with cobs number 

indicated that the use of supplementary irr igati on is essential for maize production in arid 

environment . However, there is need to re-invest igate the same experiment during the late 

cropping season to strengthening water use effi ciency of the crop and minim ize the effect of 

climate impact (Bel lo 2008). 
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3. Methodology 

3.1. Research design 

Th is study includes one kebe le traditional irrigation users that use Holetta River for agri culture 

pu rposes which are led by the commun ity through water users assoc iat ions. From Wikipedia 

(20 II ), a case stud y is a research method common in social sc ience. It is based on an in-depth 

investigation of a single individual, group, or event. Due to thi s the researcher chooses a case 

study to raise detail and intensive analysi s of the community. 

For interpreting and validating resu lts, combining qualitative and quantitative methods provides a 

richer, contextual basis. Combining these methods introduces testable research into the context. 

Collecting different kinds of data by different methods from different sources provides a wider 

range of coverage that may result in a full er picture of the unit under study than would have been 

ach ieved otherwise (Kaplan and Duchon 1988). 

Through the stud y both qualitative and quantitative approaches were taken to know the 

behavioral , knowledge and att itude of the target group. It also helps to understand the level of 

product ion, their irrigation utili zation and management practice. Their experiences and issues on 

eq uity and management of the river were assessed by fi e ld observati on as participatory manner. 

3.2. Data source and type 

Both primary and secondary data sources were util ized in the study. The researcher take up 

primary data co llected through irrigators and re levant offi c ia ls at town and kebele level in-person 

(face-to-face) interviews, questionnaires and direct observation of the site . In additio n to these 

primary data, meteorological and agro nomi c data re levant to the crop water requirement 

computat ion also have been col lected. Crop water req uirement, irrigation water management and 

documentat ions on hydro logy of Holetta River are used as secondary data. 

For the eva luat ion of crop water requirement and water balance studies metrological data of the 

area from 1989-2009 years were used. The metrological data were maximum and minimum 

temperature, humidity, sunshine hours and wind speed. Also agronom ic data spec ia ll y type of 
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crop, harvesting and planting date and its area of coverage taken . Due to difficulty in getting 

ge neral so il data of the area both FAOs and some information of the area were used. 

The first step in data collecti on was rap id reconnaissance, where the researcher has been ab le to 

form househo ld typology and familiar ize hi m with the stud y area. During that time Orom ia Water 

Resource Bureau, Oromia Environmental Protection Agency and Investment Bureau were visited 

concerni ng irrigation water management and water eq uity. In the respective offices there is no 

clear laws regarding commun ity water ri ght and investors act in using and managing the 

resources in and in the vic in ity of leased areas. Also the direct observat ions of the trad it ional 

irrigation structure maintenance activities of the farmers in the winter were seen as the 

reconnai ssance of this study. 

Second ly after conducting a pre-test, a questi onnaire survey to the househo ld were taken. From 

thi s the researcher has got the current scenari os concerning to the study. The fi nding was the 

status offarmer' s demographics, management and utili zation of the irrigation. Next to the survey, 

to furthe r magnify the research a key informant interv iew, freq uent direct observation at fie ld on 

farmer campaign acti v iti es and in meeting was eva lu ated. 

3.3. Sampling design 

There is no formula to determine the size of a non-random sample . Usuall y in qualitative 

research , it is possible simply to en large the sample graduall y and ana lyze the results as they 

come. When new cases no longer yie ld new information, it is promising to conc lude that the 

sample is saturated and fini sh the job. This method is however very sens iti ve to bias sampl ing, so 

care should be taken to avoid any important groups from the population under stud y 

(http ://www2. ui ah.fi /projects/metodi . 20 I 0) . 

Before the households were selected for survey, the researcher made di scussion with irrigation 

and agronomy experti se and certa in househo lds. Among 145 households that cu ltivate 100 

hectare of land, 24 households were purpos ively selected for the questionnaire survey . Also from 

the foul' irrigation stat ions, the three stations were selected for the study. The selection of 

households and stations was dependent on the data from reconnai ssance findings. 

Convenient samp li ng was used to get 10 respondents for key informant interview to support the 

questionnaire coll ected. Five irrigat ion and agronomy professionals from Holetta town and 

Wolmera Woreda (d istri ct) agricul ture office and five water user's committee member from 
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fa rm ers were interviewed. From both categories one female on each had been get for the 

interview. 

The selection of th e household for interv iew from each stat ion was attributed to the resea rcher 

perceptions that came from the prior vis it to the study area. The respondents fro m each station 

were class ifi ed and arranged based on the land size and ava il ab ility of water. It was difficult to 

inc lude fema le-head due to the fact that they mostl y have rented inl shared in their plot to others 

or they hired to the ir chi ldren. But the researcher tri ed to include a lmost 20% from the total 

interv iewed household. 

Table I: Total sample size for household interview. 

Station 

2 

3 

No of 
household 

7 

10 

7 

Sex Av Land 
-cM:-:---::F:--- ho ld Iha 

5 2 0.25 

10 o 

4 3 0.75 

Source: - Prior stud y selection resu lt, 20 II 

3.4. Instruments used 

Water ava il ability 

Ava il able 

Shortage 

Ava il ab le 

Accord ing to Sommer ( 1997), to collect more idea the questi ons have to be open ended. 

Therefore, the open ended questi onnaire was deve loped to co llect more information from the 

surveyed househo lds. The questionnaire was div ided in to four major parts. The first, two parts 

were used to collect inform ation about the character istics of the households. The last two focu sed 

on behavioral , skill and knowledge, attitudes and perceptions of the target group towards 

trad it iona l irr igati on. A lso unstructured interview was used to collect data from water users 

comm ittee and re levant experts. For the com pletion of the research a detailed structura l 

observation about the crop product ion, water util izatio n and management was taken place. The 

questionnai re and interview was translated into Am hari c for better communication and 

understand ing. 
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3.5. Data analysis 

The descript ive stati stics and crop wat mode l were the major data anal ys is method · emp loyed in 

thi s stud y. 

3.5.1. Descriptive statistics 

The process of analys is has been carried out by using qualitat ive description and descripti ve 

stati stics. To anal yze, the data on social aspects, Statistica l Package for Social Science /SPSS/ 

(version 17) is used. Non-quantifiable data from open-ended questions, key informant interv iews, 

and direct observation have been di scussed through qualitative description. 

3.5_2. Crop water requirement (crop wat) 

According to FAO (1998), for ana lyzing the crop water requirement, irrigation scheduling and 

scheme design, metrologica l and agronomic data of the study area could be anal ysed by using the 

software of Crop Wat (8 version). Below general outlook of crop water requirement, scheduling 

and scheme design are highlighted but for detail understanding and elaborat ion see appendix two. 

3.5_2.1. Crop wa ter requirement (CWR) ca lcu lations 

Calculation of the CWR can be carri ed out by ca lling up success ive ly the appropriate climate and 

rainfall data sets, together with the crop fil es and the corresponding planti ng dates. In case of 

CWR calculation of soi l data are also required. 

3.5.2.2. Irrigation scheduling 

The calculations of the scheduling module are based on a so il water budget, where on a dai ly 

basis, the soil moisture status is determined, accounting for incoming and outgoing water in the 

root zone. 

3.5.2.3. Scheme and canal water requirements 

The irrigat ion supply to any irri gation scheme or command area can be ca lculated by add ing up 

the requirements of each cropped area. An y changes in cropping pattern can be conveniently 

calcul ated by modifying area size of the d ifferent crops. 
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4. The Study Area 

Holetta is a town in central Eth iopia located in the Oromia region. This town has a lat itude and 

longitude of 9° 3' 0" N 38° 30'0" E, 9.05; 38.5 and an altitude of 239 1 meters above sea level. 

The town also hosts a research station of the Ethi op ian Institute of Agr icu ltu ra l Research founded 

in 1963; this stat ion is the nationa l center for research to improve the y ield of barely, highland o il 

crops, potatoes, and dairy products. Holetta was the first place in Eth iopia to have a permanent 

water mill , built in 1909 on the Holetta River (Ho letta Genet 20 I 0). Currently the town is divided 

in to 8 kebeles and different governmental and non governmental institutions (Holetta town 

adm inistration 201 1). 

Based on fig ures from the Central Statistical Agency (2005), Ho letta Genet has an estimated total 

population of 30,007 (14 ,825 were men and 15, 182 were women). (Ho letta Genet, 20 10).While 

from Holetta town Administration (2011) , in 2010 census the popu lation is 36,705 . In general 

Madda Gudina Kebele has 1219 popu lation of wh ich 594 and 625 are ma le and female, 

respectively. 

Holetta River is a perennia l river with catchment area of 156 m2and 64 ml/sec of its maximum 

probable flood d ischarge from hydro logy analysis. There are 145 households who use the river 

with furrow irrigat ion to their 100 hectares of land for horticultural and other fie ld crops 

production. As seen fro m the command area the fanners have long experience on traditional 

irrigation cu ltivating specially potato and they se ll their product at Addis Ababa. Beside on the 

traditional irrigation in Madda Gud ina and 03 Kebele, Ho letta research center has a command 

area of 50 hectares that use the river for irrigation by traditional way (Ho letta town 

Adm ini stration 20 I I ). 
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The minimum and max imum temperature of the site is with range to 6 and 24 DC respectively. 

Annual ra infall is about 1100 mm and alt itudes approaches to 2400m and clay loamylredl soil 

ex ist in the site. From Holetta town admin istration small sca le irrigation project document 

(20 I 0), recommended crops are potato, onion, gar lic and tomatoes on the first cropping seasons 

with full irrigation. In second cropping also include cereal, wheat, and barely. The 

recommendation came from physica l and soc ial factors. 

Figure 2. Yearly rainfall probability of Holel/a (rainfall in 111m and its percentage) Fom 
logarithmic regression 
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5. Result and Discussion 

Three subsections are di scussed in thi s section . In the first sub section direct observation result of 

traditional irrigation in Holetta River are described. In the second part the characteristics of 

sample households are discussed and in the third subsection crop wat estimation resu lts which 

include, crop water requirement, irrigation schedule and scheme desi gn of traditiona l irrigation 

system of Hoi etta River in the Madda Gudina kebele are di scussed. 

5.1. Direct observation result on Holetta River and irrigation activities 

Holetta River is a tributary of Awash River. Thi s ri ver is perennial but its level decrease in the 

dry period. From this water is di stributed to users to ensure water shortage in the area without 

giving attention on the type of crops farmers grow (see fi g 3). 

Figure 3. Image of Holetta River in wet and dry season 

Source: - Survey result, 20 II 

In the wet period the river cause flood and the trad it ional irri gation system structure frequentl y 

gets damaged. Due to thi s farmers engaged in repetitive maintenance works. Soil erosion and 

natural resource degradation also became a problem in the v illage. 

The dam was totall y broken before six years. Here after there was no any activity to constru ct a 

dam. Recentl y some studies were initiated by Holetta research centre and town administration. 

But there was conflicting interest between Oromia irrigation office and research centre w ith 

location of the dam. 
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Figure 4. Holetta river old dam (iefl) and new diversion structure under construction 
I'" 

Source: - Survey result, 20 I I 

The project was not proceeding due to budget constraint. After that the research centre and 

Holetta town admini stration (on the behalf of farmers) agreed to construct diversion structure in 

the place where the research centre selected before. Now it is on the way of construction but 

some peoples are not confident about its susta inab ili ty of the structure fo r long time. The reason 

they put are white stones whi ch is used for the construction may leak water and from design 

perspective th e hei gh t of the stru ctu re not long and covered (see fig 4). 

Team leader of farme rs who are responsible for mobili z ing and co ll ecting a ll the costs for the 

construct ion of new d iversion structure are participate well in the meeting. The meet ing was lead 

by the kebe le chair man. In the occas ions suggest ions were given to those who do not contribute 

money for the construction has to be checked and the ir reasons also need to be seen whether it is 

political , administrable or carelessness, etc,. Also farmers who do not take part in campaign 

works should be punished and the socia l justice / Ferede Shengo / also has to abandon to farmers 

only warn ing without taking any measure. 

The hand-outs of fanners fo r the construction are from 30 b irr as of dwel lers that do not own land 

and up to 200 birr depending on land. Fanners reply that the methods used for setting money in 

each user are not clear and fair. 

Holetta research centre a lso monitoring the construction w ith suppl ying materials. Farmers 

perce ived the fact that suppo rt from Tseday farm and Holetta A TVET College is low. Fanners 

also agreed to sign for the new bylaws which is given by Oromia irrigation office ordering them 

to use only 0.25 ha of their land from the irrigation. 
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With reference to water allocations di ffere nt groups share. The co ll ege is gettin g once a week for 

1.2 ha of potato field and the research centre is taking their way to get water for the who le 

research purposes without putting recommendations on crop water req uirement. The resea rch 

center constructs a big reservoir and also they get water four days a week sharing with fa rmers 

from 8 am - 3 pm (see fi g 5 and 6). 

Tseday farm sometimes use water from the ri ver by pumping. Farmers were not happy with 

Tseday farm and the research centre for pumping water from feeder cannel. These activities may 

lower the water which goes to farmers. The new reservo ir is starting to store water but not work 

at th is time totally. It is des igned to deli ver water to field through gravity. Both Tseday and 

Holetta research have 20 ha and 50 ha of land meant for production and research purpose 

respectively. Other kebele farmers also use the river for the irrigation purpose. As the result 

Madda Gudina kebele fanners are claiming for other kebe le users to contribute money and labor 

for construction of the new structure. 

Figure 5. Holetta research center open and closed channel for irrigation 

Source:- Survey result, 20 II 

Figure 6. Holetta research center reservoir 

Source: - Survey result, 20 II 
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Farmers' parti c ipation in the diversion structure construction was less. In the campaign work of 

the new structure al most less number of fanners parti c ipates even though most of them ca ll ed 

before. Farmers think thi s would be measure from the WUC become low. Due to thi s from time 

to time the partic ipation of a ll fanners in the irri gati on management of the whole aspect is not 

effective. 

Entrepreneu r invas ion to the area is increasing. Fanners believe thi s result for conflict since they 

vio late the water sharing principle. Intentionally they also disobey the law by guaranty of their 

money. The kebe le and other responsible organizations do not take co llective action. 

Farmers ' water application is subj ected to water wastage. Their furro w system is not prepared on 

best way. Bes ides th is the channels in which farmers transfer the water to their field are damaged 

and being wide. They didn ' t get any training towards how to manage and use water system and 

enl arge crop yield with mounting water productivity (see fi g 7). 

The water is trave l more di stance to address all users and the geograp hic features of area a lso 

upshot water wastage. There is a lso land which could not irrigate otherwise pump used. Farmers 

mainl y use thi s type of field for production of cerea ls in the rain y season. 

Figure 7. Farmers water application and channel widening 

Source : - Survey result, 20 I I 

Female mostly not involved in the general condition and status of irrigation . They spent much 

time on home duty. Those whom their husband d ied mostl y rent/share the ir fi e ld . They also not 
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participate in the water management aspects. The soc iety beli eves that managing the river and 

irri gation water is even d ifficu lt for male. Female achievement and empowering wou ld be defect 

by thi s. 

5.2. Result of household and key informant interview 

This section is mainly concerned with demograph ics, production status, irrigation water 
management and issues of equ ity. 

5.2.1. Demographics 

Majority of respondent' s age are between 30 and 45. The productive one with 45.8 % and 25 % 

are age range from 47 to 60 and yo uth comp ri se in 16.7 %. Ages representing between 65 and 84 

are in 12.5% (elders). Table 2 shows the detail of age classifications. 

Nearly everyone has leaved in the area more than 14 up to 60 years. From this it is poss ible to 

conclude that the localities are aware of the areas they live. Moreover some of them born and 

grew there. Table 3 shows the feature. 

Table 2. Age of the respondent 

Age Frequency Percent Valid Percent Cumulative 
Percent 

Number % % % 
19-28 4 16.7 16.7 16.7 
30-45 I I 45 .8 45.8 62.5 
47-60 6 25 25 87.5 
65-84 3 12.5 12.5 100 
Total 24 100 100 

Source: - Survey resu lt, 20 II 

Table 3. Years live in the area up to now 

Ex i stence/Y earl Frequency Percent Valid Percent Cumu lative 
Percent 

Number % % % 
0.5 I 4.16 4. 16 4.1 6 
14-28 9 37.5 37 .5 4 1.7 
30-45 9 37.5 37.5 79. 17 
48-60 4 16.6 16.6 95.8 
84 I 4. 16 4.1 6 100 

Tota l 24 100 100 

Source: - Survey result, 20 I I 
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Among 24 sample households the six are fema le and from the fema le the four are heads and 

others are hOllse wife. Also from 18 male only the one is son of fema le head. To know heads as 

governing their house the researcher cross tabulate sex and respons ibility . In further table 4 

describes. 

Table 4. Responsib il ity and sex of the respondent in the household 

Sex 
Head Wife 

Male 17 0 
Female 4 

Total (24) 2 1 

Source: - Survey result, 20 I I 

Responsibili ty 
Son 

I 
o 

Unmarried 
I 
o 

Concerning education status in school years on ly 12.5 % has got the chance to j oin 9- 11 years. 

Most of them are in the category of 5 -8 by 41.7 %. First cyc le in addit ion includes in 25 .1 % 

and 16.7 % of the respondent doesn ' t get modern ed ucat ions. Tab le 5 presents more of this. 

Regarding on famil y size, 75 % of se lected households fam il y size are 4-6 and 16.6 % has a 

fam il y size of 1- 3. The family size having 7 to 9 members is 8.4 % (see tab le 6). 

Table 5. Education level of respondent in school years 

School years Frequency Percent Val id Percent Cumulative 
Percent 

Number % % % 
0 5 20.8 20.8 20.8 

2- 4 6 25. I 25.1 48.8 
5 -8 10 41.7 41.7 87.5 
9-11 3 12.5 12 .5 100 

Total 24 100 100 

Source:-Survey result, 20 II 

Table 6. Family size of the respondent 

Family size Frequency Percent Valid Percent Cumulative 
Percent 

Number % % % 
1-3 4 16.6 16.6 16.6 
4- 6 18 75 75 91.7 
7-9 2 8.4 8.4 100 

Total 24 100 100 

Source: - Survey resul t, 20 II 
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5.2.2. Production status 

More than half of household's asset li es in 2,500 birr to 15,000. On ly one household has 100,000 

birr assets combined by agriculture and pension. Consequently seven households have 

possess ions of 20,000-50,000. Regarding income source and property hold, more than ha lf of 

them entire ly relay on agricu lture. N ine households are found to have additiona l income source 

bes ide agricu lture . In tab le 7, part of the ana lyzed data is di splayed. 

Table 7. Assets hold in birr and source of income 

Income source 
Assets hold (1000 Birr) 

2.5 -5 10-1 5 20-30 47-50 100 
Agri cu lture 6 4 2 3 0 
Agricu lture& 0 2 0 0 0 
governm ent job 
Agricu lture& 2 2 0 0 0 
day labor 
Agriculture& 0 0 2 0 

pension 
Tota l (24) 8 8 4 1 

j 

Source: - Survey, 20 II 

Out of 24 households, 10 have landholding in the ran ge of 0.75 -1.25 hectare. On ly two own 

more than two hectare and five farmers has 0 .125 -.025 ha and also six has in between 0.375 and 

0.5ha. Most of househo lds source of land are governm ent and fam il y a lso contributes. With 

assessing the sample households the rate for rent in and shared are less . Tab le 8 speci fy of these. 
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Table 8. Land hold in hectare and its source. 

Source of land 
Land hold (ha) 

.125-.25 .375 -.5 .75-1.25 2- 3 
Government 2 4 2 I 
Inheritance 7 I 
from fam ily 
Shared in 2 0 0 0 
Government& 0 I 0 
rented in 
Inheritance& 0 0 0 
shared in 
Total (24) 5 6 II 2 

Source: - Survey result, 20 II 

Among vegetable Chinese cabbage production are hi gh recording to 44.4 quintal s. Eight 

households in Chinese cabbage productions prefer crop rotation. The seven whereas divided their 

land varyingly to different crops. Subsequently potato and tomato rank in two and three 

consequently. Most of farmers of which su rveyed allocate their land to different crops but crop 

rotation is also an option ex isted in the study area. Production of cereals is to much less though 

barley goes around to 7.9 quintals. All cereals are cultivated in meherlsummer season in Ethiopia 

in once a year. As regards to vegetab les they produce with help of irrigations in dry seasons 

almost once a year except for tomato and cabbage which twice a year by belglspringl rain and 

irrigation in two households of the sampled fanners. Table 9 and 10 clearly explain both 

production and farming practices. 

Table 9. Average annual production in quintal and land allotted by households 

Crop Annual Product ion (qt) Land allotted by households 

Number Rotation Div ided 
Barley 7.9 4 I 
Wheat 4.6 7 14 
Tef 1.9 7 12 
Potato 39.15 11 II 
Tomato 16.2 6 4 

C.cabbage 44.4 7 2 
Cabbage 21.5 3 

Source: - Survey result, 201 1 
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Table 10. Farming system and harveslingji-equency per year of households 

Crop Fanning system Harvesting 
Frequency 

Irrigation Belg rain& Rain fed 
Irri gation 

Barley 0 0 5 
Wheat 0 0 21 
Tef 0 0 19 I 
Potato 22 0 0 I 
Tomato 9 I 0 2 

C. cabbage 15 0 0 0 
Cabbage 4 0 2 

Source: - Survey result, 20 I I 

5.2.3. Irrigation water management 

The interview result of WUC revealed that out of five respondents three of them witnessed that 

most farmers cannot manage and control the irri gation water due to the lack of consensus and 

senses of ownership. In contrary to the above idea the remaining two respondents said that there 

are fanners wh ich manage and control the irrigation water fo r its sustainable utilization. 

5.2.3.1. Access to traditional irrigation 
Most of the respondents (62.5 %) are witnessed on they get water once a week for unknown time. 

Farmers face difficu lty to say about the time limit that they get water as the resu lt to varying land 

size and their locations of land and water applications by them. Though 12.5 % of interviewed 

sa id for six hours per a week. Afterwards about 4.2 and 8.2 % of households get water two and 

three hours per week respective ly. Due to water shortage and place of land far to the primary 

channel , farm ers may get water per 10 days to once/ twice a week suggesting by 4.2 % for three 

cases indiv idua ll y. For more clarificat ions see table I I. 
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Table J I. Access to irrigation water per week/days in hours 

Interva l Frequency Percent Valid Percent Cumulati ve 
Percent 

N umber % % % 
Once a week for 

, 
12.5 12.5 12.5 J 

6 hours 
Once a week for 15 62.5 62.5 75.0 
un known hours 

Once a week for 4.2 4.2 79.2 
2 hours 
Once a week for 2 8.2 8.2 87.5 
3 hours 
Once a week & 4 .2 4.2 9 1. 7 
per 10 days 
Once per 10 4.2 4.2 95 .8 
days 
Once a-week & 4.2 4.2 100 

twice a week 
Total 24 100 100 
Source: Survey result, 20 I I 

5.2.3.2. Conflict in traditional irrigation 

Amongst surveyed 29.2 % enter to confli ct due to irrigation. The re mai ning does not take part in 

conflict. From those who involved the four said that, the range of confli ct per year is high and 

others respo nd it is less. Table 12 and 13 shows the resul t. 

Table 12. Farmer faced conflict related to irrigation water 

Frequency Percent Va lid Percent Cumu lative 

Percent 

Number % % % 

No 17 70.8 70.8 70.8 

Yes 7 29 .2 29.2 100 

Tota l 24 100 100 

Source: - Survey resul t, 20 I I 
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Table 13. Range of conflict per year 

Frequency Percent Valid Percent Cum ulati ve 

Percent 

Num ber % % % 

Less 3 42.86 42.86 42.86 

High 4 57. 14 57. 14 100 

Total 7 100 100 

Source: - Survey result, 20 I I 

The majo r causes for conflict are water shortage. For causes resul t from water shortage are 

account to 42.85 % and increasing in demand for ,·vater by farmers also lead to them fo r 

disagreement which approach to 28.57 %. Farmers al so disp lace the water to their plot without 

al ready estab li shed program and water divider at some circumstances biased for water 

distribution by money. For the last two cases fa rmers respond 14.29 % assur ing thi s. Detai l of 

these presented in table 14. 

Table 14. Cases and causes of the conflict 

Frequency Percent 

Number % 
Demand ing more 2 28.57 
water 
Displacing of 
water 
Dist ributors biased 
by money 
water shortage 

Total 
3 
7 

Source: - Survey resu lt, 20 II 

14.29 

14.29 

42.85 
100 

Valid Percent 

% 
28.57 

14.29 

14.29 

42.85 
100 
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Cumulati ve 
Percent 

% 
28.57 

42.86 

71.42 
100 
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Table 15. Hostile activities oJthe community resultji-om conflicts over irrigation water 

Frequency Percent Valid Percent Cumulati ve 
Percent 

Number % % % 
No 4 16.7 16.7 16.7 
Disp lace channel 2 8.3 8.3 25.0 
Physical attack & 7 29.2 29.2 54.2 
end to death 
Remove culti vation 4.2 4.2 58.3 
of other 
Remove oth er plot, 
phys ical attack & 4 4.2 4.2 75.0 
death 
Insul ting & phys ica l 6 25.0 25.0 100 

attack 
Total 24 100 100 

Source : - Survey result, 20 II 

Due to confli ct to irri gat ion water hostile activ it ies by fa rmers has been practiced. The acti ons are 

phys ical attack and some years before there was death incidence. The respondents who thought 

thi s are reach to 29.2%. Among interviewed 25 % of the farm ers said that insulting and phys ical 

attack also lead to death before some years whi spered by farm ers. Displac ing the water, remove 

cultivation of others and a combination of all remarked by fa rmers in different degree and 

percent. Tab le 15 shows furthe r of this. 

5.2.3.3. Farmer participation in irrigation water management aspects 

Concernin g irrigation water management, 98. 5% of the surveyed households are participating in 

meeting on the utili zati on issues. However, some time the meetin g ends up with di sagreement 

among the partic ipants of the congregation (table 16). 
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Table 16. Farmers ' participation in irrigation communities meeting and orientations 

Frequency Pe rcent Va li d Percent Cumu lative 
Percent 

Number % % % 
No I 4.2 4.2 4.2 

Yes 23 95.8 95.8 100 

Tota l 24 100 100 

Source: - Survey result , 20 I I 

The damage of the channe l and di vers ion structure is one of a common prob lem that encounters 

the irrigat ion water users of th e Madda Guddina kebele. It costs the farmers money and time that 

cou ld be used for other purposes. The stud y revealed that channel damage occurs three times and 

above every yea r in the wet seasons. However the participations of househo lds to the 

maintenance of the damaged channe l are less and this causes the loss of irrigat ion water that 

should be used for their farming. Moreover, the fanners ' partic ipation for channel maintenance 

varies from person to person. From the survey 87.5 % of the househo lds participate in the 

maintenance of the primary channel and proximity to the ir field. (table 17 and 18). 

Table 1 7. Frequency of participation in maintenance of irrigation canals and the structure get 
damaged per year 

Frequency of Frequency of Total(24) 
participation stru cture damage 

Five Four Three Two Once 

Five 2 0 0 I 0 3 
Four 0 3 2 0 0 5 

Three 0 2 4 I 0 6 
Two 0 0 5 I 0 7 
Once 0 0 2 0 3 
Total (24) 2 5 13 3 

Source: - Survey result, 20 II 
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Table 18. Farmers place of participation 

Frequency Percent 

N umber 
Primary channel& 
around my plot 2 1 
Primary channe l 3 

Tota l 24 

Source: - Survey result , 20 I I 

% 

87.5 
12.5 

100 

Valid Percent Cumul ative 
Percent 

% 

87. 5 
12.5 

100 

% 

87.5 
100 

Fanners pa rt ic ipate in fl ood contro l activ ities in the summer. The main things that were prepared 

are so il structure and terrace to protect their fi e ld and trans fer the water in to the canne l. In some 

areas the inc idence of fl ood ing are less s ince they are located fa r away from the primary chann e l. 

During th e wi nter period the channe l were cleared as usual which is covered by so il and grass. 

From observati on fanners knowledge to fl ood co ntrol and soil and water conservation measure 

are less. 

5.2.3.4. Efficiency of traditional irrigation 

Acco rding to the interv iewed five committee members, the four suggesting that the traditional 

irri gation system is not e fficient. The just ificat ion for thi s are a lways water wastage created in 

line with tak ing more time to irr igate. As the result productiv ity from th is are decreased. One 

farmer exc luding th e oth er get difficulty to compare w ith the modern due to of less knowledge to 

modern irrigation but be li evi ng that if the traditiona l system managed we ll could be good. 

As shown in table 19, fanners percept ion towards the efficiency of thi s irr igation system are low. 

About 75% of se lected sample househo ld recogni ze thi s. However 25% of them are co nfident 

about its efficiency in di ffe rent outlooks. The ma in justifi cations w ith 50% of them are co nfident 

on there is a poss ibi lity of crop cultivat ion without cons idering equity (see table 20). Afterwards 

33.33% a lso recommended that a ll users are benefited from it and 16.7 % of respondents 

irrationa lly perce ived it is effi c ient. 
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Table 19. Perception of households on efficiency of traditional irrigation 

Frequency Percent Va lid Percent Cumulative 
Percent 

Number % % % 
Not efficient 18 75.0 75.0 75.0 
Efficient 6 25.0 25.0 100 
Total 24 100 100 

Source: - Survey result, 20 11 

Table 20. Justification for the efficiency of the traditional irrigation 

Frequency Percent Valid Percent Cumulative 
Percent 

Number % % % 
All users are 2 33.3 33 .3 33.3 
benefited 
Possib le to 3 50.0 50.0 83.3 
cu Itivate 
I don ' t know I 16.7 16.7 100 
Total 6 100 100 

Source: - Survey result, 201 1 

From tab le 2 1, the reasons behind to the traditional irrigation being not efficient are diverse. The 

key findings are water wastage created as it goes from stations to stations and from farmers ' to 

farmer field. The percentage that point out by farmers ' are around 38.9. The combined effect of 

water wastage, frequent structure damage, flooding and eros ion are at 22.2% responded by 

fanners. The structure is mainly damage by flooding and fastened due to prepared from soil, 

woods and loca lly ava ilable material s. The canal s also covered by grass, so il and waste mater ia ls. 

Flooding and so il erosion also ex ist and answered by 22.2 % of the interviewed group. Farmers 

who say on ly structure damage contribute for its ineffic iency is 5.6 %. The aggregate effect of 

structure damage and water wastage is clearly exp lained by househo lds in 11. 1 %. 
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Table 21. Reason/or the traditional irrigation system not efficient 

Frequency Percent Valid Percent Cumu lative 
Percent 

Number % % % 
Water wastage 7 38.9 38.9 38.9 
Structure damage I 5.6 5 .6 44.4 
wastage& structure 2 II. I I 1. I 55.6 
damage 
Flooding&soil 4 22.2 22 .2 77.8 

erosion 
All above 4 22.2 22.2 lOa 

Tota l 18 lOa lOa 

Source: - Survey result, 20 I I 

5.2.3.5. Support to farmers for irrigation water management 

The status of support in skill and technical aid to farmer are less. 37.5 % of them rep li ed that 

now there is some initiation by the town administration and neighboring institutions that use the 

river for irrigation purpose. 25 % of them in both d ivision individually identify that there is 

support and not. 12 % of the tota l believes the support does not make a s ignificant change and it 

is not effect ive. The community expects that the government has to support them in techn ical and 

skill with mobi lization activ it ies for better management of the irrigation. The farmers also 

interested to take part in management of the irr igat ion by using it sustainab ly without harming it 

and participate in some acceptable cost to further higher the efficiency of the irrigation. Table 22, 

shows the support to farmers regarding to irrigation water. 

Table 22. Support gained about irrigation water management 

Frequency Percent Valid Percent Cumulative 
Percent 

Number % % % 
No 6 25.0 25.0 25.0 

Yes 6 25.0 25.0 50.0 
Some but Not 3 12.5 12.5 62 .5 

efficient& productive 
Some initiat ion at this 9 37.5 37.5 100 

time 
Tota l 24 100 100 

Source:-Survey resu lt, 20 I I 
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5.2.4. Issue of Equity and its general view 

In th is sections the concern of equity in different perspect ives are discussed with integrat ing 

househo ld and key informant in terview. 

5.2.4.1. Water allocation and distribution 

The responses of the interview fro m the WUC showed that the water user comm ittees distribute 

and allocate water for the stations in a trad it ional way. Then the water dividers at the stat ion 

distribute and allocate water for farme rs. The respondents confirmed that water d ividers at the 

station do not di stribute and a ll ocate water among the user fanners eq ually. In addition to unfa ir 

di stribution of the water the farmer a lso violate the schedu le set by the committee. 

From table 28, only 29.2 % of the respondents fee l they share unequal water from other users in 

the irrigation system. They exp lain that the most important cause is water allocations not 

performed well and water d ivider abuse their power. Some of them said also the capacity of the 

kebele to make the commun ity able to manage the irrigat ion is low (see table 29) . 

Due to equity problems two groups appeared which get mo re and less. They further put that 

station one and three get more due to its proximity to the primary channel. A lso youth, stronger 

one and who rent their plot get more water by power. Differently those who get less water are, 

station two, weak, elders, fema le and female head and also those who has small plot. Farmers 

sa id that they do not take anything in response of this but sometimes they are asked the water 

divider to get more though doesn't get water. 

Table 23. Feeling of farmers to share equal water with every users of the river 

Frequency Percent Va lid Percent Cumulative 
Percent 

Number % % % 
No 7 29.2 29.2 29.2 

Yes 17 70.8 70.8 100 

Total 24 100 100 

Source: - Survey resu lt, 20 II 
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Those who feel they share eq ual water with other explains about responsible organ for ensure 

equity a re complex. Some gives water user rep resentat ives and water divider is responsib le. 

Others sa id in cooperation of the committee and the kebe le admin istrat ion. Also farmers 

suggested that the commi ttee and chief of the committee are respo nsib le. 

Table 24. Reason for farmers nol share Ihe river waler equally 

Water a ll ocation 
problems 
Ab use by water 
divider 
Less capac ity of 
the kebe le 

Tota l 

Frequency Percent 

N umber % 
3 42.85 

3 42.85 

14.3 

7 100 

Source: - Survey result, 20 II 

Valid Percent C umulati ve 
Percent 

% % 
42.85 42.85 

42.85 85.7 

14.3 100 

100 

The type of crop wh ich farmers used do not contribute to the problem of equity of water is 

assumed almost by 66.7 % of the interv iewed fa rmers. They divided in to two whi ch half of 

them exam ines that the crop are high water demanding and others say demandi ng low however 

both argues the water is enough. The remaining percent of fanners perceived that due to high 

water demand from the crop all may not get water equally and shortage for med. Though there is 

no special consideration for crop type and stage of growth for water allocat ion. Some cases this 

may be seen by the committee and water divider when farmers convinci ng hi gher need of water 

for their fie ld . As general rule fanners has to use a lready g iven period. All fa rmers except the 

one, water their crop up to the rates met for their crop growth and development acqui rin g from 

long exper ience. The basis for one farmer from samp le household not stop watering even the time 

which allocated are not end was believed that there are no agreement between users. All the 

farmers accepts th at to whom the water belong when it is at the gate of their plot and just gett ing 

to their plot when the water turn would be next farmers or based on the program. For furt her see 

table 30 and 3 I. 
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Table 25. Farmers crop selection contribution to the problem equitableness 

Frequency Percent Va lid Percent Cumulative 
Percent 

Number % % % 
No 16 66.7 66.7 66.7 

Yes 8 33.3 33.3 100 

Tota l 24 100 100 

Source: Survey resu lt, 20 II 

Table 26. Special consideration/or crop type and stage o/growth during water allocation 

Frequency Percent Valid Percent Cumulative 

Percent 

Number % % % 

No 16 66 .7 66.7 66.7 

Yes 8 33 .3 33.3 100 

Total 24 100 100 

Source: - Survey result , 20 II 

Water d istribution and allocation from experts ' viewpoints was found out that there is no eq ual 

distribution of water among the fanners. The bylaws practiced at the localities doesn ' t cons ider 

the land size of the fanners and it is simply based on the duration of watering the plot. 

Through scientific way of water allocations it is possible to ensure the equity of irrigat ion water. 

Hence, the experts responded that improved cropping calendar, propose crop water requirement, 

construction of modern closed channel and diversion structure, crop intensification and the 

community awareness toward modern irrigation systems and water allocation based on the size of 

the land should become in to practices to all eviate the water eq uity prob lems experiential in the 

study area. 

5.2.4.2. Sufficiency of the river 

The sustainab il ity of the irrigation water is determined by different factors such as porosity of the 

soi l, the discharge of the river, method of irrigation and others. In sight of these factors the 
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interview with experti se revealed that the sustainabi li ty of Holetta River is also threatened by the 

factors aforementioned. 

From tab le 23,9 1.7 % of farmers not use supplementary irrigation during wet season. The others 

whereas tried to take it. The main reason for fanners not use both rain and irri gation at the same 

time are the rain is enough for product ion and less number of them has a know ledge gap of how 

to use it (see table 24). 

Tab le 27. Perception of the fa rm ers to supplementary irrigation during wet season 

Frequency Percent Val id Percent Cumulat ive 
Percent 

Number % % % 
No 22 91.7 91.7 91.7 

Yes 2 8.3 8.3 100 

Tota l 24 100 100 

Source:-Survey resu lt, 20 II 

Table 28. Reason to farmers not prefers supplementary irrigation during wet season 

Frequency Percent Valid Percent Cumulative 

Percent 

Number % % % 

Enough Rain 19 86.4 86.4 86.4 

Know ledge gap 3 13.6 13.6 100 

Total 22 100 100 

Source: - Survey result, 20 I I 

From gathered informat ion 58.3 % of farmers believe the river is sufficient in dry and wet 

seasons. Neverthel ess the others th in k that there is possibi lity of water shortage in the dry season. 

Among the justifications for its adequacy in dry seasons are all get water equally and there is 

option for cu ltivation in the dry season. Table 25 and 26 shows the detail of the result. 
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Table 29. Adequacy a/the river water/or wet or dry season irrigation 

Frequency Percent 

Number 
Sufficient in both 14 

Not suffi cient III 10 
dry 

Total 24 

Source: - Survey result, 20 II 

% 
58.3 

41.7 

100 

Valid Percent 

% 
58.3 

41.7 

100 

Cumulative 
Percent 

% 
58 .3 

100 

Farmers from experience they have knowledge and understanding when the river water is 

reduced. Mostly it is reduced from January to May when there is no belg/spring rain and they 

need it from September to May. 

Table 30. Justification/or adequate river water in dry season irrigation 

Frequency Percent Valid Percent Cumulative 
Percent 

Number % % % 
All able to 5 35.72 35.72 35.72 
cultivate 
Al l gets 9 64.28 64.28 100 
equall y 

14 100 100 
Total 

Source: - Survey result, 20 II 

Predominantly as such a measure not used to ensure equity in dry seasons in the midst of users. 

Already water distributed by settled programs but in some extent water may given to those who 

do not get enough amount and also decreasing of water wastage being done by maintaining the 

channels. Table 3 I e laborates all the cases with percentage. 
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Tab le 31. Measures used to ensure equity on dry season 
Frequency Percent Va lid Percent Cumu lative 

Percent 
Number % % % 

No 5 50.0 50.0 50.0 

Equal water 3 30.0 30.0 80.0 
by program 
More to who 10.0 10.0 90.0 
not get 100 
Decrease 10.0 10.0 
water wastage 

Total 10 100 100 

Source: - Survey resu lt, 20 II 

5.2.4.3. Water distribution mistake and irrigation bylaws 

As shown in both tab le 32 and 33, farmers make mistakes in the canals. The degree of defaults is 

high in the area. Types of mistakes are displac ing the canals water to their field. To correct this 

and other aspects the community system of bylaws not as who le executed as of formulated. 

All fanners place their assumptions to what the bylaws declare. They are not well known what 

statements of bylaws say for diverse condition . In the statement there would be punishment 

ranging from warning to money up to prison. It penalizes 10-50 birr those who break water 

distribution program in/o ut of stations. In the case of out of the station the punishment is high. 

Those who are not participate in campaign works and those remove other field would be 

punished by account ing day labor payment in the area and pay the loss of the product in fie ld for 

both circumstances. 

Table 32. Mistake in water distributions in the canal 

Frequency Percent Valid Percent Cumulative 
Percent 

Number % % % 
No 2 8.3 8.3 8.3 

Yes 22 91.7 91.7 100 

Total 24 100 100 

Source: - Survey resu lt, 20 II 
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Table 33. Enforcement of bylaws 

Frequency Percent Valid Percent Cumulati ve 
Percent 

Nu mber % % % 
Not executed 10 41.7 41.7 41.7 
as formulated 
Executed II 45.8 45.8 87.5 
Sometimes not 4.2 4.2 91.7 
I don ' t know 4.2 4.2 95 .8 
Diffe r w ith 4.2 4.2 100 
case 

Total 24 100 100 

Source : - Survey result, 20 I I 

The weaknesses of enforcing bylaws are goes to the kebele and committee capac ity. The 

committee does not g ive attention for its enfo rcement. It is not that much but water di stributors 

and the committee susceptib le to corruption. But mostl y both fear to puni sh those who di sobey 

due to not harming their neighbors and others in the cul ture of li ving together. The responsib le 

organ in managing the irri gation by emp loying the bylaws is quite contradicted by the locali ty. 

Both the committee and kebele ad mini stration involved in more cases but both and includ ing 

water di v ider as combined not practiced yet (see table 34) . 

Table 34. Responsi ble body for enforcement of bylaws 

Frequency Percent Va lid Percent Cumulati ve 

Comm ittee 
Kebele 
Committee & 
Kebele 
Water di vider 
All 

Tota l 

N umber 
8 
3 

II 

24 

Source : - Survey result, 20 II 

% 
33.3 
12.5 
45. 8 

4.2 
4.2 

100 

% 
33.3 
12.5 
45 .8 

4.2 
4.2 

100 

Percent 
% 

33.3 
45.8 
91.7 

95.8 
100 
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5.2.4.4. Involvement of female and female heads on equity 

Like to male genera ll y fema le head invo lved in some events of irrigation water management. 

They invo lve in meeting. campaign works and contributing in money for maintenance of the 

irrigation system. In a little number of occasions they fea r to take any positions in the water user 

comm ittee. One of the reasons that does not fema le invol ved is a lso believed by other farmers 

that the activ ity is even difficult to ma le (see table 35). 

Table 35. Female head household involvement on equity of water 

Frequency Percent Va li d Percent Cumulative 
Percent 

Number % % % 
No 4 16.7 16.7 16.7 

Yes 20 83.3 83.3 100 

Total 24 100 100 

Source: - Survey result, 201 1 

The informat ion obtained from WUC shows that special support is not given for fema le-heads 

concerning equity. Also the interview with expelts confirmed the same idea raised by WUC. 

5.2.4.5. Other users result on equity 

The majority of farmers accept a ll users including government institutions are belong to use the 

river. But its amount and timing has to be accounted not challenging the farmers. Whole of them 

agreed that investor has to use ground water from the surrounding. 

Other users cause water shortage seriously and sometimes in s li ghtl y. Some of farmers th ink they 

do not cause anyth ing to them. Farmers more or less they have agreement with Holetta research 

centre and some leve l with Holetta A TVET Co llege regard ing with technical support and cost 

recovery on irrigation water utilization and better management for the future excluding to private 

company. (See table 36 and 37). 
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Table 36. Consequence of other users to farmers 

Frequency Percent Valid Percent Cumulative 
Percent 

Nu mber % % % 
Nothing 8 33.33 33.33 33.33 

Water sho rtage II 45.83 45.83 79.17 
Sometimes 5 20.83 20.83 100 
water shortage 

Total 24 100 100 

Source: - Survey result, 20 I I 

Table 37. Agreement with other users 

Frequency Percent Valid Percent Cumulative 
Percent 

Num ber % % % 
No 2 8.3 8.3 8.3 

Yes 6 25.0 25.0 33.3 
I don't know 2 8.3 8.3 41.67 
Only Holetta R.C 5 20.8 20.8 62.5 

Holetta R,C & 5 20.8 20.8 83.33 
A TVET co llege 
Not clear & 2 8.3 8.3 91.67 

effect ive 4.2 

I don't know the 4.2 4.2 95.83 

extent 
Recently I 4.2 4.2 100 

Total 24 100 100 

Source: - Survey result, 20 II 

5.3. Crop water requirement and water balance computation 

In this part irrigation requirement and scheduling of cabbage, tomato and potato in the dry period 

are presented. To see the result of wet season crop cultivati on on supplementary irrigation 

requirement and intervals see appendix 4. 
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5.3.1. Crop water requirement 

Crop water requirements of the cabbage become low in the initi a l and late stage as shown in table 

38 below. During the deve lopmental and mid season stage of the crop, the demand of water 

becomes increasing especially high in the mid stage. Similarly in the initial stage of crop growth 

its irrigation requirement is lower from late period. From FAO ( 1977), for the period of head 

formation and enlarge ment are a critical period to so il water stress in cabbage. At thi s moment 

farmers has to irrigate more water. From the result the overall irrigation requi rement to produce 

cabbage are 384.44 mm depth with 70 % fie ld efficiency. 

Table 38. Crop water requirement for cabbage 

Croe Water Reguirements 
ETo station : - Holetta Crop : - Cabbage 

Rain stati on : -Holetta Planting date :- 0811 2 
Month Decade Stage Kc ETc ETc Eff rai n Irr. Req. 

Coeff mm/day mm/dec mm/dec mm/dec 

Dec I In it 0.6 2. 17 6.5 0 6.5 

Dec 2 In it 0.6 2. 13 21.3 0 2 1.3 

Dec 3 In it 0.6 2 .1 5 23 .6 0. 1 23.5 

Jan I Deve 0.65 2.34 23.4 0.4 23 

Jan 2 Deve 0.75 2.74 27.4 0.6 26.8 
Jan 3 Deve 0.86 3.25 35.8 1.3 34.5 

Feb I Deve 0.97 3.79 37.9 1.9 36 

Feb 2 Mid 1.06 4.27 42.7 2 .5 40.2 

Feb 3 Mid 1.07 4.4 35.2 3.7 31.5 

Mar Mid 1.07 4.49 44.9 4.9 40 

Mar 2 Mid 1.07 4.58 45.8 6 39.8 

Mar 3 Late 1.06 4.44 48 .8 7.2 4 1.6 

Apr Late 0.98 4.04 24.2 5 .5 19.7 

41 7.5 34 384.4 

Source: - Own result, 20 I I 

In tab le 39, crop water demand for tomato is less in in it ial stage. As compared to both 

developmental and late stage the demand of irrigation in mid stage is much greater with lengthy 

of th is stage. Otherwise the irrigation requirement at late and deve lopment stage are somewhat 

similar. Irrigat ion requ irement of tomato are hi gher than cabbage. This may be manifested with 

deep root nature of the crop. The most critica l period which to mato plantation face so il water 
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stress is when flower are formed and fru its are rapidl y enla rging (FAO 1977). Likewise more 

water has to app ly at crop water stress period. Ge nerall y 494 .6 mm of depth of water needed for 

production o f tomato. 

Table 39. Crop ,·vater requirement for tomato 

Crop Water Requirements 

ETo station : - Holetta Crop : - Tomato 

Rain station : -Holetta Planting date :- 1811 1 

Month Decade Stage Kc ETc ETc Effra in Irr. Req . 

Coeff mm/day mm/dec mm/dec mm/dec 

Nov 2 Init 0.6 2.24 6.7 0 6.7 

Nov 3 Init 0.6 2.2 22 0 22 

Dec I Init 0.6 2.17 21.7 0 21.7 

Dec 2 Deve 0.61 2.16 2 1.6 0 2 1.6 

Dec 
, 

Deve 0.73 2.61 28.7 0.1 28.5 j 

Jan I Deve 0.88 3.18 3 1.8 0.4 3 1.4 

Jan 2 Deve 1.02 3.73 37.3 0.6 36.7 

Jan 3 Mid 1.15 4.35 47.9 1.3 46.6 

Feb Mid 1.17 4 .5 8 45.8 1.9 43.8 

Feb 2 Mid 1.17 4.73 47.3 2.5 44.8 

Feb 3 Mid 1.17 4.82 38.6 3.7 34.9 

Mar Mid 1.1 7 4.92 49.2 4.9 44.3 

Mar 2 Late 1.1 3 4.83 48.3 6 42.4 

Mar 3 Late I 4.21 46.3 7.2 39.1 

Apr I Late 0.88 3.6 36 9. 1 26.9 

Apr 2 Late 0.81 3.26 3.3 1. 1 3.3 

532.3 38.7 494.6 

Source: - Own result, 20 II 

In the initi al stage the water requirement for potato is less. The planting time is responsible for 

zero irrigation demand is due to getting rain water. In development stage its water requirement 

are lower to that of late stage. Due to tuber formati on and longev ity of the stage in the mid 

season, water demand become esca lating. So care must be taken for not make stress in so i I water 

after the formation of tubers and blossom to harvest (FAO 1977). As compared to tomato, 

irrigat ion requirement for potato are lesser with general demand of 4 16.8 mm of depth to whole 

season of the crop. For detail see table 40. 
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Table 40. Crop water requirement for potato in dly period 

Crop Water Requirements 

ETo station : - Holetta Crop: - Potato - Winter 
Ra in station: -Ho letta Plan ti ng date :- 26/09 
Month Decade Stage Kc ETc Etc Effrain Irr. Reg. 

Coeff mm/day mm/dec mm/dec mm/dec 
Sep 3 Init 0.5 1.45 7.3 6.9 0.3 
Oct I Init 0.5 1.54 15.4 1.9 13.5 
Oct 2 In it 0.5 1.62 16.2 0 16.2 
Oct 3 Deve 0.64 2. 16 23.8 0 23.7 
Nov I Deve 0.87 3. 11 31.1 0.1 31 
Nov 2 Mid 1.09 4.09 40.9 0 40.9 
Nov 3 Mid 1.1 8 4.32 43.2 0 43.2 
Dec Mid 1.1 8 4.24 42.4 0 42.4 
Dec 2 Mid 1.1 8 4. 17 41.7 0 41.7 
Dec 3 Mid 1.1 8 4.2 1 46.3 0.1 46.2 
Jan I Late 1.1 4 4. 12 41.2 0.4 40.8 
Jan 2 Late 1.0 I 3.68 36.8 0.6 36.2 
Jan 3 Late 0.86 3.27 36 1.3 34.7 
Feb Late 0.78 3.04 6. 1 0.4 6.1 

428.2 11 .8 416.8 

Source: - Own result, 20 I I 

5.3.2. Irrigation scheduling 

From tab le 41, in the development and proceeding to end stage of the cabbage, irrigation 

scheduling per 15 days of period can be suggested with 40 - 49mm of depth. It is practiced by 

increas ing the rate and fin all y reduces to 47mm considering head formation and enlargement in 

the cabbage poss ibly scheduled. In the initia l stage on planting time once the crop get 39 mm 

depth of water they can enter in to deve lopment stage without getting other irrigat ion in lined 

with no yield reductions. 

The tim ing for irri gation to app ly is at critical dep let ion. It is exerci sed when readily avai lable 

moi sture (RAM) is dep leted and is defined as 100% of RAM. This is the most common way to 

sched ule irri gations. It results in minimum irrigations, but also in irregu lar intervals and may thus 

not be easy to implement in the field . In app lication the water have to refill to field capac ity level. 

The application depth wi ll bring soil moisture content back to fi eld capacity. The depth app lied 
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w ill be equal to the depl eted soi l moi sture in the root zone. The application depth will vary, as the 

seaso n progresses, with changing root depth and a ll owable dep let ion leve ls at each growth stage 

(Savva and Frenken 2002). 

The de ficit indicates the so il moi sture dep letion leve l afte r irrigat ion. A zero va lue rep resen ts a 

refill to field capac ity and a positive value represents an und er irrigation, equa l to the amount 

needed to refi ll th e root to field capacity . 

The schedulin g effic iency is 100 %. A lmost in a ll cases the potentia l and actual use of water by 

the c rop is equal. Also effi c iency of the field is 70 %, but from Savva and Frenken (2002) 

effic iency of surface irrigat ion is 45 %. As the result more additional 25 % of net irrigat ion water 

req uired to deploy thi s in the furrow irrigation. 

From table 42 of irri gat ion scheduling in tomato at initial stage on ly taki ng 17-25 mm depth of 

irr igation per 10 days, the crop can stay to the beginn ing of deve lopment stage . About 32- 48 

mm in the development stage and in the interva l of7- 14days by increas ing the amount and 52-

55 mm depth of irri gation can be appl ied in the mid stage. The interva l for th is are almost per 14 

day can be given to the crop. The timin g and ap plication of irrigation, effic iency of scheduling 

and fi eld a re s imila r to ca bbage . 

-, 

lTHIOI'LA --. 
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Table 41. Irrigation scheduling for cabbage 

Crop irrigat ion sched ule Crop ;- Planting date ;- 08112 
Cabbage 

Eto station ;- Holetta Soi l ;- C lay Harvesti ng date ;- 06/04 
Rain stati on; - Ho letta yield red. ;- 0 % 

Table format ; - Irrigati on schedu le 

Timing ;- Irrigate at critical dep let ion 

Appli cation ;- Refill soil to field capacity 

Field eff. 70 % 

Date Day Stage Rain Ks Eta Depl Net Deficit 
Irr 

mm fract. % % Mm Mm 
15 Dec 8 Init 0 100 48 39 0 

5 Jan 29 Dev 0 100 46 40 0 
25 Jan 49 Dev 0 100 46 44 0 

10 Feb 65 Dev 0 100 47 46 0 
25 Feb 80 Mid 0 100 49 49 0 

12 Mar 95 Mid 0 100 49 49 0 
26 Mar 109 M id 0 100 47 47 0 

6 Apr End End 0 0 32 

Tota ls 

Tota l gross irrigation ;- 448.9 mm Total rainfall ;- 11 3.2mm 

Total net irrigation; - 314.2 mm Effective rainfall;- 95 .3 mm 

Tota l irrigat ion losses ;- 0.0 mm Tota l rain loss ;- 17.9 mm 

Loss 

Mm 

0 

0 

0 

0 

0 

0 

0 

Actual water use by the crop ;- 41 3.5 mm Moist de fi c it at harvest ;- 32.0 mm 

Gr. 
I rr 
mm 

55.9 

57.4 

62.3 

65 .8 

70.6 

70.3 

66.7 

Potential water use by the crop; -4 13.5 mm Actua l irrigation req uirement ;- 3 18.2 mm 

Effic iency irrigation schedule ;- 100 % Efficiency ;- 84.2 % 
Deficiency irrigation schedule;- 0.0 % 
Yield reductions 

Stage labe l A B C D Season 

Redu ction in Etc 0 0 0 0 0 % 
Yield response factor 0.2 0.4 0.5 0.6 % 
Yield reduction 0 0 0 0 

Cumulative yie ld reducti on 0 0 0 0 0 % 

Source; - Own resul t, 20 I I 

Flow 

IIs/ha 
0.8 1 

0.32 

0.36 

0.48 

0.54 

0.54 

0.55 
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Tab le 42. Irrigation scheduling for tomato 

Crop irrigat ion schedule Crop :- Planting date :- 1811 1 
Tomato 

Eto station :- Holetta So il :- Clay Harvesting date :- 11 /04 
Rain station: - Holetta yield red. :- 0 % 
Table format: - Irrigat ion schedule 
Timing :- Irrigate at critical depletion 
App licat ion :- Refill soil to fie ld capacity 
Field efr. 70% 
Date Day Stage Rain Ks Eta Depl Net Deficit Loss Gr. Flow 

11'1' 11'1' 
mm fract. % % Mm Mm Mm mm Ilslha 

18 Nov I Init 0 100 32 17 0 0 23.6 2.7 
26 Nov 9 Init 0 100 33 19 0 0 27.4 0.4 
5 Dec 18 Init 0 100 31 21 0 0 30. 1 0.4 
16 Dec 29 Ini t 0 100 31 25 0 0 35.3 0.4 
29 Dec 42 Dev 0 100 34 32 0 0 45.1 0.4 
II Jan 55 Dev 0 100 37 38 0 0 54.9 0.5 
25 Jan 69 Dev 0 100 40 48 0 0 68.4 0.6 
8 Feb 83 Mid 0 100 42 50 0 0 71.5 0.6 
21 Feb 96 Mid 0 100 43 52 0 0 73.7 0.7 
8 Mar III Mid 0 100 41 49 0 0 69.8 0.5 
25 Mar 128 End 0 100 46 55 0 0 78.5 0.5 
II Apr End End 0 0 30 
Totals 
Tota l gross irrigation :- 578.3 mOl Total rainfall :- 127.1 mOl 
Tota l net irrigation: - 404.8mm Effective rainfall: - 121.5 . mOl 
Tota l irrigation losses :- 0.0 mOl Total rain loss :- 5.6 mOl 
Actual water use by the crop :- 529.0 mm Moist deficit at harvest :- 36.3 mm 
Potential water use by the crop: -529.0 Actual irrigation requirement: - 407.5 mOl 
mm 
Effic iency irrigation schedu le :- 100 % Effic iency :- 95.6 % 
Defic iency irrigation schedu le:- 0.0 % 
Yield reductions 
Stage label A B C D Season 
Reduction in Etc 0 0 0 0 0 % 

Yield response factor I I 1.1 0.8 1.1 % 

Yie ld reduction 0 0 0 0 
Cumulative yie ld reduction 0 0 0 0 0 % 

Source: - Own result, 20 II 
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Table 43. frrigalion scheduling for polalo in dly period 

Crop irrigation schedule Crop :- Plant ing date :- 26/09 
Potato - W 

Eto station :- Holetta Soil :- Clay Harvesting date :- 02/02 
Rain station: - Holetta yield red. :- 0 % 
Tab le for l11at : - Irrigation schedule 
Til11ing :- Irrigate at critical deplet ion 
App li cation :- Refi ll so il to fie ld capacity 
Field eff. 70% 
Date Day Stage Rain Ks Eta Depl Net Deficit Loss Gr. Flow 

Irr Irr 
111111 fract. % % 111111 111111 MI11 111111 Ilslha 

26 Sep [nit 0 96 30 19 0 0 26.4 3.1 

2 1 Oct 26 Dev 0 100 27 24 0 0 34. 1 0.2 
4 Nov 40 Dev 0 100 30 3 [ 0 0 44 J 0.4 

14 Nov 50 Dev 0 100 29 34 0 0 48.2 0.6 
23 Nov 59 Mid I 100 30 37 0 0 52. 1 0.7 

2 Dec 68 Mid 0 100 32 38 0 0 54.2 0.7 
II Dec 77 Mid 0 100 31 37 0 0 53 0.7 

2 1 Dec 87 Mid 0 100 33 40 0 0 56.5 0.7 
31 Dec 97 Mid 0 100 32 38 0 0 54.9 0.6 

14 Jan I II End 0 100 39 47 0 0 67. 1 0.6 
2 Feb End End 9 100 41 

Tota ls 

I 
Total gross irrigation :- 49 1.0 mm Tota l rainfall :- 66.3 mm 
Tota l net irrigation: - 343 .7 ml11 Effective rainfall: - 65J 

\ 
Tota l irrigation losses :- 0.0 ml11 Total rain loss :- 1.0 111111 

Actual water use by the crop :- 425.1 Mo ist deficit at harvest :- 49.7 111111 

\ 

!TIm 

Potential water use by the crop: - 425. 1. Actua l irrigation requirement :- 359.8 
mm 

,\ Efficiency irri gation schedule :- 100 % Effici ency :- 98.5 % 
Deficiency irrigat ion schedule :- 0.0 % I 

J 

Yield reductions 
Stage label A B C D Season 
Reduction in Etc 0 0 0 0 0 % 
Yield response factor 0 I 0.3 OJ 1.1 % 
Yield reduction 0 0 0 0 
Cumulat ive yield 0 0 0. 1 0 0 % 
reduct ion 

Source: - own result, 20 II 
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From Table 43, irrigation schedulin g in potato at ini tia l stage onl y taking 19mm depth of 

irrigat ion the crop can stay until the deve lopment stage. It needs 24 - 34 mm in the deve lopment 

stage in 9 days interval by ri sing and 37- 40 mm depth of water in the m id stage. Prior to the end 

of crop growth, 47mm of depth of irrigation can be app lied after 14 days of mid stage. Bes ides 

the timing and application of irrigatio n, sched uling and field effici ency is s imilar to cabbage and 

to mato . 

5.3.3. Scheme supply 

Result of table 45 , shows Holetta river scheme supply to farmers. It doesn' t represent for other 

users. Highest irrigated area from the total is on November to February. Percentage of irrigated 

area is less during March - May includ ing September. During summer there is no irrigat ion 

act ivity as the ra in fall is enough. Precip itation deficit is h igh both in cabbage and tomato. A lso 

barley, wheat and potato in the w inter countenance on prec ipitation de ficit. 

Table 44. Scheme supply of Holefla 

Jan Feb Mar Aer Ma~ Jun Jul Au!!, See Oct Nov Dec 
Precipitation deficit 
I . Barley 0 0 0 0 0 0 0 0 I 1.8 94. 1 49.6 0 
2. Wheat 0 0 0 0 0 0 0 0 11.8 94.4 52.9 0 
3. Potato - Winter 96. 1 6.1 0 0 0 0 0 0 0 38 110.5 123.6 
4. Potato - Summer 0 0 0 0 0 0 0 0 0 0 0 0 
5. Tomato 99.4 105.7 103.6 21.4 0 0 0 0 0 0 27.4 65 .1 
6. Chinese Cabbage 65 72.8 95.6 72.7 65.5 0 0 0 0 0 0 54 .9 
Net scheme irr.req. 
in mm/day 1.4 I I 0.5 0.4 0 0 0 0.2 1.4 1.5 1.4 
in mm/ month 43 .5 27.7 30.6 16.4 12.4 0 0 0 4.6 44.4 45.5 43 
in I/s/h 0.16 0. 11 0.1 1 0.06 0.05 0 0 0 0.02 0. 17 0. 18 0. 16 
Irri gated area 51 5 1 3 1 3 1 19 0 0 0 39 59 7 1 5 1 
(% of total area) 
Irr.req. fo r actu al 0.32 0.22 OJ7 0.2 0.24 0 0 0 0.05 0.28 0.25 OJI 
area 
(I/s/h) 

Own result, 20 II 
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6. Conclusion and Recommendation 

In this chapte r brief conclusion on the base of obj ective and finding of the study presented and 

fin a ll y recommendation towards thi s are suggested. 

6.1. Conclusion 

Fanners a re not in the posi ti on to manage the irrigation water for assurm g a ll and in the 

susta inable way. In fact some interest on construct ion of the new structure has been seen but 

con tinuous construction and maintenance activ ities by some users in the trad itional irri gat ion 

system doesn 't proof their capacity, initiat ions and agreement of the tota l. The ownership of the 

irrigation system also confusing becomes confusing. As the result the kebele adm inistration, 

water user comm ittee and water d ivider act differently. 

Fa rmers participate in the irrigation water utili zat ion and management meetin g. The meeting is 

obviously focused on constructi on and maintenance of the old system. Comparing farmers ' 

participation in the maintenance and construction with structure damage is less. There are a lso 

farmers who not involve at all. The place of participation is main ly in the primary channe l. From 

thi s farmers acti vi ty is not practical in the vic inity of their fie ld . The committees a lso not 

superv ise each of channel s to correct channel w iden ing that result for water wastage. 

The type of support and sk ill transformations to fanners from the responsible organ is fewer. 

There are a lso no conducive and funct iona l agricu ltural extension act ivit ies. Th is might be the 

result of urban thin king towards the town. Agricu ltlll'al techno logy transformation and 

di sseminatio n from Holetta research centre to the kebe le not considered. This a lso might be due 

to the confl icting interest between the town and the research centre about land which is under the 

research centre. Beside th is the community expects that the govern ment has to ho ld up them in 

practi ca l and ski llfulness with ca ll -up acti viti es for enhanced management of the irr igation . 

Fanners a lso have a plan to manage the irrigation by contributing money in acceptable cost to 

promote the competence of the irri gat ion. 
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From the research questions and objectives, crop water requirement has been eva luated. Crops 

persistent to the district were cabbage, tomato, potato in dry and potato, barley and wheat in the 

summer have been used for eva luation. The overal l irrigation requirements of the crops in dry 

period are 384.44, 494.6 and 416.8 mm of depth respect ive ly. The crop sens itivity period to water 

stress are di ffe r on three crops based on their nature but they need more water in the mid stage. 

The other crops are cultivated with supplementary irrigation in the rain y seasons and don ' t res ult 

for equ ity pro blems. For further informat ion see appendix four about the three crops in the wet 

season. 

Irrigat ion scheduling of the three crops is not uniform. Cabbage needs 40-49 mm depth of 

irrigation in the development stage up to ahead of harvesting. The interva l is approx imately per 

15 days by increas ing the range and finall y end to 47mm . [n the deve lopment stage of to mato 

from 32-55 mm depth of irrigation per 14 days of interval could be applied by increas ing its 

amount. Whereas potato consumes 24 - 34 mm in the deve lopment stage per 9 days with ri s ing 

and 37- 40 mm depth of water in the mid . Finally it needs 47 mm pri or to the end of crop 

growth after 14 days . Potato and cabbage water requirement at init ia l stage are [9 mm and 39 

mm depth of irrigation respect ively. [n this stage both can stay and enter in to the development 

stage after they irrigate onl y once without y ield reduction and to mato requ ire 17- 25 mm depth of 

irri gation per 10 days in the initi a l stage. 

For the who le crop, the tim ing of irrigation to app ly is at critical depletion . [n the appli cation the 

water have to refi ll to the fie ld capacity level. The application depth will bring so il moisture 

content back to field capacity and the depth app li ed will be equa l to the depleted soi l mo isture in 

the root zo ne. Generall y sched uling efficiency is 100 % and in a ll cases the potential and actua l 

use of water by the crop is equa l and also the efficiency of the fi eld is 70 %, but in surface 

irrigation the efficiency is 45 %, which is practicall y need 25 % additiona l net irrigation in the 

case of furrow irrigation. 

In relation to scheme supp ly of Holetta, only farmers cropping pattern and season used. Due to 

this it is onl y represent farmer' s s ide. Highest irrigated area per percentage is at November to 

February. Percentage of irrigated area is less in March-May including September. During 
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summer there is no irrigat ion activity since the rain fall is enough. Precipitation deficit is high 

both in cabbage and tomato. Also barley, wheat and potato in the winter face precipitation deficit. 

6.2. Recommendation 

The Water sharing principle has to be fixed with fanners land size, crop stage and di stance from 

the primary channel. Those who have large land have to get water by giving add itional cost for 

the management and utilization of the river. Also farmers with small lands their interest has to be 

fulfilled. In the water sharing the committee should include programs that go with crop stage. Not 

on ly focusing crop stage but planting perennial crops to those has large lands and annual crops to 

those who have small lands can be an opt ion. Farmers farming practice direct ly relate with crops 

that have high market return related to its cost of irrigation and other inputs are also essentia l. In 

water app lication and timing should be correlated with the crop water demand. To ensure water 

to farmers that found far from the primary channel should get enough time as compared to others. 

The participation of all users is important to improve the management of the river and the 

irrigation. To overcome thi s responsible organ has to capacitate the community by training and 

technica l support. Government organ has to work close ly with the farmers to increase their 

production by new technology innovations with integration of farmer prior knowledge of water 

management. Government should take part in empowering activity rather involve in the decisions 

for the success of community fully take over the irrigation system. But farmers' decision has to 

see from government and responsib le organ for its implications. 

It is poss ib le to higher the effic iency of the irrigation system. Primarily good diversion structure 

has to be prepared. Also it is important to transform from open channel to close to improve water 

productivity. Provision of close channel may be expensive but at least estab li shing of the 

channels with local available materials and concrete has to be used. On the other hand to ensure 

equ ity fanners has to aware with water saving pract ice. Instead of watering their fie ld by 

preparing pond storage and store with it is important and decreases water wastage. 
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Female rol e in the manag ing and ensuring equ ity among users need to be seen. From ex peri ence 

and understanding fema le engage in this activities conflict may be minimized. On the other hand 

females are mostly di scouraged in farmin g practices. So as the main concern the comm ittee 

should take this as an advantage which female to participate and encouraged. 

Future studies have to focus both technica l and social aspects concerning a ll users. This present 

study focuses were fa rmers in Madda Gudina kebele. But in the future water demand from 

d ifferent users may come and without go through al l users including institutes in the area and 

others is not poss ible to th in k of equity and management of the ri ver in the susta inable way. 

Sti ll focus on crop water requirement studies in genera l and on small scale or community based 

irrigations is not much addressed in Eth iopia. Less number of research activities was done on 

large sca le irrigations. To so lve water management and improve crop productions future studi es 

has to be re lay on thi s. 

Thi s case study would give insight for w ide country level implications. For successfu l 

management of commun ity based irri gation system the government interventions on enabling the 

community to capture the whole aspects of the irrigations are important. General policies and 

strategies for creating better environment for community based irrigat ion system are significant. 
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Appendix 1. Sample household questionnaires, WUC and Expertise interview 
guide 

Questionnaire for Equity of River Water to Tradit ional Irri gation Users: Case Study of Holeta 

River, Holetta Town, Ethiopia 

r. Demographics (Conditions) 

I. Gender -------------

2. Age 

3. Nation 

4. Educat ion background -----------------------

5. Fam i Iy responsi bi I ity ------------------------

6. Family no --------------------

7. Income source ----------------------------

8. Capital(assets) birr -----------------------

9. Number of years I ives in this vi II age ------------------

II . Production Status 

I. Land hold ------------------------------

2. Land tenure system ------------------

Crop type grown Product ion/land hold Number of 

Min imum Average Maximum Harvest/year 

Vegetable crops 

Field crops 

Fruit crops 

Other crops 
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III. Irrigation Water Management Practice 

I. How often do yo u get water? 

2. Do you be li eve that the traditional irrigation system are effic ient if yes in what way, if not 

what are the problems? 

3. What are the activities done by the irri gation water users during flood? 

4. Have you ever participate in maintenance of the irrigation canals? (Yes No) 

5. I f no, why not? 

6. If yes, how many times in a year do you participate approximately? 

7. If yes to Q4, is it on yo ur own plot or on the whole scheme? 

8. How frequent ly does the structure get damaged per year? 

9. What is/are the ma in cause/s of structure damage in your scheme? List down in order of 

importance 

10. Have you received any training and/or technical assistance from the town admi nistration 

and other responsible organ ization about river and irrigation utilization and management? 

II. Have you ever participate in irrigation communit ies meeting and orientations? If so what 

idea ra ised, how about your participation? 

12. In general what are the irrigation water management and utili zation practice done by the 

users in wet and dry period? 

13. What do you expect from societ ies and government in manag ing the river sustainably? 

14. Have you ever had a conflict related to irrigat ion water? If yes, how many times in 

irrigation season would it be approximate ly? Please mention al l cases and their causes you 

remember. 

15. What hostile act ivities are there among the community members resul ting from conflict 

over irri gati on water? 
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IV. Irrigation Wa ter Allocation and Distribution 

I. Do you use water for supplementary irrigation (During th e wet season)? (YesfNo) 

2. If not, why? 

3. Are there any water reso urces like ground wate r, spring, etc. for irrigatio n other than the ri ver? 

4. Is the water in th e ri ver suffic ient fo r: Wet season irrigat ion? Dry season irri gati on? Wet and 

Dry season irrigation? If yes what are yOlil' justifi cations? If not, what measures were used to 

ensure equity? 

5. Do you fee l yo u share equal water with every user o f the river? If yes w hat are the responsible 

to ensure equity? I f not, what do you th ink is the reason for the inequa lity? 

6. If there is inequality, whi ch groups of peop le get more? 

7. If there is inequality, which groups of people get less? 

8. If th ere is inequality, do you get more or less? If you get more, do you be li eve thi s is 

reasonable? Why? If no, what measures do you take in response? 

9. In whi ch time of the year the river water red uced and when fa nners need the river for 

irrigation? 

10. Do yo u use crop water requirement rates for watering your fi elds? If yes, who gives yo u the 

rate? 

II. If yes to Q la , do you always stop watering w hen the rate is met even if the usual time given 

to watering turn is yet to get? 

12. Ifno to Q 10, why don 't you stop at the given rate? 

13. Does fa nners crop se lection has contribution to the problem of equitableness? If yes, in 

what way? I f no, do you think the crops se lected by the farmers require less water? 

14. Are there specia l considerati ons fo r crop-type and stage of growth durin g water a ll ocation? If 

No, what happens when somebody is conv incing ly in higher need of water for hi s/her fie ld? 

IS. Have there been any defaulters of water d istri but ion in the cana l? If yes, what is done in cases 

o f water d istributi on defaults? 

16. Does the community have a system of rul e for contro ll ing water d istri buti on defaul t? 

If yes, what does the rule say? 

17. If yes to Q 16, do you believe the rule is enforced in the way fo rmu lated? 
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18. I f no, what are the weaknesses? Please, li st down in order of importance 

19. Who or what body is responsible for enforcing the rules? 

20. Are there involvements of fema le- headed households in ensuring equ ity among users? If 

Yes what acti vit ies done by them? Ifnot, why they are not involved? 

21. Whom, do you think does the water in the ri ver belong to? 

22. Whom, do you think; does water belong to when it is at the gate of you r plot just gett ing to 

your plot at your watering turn? 

23. Do yo u pay any water use fees? If yes, what kind? 

24. Are there other irrigations user that use the river other than Meda gudina kebele households, 

if yes, what consequences comes towards yours? 

25. Is there an agreement with other users/out of households/ IJ1 sharing rivers for irri gation 

and managing it with technical and cost recovery activities? 

V. Unstructured interview for town and kebele irrigation and agronomy expertise 

I. Do you think all households are benefited from the ex isting water sharing principles? If yes 

what implication are, no why? 

2. Does fema le heads and fema les benefited from the traditional irrigation? If yes how? If not, 

why not? 

3. Do you think the traditional irrigation methods are adequate for the sustenance of household 's 

economic wellbeing? 

4. Do you observe any inequa lity in water distribution? (YeslNo) 

5. If Yes to Q4, could you li st the reasons behind according to their importance? 

6. If yes to Q 4, do you th ink sc ientific methods can solve such water sharing problem? If yes 

what are you suggesting? 

VI. Unstructured interview for water user assoc iation representatives 

I. How is water allocated and distributed to users? Is there a problem IJ1 a llocat ion and 

di stribution of water? 

2. Is there any special support to female-headed households that use the irri gation? If yes li st? 

3. Do you think the community be ab le to manage the irrigat ion? If yes in what way? Ifnot, why? 

4. Do you think the traditional irri gat ion methods are efficient? 

5. Do you observe any inequality in water distri bution? (YeslNo) 

6. If Yes to Q4, could yo u li st the reasons behind according to their importance? 
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Appendix. 2. Crop water requirement calculation 

1.1. Calculation of reference evapotranspiration 

The Reference Evapotransp iration (ETo) represents the potent ia l evaporation of a well-watered 

grass crop. The water needs of other crops are directly linked to this climatic parameter. The 

reference surface is a hypothetical grass reference crop with an assum ed crop height of 0 .12 m, a 

fixed surface res istance of 70 s m-I and an a lbedo of 0.23. The reference surface close ly 

resemb les an extens ive surface of green, wel l-watered grass of un iform height, active ly grow ing 

and complete ly shading the grou nd. T he fixed surface resistance of 70 s m-I im pli es a 

moderatel y dry soil surface resu lting from about a week ly irrigat ion frequency (FAO 1998) 

the FAO Penman-Monteith method to est imate ETo can be derived 

ETo = OA08t.(Rn - G) +y 900fT + 273 . U2~' -eJ 
t. + y( I +0.34uz) 

where, 

ETo reference evapotranspirat ion [mm da{I] , 

Rn net radiation at the crop surface [MJ m-2 da{I], 

G soil heat flux density [MJ m'z da{l], 

T mean dai ly air temperature at 2 m height [0C], 

u2 wind speed at 2 m height [m S-I], 

es saturation vapour pressure [kPa], 

ea actual vapour pressure [kPa], 

es-ea saturation vapour pressure defic it [kPa], 

t. slope vapour pressure curve [kPa °C_ I], 

y psychrometric constant [kPa °C_I]. 

Severa l methods exist to determine ETo, the Penman-Monteith Method has been recommended 

as the appropriate combination method I to determ ine ETo from climatic data on: temperature, 

hum id ity, sunsh ine, w ind speed. 
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In order to calculate ETo, the respective climatic data should be collected from the nearest and 

most representative meteorological stat ion. Several institutes and agencies may keep climat ic 

records such as the Irrigation Department, the Meteorological Service or nearby Agricu ltural 

Research Stations and may provide information on climatic stations inside or in the vici nity of 

irri gat ion scheme which shou ld be considered for crop water requirement (CWR) calculat ions. In 

some cases, when the scheme is large, more than one station may be avai lab Ie, but often no 

suitable stations with sufficient cl imati c data are located in the scheme. In such a case a careful 

selection shou ld be made of the data. 

Normally some conversions are required in order to adjust the data into the format accepted by 

CROPWA T 8.0. In particu lar, attention shou ld be given to the units in which the climatic records 

are given. 

Temperature data :- Maximum and Minimum Temperature, [0 C] 

Humid ity data :- Average dai ly Relative Humidity [in percentage] or Vapour Pressure [kPa] 

Sunshine data:- Sunshine hours (heliograph) or sunshine percentage 

SSP = 0.95- LC1+LC2 + a * ACI +AC2 

2 

where: SSP = sunsh ine rate (fraction) 

LC I = low clouds at sunri se 

LC2 = low clouds at noon 

AC 1 = high clouds at sunri se 

AC2 = low clouds at noon 

1l = empirical parameter ('" 0.3) 

2 

-
f ; 'r 5 . .:o r- . . 

-F"lo4 j" ~ . . 

- --
Wind speed data :- Average Daily Wind speed in km/day or m/sec 
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1.2. Process ing of ra infa ll data 

The rainfall contributes to a greater or lesser extent in satisfying CWR, depending on the 

location. During the rainy season in tropica l and some sem i-trop ical regions, a great part of the 

crop's water needs are covered by rainfall , while d uring the dry season, the major supp ly of water 

shou ld come from irr igation. How much water is coming from rainfall and how much water 

shou ld be covered by irr igation is, unfort unately, difficult to pred ict as rainfall varies greatly from 

season to season ( FAO, 1992) . 

In order to estimate the ra infall deficit for irri gation water requirements, a statistica l ana lys is 

needs to be made from long-term ra infall records. In add ition to the variability of rainfall from 

year to year, not a ll rain which falls is used by the crop. The intensity of rain may be such that 

part of the rainfall is lost due to surface runoff or due to deep perco lation below the root zone. In 

order to determ ine that part of the ra infall which effectively contributes to cover CWR, a number 

of defin it ions are fi rst given, whi le subsequently it is exp lained how the different rainfall values 

can be ca lcu lated and how they are incorporated in the CWR calculations. 

Rainfa ll Definit ions 

Average monthl y rain fa ll : Mathematically determined average for a series of rainfall records, 

most commonl y avai lable. To be used for CWR calcu lation to represent average cli matic 

conditions. 

Dependab le rainfa ll: The amount of rainfa ll which can be depended upon in l out of 4 or 5 years 

corresponding to a 75 or 80% probabi lity of exceedance and representi ng a dry year. The 

dependable rainfall (80%) is used for the design of the irrigation system capac ity. 

Rainfa ll in wet, norma l and dry years: Defined as the rainfall w ith a respectively 20, 50 and 80% 

probab ility of exceedance, representing a wet, no rmal and dry year. The three values are usefu l 

for the programming of irrigation supply and simul ati on of irrigat ion management cond itions. 

The rainfall in normal years (50% probab ili ty) is, in genera l, well approached by the average 

rainfa ll. 

Historical or actual rainfall data: The actual recorded rainfall used for evaluation purposes. 
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Effective rain fa ll : 

Defined as that part of the rainfall which is effecti ve ly used by the crop after rainfa ll losses due to 

surface run off and deep percolat ion have been accounted for. The effect ive rainfa ll is the rainfa ll 

ultimately used to determine the crop irrigation req uirements. 

Rainfall Data Co ll ection 

The precipitation data required for CROPWA T 8.0 can be dai ly, decade or monthly rai nfall, 

commonl y avai lable from many cli mat ic stations. In add ition , substations may be found with 

single rainfall records. For larger schemes, records of several rainfa ll stations may be avai lab le, 

allowing an ana lys is of the spat ial vari ability. To allow a calculation of rainfa ll probab ilities, 

rain fall records from a range of years (1 5-30) are to be co llected. 

Rainfall Data Processing 

For programming of irrigation water supply and management, rainfall data of normal, wet and 

dry years are used . An est imate of the respective rain fa ll data can be obtained by comput ing and 

plotting probabi lities from the rainfa ll records. The different steps invo lved are: 

i. Tabulate yearl y rainfall total s fo r a given period. 

ii . Arrange data in descend ing order of magnitude. 

iii. Tabu late plott ing position acco rding to: 

Fa = 100* m / (N+ I) 

where: N = number of records 

m = rank number 

Fa = plotting position 

iv. Plot va lues on log-normal scale and obtain the logarithmic regress ion 

equation 

v. Calcu late year va lues at 20, SO and 80% probab il ity: 

vi. Determine monthly values for the dry/normal/wet yea r according to the fo ll owing 

relationship : 

p idry/wetlnormal = P iav * P dry/wet/normal 

Pay 

Effecti ve Rainfall Method 
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To account for the losses due to runoff or percolation, a choi ce can be made of one of the four 

methods given in CROPWA T 8.0 (F ixed percentage, Dependable ra in , Empirical formu la, USDA 

So il Conservation Service). 

In general , the efficiency of ra infall will decrease with increasing rainfall. For most rainfall 

va lues be low 100 mm/month , the effic iency w il l be approximate ly 80%. Unless more detai led 

information is ava ilable for local conditions, it is suggested to select the Option " Fixed 

percentage" and g ive 80% as req uested va lue. In the water balance calculat ions included in the 

irrigation scheduling part of CROPWAT, a possibil ity ex ists to evaluate actual efficiency values 

for d ifferent crops and so il cond itions. 

1.3. Crop and cropping pattern data collection 

A local survey shou ld be carri ed out in the irrigation scheme to assess the crops grown rain fed as 

well as under irrigation. Through field observations, interviews with extension agents and 

farme rs and additiona l information from other agencies, for instance a revenue department, an 

assessment can be made of the present cropping pattern. 

Essential inform at ion co ll ected from the field should incl ude: 

I. Crop and crop variety 

2. First and last planting date 

3. First and last harvesting date 

Addit ional information may include: 

4. Indi cati ve yie ld level 

5. Indi cat ive irrigat ion pract ices : 

~ field irrigation methods 

~ irri gation frequencies and interval 

~ irrigati on application depths 

From the Agricultural Research Stat ions, more accurate information may be 

co ll ected on: 

6. C rop characteri stics: 

~ length of individual growth stages 

~ crop factors, relating crop evapotranspiration to reference 
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~ evapotransp iration 

~ root i ng depth 

~ all owable depletion levels 

~ yield response factors. 

The Crop module requi res crop data over the different deve lopment stages, defined 

as follow: 

~ Ini tial stage: it starts from planting date to approximatel y 10% grou nd cover. 

~ Deve lopment stage: it runs fro m 10% ground cover to effective full cover. 

Effective full cover for many crops occurs at the initiation of flowering. 

~ Mid-season stage: it runs from effective full cover to the start of maturity. The 

start of maturity is often indicated by the beginning of the age ing, yellowing 

or senescence of leaves, lea f drop, or the browning of fru it to the degree that 

the crop evapotransp iration is redu ced relati ve to the ETo. 

~ Late season stage: it runs from the start of maturity to harvest or full 

senescence. 

Data required differ in case ofa non-rice or a ri ce crop. In case of non-ri ce crop, the fo ll owi ng 

in formation is necessary: 

Crop name 

Plant ing date 

Crop coefficient (Kc) 

Stages length 

Root ing depth 

Critical depletion fract ion (p) 

Yie ld response factor (Ky) 

If ava il ab le, maximum crop height should be provided. 

The cropp ing pattern module is primary data input, req ui ring information on the crops (Up to 20) 

being part of the scheme. With reference to each crop, the fo ll owing data shou ld be provided: 

Crop fil e 
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Planting date 

Area: extension of the area ded icated to each crop, as a percentage of the tota l cropped area. Care 

should be taken that at any g iven moment the sum of the ind ividual crops does not exceed 100 % 

of tota l scheme area. 

1.4. Crop water requirement calculations 

Calculation of the CWR can be carried out by cal ling up successively the appropriate cl imate and 

rainfal l data sets, together with the crop fil es and the corresponding plant ing dates. In case of 

CWR ca lcu lation ofsoi l data are required. 

Soil Data Co ll ection 

The Soi l modu le is essentially data input, requiring the following general so il data: 

Total Ava il able Water (TA W) 

Maximum infiltration rate 

Maximum rooting depth 

Initia l soil moisture depletion 

1.4. Irrigation scheduling 

To develop indicative irrigation schedules: 

~ for the agricultural extension serv ice to promote better irrigation practices 

~ fo r the irrigation serv ice to establish improved rotational delivery schedules; 

~ to eva luate existing irrigation practices on water use efficiency and water stress 

conditions; 

~ to eva luate crop production under rain fed conditions, to assess feasibility of 

supplementary irrigation and to deve lop appropriate irrigation schedu les; 

~ to deve lop alternative water delivery schedules under restricted water supp ly conditions 

The ca lcu lations of the scheduling module are based on a soil water budget, where, on a daily 

basis, the soi l moisture status is determined , accounting for incoming and 

outgoi ng water in the root zone 
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The schedule module essentially includes ca lculati ons, produc ing a so il water ba lance 

on a dail y step. The fo llowing paramete rs are used: 

:;. Effective ra in fall, over dry, normal and/or wet yea rs 

:;. Water st ress coe ffi cient (Ks) 

:;. Crop evapotranspiration under non-standard cond itions (ETc adj) 

:;. Root zone depletion 

:;. Net irrigat ion (IRn) = IRg/E, E = Overa ll project efficiency 

:;. Deficit 

:;. Irrigation losses 

:;. Gross irrigation (IRg) 

:;. Flow 

1.5. Scheme and canal water requirements 

The irri gation suppl y to any irrigat ion scheme or canal command area can be ca lcul ated by 

adding up the req uirements of each cropped area. Any changes in cropping pattern can be 

convenientl y calculated by mod ify ing area size of the di ffere nt crops. 

The scheme modu le includes calculations, producing: 

:;. Irrigation requirement for each crop of the scheme 

:;. Net scheme irrigation requirement 

:;. Irrigated area as a percentage of the total area 

:;. Irrigation req uirement for the actual area 
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Appendix 3. Metrological data of Holetta 

Table 45. Average monthly minimum temperature (0 c) fi'om 1989 - 2009 

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

Average 3.87 5.09 6.78 8.29 7.65 7.77 9.22 8.94 7.45 4.72 2.34 2. 18 

Sou rce :- Ho letta Research center, 20 10 

Table 46. Average monthly maximum temperature (Oc) from 1989 - 2009 

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

Average 23.4 24.2 24.4 23.4 24.8 22.4 20.2 19.6 20.5 19.6 22.6 23.2 

Source :- Holetta Research centre, 2010 

Table 47. Average monthly relative humidity (%)from 1989- 2009 

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

Average 50 48 50 55 53 67 80 82 73 57 49 49 

Source :- Holetta Research centre, 20 10 

Table 48. Average monthly wind speed in kmlhr (2 m)from 1989-2009 

Jan Feb Mar Apr May Jun Jul Ang Sep Oct Nov Dec 

Average 3.9 1 4.37 5.43 4.78 4.59 3.21 2.92 2.60 3.07 4.02 4.36 3.88 

Km/day 93.84 104.48 130.32 114.72 110. 16 77.04 70.08 62.40 73 .68 96.48 104.64 93.12 

Source :- Holetta Research centre, 2010 

Table 49. Average monthly sunshine hours(hours per day) from 1989 -2009 

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

Average 8.75 8.53 7.48 6.72 7.04 5.23 2.93 2.34 3.05 5.79 8.89 8.87 

Source :- I-Ioletta research centre, 20 10 
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Table 50. Annual and monthly average rainfall 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tota l 
1989 7.1 86.9 78 .0 8. 3 74.9 240.7 278.6 11 7.5 3.0 
1990 0.5 162.4 34.9 

69.8 
95.4 
2703 

55.5 13 1.8263.4 338.2 155.5 8.0 
199 1 23.9 
1992 57.4 
1993 18.2 
1994 0.0 
1995 0.0 
1996 62.6 
1997 15.3 
1998 54.6 
1999 77.3 
2000 0.0 
200 1 7.9 
2002 72 .6 
2003 17.5 
2004 12.7 
2005 22.0 
2006 0.0 
2007 0.0 
2008 0.0 
2009 20.4 

Average 22.4 

74.8 11 8.0 
34.8 
83.8 

2.3 
84.6 

8.5 

58.8 95.0 
3.8 127.0 

86.7 45.9 
4 1.9 122.8 
96.1 58.4 

37.2 89.9 24 1.1 229.0 172.6 2.6 
34.6 115.3 190.9 3 12.8 11 2. 1 35. 1 
60.3 103.1 218. 1 276.1 2 14 .8 27.4 
29.8 107 .3 216.4 20903 149.7 0.0 
81.3 86.4 19 1. 9 262.7 82. 1 3.9 
45.4 192.6 249.8 236.4 120.7 5.3 

0.0 2 1.1 77.4 13.5 131.0 233 .5 206.6 42.5 53.5 
42.3 25.7 65.7 80.4 141.5341.6238. 1 168.367.4 

4.6 34.0 16.6 54.6 98.9 272.8 307.7 88.9 65.4 
0.0 12.5 123.8 50.8 89.8 187.1 260.6 120.5 9.5 

10.6 130.7 48.6 101.2 176.5 30 1.6 161.2 103.2 24.2 
25 .7 56.9 38 . 1 49.4 123.2 273.1 194.0 77.4 0.0 
11.3 33 .3 84.2 13.6 11 7. 1 194.0 237.2 107.4 10.0 
0.8 42.5 155. 1 27.0 12 1.4 204 .0 226.6 119.7 3.6 
4.5 6 1.7 49 . 1 
9.0 68.4 99. 1 

14.0 61.2 36.4 
18.5 1.0 31.3 
8.6 4.7 30.9 

32.8 5 1.0 7 1.3 

94.4 81.8 253.9 187.5 130.7 3 1. 5 
98.4 11 3.7 288 .6 250.0 116 . 1 13. 1 
73.5 253.3 159.3 249.5 90.0 18.8 
88.8 99.0 287. 1 220.0 195.7 54.0 
10.6 64 .8 208.8 242.7 75.9 15.6 
52.8 11 9.7 238.9 244.0 122.0 2 1. 5 

Source ;- Holetta research centre,20 I 0 

Table 51. (a and b) . Yearly value of rainfall and its probability of exceedance 

a 
Probab ili ty % Rainfall in mm 

Dry 80 904.4 

Wet 50 967. 8 

Norma l 20 109 1.6 

Own resu1t,20 11 

b 

Average 

Dry 

Jan Feb 

22.4 32 .8 

20.4 29.9 

Mar Apr May Jun Jul Aug Sep Oct 

5 1 71.3 52.8 11 9.7 238 .9 244 122 2 1. 5 

46.6 65. 1 48.2 109.3 2 18. 1 222.8 111 .4 19.6 

Wet 2 1.9 3249.869.75 1.6 116.9233.4 238.4 119.2 2 1 

Normal 24.7 36. 1 56.2 78.6 58 .2 131.9 263 .2 268.9 134.4 23.7 

Own result, 20 I I 

0.3 2 1.6 
0 .0 0 .9 

986.7 
1246.5 

OJ 5.8 1022 .5 
0.6 7.8 1055.2 
0 .0 0.0 11 32 .6 

36 .6 0.0 884.0 
0.0 34.0 991.6 
1.4 2.3 1079.5 

23.6 2.1 820.1 
0.8 0.0 1226.4 
0.0 0.0 1020.8 

38.9 30 .4 923 .9 
0.0 0 .0 1065.7 
0 .0 22. 1 932.5 
0.0 8.4 834.0 
0 .7 0.0 914. 1 
3.8 0.0 920 .9 
0.0 0.6 1057.0 
0.0 0.0 956.0 

NA 3.5 998.9 
6.2 39.4 728.6 
5.7 8.5 990 .6 

Nov Dec Year 

5.7 8.5 990.6 

5.2 7.8 904.4 

5.6 8.3 967.8 

6.3 9.4 109 1.6 
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Appendix 4. Crop water requirement and irrigation scheduling 

Table 52. Monthly reference evapotranspiration (ETo) of Holetta 

Mo nthlyEto Penman-Monteith - Program/CROPWA T/data/c limate/Ho letta.PEM 

Mo nth Min Max Hum id ity Wind Sun Rad ETo 
TemE Temf:' 

°C °C % km/day hours MJ/m'/day mm/day 
January 3.9 23.4 50 94 8.8 20.5 3.65 
February 5. 1 24.2 48 105 8.5 2 1.3 4.04 
March 6 .8 24.4 50 130 7.5 20.8 4 .29 
Apr il 8.3 23.4 55 11 5 6.7 19.8 4 .01 
May 7 .7 24 .8 53 110 7 19.8 4 .1 I 
June 7.8 22.4 67 77 5.2 16.8 3.26 
Ju ly 9.2 20 .2 80 70 2.9 13.5 2.6 
August 8.9 19.6 82 62 2.3 12.8 2.46 
September 7.5 20.5 73 74 0 13 .9 2.74 ,) 

October 4.7 19.6 57 96 5.8 17.5 3.24 
November 2.3 22.6 49 105 8.9 20.8 3.74 
Decem ber 2.2 23.2 49 93 8.9 20. I 3.55 

Average 6.2 22.4 59 94 6.3 18. I 3.47 

Source :- Own result, 20 I I 

Table 53. General clay soil information of Holetta 

Soil name :- Clay 
General soil data 
Total available soi l moisture (FC-WP) 200 mm/meter 
Maximum rain infi ltration rate 40 mm/day 

Maxim um rooti ng depth 60 Centimetre 
Init ial soil mo isture depletion (as % 28 % 
TAM) 
Initial available soi l moisture 144 mm/meter 

So il - C:/ ProgramData/CROPWA T/data/soi ls/FAO/Holetta -Clay.SO I 

Source :- FAO and Ho letta research centre 
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Table 54. Monthly effective rainfall (mm) of Holetta 

Monthly rain ;- C/ProgramData/CROPW A T/datalHo letta DR Y.CRM 
Station;- Holetta Eff.rain method;- FA O/AGLW formula 

Ra in Efr ra in 

mm mm 
January 20.4 2.2 
February 29.9 7.9 
March 46.6 18 
April 65.1 29. 1 
May 48.2 18.9 
June 109 .3 63.4 
July 2 18.1 150.5 
August 222.8 154.2 
September 111 .4 65.1 
October 19.6 1.8 
November 5.2 0 
December 7.8 0 
Total 904.4 511.2 

Source ;- Own result, 20 II 

Table 55. Cropping pattern of Holetta 

Cropping pattern - C;/ProgramData/CROPWA T/data/sessions/Hoietta.PA T 

Croppi ng patter name ;- Ho letta 

No Crop fi le Crop name Planting Harvesting Days Area 

date date (%) . 

Holetta-Barley.CRO Barley 01/07 27/ 11 150 16 

2 Holetta-Wheat.CRO Wheat 01 /07 27111 150 23 

3 Holetta-Potato- S.CRO Potato/summer 23/05 29/09 130 10 

4 Holetta-Potato- W.CRO Potato/winter 26109 02/02 130 20 

5 Holetta-Tomato.CRO Tomato 18/ I I 11104 145 19 

6 Ho letta-Chinese Cabbage 08112 06/04 120 12 

cabbage.CRO 

Source ;- Survey result, 20 I I 
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Table 56. Crop waler requirement of barely 

Crop Water Requirements 
ETo station: - Holetta Crop : - Barley 
Rain station: -Holetta Plant ing date :- 01 /07 
Month Decade Stage Kc Etc Etc Effrain Irr. 

Reg. 
coeff mm/day mm/dec mm/dec mm/dec 

Jul I In it 0.3 0.85 8.5 43. 1 0 
J ul 2 Deve 0.34 0.89 8.9 54.1 0 
Jul 0 Deve 0.6 1.54 16.9 53.2 0 J 

Aug Deve 0.89 2.23 22.3 53.9 0 
Aug 2 Mid 1.1 I 2.73 27.3 55.8 0 
Aug 3 Mid 1. 12 2.87 3 1.6 44.4 0 
Sep I Mid 1. 12 2.98 29.8 30.8 0 
Sep 2 Mid 1. 12 3.08 30.8 20.5 10.3 
Sep 3 Mid 1.1 2 3.27 32.7 13.9 18 .8 
Oct Mid 1.12 3.45 34.5 1.9 32.6 
Oct 2 Late 1.1 2 3.6 1 36. 1 0 36. 1 
Oct 3 Late 0.95 3.23 35.5 0 35.5 
Nov I Late 0.72 2.57 25.7 0.1 25 .5 

l Nov 2 Late 0.5 1.87 18.7 0 18.7 
Nov 3 Late 0.32 1.16 8. 1 0 8.1 

I 367.2 371.8 185.7 

Source :- Own result, 20 II 
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Table 57. irrigation scheduling and supplementary irrigation in barley 

Crop irrigation schedule Crop ;- Barley 

Eto stat ion ;- Holetta So il ;- Clay 
Rain station: - Holetta yie ld red. ;- 0 % 

Table format; - Irrigation schedule 
Timing ;- Irrigate at critical dep letion 

Application ;- Refill soil to field capac ity 
Field eff. 70 % 

Date Day Stage Rain Ks 

111111 fract. 
19 Oct 

27 Nov 
Tota ls 

II I 

End 

End 

End 

Total gross irrigation;- 97.8 111111 

Total net irri gation: - 68.5 111111 
Total irrigation losses ;- 0.0 111m 

0 
0 

Actual water use by the crop ;- 366.0 111111 
Potential water use by the crop; -366.0 111111 
Effic iency irrigation schedule;- 100 % 

Defic iency irri gation schedule;- 0.0 % 

Yield reductions 
Stage label A B 
Reduction in Etc 0 
Yield response factor 0.2 
Yield reduction 0 
CUl11ulative yield reduction 0 

Source;-Own result,20 11 

0 
0.6 

0 
0 

Planting date ;- 0 lI07 

Harvesting date ;- 27/1 1 

Eta Depl Net Irr Deficit 

% % Mm mill 

100 57 68.5 
0 69 

Tota l rainfall ;- 577.2 111111 
Effective rainfall;- 248.6 111111 
Tota l rain loss ;- 328.6 111111 

0 

Loss 

mm 
0 

Moist deficit at harvest ;- 82.6 111m 

Gr. 
I rr 
mm 
97.8 

Actual irrigation requirel11ent ;- 117.5 111111 
Efficiency ;- 43.1 % 

C D Season 
0 0 0 % 

0.5 0.4 % 

0 0 
0 0 0 % 

Flow 

I/s/ha 
0.1 

81 



Table 58. Crop water requirement of wheat 

Crop Water Requirements 

ETo station: - I-Ioletta Crop: - Wheat 
Ra in stat ion : -I-Ioletta Planti ng date :- 0 1/07 
Month Decade Stage Kc Etc Etc Eff rain I rr. 

Req . 
coeff mm/day mm/dec mm/dec mm/dec 

Ju l Init 0.3 0.85 8.5 43. 1 0 
Jul 2 Deve OJ4 0.89 8.9 54. 1 0 
J ul 

, 
Deve 0.6 1. 54 16.9 53.2 0 J 

Aug Deve 0.89 2.23 22.3 53.9 0 
Aug 2 Mid I. I I 2.73 27.3 55 .8 0 
Aug 3 Mid 1.1 2 2.87 3 1.6 44.4 0 

Sep I Mid 1.1 2 2.98 29. 8 30.8 0 

Sep 2 Mid 1.1 2 3.08 30.8 20.5 10J 

Sep 3 Mid 1.1 2 3.27 32.7 13.9 18.8 

\ 

Oct Mid 1.1 2 3.45 34.5 1.9 32 .6 

Oct 2 Late 1.1 2 3.6 1 36. 1 0 36. 1 

Oct 3 Late 0.96 3.26 35 .9 0 35.8 

\ 

Nov Late 0.74 2.65 26.5 0.1 26.4 

Nov 2 Late 0.54 2 20 0 20 

Nov 3 Late OJ6 1.33 9.3 0 9.3 
370.9 37 1.8 189.4 

Source :- Own result, 201 1 
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Table 59. Irrigation scheduling and supplementary irrigation in wheat 

Crop irri gation schedule Crop :­
Wheat 

Plant ing date :- 01/07 

Eto station :- Holetta 
Rain station: - Holetta 

Soil :- Clay Harvesting date :- 2711 I 
yield red. :- 0 % 

Table format: - Irrigat ion sched ule 
Timing :- Irrigate at critical deplet ion 
Appl icati on :- Refill soi l to field capacity 
Field eff. 70 % 

Date Day Stage Ra in Ks Eta Depl Net Defic it 
[rr 

mm Fract. % % mm mm 

19 Oct I I I End 0 100 57 68 .5 0 

27 Nov End End 0 0 72 
Totals 
Total gross irrigation :- 97,8 mm Total rainfall :- 577,2 mm 
Total net irr igat ion: - 68,5 mm Effective rainfall :- 248,6 mm 
Total irrigation losses :- 0,0 mm Total rain loss :- 328,6 mm 

Loss 

Mm 
0 

Actual water use by the crop :- 369,6 Moist deficit at harvest :- 86,2 mm 
mm 

Gr. 
Irr 
mm 
97,8 

Potential water use by the crop: -369,6 Actual irr igation requirement :- 12 1,0 mm 
111m 

Effi ciency irrigation schedule:- 100 % Efficiency:- 43, I % 

Deficiency irrigation schedu le:- 0,0 % 

Yield reductions 
Stage label A B C D Season 

Reduction in Etc 0 0 0 0 0 

Yield response factor 0.4 0,6 0,8 0.4 1.1 5 

Yield reduction 0 0 0 0 

Cumulative yield 0 0 0 0 0 
reduction 

Source :- Own result, 20 II 

% 

% 

% 

Flow 

IIslha 
0, I 
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Table 60. Crop water requirement of potato in the summer 

Crop Water Requirements 

ETo station: - Holetta Crop : - Potato - summer 
Rain station: -Holetta Plant ing date :- 23/05 

Month Decade Stage Kc Etc Etc Eff ra in I ..... 
Req. 

coeff mm/day mm/dec mm/dec mm/dec 
May 

, 
In it 0.5 1.95 17.5 7.8 8 ~ 

Jun In it 0.5 1.77 17.7 14.9 2.8 
Jun 2 Deve 0.52 1. 7 17 19.1 0 
Jun 

, 
Deve 0.69 2.1 2 1 29.5 0 ~ 

J ul I Deve 0.89 2.52 25.2 43.1 0 
J ul 2 Mid 1.08 2.8 28 54. 1 0 
J ul 3 Mid 1.11 2.83 31.1 53.2 0 
Aug Mid 1.11 2.78 27.8 53.9 0 
Aug 2 Mid 1.1 1 2.73 27.3 55.8 0 
Aug 3 Late 1.11 2.83 31.1 44.4 0 
Sep I Late 1.02 2.72 27.2 30.8 0 
Sep 2 Late 0.9 2.46 24.6 20.5 4. 1 
Sep 3 Late 0.78 2.26 20.3 12.5 6. 5 

3 15.8 439.7 2 1.4 

Source :- Own result, 20 II 

.. . 
1;,';; . 

t· , • ,. . 

84 



I 

\ 

\ 

Table 61. Irri gat ion scheduling and supplementary irr igation in potato in the summer 

Crop irri gation sched ule Crop :- Potato -S Plant ing date :- 23/05 

Eto stat ion :- Holetta Soil :- Clay Harvesting date :- 29109 
Rain station: - Holetta yield red. :- 0 % 

Table fo rmat : - Irrigat ion schedule 
Timi ng :- Irrigate at critical depletion 
App lication :- Refi ll so il to fie ld capacity 
Fie ld eff. 70 % 

Date Day Stage Rain Ks Eta Depl Net Defi cit Loss Gr. 
lIT lIT 

mm fract. % % Mm mm mm mm 
I lun 
29 Sep 
Tota ls 

10 Init 
End End 

o 100 26 18.8 0 0 26.8 

8.8 100 4 

Tota l gross irrigation :- 26 .8 mm 
Total net irrigat ion: - 18.8 mm 
Total irr igation losses :- 0.0 mm 
Actual water use by the crop :- 3 13.5 mm 
Potential water use by the crop: -3 13.5 mm 
Efficiency irr igation schedule :- 100 % 

Deficiency irrigation sched ule:- 0.0 % 

Yield reducti ons 
Stage labe l A 
Reduction in Etc 0 

Yield response factor 0.5 

Yie ld reduction 0 

Cumulative yield reduction 0 

Source :- Own result, 20 I I 

B 

0 

0.8 

0 

0 

Total rainfall :- 68 1.9 mm 
Effective rainfall: - 323 .8. mm 
Tota l rain loss :- 358 .1 mm 
Moist deficit at harvest :- 4.5 mm 
Actua l irrigat ion req uirement:- - 10.3 mm 
Efficiency :- 47.5% 

C D Season 
0 0 0 % 

0.8 0 .3 1.1 % 

0 0 

0 0 0 % 

Flow 

I1slha 
0.3 I 
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