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Abstract 

The Oromia regional Government has been making a great effort in transforming the abundant 

natural resource to promote and deliver agricultural technology packages and to increase 

efficiency of smallholder farmers with efficient utilizations of the existing scarce resource through 

agricultural-based infrastructures development. Huge irrigation schemes are being established 

accommodating large number of most needy segment of the society to bring about the desired 

economic transformation, food self-sufficient. Hence, the regional Government has been 

implementing many irrigation development projects on its big rivers for optimum benefit from it as 

well as harbinger of 'Agricultural led industrialization' for already established agro-processing 

units. 

The main objective of the study was, therefore, to estimate technical efficiency variation and 

identify efficiency influencing variables in maize production for smallholder farmer supplemented 

in Tibila surface water Irrigation scheme found in two districts, namely, Sire and Jeju districts of 

Arsi zone of Oromia National Regional state. A stochastic frontier production model was used to 

estimate the levels of technical efficiency for randomly selected 113 irrigated maize producers and 

provides an empirical analysis of the determinants of inefficiency so as to search out the way to 

increase smallholders’ maize production and productivity.  

 The descriptive statistics revealed that the mean of maize yield per facasa (tsimadi) is 9.6 quintal 

which is lower than the plot level agronomic standard of the project i.e. 12 quintal. The classical 

test of one-sample mean-comparison test conducted for the production variables used in the 

estimation of stochastic production function indicates that they are not used at the plot level 

agronomic standard of the project.  Technical efficiencies of irrigated maize smallholder farmers 

range from 0.54 to 0.98 with a mean of 0.916. The study finds that older age of household head, 

low levels of education for household heads, lack of credit services and limited livestock holding 

are found to have a positive effect on technical inefficiency. Providing irrigated maize producers 

with accurate and reliable information as to when they use factors of production, granting credit 

facility, strengthening households’ livestock ownership and livestock marketing system, improving 

educational level of farmers through necessary aids and reliefs are recommended for policy 

implications. 

Key words: Technical Efficiency, Irrigated Maize, Smallholdder Farmer, Stochastic 

Production Frontier, Tibila irrigation project. 
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Definitions of key words  
 Agro-pastoral livelihoods – these combine extensive livestock rearing and rain-fed 

cereal production. 

 Belg is a short rainy season usually occurring from February to April. 

 Ex-pastoralists – these are households who have lost their livestock and now depend 

largely on human labor. 

 Facasa is a plot of land that can be ploughed by a pair of oxen in a day. One facasa 

approximately equals a quarter of a hectare. 

 Man-days refer the total number of days a typical farmer used in plowing, weeding and 

harvesting practices using his own    family labor, hired labor as well as from traditional 

labor sharing arrangement. 

 Oxen-days again define as the total number of days of pair of oxen used in all farming 

activities (Ploughing, weeding, threshing and trucking).  

 Productivity shows the ability of the farmer to produce a given quantity of output (it may 

not be maximum possible output) from the given level of inputs. 

  Return to scale– refers to how much additional output can be obtained when we change 

all inputs proportionately. 

 Sedentary farmers – practice mixed farming, cultivating food crops with modest sheep 

and goat herds.  

 Technical efficiency: - refers to the relative ability of the farmers to get the maximum 

possible output at a given level of input or set of inputs. 

 The production function: - is a function that shows the highest possible output that a 

firm can produce for every specified combination of inputs. It is a purely technical 

relation which connects factor inputs to outputs. 

 TLU (Tropical Livestock Unit) is a unit used to convert the number of different 

livestock the farmers own into one standard unit, which is equivalent to a live weight of 

250 kg animal though the scale shows slight variation form region to region (FAO,2011). 
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CHAPTER ONE 

1. INTRODUCTION  

1.1. Background of the study. 

Ethiopia is one of the few countries registering fastest economic growth in African. Though the 

country has registered such double digit growth rate, the structure of the Ethiopian economy is still 

characterized by backward and traditional method of agricultural production which is unable to 

meet the basic need for the rapidly growing population. The growth in income coupled with 

population growth rate is resulting in increase in food demand and thereby more land falling into 

agricultural production, instead of increasing the productivity. In such development trend the need 

for cultivable land is becoming the limiting factor in meeting the growing food demand implying 

that farm output growth needs to be achieved through higher productivity (Rockström, et al, 2003). 

Increasing productivity is crucial for improving livelihoods of smallholder farmers that makes the 

majority of the rural poor (Msuya et al, 2008). Hence, increasing country‟s cereal crop production 

and productivity in line with rapid population growth to meet their basic subsistence through 

increasing farming efficiency is highly demanded.  

The production of basic foods crops are dominated by smallholders in Ethiopia (Alemu, 2005). 

These smallholders cultivate their land with very traditional methods; and it covers over 95% of 

total area sown and contributes over 97.6% of total agricultural output (Ministry of Agricultural 

and Rural Development (MoARD, 2008).  In addition, the sector accounts for 80% of employment, 

88% of export and 46.4% of GDP and is expected to remain as an important sector even for the 

time to come (African Economic Outlook, 2012). In spite of its importance, agriculture is largely 

based on subsistence farm household, whose modes of life and work have remained unchanged for 

centuries. To overturn these situations, a series of economic reforms has been undertaken since 

1991 onwards. Some of these reforms include the Structural Adjustment Programme (1991), 

Agricultural Development Led Industrialization (ADLI) Strategy (1993), Interim Poverty 

Reduction Strategy Paper (IPRSP) (2000), Sustainable Development and Poverty Reduction 

Program (SDPRP) (2002), plan for accelerated and sustained development to end poverty 

(PASDEP) (2005), and growth and transformation plan (GTP) (2011) with an intended goals to 

bring about economic growth through increase in agricultural productivity and  poverty reduction. 

According to World Bank (2008) report, agricultural based economic growth requires a 

productivity revolution in smallholder farming. But smallholder farmers of developing countries 
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are characterized by various aspects of livelihoods like differences in resource endowments, 

knowledge of farming practices, cultural practices, socio-economic conditions, and efforts to 

transfer technologies and market linkages that leads difference in their technical efficiency/optimal 

resource use (Cresensia, 2012). In the majority of country, farmers are not growing enough food to 

feed themselves throughout the year implying that given the average land holding size, farmers are 

producing at a very low of productivity (Fitsum, 2003). So, knowing level of and determinants 

farmers' technical efficiency has paramount implications for country‟s choice of development 

policies and strategy (Zenebe et.al, 2005). This can be realized by having sufficient knowledge and 

understanding on the determinants/sources of the smallholder farmers‟ technical efficiency 

variations particularly those supplemented by development intervention projects/programs which is 

the main concern of the study. 

Ethiopia is taken relatively as natural resource endowed country which might improve the 

livelihood of the most populous smallholder resource-poor farmers (Jema, 2008). For instance, 

Ethiopia  as „The Water Tower‟ of Africa; irrigation is one means by which agricultural production 

can be increased to meet the growing food demands of the country (Awulachew et al., 2010) and is 

the best alternative to consider for the improvement of productivity through  efficient utilization 

water (International Water Management Institute, 2010). This is consistent with the government‟s 

massive push to promote and deliver agricultural technology packages to increase efficiency of 

smallholder farmers with efficient utilizations of the existing scarce resource (water and land). 

Economists present reasons and arguments that the achievement of agricultural efficiency from 

scarce resources should be a major decisive factor for inputs policy choice especially in developing 

agricultural economies. Consequently, many researchers have proposed technical efficiency 

improvement as a solution for suboptimal operation farming problems through better information, 

credit provision, extension visit, technology adoption and education. Some of those studies 

conducted in Ethiopia on farmers efficiency include Shumet (2012); Fantu et al. (2011); Essa C. 

Mussa et al. (2011); Alemayehu (2010); Jema (2008); Zenebe G. et al, (2004); Tassew et al. 

(2004); Getu et al. (2005) and Seyoum et al. (1998). Smallholder farmers can still produce 

efficiently with available fixed set of inputs and given level of technology is the main idea behind 

their study. Therefore, increasing production and productivity at specific crop level by organizing 

production that minimizes cost, for a given level of output or maximizing output, keeping the cost 

of production constant. For this reason, estimation of Technical efficiency level and identification 

of sources of efficiency variation for smallholder irrigated maize farmers is the prime work of this 
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study. Thus, having a sufficient knowledge and understanding on the determinants of the 

smallholder farmers‟ technical efficiency variations at crop level particularly for irrigated crop, is 

believed to be instrumental for policy design and formulation. But till today there is no empirical 

works that has been undertaken to estimate the efficiency levels of lowland/ less favoured area 

smallholder farmers supplemented by development intervention projects with a purpose of 

identifying ways of improving their efficiency. Thus, understanding the technical efficiency of 

smallholder farmers is an important issue for both academic and development planners.  

1.2. Statement of the Problem. 

Notwithstanding agricultural production improvements through different development 

interventions, productivity of cereal crops at farm levels are still in its low level productivity for the 

majority of smallholder farmers. This was reasoned out as poor farmers‟ Perception towards new 

technologies, poor targeting of policy makers and research institutions to deliver appropriate and 

demand driven technologies. As a result the average national crop and livestock productivity still 

remained far below its potential and the Sub-Saharan average (Bill & Melinda Gates Foundation, 

2010). Although most research outputs (technologies) are superior in terms of their productivity 

and their economic return, there might be some exceptional cases where the new technologies may 

not be compatible to the farmers‟ situations.  

Studies carried out by Msuya et al, (2008); Susan Chiona, (2011); Ephraim W. Chirwa, (2007); 

Tsegaye and Ernst, (n.d); Joachim (2005); and Oyewo and Fabiyi, (2008), shows that  smallholder 

maize productivity varies due to the fact that most smallholders do not practice high-yield farming 

methods such as use of Chemical fertilizers; improved seeds, agrochemicals, due to the high costs 

of agricultural inputs and services, and produce mainly for subsistence. None of these studies have 

been able to address variation in productivity among smallholders‟ irrigated maize farmers which 

might be due to management factors or in other words inefficiency gaps. For instance, the zonal 

average of maize production for the study area has remained highly variable that ranges between 

6qts/ha to 24.57qts/ha. However, maize is still the dominant staple food and contributes basic 

subsistence of smallholder farmers of Arsi zone (ASS, 2011 / 2012; OWWDSE, 2009) in general, 

the beneficiaries Tibila irrigation project, in particular. Maize is also an important economic cereal 

crop for lowland smallholder farmers for both household consumption and commercial purposes. A 

study by Nega and Simeon, (2006) in Central Ethiopian Highlands and Bamlaku  et al (2010) in 

East Gojjam confirms that farmers training can improve farm household production efficiency 
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brings substantial productivity gains though these study lacks in identifying whether the farmers 

problem is relies on specific food crop level or not.  

A study by Shumet (2012) and Endrias et al (2010) shows that access and better use of modern 

agricultural technology and agricultural inputs have significant effect on production and 

productivity by enhancing efficiency gain. Other study in Nigeria by Ologbon and Yusuf, (2012) 

also confirms that weed controlling mechanism of the farmers could accounts for the variations in 

productivity and efficiency among cereal crop producers. But, provision of improved agricultural 

technology is a supply side issue for smallholder farmers, understanding end users capacity and 

demand to adopt the technology will have immense contribution in the problem of productivity and 

technical efficiency of the beneficiaries‟ under consideration. Therefore, identification of sources 

of technical efficiency variation and estimation of the level technical efficiency of smallholder 

maize producers of Tibila surface water irrigation scheme users is the main objective of this study.    

Ethiopian Smallholder farmers are known to work under resource endowments (Wagayehu, 2004), 

different farming practices knowledge, cultural practices and socio-economic conditions. These in 

turn, have resulted in farm level technical efficiency variation and understanding household level 

technical efficiency influencing factors has overriding connotations for country‟s choice of 

development inputs and outputs policies and strategy (Zenebe et.al, 2005). Since most of the 

development interventions are targeted towards the most needy segment of the society, the effort to 

enhance productivity and efficiency is expected to have a very far reaching impact in bring 

livelihood improvement. Taking into account the stated developmental objectives, the study 

motivated to assess those factors which have important policy implications for poor and 

marginalized farmers living in the Great Rift Valley with particular emphasis on efficiency 

variation for  smallholder farmers maize producers using a Tibila surface water supplementary  

irrigation users.  

Some studies conducted by Admassie and Heidhues (1996) in the central highlands of Ethiopia and 

Getu et al, (1998) Oromia focus on inspection of technical efficiency differentials among 

smallholders without considering factors for inefficiency. Tsegaye and Ernst identified some of 

farm and farmer specific variables as source of technical efficiency differential for maize producers 

of Jimma zone and failed to recognize the lowland smallholder farmers. Zenebe et al, (2004) 

concentrate on technical efficiency and factors of inefficiency among smallholder farmers 

simultaneously in Northern Ethiopia; Shumet, (2012) on the technology choices for smallholder 
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farmers as source of efficiency differentials in Tigray region and Seyoum et al, (1998) in eastern 

Ethiopia taking farmers within and outside the Sasakawa-Global 2000 project.  

However, all the above studies did not address the case for smallholder farmers supplemented by 

surface water irrigation scheme in the lowland areas. Moreover, except of Shumet which is limited 

to technology choice, are by now outdated. Therefore, the policy recommendations drawn from 

these empirical works to address sources of technical efficiency variation and inefficiency are less 

relevant to the conditions of the lowland areas where the study tries to concentrate. 

1.3.  Research questions  

This study tried to address the following research questions:

1. What is the current level of technical efficiency of smallholder maize producers; in Tibila 

Irrigation Based Integrated Development Project? 

2.  Is there a difference in productivity between the productivity level envisaged by agronomists 

and realized level?  

 What factors determine the level of Technical Efficiencies?

1.4. Objective of the study  

General objective 

The general objective of this study is to estimate technical efficiency variation and identify 

efficiency influencing variables in maize production for smallholder farmer supplemented in Tibila 

surface water Irrigation scheme located in Ethiopian Great Rift Valley.  

Specific objective 

1. To estimate technical efficiency levels of smallholder maize farmers in Tibila surface water 

irrigation scheme. 

2. To investigate the determinants of technical in/efficiency of maize in the project area. 

3. To give baseline information on the source of technical inefficiency of smallholder farmers that 

can serve for future government intervention in the projects or other similar interventions in the 

Oromia region. 

1.5.  Scope and limitations of the study 

The study was designed to examine technical efficiency variation for smallholder maize producers 

who are supplemented by Tibila irrigation based integrated development project. In the study area, 

surface water irrigation is not only an economic issue but also political and social issue. It causes 
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disagreement between many smallholder farmers. This research is restricted only to the 

investigation of technical efficiency variation, the economic aspect for smallholder farmers 

supplemented by Tibila surface water irrigation scheme project. 

Therefore, to attain such objective an empirical study is required to analyze crop specific technical 

efficiency variation of smallholder farmers supplemented by this development project so that it 

plays pivotal role to know on which  variable should the government give due attention to achieve 

the targeted goal. Having such knowledge, the focus is being placed on maize producers of two 

districts of Arsi zone, where the project found. The focus on Tibila surface water irrigation scheme 

is being motivated from the fact that production of maize is subjected to high fluctuations in the 

area relative to other zones of Oromia producing irrigated maize for basic subsistence (CSA ASS, 

2011/12). Moreover, evidence from many empirical finding shows that efficiency study may be 

given priority setting in case where production reveals high fluctuations provided that productivity 

is relatively lower. Given resource at hand and reasons stated, therefore, the study is delimited to a 

sample of 113 smallholder maize producers on Tibila surface water irrigation scheme during the 

period of 2011/12 Belg season. 

1.6. Significance of the study. 

Identification of farm and farmer-specific sources of technical efficiency variation among 

smallholder maize irrigators adopted in responding to Tibila irrigation based integrated 

development project is of great concern for understanding how different beneficiaries of different 

development intervention program/project are performing on it. The study would contribute to 

general understanding on those variables accounting for efficiency gaps between them by taking 

basic subsistence food crops grown in the area i.e. maize.  

The study also helps the government to embark on which rural policies and strategies easily 

improve technical efficiency of smallholder farmers/ decision making units complemented by 

irrigation based development project at specific crop level by identifying their sources of 

inefficiency. Thus, the results of this study is expected to give appropriate connotation to increase 

agricultural productivity of development projects by identifying key sources of inefficiencies for 

smallholder farmers particularly those supplemented by Tibila surface water irrigation scheme. 

And also timely research on the technical efficiency variation of the beneficiaries of the project 

will have dual effects; gives some reliable information for agricultural policy planners to revise 
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their plan on which instrument they will have to focus and what they will have to do in the future 

while they are designing development intervention related policies.  

It will also give important information for further researchers and policy makers on micro level 

variables, which do have both long run and short run effect i.e. if sources of 

inefficiencies/efficiency variation are well identified, the government could improve the short-run 

technical efficiency that leads to long run productivity improvement of the beneficiaries by 

facilitating pathways for technological adoption and its effectiveness. Government could 

implement long run project when the producers of the zone are technically efficient. In fact, very 

little attention has been given to evaluate the technical efficiency level of coffee producers in 

Jimma and Ethiopia as well. The results of this study may fill this gap. In addition, the paper can be 

used as an input for other researchers to look the research gaps like the non-economic aspect of 

surface water irrigation scheme development. 

1.7. Organization of the Study.  

For analytical convenience, the research report is organized into five chapters; Chapter one deals 

with the background information on technical efficiency variation for smallholder maize producers. 

The problem statement, objectives, significance, scope and limitations of the study are also 

presented in this section. Chapter two presents review of relevant literature. Chapter three presents 

a brief description of the study area and methodology of the research. Results obtained, both 

descriptive and econometrics, are discussed in detail in chapter four. Chapter five presents 

conclusions of the study with policy implications.   
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CHAPTER TWO 

2. REVIEW OF RELATED LITERATURE 

2.1. THEORETICAL LITERATURE  

2.1.1 Overview of agriculture in Ethiopia  

The agricultural sector, as a backbone  of Ethiopia‟s economy, has been dominated by smallholder 

farmers who are producing 97 percent of total crop production available in the country, directly 

supporting 80 percent of the total population through employment creation and source of 

livelihood, contributing about 46.4 percent of the Gross Domestic Product, generates more than 90 

percent of export earnings and supplies more than 65 percent of raw materials required for Agro-

Based Domestic Manufacturing Industries (African Economic Outlook, 2012). Therefore, 

enhancement of the millennium development goal of Ethiopia mainly get hold of through 

promoting productivity and output growth in the agricultural sector, particularly from smallholder 

producers which dominate the sector. This is the fact that Smallholder farmers are desirable, not 

only because they provide equitable distribution of income as well as an effective demand structure 

for other sectors of the economy through forward and backward linkages (Bravo-Ureta and 

Evenson, 1994). 

Despite their unique and pivotal position, the small holder farmers of Ethiopia in general and 

lowland areas where the distribution of rainfall is erratic in particular belong to relatively the 

poorest section of the population and therefore, cannot invest much resource on their farms for 

commercial purpose. These create vicious circle of poverty and hunger among these farmers 

resulting in unimpressive performance of the agricultural sector. In effect, several efforts have been 

undertaken to raise production and productivity of these farmers so as to achieve food security via 

optimal utilization of the existing resource and provision of development infrastructures those have 

had greater implications for agricultural policy choice. 

As the population growth increases, farmers must produce even more food than before as they are 

producing to meet the need for food demand. With the population increases today, people are being 

pushed to new lands and many into marginal lands to keep their day-to-day survival. But land is a 

limited resource relative to their need.  One of the best alternatives in increasing food to feed the 

growing population is through raising productivity and efficiency in the agricultural sector is 

highly demanded. Moreover, Ethiopia‟s rapid population growth has bettered the nation‟s capacity 

to grow food annually keeping the rainy season alone. As to Melinda & Timothy (2010), creation 

of new technical opportunities for smallholder farmers a cutting-edge science in advanced research 

institutions will need to be redirected toward the practical problems of poor farming communities 
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especially those supported by development intervention programmes/ projects. Therefore, to meet 

the objective of 2025, that is achieving middle income status and making substantial inroads 

against food insecurity will requires concentrated and strategic choices in agriculture sector (Bill & 

Melinda Gates Foundation, 2010).   

Ethiopia‟s high population growth requires increased agricultural production to ensure food 

security (AGP, 2010) since the recent registered economic growth is more of value than physical 

output growth. Agriculture which is dominated by smallholder and fundamentally subsistence 

farming with low productivity on fragmented and highly degraded lands requires especial attention 

on factors accounting low productivity and inefficiency to provide the desired intent. Leading the 

sector to higher productivity and increased commercialization is necessary but not sufficient 

condition to poverty reduction and food security rather identifying the source of development 

challenges grass root level can improve the managerability of the farmers (Mohammed, 2011). 

Overcoming the problem of productivity gap among smallholder famers would give substantial 

gain for both economic growth and food security.  

Increased food supply is a necessary though not sufficient condition for eliminating hunger and 

poverty from all smallholder farmers since social advancement is not only by producing enough 

basic food crops. This implies that food security is not a question of producing enough food to 

meet home demand only rather it is influenced by a multitude of factors both natural and human-

made. Increased food supply does not automatically mean increased food security for all. What is 

important is who produces the basic food crops, who has access to the technology and knowledge 

to produce it, and who has enough money to purchase improved inputs used in production. 

Strengthening and doing favor for the growth of national food supplies in line with population 

growth through productivity enhancement is necessary for eliminating hunger and reducing 

poverty. But Reduction of poverty and hunger will require reinforcement of rural development 

where about 83.92 percent (CSA, 2007) of the total population are living in general and a 

prosperous smallholder private agricultural economy in particular. The fundamental solution to 

poverty is productivity. According to Centre for the Study of Living Standard (CSLS, 2004) 

productivity enhancement does better against poverty than overall economic growth because 

productivity specifically generates skilled jobs, which are source of income and social 

participation. Encouraging rural development is the best way to make poor farmers and rural 

dwellers more productive and improve their living standards through productivity and efficiency 

gain. 
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As to Schultz (1964), farm families in developing countries were “efficient but poor”. Being 

Ethiopia is one among developing countries were mode farming was traditional one, raising farmer 

efficiency will be great opportunity for enhancing food production through identification of their 

source of inefficiency and resource management practices. Because if they are given enough time 

to learn from their production process, they will identify their source of inefficiency and maintain 

the optimal level of input and output combinations. But they are poor since their resources are very 

limited and their knowledge would not permit them to produce the same output with fewer 

resources or a larger output from the same resources. Knowing their level of efficiency will be 

highly demanded. 

Whether the smallholder farmers are supplemented by development intervention programs or not 

persistence of substantial performance variation among them indicates that local knowledge of 

producing basic food crops and even livestock is not uniformly distributed among them. 

Identifying and promoting innovative local practices, which have close relationship with their low 

productivity and inefficiency, thus offers an opportunity to help farmers raise production through 

adoption of these practices. However, this requires reorientation of extension services towards 

promoting not only new technology but also local innovative practices particularly for modern 

irrigation users. The traditional modes of farming and input application need to be renewed to cater 

for the needs of farmers who cultivate local varieties from innovative crop management options.  

2.1.2 Role of irrigation in productivity enhancement and assurance of food 

security. 

In the developing countries like Ethiopia where  majority of smallholder farmers  practice  rain-fed  

agriculture  which  results  in  low productivity,  low  income,  continuous  poverty  and 

malnutrition; construction and expansion of developmental infrastructure plays central role in their 

livelihood improvement through optimal use of scarce resource.  To  improve  agricultural  

productivity  in  these  countries,  irrigation  farming  along  with  the  use  of  improved 

agricultural technologies like seeds, fertilizers and  other  relevant  inputs  become  the best  

alternative  option.  This  will  help  in  reducing  hunger and  malnutrition  because  there  are  

direct  relationships between  agricultural  productivity,  hunger,  malnutrition and  poverty. 

Ethiopia has an important opportunity in water-led development (IWMI, 2010). It  is  a  known  

fact  that  increased agricultural productivity through optimal use of a scarce resource with which 

the country is relatively endowed compared with the neighboring and other developing countries 

can enables  farmers  to  produce more  food crops and other cash crops.   This   transforms them  
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into  better  diets  and  under good  market  conditions  offers  the  farmers  an opportunity to earn 

more income improving their livelihood further. Thus, Water-led development strategy will further 

allow small holder farmers to scale-up their irrigated agricultural sector and transform pastoralist 

communities into food and water security. Accordingly, Ethiopia planned to scale-up irrigated 

agriculture sector over the five year of PASDEP II from 0.16 million to 1.8 million ha of the total 

irrigable land of 4.5 million ha. 

The main objective  of  irrigation  farming, as a cornerstone of the agricultural development of the 

country,  is  the  provision  of right  amount  of  water  at  the  right  time  for  plant  growth  and 

development. Consequently, irrigation farming ensures sustainable agro-culture with its economic 

benefits. The development of small-scale perennial irrigation is one of the major intervention areas 

to boost agricultural production in the rural parts of the country. This helps poor farmers to 

overcome rainfall and water constraints on the sector by providing a sustainable supply of  water 

for cultivation and livestock,  strengthen the base for sustainable  agriculture, provide increased 

food  security to  poor communities through  irrigated agriculture and contribute to  the 

improvement of human  nutrition (FAO, 2003).  The dependence of majority of the farmers on 

rain-fed agriculture has made the country's agricultural economy extremely fragile and vulnerable 

to the impacts of weather and climatic variability leading to partial or total crop failure, which in 

turn resulted in food shortages (MoWE, 2011). 

Irrigation had spoken largely as the pace and pre-press of agricultural development especially in 

lowland areas where rainfall distribution is erratic.  Irrigation has played an important role in 

transforming the crop cultivation and better yield .There are many types of irrigation such as well 

irrigation, rivers, tanks and canal etc. But in the area under study only canal irrigation type of 

irrigation is practiced.  

Oromia is one of the nine regional states that constitute the Federal Democratic Republic of 

Ethiopia .The region is characterized by subsistence farming households raising predominantly 

cereal and vegetable crops and livestock rearing for local consumption and sale. Region‟s economy 

is based on agriculture, accounting for 69 percent of RGDP and employing 89 percent of the labour 

force. Oromia accounts for a large proportion of country‟s agricultural exports: coffee, hides and 

skins, pulses and oil seeds. Region‟s traditional farming methods and rapid population growth land 

fragmentation, natural resource degradation and fall in farm size are some common restraining 

factors for boosting agricultural output and productivity. Development of irrigation systems is a 
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high priority of the Oromia government because of the fact that region has significant water (lakes, 

rivers, energy, mineral, wildlife and historical and cultural resources. 

As mention in the above, crop production in the region has failed to keep pace with population 

growth due to recurrent droughts and environmental degradation. In response to severe 

environmental degradation and population-resource imbalance, the regional government of Oromia 

has initiated a major rural development program called Irrigation Based Integrated Development 

Program (IBIDP), through which several small-scale canals have been constructed (OWWDSE, 

2008).  Tibila irrigation based integrated development project is among the programmes designed 

by the regional government and medium-scale irrigation system.  

A major land distribution was undertaken after canal was constructed by the regional government 

officials together with clan leaders and elders, village managers and religious leaders. This land 

redistribution in the study area is locally called „Walgeessisna‟ was done immediately after the 

construction of the canal was completed based on the family size of the farmers to balance 

participation in irrigation. Farm households within the peasant association, which had farmland 

within and outside the project area, were given equal opportunity to own irrigated land. However, 

some farm households who had farmland within the project area were given land from outside in 

exchange for their land given for outsiders. 

2.1.3 Maize production and its role in food security assurance 

 Maize is a cereal crop for Ethiopians constituting a large percentage of the total economy‟s food 

supply. It is important in the feeding of human being and livestock because they have high starch 

content and varying amount of proteins and seeds can be dried to low moisture content. It is grown 

in large parts of the country covering 90 percent of the country.  Maize cultivation is also a largely 

dominated by smallholder farmers both as the primary producers and consumers in the country.  

According to Dawit and Spielman, (2006)  rising  popularity  of maize as basic food and cash  crop 

for Ethiopians,  large number of maize  seed  industry  has  emerged  in  Ethiopia.  This industry  

includes public  sector (like Ethiopian seeds enterprise), research organizations (like Bako and 

Melkassa Research centers), market actors (like private breeders, stockists,  and  trade  

associations),  civil  society actors  (non-governmental,  farmer  and  community based  

organizations)  were some of them.  
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Currently there are many new maize varieties introduced in Ethiopia showing their potential 

importance and their contribution agricultural sector. Among these varies some drought tolerant 

and nitrogen-use efficient maize varieties include Melkassa II, III, IV and V, which were  

developed  under  the  first  phase  of  the  African  Maize  Stress  (AMS) project in 1990s (Worku  

et  al.,  2002). These  varieties  were  taken to  Ethiopia‟s  Rift  Valley,  an  area covering  the  

central  part  of  the  country particularly where this study was conducted.  The area is  

characterized  by  with access  to  relatively  greater  irrigation potential than  other  parts  of the  

country because of the closeness to Awash river. Potential significance of the area for irrigation 

purpose directs the regional government of Oromia to construct modern irrigation system on the 

stated river for food security assurance of smallholder farmers living around. 

Though  these  varieties  are  promoted  through  field demonstration, trainings and field days  with  

smallholders  in the  Rift  Valley,  many difficulties have  been observed  in  delivering  improved  

seed  to smallholders making adoption  of  improved  seed  remains low in  the  area (Muhammad 

et al., 2003). Consequently, identifying those factors impeding farmers‟ ability not to adopt these 

technologies requires deep investigation primary on homogenous producers at mono cropping 

system.  

2.1.4 Definitions and Measures of Technical Efficiency in agriculture sector 

In recent time challenges faced by Decision makers regarding reconciliation of the growing 

demand for agricultural output and low agricultural production in developing countries made them 

to revise development policies and strategies so that limited economic resources (land, labor, 

capital, or entrepreneurship) are used to produce greater output. This made technical efficiency an 

important factor for all developing countries where agriculture is the main stay of their people 

through its contribution in in agricultural production stability.  

Technical efficiency in this context refers to the physical relationship between agricultural inputs 

and the resulting agricultural output. In most literatures the term agricultural efficiency and 

agricultural productivity were used interchangeably. But the reality is far from these traditional 

thinking though both are interrelated concepts. The agricultural productivity refers the per hectare 

yields, whereas the agricultural efficiency is more detail than agricultural productivity and 

expresses a more comprehensive meaning. Agricultural productivity is the actual performance of 

the land in terms of per hectare yield, whereas agricultural efficiency is a ratio between the 

achievement in terms of agricultural production and the actual potential of the land.  Productivity is 
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a physical rather than a value concept and describes the changing relation between output and one 

of the major inputs like land, labor, and capital. The detailed explanation was given in the next 

section.  

2.1.4.1. Productivity and efficiency 

According to Vincent (1968) productivity refers ratio between an output and the respective factors 

that used to produce. In the same way, Lovell (1993) also defines the term productivity of a 

production unit as the ratio of its output to its input. Computation of this ratio is easy if one input 

produces one output i.e. one input –one output case. But, for several inputs - several outputs case, 

inputs and outputs have aggregated so that productivity remains the ratio of two scalars.  

In many literatures efficiency do not make any difference from productivity.  For instance, Sen 

Gupta (1995) and Cooper, Seiford and Tone (2000) define both terms as the ratio between output 

and input. Even though both terms are cooperating concepts, efficiency describes the distance 

between quantity of input and output actual observed and quantity of input and output that defines 

the best frontier for a firm (Lovell, 1993).  Since the measure of efficiency involve a comparison 

with the most efficient frontier, its measure is more accurate than productivity. The comparison can 

takes place in the form of the ratios of observed actual output to maximum potential output 

obtainable from the given input, or the ratio of minimum potential input to observed actual input 

required to produce the given output. In these two comparisons the optimum is defined in terms of 

production possibilities frontier, and efficiency is technical. 

As to Koopmans (1951) an input-output vector is technically efficient if and only if increasing any 

output is possible only by decreasing some other output and /or decreasing any input is possible 

only by increasing some other input. Latter on Farrell (1957) and much later Charnes and Cooper 

(1985) revised the definition given by Koopmans‟ for technical efficiency as a relative concept 

after looking its empirical necessity. This fact provides a way for separating efficient from 

inefficient production units. 

Debreu (1951) was another scholar who offered the first measure of productive efficiency with his 

coefficient of resource utilization, radial measure of technical efficiency. This measures targets on 

the maximum feasible equi-proportionate reduction in all variable inputs, or equi-proportionate 

expansion of all outputs suggesting technical efficiency though there may remain slacks in input or 

surplus in output. They are independent of unit of measurement. In economics the concept of 
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efficiency is related to the concept of Pareto optimality. If a combination of input-output is not 

Pareto optimal, there may remain the opportunity of increase in net outputs or decrease in inputs.  

Farrell (1957) extended the work initiated by Koopmans and Debreu by noting that production 

efficiency has a second component reflecting the ability of producers to select the right technically 

efficient input-output vector in light of prevailing input and output prices with the assumption that 

firm can learn from its past activity and present performance. This gives clue for Farrell to define 

the overall productive efficiency as the product of technical and allocative efficiency given in the 

below equation (2.4). 

Technical inefficiency reflects the failure of firms to obtain the maximum feasible output given the 

amount of inputs used. Its measurement is crucial to quantify the importance of poor performances 

in a productive activity. Unfortunately measurement of technical efficiency level for firm is not 

enough. In order to improve TE, firms should be able to identify their sources of misperformances 

and the alternative available to make better use of their resources. Therefore the question to be 

answered is “how can firm become efficient in practice?” The answer to this question depends on 

the sources of inefficiency (Eduardo and Antonio, 2001).  

2.1.4.2. Measures of technical efficiency  

I. Theoretical measures of technical efficiency  

Farrell (1957) was a famous scholar who introduces the first analyses of efficiency measures after 

dividing it into two components: technical and allocative/price efficiency. Technical efficiency 

shows firm‟s ability to produce a maximum level of output from a given level of inputs, whereas 

allocative /price efficiency presents the ability of a firm to use inputs in optimal proportions, given 

their prices and existing technology. The sum of the two yields the level of economic efficiency 

(overall efficiency).  
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Figure 2. 1.  Technical, Allocative and Economic Efficiencies (Farrell, 1957) 

Based on Graphical illustration of Farrell (1957), technical efficiency can be obtained by using 

input and output quantity.  Accordingly, observation P utilizes two inputs to produce a single 

output i.e. one-output multi-input. SS' is the efficient isoquant estimated with an available 

technique/ methods of production. Now point Q on the isoquant represents the efficient reference 

of observation P. The technical efficiency of a production unit operating at P is most commonly 

measured by the ratio (Farrell, 1957) 

   
  

  
                                       

Technical efficiency value will take a value between zero and one showing the extent of technical 

in/efficiency of the production unit. As value approaches to one, the firm will approaches to 

technically efficient point. From the above figure (figure 1), point Q is technically efficient since it 

lies on the efficient isoquant. If planned expenditure for the firm is shown by the slope of the 

isocost line AA' (figure 1), then allocative efficiency (PQ‟) of a Production unit operating at P is 

defined as the ratio. 

    
  

  
                                       

The distance between R and Q on the above figure (i.e. RQ) shows reduction in productions costs. 

This cost reduction would occur when production were to occur at the allocatively and technically 

efficient point Q‟ instead of only the technically efficient point Q. The total economic efficiency 

(EE) is also defined as the ratio (ibid) 
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The distance between point R and P can also be interpreted in terms of cost reduction. The product 

of technical efficiency and allocative efficiency s provides the overall economic efficiency. 

i.e.             
  

  
 

  

  
 

  

  
                         

Generally, the concept of the production function (or frontier) of Farrell is presented in x-y plane 

axis where the horizontal axis represents the (vector of) inputs X, and the vertical axis represents 

the resulting output Y is depicted in the following figure. The observed input-output values are 

below the production frontier implying firms don‟t attain the maximum output for the inputs 

involved, given the technology. Technical efficiency for the firm operating at point A can be 

measured by taking both the actual observed output and the frontier output associated with the 

level of inputs, X (i.e. Y/Y*), where Y* is the "frontier output". This is an input-specific measure 

of technical efficiency.  

The existence of technical inefficiency of firms engaged in production has been a subject of 

considerable debate in economics. Some economists argue that given all available inputs to 

produce certain output for all firms equally, they can produce their output optimally which is 

identical with frontier output. For example, Muller (1974) states;  

"However, little is known about the role of non-physical inputs, especially information 

or knowledge, which influence the firm’s ability to use its available technology set fully 

.... This suggests how relative and artificial the concept of the frontier itself is.... Once 

all inputs are taken into account, measured productivity differences should disappear 

except for random disturbances. In this case the frontier and the average function are 

identical. They only diverge if significant inputs have been left out in the estimation".  

But other economists criticized the aforementioned idea saying that managerial ability of the firm 

can result in inefficiency in production provided that all required inputs available to them. Upton 

(1979) was one among such economists who raised basic problems related with empirical 

production function analysis. Despite these criticisms, we believe that the econometric modelling 

of frontier production functions, shown by figure below, provides useful understandings into best-

practice technology and measures by which the productive efficiency of different firms may be 

compared to each other. 
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Figure 2. 2: Technical Efficiency of Firms Input-Output Space (George E. Battese, 1991) 



        

II. Techniques for Estimation of technical efficiency. 

There are two main approaches used to construct efficiency frontiers, parametric and non-

parametric approaches. In non-parametric approach, estimation methods are based on data 

envelopment analysis which is developed by Farrell since 1957. In this method the estimation of 

technical efficiency is based on linear programming and consists of estimated a production frontier 

through a convex envelope curve formed by line segments joining observed efficient production 

units. No functional form is imposed on the production frontier and no assumption is made on the 

error term. This method has used in many literatures, it is criticized on four big points:  firstly, one 

cannot test for the best specification; secondly, it does not take measurement errors and random 

effects into account; thirdly, the number of efficient firms on the frontier tends to increase with the 

number of inputs and output variables and fourthly, results are sensitive to the selection of inputs 

and outputs. 

The parametric approach, which was independent and simultaneous work of Aigner et al (1977) 

and Meeusen and Van Dan Broeck (1977), can produce stochastic frontier production function 

unlike the non-parametric method of estimating efficiency. The parametric approach enables us to 

test for the best specification and take measurement errors and random effects into account during 
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estimation of efficiency level of the firm. This method also called composed error approach. Thus, 

any deviation from efficient frontier for a firm is not only because of measurement error but also 

management inefficiency of the firm. Unlike non-parametric approach, it depends on econometric 

estimation procedure. But parametric approach further specified in two types. 

a) The deterministic parametric Approach to technical Efficiency Measurement 

The deterministic parametric approach of technical efficiency measurement was first proposed by 

Farrell (1957) with the aid of Cobb-Douglass production function computing parametric convex 

hull of actual observed input-output ratios. This method of estimation assumes that any deviation 

from the estimated frontier is due to inefficiency. It is presented as: 

                                                  

Where    -represents the output level for ith producer;     is a vector of inputs used in the 

production process for ith producer and   -is a vector of unknown parameter estimates;     is 

non-negative random variable representing technical inefficiency associated with production of 

producer i, independently and identically distributed (i.i.d) as         
   and         is the 

technical inefficiency in production and N - represents the number of producers involved in cross-

sectional survey. 

Since the value for        lies between zero and one, the possible production (    bounded from the 

above by the deterministic (non-stochastic) quantity,         i.e. 

                                                 

This equation (2.6) was specified by Aigner and Chu (1968). The unknown parameters were 

determined by linear or quadratic algorithms. The inequality restrictions show that the production 

could be permitted to lie above the estimated frontier which in turn results in the problem of 

outliers lacking statistical or economic rationale. This made this mode of estimating technical 

efficiency level of producers as criticized on this ground. 

b) The Stochastic Production Frontiers Approach 

a. One output – multiple input case cross-sectional model of technical efficiency. 
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According to this author, the estimation of the frontier production function was the first work of 

Aigner, Lovell and Schmidt (1977) and Meeusen and Van den Broeck (1977). It is implemented 

with the acknowledgment of the theoretical restraint that all observations lie below it, and it is 

generally a means to another end than an end to another end. Therefore, the stochastic estimation of 

technical efficiency accounts for the measurement of the random error term (uncontrollable factors) 

and the misperformances of the producer (systematic factors which believed to be source of 

technical inefficiency). This implies that the specification of the model involves composed error 

term with two elements. The model for a one output- multiple inputs case can be represented by: 

                                                         

where    –is the amount of maize or sorghum of the ith farm household in the sample,         is 

the deterministic component of the production function,      – are vectors of inputs used in the 

production process by ith farmer,    s –vector of unknown parameters to be estimated and   -is the 

composite error term i.e.         . As stated above   - all factors outside the farmer‟s control 

accounts for statistical noise and assumed to be                    
      and   - is shortfall of actual 

output from its maximum potential possible output and assumed to be non-negative truncation of 

      (    
  ) distribution i.e. normal-half distribution. That is, the probability density function 

(p.d.f) of each     is a truncated version of a normal random variable having zero mean and 

variance   
 
. If one of the two error terms left out of the model we will end up with one of the 

following models than having stochastic frontier model. These are; 

 Deterministic frontier production function model, if                                      . That 

is any deviation of actual observed output from the maximum possible output is because of 

misperformances of the producer than any other factors outside producers control. 

 Stochastic production function model, if                                     . This on the other 

hand shows that any deviation in actually observed output from the maximum possible output is 

because of statistical noise than any other producer specific factors.  

The basic structure of the product function can be depicted in the following way (taking two 

producers, say i and j) 
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Figure 2. 3: Stochastic Frontier Production Function (Aigner et al, 1977) 

From the graph we can conclude that producer i using input xi produces Yi. But frontier output, 

Yi* exceeds its deterministic output,         showing production activity of the producer is 

associated with favorable condition i.e.     is positive. In contrast to producer i, producer j‟s frontier 

output is less than deterministic output level, showing  that production activity of the producer is 

associated with unfavorable condition i.e.     is negative even though both producers‟ observed 

outputs are less than frontier outputs.  

Technical efficiency estimation of the producer under this method also follows the usual 

techniques of computing TE which consistent with the theoretical estimation technique i.e. the ratio 

of observed output to the corresponding frontier output.  Following the foot step of Lovell (1993) 

the econometric version of the Debreu-Farrell output-oriented estimation of technical efficiency 

with its reciprocal can be given as follow; 

     
  

          
  

          

           
 

 

   
                            

Where           represents the efficiency score for ith producer and unit values shows that 

producer is fully technically efficient. 

b. Estimation techniques of technical efficiency  

If         the deterministic frontier production function model can be estimated by using the 

following three techniques;  

i) Corrected ordinary least squares (COLS): it was initially proposed by winsten (1957) 

though known as the contribution of Gabrielsen (1975). Since this method estimates unknown 

parameters by using OLS after transforming production function in to the natural logarithm, any 

assumption concerning the functional form    doesn‟t matter. Because of the fact that composed 
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error term is asymmetric, OLS estimation fails yield BLUE estimators i.e.           . 

Therefore, it is impossible to decompose the technical inefficiency from the statistical 

disturbance with OLS. 

                                                         

ii) Modified Ordinary Least Squares (MOLS): it was original work of Richmond (1974) 

incorporating the functional form of the    (such as normal, truncated, exponential, etc.). 

Initially     were estimated from the already transformed production function i.e.      

                  then estimates intercept by shifting it up by minus the estimated mean 

of   , which is extracted for OLS residuals. In the next step these residuals modified in opposite 

direction and entered into equation (2.8) to estimate technical efficiency level of producer. But 

this estimation technique was criticized on the shifting up of the intercept to cover all 

observation and its possibility to undergo such step i.e. it may yield       for some 

observation which very difficult to forward economic justifications for them.   

iii) Maximum Likelihood Estimator (MLE): this estimation technique was proposed by 

Afriat (1972) and practically used for the first time by Greene (1980) and Stevenson (1980). It 

takes the distributional assumption of    in account and unknown parameters are 

simultaneously estimated. MLE envelops all observations and then the computed residuals are 

entered into equation (2.8) for the estimation of     . This method satisfies all necessary 

constraint condition explained in the theoretical measurement of technical efficiency i.e. 

       . 

2.2. Review Of Empirical Literature On Technical Efficiency In Ethiopia 

As mentioned in the section 2.1.1, agriculture as backbone of Ethiopian economy plays central role 

for the whole development of the economy. But natural dependency of the sector and 

misperformances of the smallholder farmers made demand for basic food crop to exceed it supply. 

To cope up with these challenges the government revises its development strategies based on the 

changing circumstances. Among the introduction irrigation based integrated development 

programmes in the lowland areas and adoption of new agricultural technologies designed to 

improve farm output and smallholder farmers‟ income has received particular attention as a means 

of quickening economic development and growth too. But, this target could not only be achieved 

through infrastructure development and technological innovation but also through the efficiency 

enhancement in which such technologies are used by the farmers. Hence the importance of 

measuring efficiency at farmer level as a means of encouraging agricultural production particularly 
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basic food crops has been recognized in the country by many researchers based on farm and 

farmer-specific factors.  

Many Literatures suggests many factors which affect the efficiency of smallholder farmers 

classifying them into different categories. These (in) efficiency factors are classified into 

demographic (such as age, gender, family size, etc.), socio-economic (like land holding, livestock 

ownership, off-farm income, etc.) and institutional factors (access to credit, Membership of social 

organization, contact with extension workers, etc.)   

Land is one among basic economic resources and is primary input to agricultural production 

influencing farm output in either direction (Wadud, 2003), though the relationship between  farm 

size and technical efficiency is mixed. Some studies (Fleteschner and Zepeda, 2002) suggest that 

small farms are more technical efficient than large farms. But others (Carter, 1984; Rios and 

Shively, 2005) oppose to this proposition by justifying the existence of positive relationship 

between farm size and technical efficiency based on the economies of scale. However, one can see 

that use of external inputs such as access to credit and better finance increases with farm size, and 

economies of scale may be attained as farm size increases. Additionally, larger farms may 

positively affect lenders‟ valuation of borrowers‟ creditworthiness (Khandker and Faruqee, 2003), 

as do farm outputs and income.  Thus, household with large farm that would have access to credit 

and better finance more efficiently than their counterpart. 

A study conducted by Seyoum et al (1998) on technical efficiency in eastern Ethiopia using 

stochastic frontier production functions between smallholder farmers involved in Sasakawa-Global 

2000 project and outside the project.  Their study takes in to account the age and educational level 

of the farmer, the time he/she spent with extension worker and their mode of production. The 

empirical results of the study show that farmers within project are more technically efficient than 

farmers outside the project, given their respective technologies. In addition educational level of the 

farmers who were using traditional mode farming did not affect their technical efficiency 

significantly. The mean frontier output of maize for farmers within project is significantly greater 

than that of the farmers outside the project. 

A study by Bamlaku et al (2009) on technical (in) efficiency factors across agro-ecological zones 

in East Gojjam was identified some efficiency variables like age and sex of household head, 

educational level of household head, membership status of household in organizations, 

participation in off-farm activities, labour endowment, proximity to the market, livestock 

ownership and family size-farm size ratio.  Besides the identification of the sources of inefficiency 
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variables the maximum likelihood estimates of their finding indicated positive and significant 

elasticities for inputs such as land, labor, draft power and fertilizer. Whereas education, proximity 

to markets, and access to credit were found to reduce inefficiency levels significantly. But 

extension visits and trainings on farmland management affects the efficiency level of farmers 

positively. Again, agro-ecological differences of the smallholder farmers significantly show the 

persistence of technical efficiency variation among them.  Thus, future development endeavors 

may need to find ways to envisage better development intervention programs that are tailored to 

the peculiarities of the agro-ecological zones. 

Similarly, Zenebe et al, (2004) and Shumet (2011) in Tigray region also identified fertilizer, cattle 

ownership, access to credit, supply of extension, education level of the farmer, age and gender of 

house head, family size and proportions of dependents (dependency ratio) as explanatory variables 

to efficiency.  The efficiency factors identified by Endrias et al (2010) also confirms the already 

identified variables. But, the study by Shumet (2011) found out that gender of household head has 

no significant influence on the efficiency. But the findings of Solis et al (2009) and Uaiene and 

Arndt (2009) go against the finding of Shumet i.e. female household heads have the additional role 

of taking care of the basic needs of the whole household members. A study by Adugna (2010) that 

measured Technical Efficiency and Allocative/ price Efficiency of farmers in Fogera district 

revealed that gender of a household head didn‟t affect level of observed variation in Technical 

Efficiency and Allocative/ price Efficiency among farmers. 

A study conducted by Endrias et al (2010) on the productivity and efficiency analysis of 

smallholder maize producers in southern Ethiopia using translog frontier production function 

revealed that agro-ecology, oxen holding, farm size and use of high yielding maize varieties were 

among efficiency  variables resulting technical efficiency variation among smallholder farmers. 

The result also showed that the mean technical efficiency was 40 percent i.e. there was 

considerable technical inefficiency level for smallholder farmers maize production. 

In general as any of the above reviewed empirical literature, there are clear efficiency and 

productivity gap indicators between smallholder farmers that are accredited to farm and farmer-

specific resource utilization and accessibility difference. However, it hard to come any study on 

measurement of technical efficiency variation for smallholder farmer benefited from Tibila 

irrigation based integrated development project in the present study. Therefore the results from the 

study are very important in closing the information gap with respect to the subject area 
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CHAPTER THREE 

3. RESEARCH METHODOLOGY 

This chapter covers briefly the research methodology used in this study including the description of 

the study area, sampling design and model specifications and type of model used for data analysis 

3.1. Description of the Study Area 

The research site is located in Sire and Jeju districts which are found in Arsi Administrative Zone 

of Oromia Regional State. The two districts are neighboring district and share common boundaries 

to a large extent. Awash River is the only biggest and longest river found in these two districts on 

which Tibila irrigation development project was constructed. 

The Awash River is about 1200 km long and is one of the largest rivers in the country. This river 

has its origin in the highlands around Dandi and Ada‟a Barga districts of West Shewa zone of 

Oromia region. Its main source is the high lands around Ginchi (capital town of Dandi district), 

about 90 km west of Finfinne city. Awash River is one of the rivers which is extensively used for 

irrigation purpose in the country. The project area mostly experiences hot and dry climate.  

3.1.1. Location  

 

Fentale II (Tibila) Irrigation Based Integrated Development Project (FIBIDP) is found in three 

adjacent districts of Arsi administrative zone of Oromia regional state, namely Jeju, Sire and Merti. 

The project area is commonly known as Tibila covering an area of 3,000 hectares of irrigable land 

and 7,000 hectares of potentially irrigable land. 

The project area almost entirely falls in the lowland areas of the three districts (Jeju, Sire and 

Merti) indicated above. Awash River flows through this envisaged irrigation development area. 

The project area is situated in the Upper Awash Valley, a portion of the Great East African Rift 

Valley. The physical feature of the area is mainly extensive plain land and is situated along the 

stated River. Awash River is the main and the largest water body in this area. 

The project (Tibila) is about 150 km and 95 km away from Finfinne city and Asela town (Arsi zone 

capital city) respectively. The irrigation project is also around 50 km away from the main asphalt 

road that traverses from Adama to Asela town. Hence, the project was designed taking into the 

market opportunities of the three major urban centers such as Asela, Adama and Finfinne) for 

marketing of agricultural products. 
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Map 2 1: Map of the study area 

3.1.2. Brief description of the project and area. 

As has been indicated above, Fentale II (Tibila) irrigation based integrated development project is 

situated in lowland areas of the three districts of Arsi zone, namely, Jeju, Sire and Marti. Six 

peasant associations are found in the project area from of the three districts. The beneficiary 

peasant associations include Achamo- gulo, Alaagadore, Hurutadore and Sokeboqicha from Jeju; 

and Megacha (the people dwelling in the peasant associations prefer to call it Koloba Hawas rather 

than Megacha
1
 in the area) from Sire and Waticha Dole kebele from Merti districts respectively. 

But the project is not operational till now in Sokeboqicha and Achamo-gulo peasant associations of 

Jeju and Waticha dole peasant association of Merti district though started before three years. 

Therefore, Sokeboqicha and Achamo-gulo peasant associations of Jeju district and Waticha dole 

peasant association of Merti district were excluded from the study. According to reports of the 

project (Kafalew, 2013) the total numbers of households who have benefited from the project are 

2,530 household drawn from three peasant associations. 


1
 Due to a bad connotation as perceived by the community 
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According to the available data obtained from Oromia Water Works and Design Supervision 

Enterprise, (2008), the gross land size of the project area is about 12,398.6 hectares even though 

the net size of the project area is assumed to be less than the figure indicated. But, the exact size of 

the project area that falls under the command area of the irrigation development project and 

currently irrigable accounts 10,000 and 3000 hectares respectively. 

Before construction of Tibila surface water irrigation scheme, growth in maize output in the area 

was the result of hectarage expansion than productivity improvement in the area, though difficulty 

under irrigation. Even irrigated maize growth varies among producers even though metrological 

shocks are same for all farmers producing on the project. A study by Zenebe et al, (2004) and 

Seyoum et al, (1998) confirm that the level of efficiency differs from farmer to farmer because of 

their varied ability of implementing the production technology available to them. For instance their 

ability to change their methods of production, capital allocation, labor allocation and way of 

fragmenting their land are suspected to be the source of their current inefficiency gaps observed 

among maize producers on Tibila surface water irrigation scheme. 

n short, Tibila surface water irrigation scheme project is fundamentally important and indispensable 

economic activity designed to increase smallholder‟s resilience to shocks that requires good 

development practices enabling them with modern farming knowledge in response to climate 

change. However, household level productivity variations/efficiency gaps and its consequences will 

be an evitable speculation when capital intensive developmental projects are undertaken. Therefore, 

this study was initiated to examine the extent of household level efficiency differential on selected 

staple food crops (maize) and identify those factors determining technical efficiency of beneficiaries 

of the project so that to my knowledge stochastic frontier production function has not been estimated 

using data on irrigated maize and sorghum production for lowland smallholder farmers. The study of 

technical efficiency variation would place attention on the possibility of improving farmer 

efficiencies without absorbing additional inputs. 

3.2. Types, Sources and Methods of Data Collection 

This study used both primary and secondary data. Primary data were collected using a structured 

questionnaire. To facilitate the data collection and minimize data collection error, the designed 

questionnaire was translated into the local language (Afan Oromo). The questionnaire was first pre-

tested and on the basis of the results, necessary modification was made before the execution of the 

main survey.  For the interview, 5 trained enumerators were deployed. It is known that, rural 
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households do not keep records of their agricultural inputs, outputs, income collected from farming 

and costs incurred for the acquisition of all necessary materials used for their whole activity 

especially for irrigated maize for this study. So the household survey was entirely depending on 

recall method. Focus group discussions and key informant interviews were also made with 

community representatives and local leaders, Peasant Association managers and Development 

Agents in order to obtain accurate information on the advantages and disadvantages of the project 

for the study. In addition to the aforementioned methods of primary data collection, direct personal 

observation about asset holding, dwelling, mode of irrigation and other indicators of managerial 

ability of the farmers have been directly observed by the researcher on their field. 

Secondary data sources are also used as an input for the analyses of some objectives and to 

examine the research gap regarding the issue. The secondary data, which was collected by different 

participants in OWWDSE‟s assessment of irrigation overdevelopment in Oromia, has been also 

used intensively in the descriptive and quantitative data analysis.  In addition, reports of Sire and 

Jeju districts Administrative Bureau and Sire and Jeju districts Agriculture Bureau, documents 

from OWWDSE and OWWCE library, different publication of Oromia bureau of Agriculture and 

rural development and World Wide Web are used as source of secondary data. 

3.3. Sample Size Determination 

There are several approaches to determine the sample size. These include using a census for small 

populations, imitating a sample size of similar studies, and applying formulas to calculate a sample 

size. Of all the available techniques, this study applied a simplified formula provided by Yamane 

(1967) to determine the required sample size at 95% confidence level, degree of variability = 0.5 

and level of precision =9% are recommended in order to get a sample size which is  represent a 

true population. 

      
 

           
 

    

             
 

       

     
                       

Where „n‟ is the sample size, „N‟ is the population size (2530), and „e‟ is the level of precision 

(sometimes called sampling error). The above formula yielded 118 sample sizes for this study. 

Unfortunately the researcher was unable to collect the already determined sample within the given 

time because lack of transportation service and technical assistance of development agents and 

irrigation supervisors.  Thus, the study used only data collected from 113 respondents of the two 

districts. 
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3.4. Sampling Techniques  
Two-stage sampling procedure was applied to select the required number of sample units. First, 

peasant associations supplemented by the project from Sire and Marti districts were selected 

purposively for the fact that the project is found within these two districts of Arsi administrative 

zone of Oromia regional state. Second, a sample of farm household (unit of analysis) was selected 

randomly by the enumerators from each peasant associations of the districts who were beneficiaries 

if the project.  

3.5. Method of data analysis 

 The study was used two types of data analyses, namely; descriptive analysis and econometric 

analysis. These methods were used for analyzing the primary data collected from the study area. 

After the data collection was completed, information was compiled for data processing. Then the 

compiled and coded data was analyzed using a computer software program called FRONTIER-4.1.   

3.5.1. Descriptive analysis  

Depending on the nature of socio economic data collected, the compiled and encoded data was 

statistically analyzed. Among others, percentages, maximum, minimum, ratio, mean, and 

frequencies are some of the descriptive statistics that were employed in the process of examining 

and describing some of the variables, particularly the amount of maize produced, labour man day, 

oxen power utilized, amount of fertilizer applied, amount of seeds used, and amount of pesticides 

used by the farm household with maize‟s production input requirements in terms of labor, draught 

power, seeds, fertilizers and agro-chemicals have been tested based on current agronomic practices 

in the country. 

3.5.2. Econometric Analysis  

In order to identify factors that impede the capacity of farm households to reach their productivity 

potential, the stochastic frontier model (SFM) which was independently proposed by Aigner et al. 

(1977) and Meeusen and van den Broeck (1977) is applied in the analysis of data. Technical 

efficiency (TE) can be estimated using one- or two-step approaches. Taking the limitations of two-

step approach in to account, one-step approach is used in this study. 

The stochastic production function can be designated as Cobb-Douglas, constant elasticity of 

substitution, Translog, and other functional forms.  Even though Cobb- Douglas has the advantage 

of simple estimation and interpretation of coefficients, it assumes constant returns to scale and 

unitary elasticity of substitution between factor inputs resulting in any variation in the returns to 
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scale or substitution may be mistakenly attributed to inefficiency. Hence, selection of appropriate 

functional form is a relevant consideration when estimating the production frontier Aigner et al. 

(1977).  But latter on the evidence from Krishna and Sahota (1991) displays that if the interest of 

the study rests in technical efficiency measurement not the analysis of general structure of 

stochastic frontier, then functional form would have a very small impact on measurement of 

efficiency. Given the above arguments the study used likelihood ratio test for the parameters of the 

stochastic production frontier model to select best functional form which could fit the data set well.  

    {
      

     
}                                     

     {            }                                 

Where, L (H0)-is value of the likelihood function for Cobb-Douglas stochastic production frontier 

model, in which the parameter restrictions specified by the null hypothesis,              (i.e. the 

coefficients on the squared and interaction terms of input variables are zero) are imposed;  

L (H1)-is the value of the likelihood function for the Log-quadratic (translog) stochastic production 

frontier model (where the coefficients of the squared of inputs are not zero) i.e.            .  

If the null hypothesis is true, then “LR” has approximately a chi-square (or mixed chi-square) 

distribution with degrees of freedom equal to the difference between the number of parameters 

estimated under H1and H0, respectively. On the basis of this test statistic production function 

selection is conducted 

Therefore the Cobb-Douglas stochastic production function for cross-sectional data set can be 

specified as follows; 

        
     

    
    

    
                                   

Taking the natural logarithm of the already specified Cobb-Douglas production function we can 

reach on the following linear production function which is easily estimable. 

          ∑  

 

   

                                          

Because, natural logarithm for constant number can give us a constant number i.e. ln (A) =βo and 

natural logarithm for „e‟ is one. An alternative Log-quadratic (translog) stochastic production 

frontier model can also expressed as follow;   

          ∑  

 

   

      ∑∑  

 

   

       (     )                          

Where ln = natural logarithm and j = 1, 2, …, 5 

Yi = Amount of maize harvested for i
th
 farmer expressed in quintal. 
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X1 =Family and hired labour utilized expressed in man-day 

X2 = Land area under irrigated maize expressed in hectares 

X3 = Amount of oxen power utilized expressed in number (frequency of plough times 2) 

X4 =Amount of fertilizer applied on the area under maize cultivation in kg. 

X5 = Amount of maize seed sown on ploughed area measured in kg. 

  
   = unknown parameters to be estimated 

   = composed error term i.e.           

   = represents factors outside the control of the smallholder maize producer. 

   =represents the non-negative random variables which are       (    
  ) reflecting the technical 

efficiency relative to the frontier production function. 

Since the objective of this study is to provide a practical exploration of the determinants of 

productivity variability/inefficiency gaps among smallholder irrigated maize farmers supplemented 

by Tibila surface water irrigation scheme  in two districts of Arsi zone,  knowing farmers 

technically inefficiency might not be useful unless the sources of the inefficiency are well 

identified and verified. Thus, in the second stage of this analysis is investigation of farm- and 

farmer-specific attributes that have impact on smallholder farmers‟ technical efficiency variation. 

The inefficiency function can be written as: 

      ∑    

 

   

                                         

Where Ui -is inefficiency scores for ith farmer; 

Z1 = Age of the farmer. 

Z2 = dependency ratio. 

Z3= Educational level of household head. 

Z4 = Livestock holding expressed in Tropical livestock unit (TLU). 

Z5 = Distance to the plots from homestead expressed in minutes. 

Z6 = Amount of pesticides used for irrigated maize expressed in liter. 

Z7 = credit recipient (cruser) Dummy: 1 if the smallholder has obtained any form of agricultural 

input credit, otherwise zero.  

    = Vector of unknown parameters to be estimated and 

   = Unobservable random variables, which are assumed to be independently distributed, obtained 

by truncation of the normal distribution with mean zero and Unknown variance,   
 
. 
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Table 3.1: Description of production and inefficiency variables used in econometric analysis 

Variable Description 

Production function 

Lnmaize Natural log of the quantity of maize cultivated (Quintal) 

Lnland Natural log of the land under  irrigated maize cultivation (facasa) 

Lnlabour Natural log of labor man days  used per facasa (man-days) 

Lnoxendays Natural log of oxen power days used per facasa (oxen-days) 

Lnfertil Natural log of the amount of inorganic fertilizer used on plot per facasa (kg) 

Lnseed Natural log of the amount of seed rate input used on the plot per facasa (kg) 

(Lnland)
2
 Natural log of the land under  irrigated maize cultivation squared  

(Lnlabour)
2
 Natural log of labor man days  used  squared 

(Lnoxendays)
2
 Natural log of oxen power days used squared 

(Lnfertil)
2
 Natural log of the amount of inorganic fertilizer  squared  

(Lnseed)
2
 Natural log of the amount of seed rate input squared  

Inefficiency model 

AgeHHH Number of years of experience in farming 

Dependency ratio The ratio of economically dependent to independent labour force. 

EducationHHH Number of years of schooling for the farmer.  

Livestockholdingtlu Number of livestock the famer own with TLU equivalent.  

Distance Distance of the plot from the farmer‟s homestead (minutes) 

Amntofpesticide Quantity of agrochemicals applied per facasa (liter). 

Crreceived Dummy: 1 if the famer received any credit for irrigated maize production. 

Source: Computed By Author Based on Survey Data (2013) 

3.6. Definitions and Measurement (Indicator) of variables used in stochastic 

and technical inefficiency models and working hypothesis. 

Output(Y): Since farmers considered under survey practice mono cropping system, physical 

quantity of maize output is taken from the farm.  Thus in this study the quantity of maize output 

produced in quintal is used for the analysis. 

Labor (X1):  It is measured by the total labor-man-day applied for maize production including both 

the family and hired labour. 

Land (X2): It is measured by the area under maize cultivation in hectare. During survey the data on 

size of land was collected in terms of facasa (one fourth of a hectare) which later converted to 

hectare. Basically, land is the main factor of production and thus positive coefficient is expected.  
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Oxen power (X3): it is measured by the number of power exerted on the cultivated land for the 

production of irrigated maize. It can be obtained by multiplying the frequency of land ploughed 

times two. 

Fertilizer (X4):  This variable is measured by adding quantities of chemical fertilizer applied per 

household in kilogram during 2011/12 on irrigated maize to maintain frontier output. Evidence 

from field survey shows us that irrigated maize producers have not applied natural fertilizer 

(organic fertilizer) and hence inorganic fertilizer has been used instead. Therefore, application of 

chemical fertilizer at sowing time and after is expected to increase the level of production and 

productivity and influence efficiency level of the farmer positively. 

Seeds (X5): it is a production variable used to produce maize where farmers may use from their 

saved harvests and/or they are rather purchased from the market. 

Age of the household head (Z1): Age refers to age of the household head in years. Age is a 

continuous variable and has significant effect in explaining the variation in technical efficiency 

among farmers. Age of the farmer is the best proxy variable for farming experience and thus older 

household heads participate more in the agricultural production than their counterparts making 

them less technical inefficient. On the other hand, older household heads are more reluctant to 

adopt new technologies which improve their level of inefficiency than the younger one. Thus, it 

was hypothesized that elderly household heads are less efficient and negatively influences the 

inefficiency score. 

Dependency ratio (Z2): It is a continuous variable. High dependency ratio demands large amount 

of production to feed, i.e., as number of dependents increases, the demand for food increases. 

Hence, the presence of large dependents in the household reduces the amount of family labor 

available forcing households to make better use of the little labor available, producing more from 

each of the remaining units of family labor in the household. This means, it was hypothesized that 

the larger dependency ratio the higher the probability to allocate more working hour per day on 

farming activity and hence this variable will negatively affect farm household‟s inefficiency score. 

Education level of the household head (Z3): Education is a continuous variable which takes a 

value of greater than zero.  Education equips individuals with the necessary knowledge of how to 

allocate their scarce resource to achieve optimal level of the desired output. Literate individuals are 

very ambitious to get information and use it. Thus, this variable is expected to have a negative 

influence on inefficiency.  

Livestock holding (Z4): It refers to the amount of livestock owned by HH measured by Tropical 

Livestock Unit (TLU). Livestock ownership is perceived as the accumulation of wealth status, use 
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for draft power, manure, income from sale of butter and sale of livestock in times of risk to buy 

improved agricultural technologies such as seed, pesticides, etc. Households having large size of 

livestock can have better chance to earn more income from livestock and then can easily collect the 

already irrigated maize. It is a continuous variable and therefore the more livestock owned by the 

farm household will be the more possibility of purchasing improved agricultural inputs and/or the 

more investment in the off-farm activity. Again the farmer also has the chance to get oxen for 

draught power. Hence, it influences inefficiency score of the farmer negatively/ positively.  

Distance of plot from homestead (Z5): Distance plot of land under maize cultivation from 

homestead is a continuous variable and refers to how long it takes in (minutes) for a farm 

household to cover the distance from his/her residence to the irrigable plot. Households nearer to 

plot have better chance of managing and seeing ever growing of the maize which in turn will 

improve maize production and productivity. Therefore, it is expected to positively influence the 

inefficiency score of farm household significantly. 

Used agrochemicals (Z6): In fact, a pesticide has relationship with the output of maize production 

and is expressed in liter. In the circle of life, maize regularly attacked by some kind of pests. These 

pest incidences may have negative impacts on both the quality and the yield of the products. 

Therefore, the more pesticides used on the plot of land under maize production, the less technical 

inefficiency score for the farmer. 

Received credit (Z7): this variable would be entered in to the model as binary variable i.e. 1 if 

household had used credit to finance his/her irrigable maize production during 2011/12 Belg 

season, and 0 otherwise. Since accessibility of loans increase the ability of the farmers to purchase 

more improved agricultural technologies and facilitates the timely utilization of farm inputs, it is 

expected to influence technical efficiency positively. 
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Table 3.2: summary of variables used in stochastic and their hypothesized signs 

I. Direct factors of production/variables of productivity variation 

Variable name Type  Definition  Hypothesized 

signs 

Labour (L) continuous family and hired labour used (labor man-days) + 

Land (A)  Continuous The area of farm land that the farmer allocated under the cultivation of 

maize at survey season. 

+ 

Draught power Continuous  Amount of oxen power utilized for maize production (2011/12 

season) 

+ 

Fertilizer(F) Continuous  The amount of chemical fertilizer used on the plot of land used for the 

production of maize during the farming season.(in Kg) 

+ 

Seeds (S)  Continuous The amount of maize used on the plot at survey season. (in Kg) + 

II. Inefficiency variables /factors affecting managerial ability of the farmer  

Age of HHH  Continuous It takes a value greater than zero +/- 

Dependency 

ratio  

Continuous The ratio of the total number of dependent household members to 

the independent household member (active labor force) of a family 

 

+/- 

Education of 

HHH  

Continuous  A dummy variable which takes the value 1 if the household head 

has primary level educ, and 0 otherwise 

- 

Livestock 

holding  

Continuous The total TLU value of livestock that the household possessing at 

the survey period. 

-/+ 

Distance of 

field  

Continuous  Distance of field from residence of the household (in minutes) + 

Agrochemicals  Continuous  It takes a value greater than zero for those famers used 

agrochemicals 

- 

Credit service  Discrete A dummy variable which takes the value 1 if the farm household 

used any form of credit at the survey time and 0 otherwise 
-/+ 
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CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

This chapter presents the results of the study from descriptive and econometric analyses in two 

major sections. In the first section, descriptive analysis of the sample households‟ characteristics 

and the extent of their resource use compared with the standard agronomic study result and 

summary of basic variables used in the study are presented. In the second section, discussion of the 

econometric model (stochastic frontier) results of the technical efficiency variation for irrigated 

maize farmers across various farm and farmer specific variables and determinants of efficiency are 

presented. 

4.1. DESCRIPTIVE ANALYSIS 

This section presents the results of the descriptive analysis for the smallholder irrigated maize 

producers in the sample area.  It describes the irrigated maize farmers in the research area, in terms 

of their, household composition, plot level standard agronomic input requirements for maize 

production on irrigation per hectare and standard output harvested per hectare and access to 

infrastructure. It also summarizes irrigated maize production among the smallholder farmers in the 

sample. Finally, comparisons of actual irrigated maize harvested and inputs used by producers as 

with the plot level standard agronomic input requirement are presented. 

4.1.1. Demographic characteristics of the sampled households 

As indicated in table 4.1, there were about 14,257 people incorporated into 2530 households in the 

three peasant associations of the project beneficiaries. The sample was made up of 113 irrigated 

maize farmers of which about 79 percent of the total sampled households were drawn from Jeju 

district and the balance (21 percent) from Sire. The average household size in the sample was 5.62 

or about 6 persons were living per household, which is greater than the regional average 5 persons 

per household.  These 6 persons per household show that farmers do have enough labor supply 

domestically.   

Table 4.1.Total population in the three peasant association of the project beneficiaries 

Distric

t name 

Kebele name  Total 

Beneficiary 

HH 

% age of 

Beneficiary 

HH 

Populatio

n size 

Sampled 

HH 

%age of 

sampled 

HH 

Average 

of 

persons 

per HH 

Jeju Alaga Dore  253 10 1279 77 11 5.05 

Huruta Dore  1754 69.33 9594 12 68 5.42 

Sire  Koloba Hawas 523 20.67 3384 24 21 4.75 

Total          2530         100     14,257         113     100 5.62 

Source: District Agriculture and Rural Development Offices &Own survey data (2013) 
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As table 4.2, shows majority of the respondents were between the age of 31 and 50 and they 

account more than half (65.5 percent) of the total sample population; 46 percent fall within the age 

range of  31 to 40 years and 19.5 percent between 41 to 50 years. On the other hand, about 0.88 

percent was above 65 years of age in the sampled households. This shows a favorable condition, in 

terms of labor supply for the realization of optimal production in the research sites.  

Table 4.2.  Age range for the sampled farm households 
Age range Number of respondents  Percent  

Less than 20 years 0 0 

20 to 30  22 19.47 

31 to 40  52 46.02 

41 to 50 22 19.47 

51 to 65 16 14.16 

66 and above 1 0.88 

Total  113 100 

 Source: Own Field Survey data result (2013) 

Most of the sampled household heads were economically active labour force males with an average 

age of 39.21 years and dominated by the male headed household accounting for 89.38 percent of 

the total farm household sampled. Age of the farmers were the best proxy variable for their farming 

experience. The average age of 39.21 years shows that they have more farming experience 

enabling them to change the method of planting maize without changing inputs used in production. 

Age of smallholder farmer is an important factor in explaining technical efficiency level of the 

farmer.  

Table 4.3. Mean Household characteristics of the irrigated maize farmers 

Characteristic Observ. Average 

Proportion of male household heads   101 89.38 

 Age of the household head   113 39.21 

 Household size  113 5.62 

 Number of members aged 15-65 years   113 3.05 

 Number of dependents   113 2.57 

Head's number of years of schooling   113 4.32 

Number of years of schooling of the most educated household head  113 12+4 

Source: Own survey data result (2013) 
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As it can be witnessed from the table above, the average number of active labor force exceeds non-

active labor force for the sample households. Though large family size implies large work force or 

active labor force is greater than inactive labor force, and hence, may be a cause for performances 

difference of the farmers (Annex table 1.3). The mean dependency ratio expressed in table 4.6 also 

confirms that economically dependent people short falls the economically active labor force that is 

why the value shortfalls unit. 

4.1.1.1. Level of Education of the Household Head         

The average educational level for irrigated maize farmers in the sample is quite low, specifically 

for the household head. They fall below primary education level; however, education of household 

head has an important role in determining decisions to adopt productivity enhancing modern 

agricultural technologies among others. The average schooling of the sample household head was 

4.32 and the maximum years of schooling of the most educated household head was 12+4 (BA 

degree) (Table 4.4.). 

Therefore, education is fundamental for the enhancement of the quality of human life and ensuring 

social and economic progress by facilitating information dissemination regarding modern 

agricultural technology, input utilization, technical know-how and environmental preservation in 

the area at large through performance improvement on farming activity. The FGD conducted with 

the beneficiaries of the irrigation project also indicated that school age children were not able to 

attend class due to flood flow that usually obstructed the movement of people in the area, during 

rainy season.  

4.1.1.2. Marital arrangement of sample households.  

According to the house holds response, 79.7 percent and 15 percent practice monogamous and 

polygamous marriage arrangement respectively and 5.3 percent of them were none married which 

includes single, widowed and divorced. Focus Group Discussion (FGD) was made with 

participants to understand why people practice polygamy marriage type arrangements, and they 

replied that polygamy marriage considered as one way of acquiring additional labor force for the 

household among others.  

Table 4.4. Marital situation as reported by the sample households 

Marital situation  Number of respondents  Percent  

Monogamous  90 79.7 

Polygamous  17 15.0 

None of the above  arrangements 6 5.3 

Total     113 100 

Source: Own Survey Data Result (2013) 
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4.1.2. Socio-Economic Characteristics of Irrigation users. 

Various studies identified factors, such as, land, oxen and livestock and labor as important 

economic resources and the variability in access to these economic resources are the main variables 

for differentiation of rural farm output (Yared, 1999). Therefore, categorizing farm households in 

the sample into different districts and peasant associations with their respective asset holdings 

(resource endowments) is essential for efficiency studies of this type. Moreover, in addition to, the 

asset holdings of the farm households, demographic and other social factors are also considered.   

In addition to this, average family size (which is a proxy for labor supply), marital status and age of 

the household head are included.  

4.1.2.1. Land devoted to maize production/farm size         

The size of land allocated for irrigated maize production has an influence on technical efficiency 

and the total amount of maize yield. Land is an important factor of production and plays typical 

role in farming. The size of the farm land used by the farm household for irrigated maize 

production is given below. 

Table 4.5.Farm size devoted to irrigated maize production by sample household 

Farm size (in Facasa
2
) frequency percent Cum.  

1 facasa (0.25hect.) 79 69.9 69.91 

2 facasa (0. 5hect.) 30 26.6 96.46 

3 facasa (0.75hect.) 4 3.5 100.00 

Total  113 100.00  

Source: Own Survey Data Result (2013) 

As it can be seen from table above, majority of the smallholder farmers own one facasa for 

irrigated maize production, which is about 69.9 percent of the farmers, followed by 26.6 percent 

and 3.5 percent of farmers owning about two and three facasa. The difference in land holding size 

among farmers might be expected to explain the difference in the level of efficiency.  

4.1.2.2. Farm labour  

Labor is relatively abundant factor of production as compared to capital in smallholder or 

subsistence farmers‟ conditions.  Even though source of labor supply is family labour for small 


0.25 hectare of land is equivalent with one facasa where one facasa in the area is 

plowing for about seven hours in a day with a pair of oxen. 
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scale farmers they hire daily laborers (Jornata)3 in addition to family labour at various level of 

farming stages like weeding, harvesting and threshing beside to traditional labour mobilization/ 

Debo. Therefore, farm labour here constitutes both family and hired labour used by the producers 

on irrigated maize production during 2011/12 Belg season on Tibila irrigation scheme. As facts 

from sample households show, the mean of labour-man-days used for irrigated maize production 

per facasa was 20.31 with the standard deviation of 7.42. Accordingly, the researcher had 

undergone the classical one-sample mean-comparison-test whether the actual mean was below or 

above the plot level agronomic study standard of the project or 13.25 per facasa. The test result 

shows that the null hypothesis or labor-man-days used at the standard, was rejected at 1% level of 

significance. Hence, there is misallocation of labor input that reflects mis-managerability of the 

farmer and then productivity variation among maize irrigators in the study area.  

Table 4.6.Mean and standard deviations of input-output and efficiency variables 

Variable Type Obs Mean St.dev. t-value 

Maize produced using irrigation per facasa (in Qtl) 113 9.61 1.87 -13.55* 

Labor man-days used on the field per facasa 113 20.31 7.42 10.114* 

Oxen power used on the area under maize cultivation(freq*area) 113 8.63 2.56 -9.845* 

Amount of fertilizer applied on the area under maize production 113 71.37 29.28 12.969* 

Amount of seed sown on ploughed area per facasa (kg) 113 6.41 1.40 10.666* 

Amount pesticides used (in liter) per facasa  113 0.65 0.54 -9.373* 

Age of household head 113 39.21 10.95  

Dependency ratio 113 0.95 0.78  

Livestock holding (TLU) 113 5.50 4.95  

Distance of plot from homestead (in minutes)  113 47.85 29.61  

Note: * represents the level of significance at one percent 

Source: Computation by Author from Own Survey Data (2013) 

4.1.2.3. Seeds used per Facasa               

Seed material used for irrigated maize production in the area is usually local variety that kept from 

the previous maize production. Most of smallholder farmers of the project area used improved 

maize seed. They also used recycled Melkassa-I and BH-540 that are stored after every harvest and 

some farmers bought recycled seeds from their fellow farmers. The FGD conducted with the users 

reveals that there is seed material shortage in supply as preserved stock for recycling is consumed 


3
 Jornata means daily workers in the study area. 
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due to the recurrent food crop shortage. Even though these two varieties:  Melkassa-I and BH-540, 

preferred by farmers individual characteristics and yield potentials that they obtained from the 

market, research centers and NGOs. 

As to the data collected from the sampled household shows 60.20 percent (68 farm household) of 

the maize seed varieties used by the smallholder maize irrigator was of Melkassa-I, while the 

remaining 39.80 percent (45 farm household) was of BH-540. Both seed varieties were obtained 

from the market, research centers and Non-Governmental Organizations with 37.17 percent, 47.79 

percent and15.04 percent proportion respectively.   

Table 4.7. Types and sources of maize seed variety suppliers for sample household. 

S/No Description   Frequency Percent  Cum.  

 

1.  

Type seed variety used Melkassa-I 68 60.20 60.20 

BH-540 45 39.80 100.00 

 

2.  

Sources of maize seed 

variety supply for  the 

farm household 

Market 42 37.17 37.17 

Research center 54 47.79 84.96 

NGO 17 15.04 100.00 

Source: Own Survey Data Result (2013) 

According to the plot level standard agronomic study result of the project, smallholder farmers are 

obliged to use a certain kilograms of maize seed per hectare i.e. 17.5-20 kg of improved maize seed 

is recommended per hectare. The recommended seed rate for irrigated maize was designed for 

peasant farmers since high and/or low seed rates other than the recommendation will eventually 

lower the ultimate irrigated maize yield. As informed by irrigation desk, higher seed rates and plant 

population were largely adopted under irrigation since there were no limits of moisture stress and 

agro inputs. The observed fact from sample household shows the average seed rate in kg per 

hectare was greater than the stated standard or they were used 6.41kg per facasa (about 25.60kg per 

hectare) (table 4.6.).Thus, smallholder maize irrigators can use the standard seed rate per hectare 

was rejected at 1percent level of significance. This practice affects maize output both in terms of 

quantity and quality. Hence, the amount maize seed used on plot is the most important determinant 

factor for maize productivity. 
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4.1.2.4. Fertilizer application in irrigated maize production.  

Inorganic fertilizer plays vital role in irrigated maize production irrespective of farm size, if applied 

properly as per recommendations by the agronomists, development agents and extension workers. 

Information obtained from Sire and Jeju district Agriculture and Rural Development offices show 

that beneficiary farmers are well aware of about the benefits obtained by using inorganic fertilizers, 

but they are constrained by the application skill, escalating prices and lack of credit facilities to 

finance acquisition of fertilizer. In relation to this, facts from sample households also shown in the 

following table; 

Table 4.8. Amount of inorganic fertilizer used by sampled households (kg per facasa)  

Fertilizer in kg/facasa  Freq. Percent  Cum.  

    0.00 0.00 0.00 

      59 52.21 52.21 

       51 45.14 97.35 

        3 2.65 100.00 

     0.00 0.00 100.00 

Total  113 100.00  

  Source: Own Survey Data Result (2013) 

Inorganic fertilizer is necessary to increase production and productivity of irrigated maize even 

though supply has remained low both at national and regional level in general and project area in 

particular. All smallholder maize irrigators used inorganic fertilizer as shown in the above table 4.8 

and the mean of inorganic fertilizer used by sampled household was 71.37kg per facasa with the 

standard deviation of 29.28. More than 97.35percent of the sample respondents used less than 

100kg of inorganic fertilizer in the maize production per facasa, while the rest 2.65percent were 

used more than 100kg of inorganic fertilizer. Unfortunately, the amount of inorganic fertilizer 

recommended per facasa for maize production by agronomists on the project was 37.5kg. The 

classical hypothesis test of this variable rejects the assumption that farmer can use inorganic 

fertilizer at the standard at 1precent level of significance and 112 degrees of freedom (refer 

appendix). From this result the researcher can infer that inorganic fertilizer was excessively used 

beyond the recommended standard resulting in resource wastage. 
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4.1.2.5. Oxen power days per facasa. 

Ethiopia has the greatest livestock population in the world and Africa, standing 10th and 1st 

respectively, with about 14 million oxen available (Abiye A. et al, n.d). These oxen are used as a 

sources draught power and source of income in the country generally and study area in particular. 

As to the plot level agronomic study result of the project, the standard oxen power days required 

for irrigated maize production is 5 on average per facasa. However, the data collected from sample 

household shows that they have used 4 oxen power-days per facasa on average which is below the 

standard and deviates from sample mean by 0.84. Accordingly, the researcher conducts the 

classical one-sample mean-comparison test for maize irrigators whether they had used the standard 

oxen power –days per facasa or not. The null hypothesis, they had used the standard oxen power-

days, was rejected at 1 percent significance level and 112 degrees of freedom.  The distribution of 

oxen power –days used for sample household is depicted in the table below; 

Table 4.9. Amount of Oxen power-days per facasa for sample household 

Oxen power-days  Freq.  Percent  Cum.  

2 5 4.42 4.42 

3 9 7.96 12.39 

4 63 55.75 68.14 

5 33 29.20 97.35 

6 1 0.88 98.23 

7 2 1.77 100.00 

Total  113 100.00  

Source: Own Survey Data Result (2013) 

The household survey depicts that about 68.14% of the sample respondents used less than 4 oxen 

power –days per facasa which was below the stated standard. This might be a reason for less 

production of maize and productivity variability in the area on one hand and source of productivity 

differential among maize irrigators on the other hand. Hence, oxen power-days is an influential 

variable in explaining productivity differential among farmers. 

4.1.2.6. Livestock holding 

The smallholder farmers in the study area have also engaged in animal husbandry beside 

agricultural production. They kept animals mainly as sources of traction (adhesive friction) that is 

food in the first place as meat, milk, cheese, butter, egg, source of income, manure for soil fertility 
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maintenance and transporting goods. Hence, livestock holding was an important variable in 

expressing the wealth position of the farmer in augmenting his/ her income. Livestock, specifically 

cattle are as equally important components of the farming system as that of basic food crop 

production in the area. Hence, farm  household who has  more livestock can have more income that 

help him/her to purchase improved agricultural inputs which in turn enhance crop production and 

productivity and efficiency level of the irrigated maize producer. As table 4.6 shows the average 

TLU per farm household was found to be about 5.50 with the standard deviation of 4.95 and the 

maximum holding of 27. 

4.1.2.7. Credit utilization   

Agricultural credit facilities are vital in productive resources mobilization through purchase of 

agricultural inputs, availing resources for meeting social obligations, etc.  

Table 4.10. Credit used by the sampled farm household. 

 credit Freq.  percent Cum.  

Not received  71 62.83 62.83 

Received 42 37.17 100.00 

Total  113 100.00  

 Source: Own Survey Data Result (2013) 

According to the survey result, it has been seen that some smallholder farmers were used credit 

services for production of irrigated maize. The major formal credit providing institution in the 

study area was the irrigation office. Loan from local lenders, family/friends, NGOs constitute the 

non-formal credit sources, which usually needs no interest on loan. As far as the access to credit is 

concerned, about 62.83 percent of smallholder maize irrigators reported that they didn‟t obtained 

credit from either from either credit providing institution. Whereas the remaining 37.17 percent of 

irrigated maize producers were received credit for irrigated maize production.  

4.1.3. Major constraint of crop production and pesticides used  

4.1.3.1. Pests and maize disease  

Crop cultivation and production in the project area has been constrained by a number of problems 

such as recurrent drought (mainly due to inadequate and erratic rainfall), low agricultural extension 

service (shortage of agricultural inputs in particular), prevalence of crop pests and diseases among 

others. The household survey conducted in the project area has substantiated the presence of the 

problems particular in maize and sorghum production. This can be depicted in the table below.  
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Table 4.11. Major problems of maize production as of sample households 

Problems encountered Number of respondents  Percent  

Drought  105 93 

Pest  96 85 

Scarcity of farmland  92 81 

Diseases  81 72 

Shortage of inputs  68 60 

Weed  47 42 

Lack of oxen 9 8 

 Source: Source: Own Survey Data Result (2013) 

The percentages in the above table cannot be added up to 100; since one sample household has 

reported more than one choice for failure of their crop production. As indicated above, major maize 

production constraints had been the recurrent drought (93%), pests (85%), scarcity of farm land 

(81%) and crop disease (72%) as reported by the sample households. Though some problems 

resolved by the construction of the Tibila irrigation scheme in the area, others such as shortage of 

agricultural inputs (pesticides), prevalence of pest and weed still persist in the area. 

To get rid of these problems, agronomists had recommended smallholder maize irrigators to use 

different types of agrochemicals like mancozium, karate, etc. at certain standard, usually 4.5 liter 

per hectare i.e. 1.125 liter per facasa. Accordingly, details collected from maize irrigators on the 

amount of agrochemicals used in liter per facasa against maize production constraint in the study 

area can also be depicted in the table below; 

Table 4.12. Amount of agrochemicals used by sample household per facasa 

Amount of agrochemicals  Freq.  Percent  Cum. 

  0 31 27.43 27.43 

  0.5 22 19.46 46.90 

  1.0 48 42.48 89.38 

  1.5 7 6.19 95.58 

  2.0 5 4.42 100.00 

Total 113 100.00  

   Source: Own Survey Data Result (2013) 

The household survey depicts that about 89.38% of the sample respondents used less than one liter 

of agrochemicals per facasa of which about 27 percent was non user. This might be a reason for 

less production of irrigated maize in the study area. Accordingly, the researcher conducted the 
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classical test of hypothesis that maize irrigators had used the standard agrochemicals per facasa. 

The null hypothesis was rejected at 1% level of significance and 112 degrees of freedom indicating 

that farmers used below the stated standard.  So, a unit of agrochemicals used on irrigated maize 

plot is important variable in explaining the irrigators‟ technical efficiency variation and justifying 

reasons of inefficiency.  

4.1.3.2. Weed  

A weed is a plant growing where and when it is not wanted. Weeds are unwanted because they 

interfere with crop production. Light, water and nutrients are essential element for plant growth. 

When any of these essential elements are limited and unable to supply the needs of both weeds and 

crops in any area, competition occurs, plant growth suffers and crop yields are reduced. The 

existing practice in the area to control weed is the adaptation of traditional weed control measures 

on cultivated crops. Chemical weed control practices are unknown in the area more recently. Hand 

weeding is carried out 1to 3 times when necessary. The FDG with some irrigators and DAs 

indicated that weed damage and severity of weed invasion are intensified and aggravated because 

of favorable temperature and soil condition for weed growth, use of very limited cultivated crop, 

use of unclean and untreated local varieties of seeds, and inadequate crop rotation practices. Unless 

weed control is conducted using integrated weed control practices, reduction of crops yields due to 

weed damages will certainly continue to be one of the major threats of crop production in in 

general and maize production in particular in the study area. 
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4.2. ECONOMETRICS ANALYSIS 

4.2.1. Production Frontier Estimation 

The maximum likelihood estimates of the parameters of the stochastic production frontier and 

inefficiency model are estimated using Frontier 4.1 version computer programme. Before 

proceeding to examine the parameter estimates of the production frontier and the factors that affect 

the inefficiency of the irrigated maize producers, the researcher need to conduct some tests for 

variables incorporated under the estimation of stochastic production frontier and investigate the 

existence inefficiency effects among irrigated maize producers. 

4.2.2. Hypotheses Testing  

The first null hypothesis the researcher tested is, the test for the existence of the inefficiency 

component of the composed error term of the Stochastic Frontier Model. This is made in order to 

decide whether the traditional average production function (OLS) best fits the data set as compared 

to the stochastic frontier model (SFM) selected for this study. If the null hypothesis           

            4  is accepted against alternative hypothesis H1:                    

then the SFM is identical to OLS specification indicating that there is no inefficiency problem 

within the irrigated maize farmers. This implies that the inefficiency effects do not depend on the 

farmer-specific variables and any deviation in observed maize output from the maximum possible 

maize output is because of statistical noise than any other producer specific factors. The null 

hypothesis is thus rejected at one degrees of freedom and five percent significance level (see table 

4.13.) (Kodde and Palm, 1986).  Hence, stochastic frontier approach best fits the data under 

consideration. 

The second null hypothesis tested is, test for the selection of the appropriate functional form for the 

data; Cobb-Douglas versus Translog production function the decision to select functional form 

depends on the calculated (generalized) likelihood ratio, LR1 ( )
5
 which is equivalent to 16.08. 

Therefore, the null hypothesis, C-D production function represents the data adequately is rejected 

at five degrees of freedom and five percent significance level. Hence, Translog production function 

defined by Sargan (1971) as log-quadratic production
6
 function adequately represents the 

behaviour of the irrigated maize production. 


4
 The parameter    is defined as               

 , where   
 ,=  +  

 , [Battese, Malik, and Gill (1996)]. 
5
 Represents the generalized likelihood ration statistics for one side error and computed as λ=-2(LH0-LH1) 

6
 Thanda Kyi and Matthias von Oppen (1999) also used log-quadratic production function as best functional 

form presenting the behaviour of irrigated rice farmers in Myanmar. 



 

  48 



The third null hypothesis the investigator explored is that farm-level technical inefficiencies 

are not affected by the farm and farmer-specific variables, and/or socio-economic variables 

included in the inefficiency model i.e.                      . This hypothesis is 

rejected as well at 95 percent level of significance, suggesting the variables included in the 

model have significant contribution in explaining technical inefficiency of maize farmers. 

The results of a likelihood ratio test (LR = 61.85) confirms that smallholders‟ productivity 

variation mainly relate to the variance in maize farm management (see table 4.14). Gamma 

parameter estimates indicates that 61.85 per cent of the disturbance term in the model is due 

to inefficiency. 

The fourth null hypothesis is to test whether the stochastic frontier production function is 

characterized by constant returns to scale or not. Looking the sum of all inputs elasticity of output 

i.e.            , it is possible to decide on whether the returns to scale is decreasing or 

increasing. The sum of partial elasticity of output is 5.15 i.e. an increase in all inputs by one 

percent will increase irrigated maize production in the study area by 5.15 percent. The result of the 

test at 3 degrees of freedom with upper 10 percent level of significance confirms that the calculate 

log likelihood-ratio test (11.128) is greater than the critical value x2 (10.50) showing null 

hypothesis Translog production function is characterized by CRS is strongly rejected. This implies 

that as farmers get richer they can invest more on inputs and use it for irrigated maize production.  

    Table 4.13. Likelihood-ratio-test of hypothesis for parameters of technical inefficiency.  

Hypotheses  Calculated  

 x2
 

Critical value 

x2
(       ) 

Decision 

(Ho) 

                      8.31 6.635 Rejected 

                           16.08 15.96 Rejected 

                    42.24 21.23 Rejected 

                     11.128 10.50* Rejected 

          Note: * represents critical LR of upper 10 % level of significance at 3 degree of freedom 

           Source: Authors‟ calculation from survey data (2013) 

4.2.3. Production Frontier and Technical Efficiency Estimates 

Table 4.15 shows the results of OLS and MLE estimates. In total 17 parameters of the Translog 

stochastic production frontier function, defined by equation 3.5, is estimated. Out of 17 parameters 

estimated, 10 of them are used in Translog production frontier model and seven in inefficiency 

model and seven of production variables  are statistically significant at one  and ten percent level of 

significance. Summary result is depicted in the table below. 
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Table 4.14. Parameter Estimates of the Stochastic Production Frontier. 

 Cobb-Douglas   Translog
7
 

Production Function  OLS MLE OLS MLE 

Variable  Coef Est. Est. Est. Est. 

constant    1.01(0.25)*** 1.56(0.23)*** 1.250(1.95) 1.412(0.88)* 

Lnland    0.07(0.05) 0.01(0.05) -0.226(0.44) 0.029(0.33) 

Lnlabour    0.18(0.05)*** 0.20(0.05)*** 1.815(0.79)** 2.372(5.33)*** 

Lnoxendays    0.09(0.07) 0.05(0.06) 1.658(0.77)** 1.783(0.55)*** 

Lnfertil    0.04(0.04) -0.02(0.58) 0.321(0.41) -0.612(0.36)* 

Lnseed    0.18(0.09)** 0.10(1.18) -0.028(1.47) 1.20(0.77)* 

(Lnland)
2
      0.066(0.07) 0.03(0.06) 

(Lnlabour)
2
      0.636(0.39)* 0.87(0.22)*** 

(Lnoxendays)
2
      -0.319(0.16)** -0.35(0.11)*** 

(Lnfertil)
2
      0.056(0.05) 0.068(0.04)* 

(Lnseed)
2
       0.056(0.34) -0.238(0.26) 

 

Maximum Likelihood Estimates of Inefficiency Model Parameters.   

Constant      0.16(0.22)  0.137(0.26) 

AgeHHH     0.01(0.01)  0.009(0.01)* 

Dependency ratio     0.05(0.05)  0.054(0.06) 

EducationHHH     -0.04(0.02)*  -0.04(0.02)*** 

Livestockholdingtlu     -0.06(0.02)***  -0.06(0.02)*** 

Distance     -0.00(0.00)  -0.003(0.00) 

Amntofpesticide     -0.13(0.12)  -0.01(0.14) 

Crreceived     -0.58(0.31)*  -0.56(0.29)* 

Variance parameters 

Sigma-squared     0.0327 0.04(0.01)*** 0.032 0.04(0.01)*** 
Gamma     0.61(0.11)***  0.68(0.08)*** 
LR  35.83 53.65 40.725 61.85 

Generalized  LR  est.    35.64  42.24 

Mean efficiency   91.66%  91.37% 

Note: ***, ** and * represents significance level at 1%, 5% and 10% respectively. 
         : Values in the bracket show the standard error.  
Source: Authors „calculation from survey data (2013) 


7
 The production function also called log-quadratic production as to Sargan D. (1971) and used by Matthias & 

Thanda(1999)   
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As can be seen from the table 4.14, four out five of the classical inputs were found to be significant 

contributors to output (fertilizer with unexpected sign).  This negative sign may show that irrigated 

maize farmers apply excess inorganic fertilizer and hence each additional unit of inorganic 

fertilizer used is poorly affecting maize production (i.e. its contribution is negative). Again the 

result in the descriptive analysis section also supports the empirical result obtained. Hence, farmers 

were over utilized inorganic fertilizer beyond the stated standard of the area. This could be related 

to ineffective and inefficient use of fertilizer.  

The coefficient of Land area under maize production has expected positive signs with an elasticity 

of 0.03 and is statistically insignificant. This implies that an increase in the size of land area under 

irrigated maize production would insignificantly increase maize output, other variables remain 

constant. This finding is similar with Kidanemariam‟s (2013) finding in the northern Ethiopian 

(though significant).   The study by Msuya et al (2008) in Tanzania on smallholder maize farmers 

confirms the study finding though coefficient of the variable is higher (0.70) compared to the study 

result (0.03). 

Labor, the main factor of production, was found to have a positive sign and statistically significant 

at 1 percent, and which is consistent with my expectation expected sign with an elasticity of 2.37. 

This implies that increase in labour will significantly and positively increase irrigated maize output, 

keeping other variables in the model constant. This study did not decompose labour variable in to 

family and hired labour. Hence, the study result indicates that labor is very important to the 

production process in the research sites. This empirical result is consistent with the descriptive 

result. 

Oxen power-days variable was also found to be an important variable for the production of 

irrigated maize and is again with the expected sign and statistically significant at one percent 

significance level. The positive coefficient shows that an increase the number of oxen-days in the 

course of land preparation through threshing by one percent will tend to increase irrigated maize 

yield by 1.78 percent; other variables in the model remain constant. Thus the type of production 

organization and returns to scale faced by the farmers are purely technologically imposed and are 

not influenced by economic decisions or by market conditions 

The coefficient of seed rate is statistically significant at ten percent significance level and carries 

expected positive sign.  This implies that a one percent increase in seed rate, irrigated maize yield 

will increases by 1.20 percent, if they are planted using improved planting method (usually with 
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the proposed seed rate), other variables kept constant. Row planting allows getting optimum plant 

population, reducing the excessive seed requirement, conducting effective irrigation and 

cultivation, fertilizer application and pest control practices. Both high & low seed rates lower the 

ultimate maize yield. As compared to the mean of standard of project‟s seed rate, the actual seed 

rate used is higher. But, coefficient estimated for seed rate and seed rate square indicates the 

existence of positive relationship with maize yield and diminishing returns to scale.  

Since the prime objective of this study is to provide a practical explanation for the  technical 

efficiency variation among smallholder irrigated maize farmers in two districts of Arsi zone, 

thorough going discussions on the parameter estimates of inefficiency variables needs detailed 

analysis. Thus, in the next section of this analysis the maximum likelihood parameter estimates of 

inefficiency model and there influence on smallholder irrigated maize farmers‟ technical efficiency 

variation are explained. 

4.2.4. Estimation of farm level technical efficiency  

The mean efficiency estimate of irrigated maize producers was about 91.66 percent with a 

maximum efficiency score of 98.29 percent and minimum efficiency level of 58.21 percent. This 

disparity shows the existence of room for improving the existing level of irrigated maize 

production through capacitating maize irrigators‟ performance. The mean efficiency level tell us 

that the level of irrigated maize output of the sample households can be increased if appropriate 

measures are taken to improve the level of efficiency of maize irrigators. 
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Table 4.15.Frequency distribution of technical efficiency level of sample respondents  

Efficiency score Freq. Percent Cum. distribution 

       4 3.54 3.54 

            5 4.42 7.96 

            5 4.42 12.39 

            9 7.96 20.35 

            89 78.76 99.12 

       1 0.88 100.00 

Total  113 100.00  

Mean                                               0.9137 

Maximum                                        0.9829 

Minimum                                        0.535 

Range                                              0.448 

Standard deviation                         0.089 

Source: Authors „calculation from survey data (2013) 

Frequency distribution table for technical efficiency level of sample respondents shows that about 

23 percent of the irrigated maize farmers are working below the overall mean technical efficiency 

level while about 75 percent are operating at the technical efficiency level in excess of 92 percent. 

This might imply that in the long run minimizing the efficiency gaps/ranges among maize irrigators 

by improving the existing level of technical efficiency only may not lead to significant increment 

in the level of irrigated maize yield. So, long run attainment of technically efficient level needs 

attention at policy level to bring an alternative farming practices in order to alleviate the efficiency 

gaps among irrigated maize producers. 

4.2.5. Sources of Technical Inefficiency among Irrigated Maize Producers.  

Understanding the source of technical inefficiency and its extent is very important for policy 

making to address the problem of farmers. In this regard, demographic, socio-economic farm and 

farmer-specific and institutional variables were hypothesized to affect level of technical efficiency 

of irrigated maize growing farmers of the study area. Accordingly, the inefficiency model 

parameters were estimated by using one step maximum likelihood estimates. Seven inefficiency 

parameters were estimated of which four of them were found to be statistically significant at one 

percent and ten percent significance level with their expected signs respectively. These are age of 

household head (ageHHH), educational level of household head (EducationHHH), livestock 

holding (TLU) and access to credit (Crreceived). But, other inefficiency variables such as 
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dependency ratio, distance of plot from homestead (Distance) and amount of agrochemicals used 

on plot are found to be statistically insignificant with their expected signs except the variable 

distance that has unexpected negative sign. The detailed explanations for these variables are given 

below. 

i. Age of household head (   ) 

As stated in the chapter three of the study, age of the farmer is assumed to be the best proxy 

variable for farming experience implying older household heads are /less efficient  than their 

younger counterpart household heads, as they are believed to be reluctant  to change their 

traditional methods of production compared to  younger household heads.  The result concurs with 

the hypothesis that as age of household head increase the inefficiency level increase in same 

direction. This finding contradicts with the findings of Kidanemariam (2013), Shumet (2011) and 

Haileselassie (2005) in Ethiopia. But it is conveyed with the findings of Bernadette (2011) in 

Zambia and Ahmed et al (2002) in Pakistan. Thus, the study result shows that older household 

heads are more inefficient. They might be, due to shorter planning horizon, reluctant to adopt new 

technologies, which improve their level of inefficiency than the younger one and has the expected 

positive sign and statistically significant at ten percent significance level. Again difference in the 

physical effort exerted on maize production i.e. the capacity to work energetically may also be a 

case for more inefficiency level of older household heads.  

ii. Dependency ratio(   ) 

It is another source of technical efficiency variation for irrigated maize producers and has strong 

association with family size and irrigable land area owned by the household. The variable has 

expected positive sign even though statistically non-significant. The study finding is similar with 

the finding of Mohammed (2011) on technical efficiency estimation for extension participant and 

non-participant farm households and Shumet (2011) on crop producing smallholder farmers though 

statistically insignificant and not different from zero. The finding of Bernadette (2011) in Zambia 

contradicts the study finding.  

High dependency ratio within a family demands large amount of resource for feeding, i.e. as a 

number of dependents within a family increases, family size will increase and then the demand for 

basic necessity, particularly for food, increases. Hence, the presence of large dependents in the 

household reduces the amount of family labor and resource available for agricultural production 

forcing them to allocate more money for their health care, education and more time to care their 

children and old ages by diverting more resource (labor, time and money) from agricultural 
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production to consumption and care of economically inactive family member. Hence, Household 

with high dependency ratio will have high inefficiency score than the low dependency ratio. This 

means that the greater dependency ratio the greater resource allocated to consumption than 

production, and then higher household‟s inefficiency score. 

iii. Educational level of household head (  ). 

Education equips farm household with the necessary knowledge of how to allocate their scarce 

resource in appropriate way by increase the adoption and spread technological innovations that 

shifts their production frontier outward. Educated farmers have strong desire to get information and 

use it than their counterpart. Thus, this variable is a powerful variable in determining the technical 

efficiency variation among maize irrigators since it increase decisions of the farmer to adopt 

productivity enhancing technologies. The variable has expected negative sign and statistically 

significant at one percent significance level. This finding of the study is similar with finding of 

Kidanemariam (2013), Shumet (2011), Haileselassie (2005) and Weir and Knight (2000) in 

Ethiopia and Chirwa (2007) in Malawi, Olatomide and Omowumi (2010) in Nigeria and 

Bernadette (2011) in Zambia. Even though the sign of the coefficient is the same, the variable is 

statistically significant in this study only. This might be because of the existence of many mobile 

NGOs schools in the study area since the area is drought prone and flooding area. The empirical 

result also strongly supported by descriptive result that the average schooling level for irrigated 

maize producer is 4.32. 

iv. Livestock holding (TLU) (   ) 

The ownership Livestock for smallholder farmer is perceived as prestige and the accumulation of 

wealth status. It systematically influence famers efficiency level through equipping the farmer to 

have more income from sale of milk and milk products and sale of alive livestock to buy improved 

agricultural technologies such as seed, pesticides, etc. Households having large size of livestock 

can have better chance to get more oxen draught power. It has expected negative sign and 

statistically significant at one percent level of significance implying that a one unit increase in 

livestock TLU equivalent will decrease technical inefficiency level of irrigated maize farmer by six 

percent. This finding is conveyed by the finding of Shumet (2011) and Tsegaye and Ernst in Jimma 

zone though the magnitude is relatively big in this study. This might be because of the fact that the 

area of the study was predominated by the pastoralists and agro-pastoralists.  
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v. Distance of plot from homestead (minutes) (  ) 

Distance is the time span required to reach the plot under irrigated maize production from 

homestead of the famer household and is essential variable in explaining the capacity of the 

farmer‟s performance. And it refers to how long time it takes (in minutes) for a farm household to 

cover the distance from his/her residence to the irrigated maize plot. Households nearer to plot 

have better chance for managing and seeing ever growing of the maize which in turn will improve 

maize production and productivity.  However, the study outcome shows distance has unexpected 

negative sign and statistically non- significant and its effect on technical inefficiency was not 

different from zero.  

The negative sign supports the argument that farmers become more efficient when their plot far 

from their homestead they permanently live since they prefer to build temporary house called 

locally „Godoo‟ on the plot until maize harvested than going here and there. This is called „Daraba 

Galu‟ in the area where one/two persons from the family leave their family for four to five months. 

They spent more time on to the plot nothing else. This finding contradicts with other findings like 

Kidanemariam (2013) and Mohammed (2011) in the northern Ethiopia and Msuya et al (2008) in 

Tanzania. 

vi. Amount of Agrochemicals used on plot(Lt) (   ) 

High prevalence of crop diseases and pests next to drought in the study area is widely observed 

indicating the relationship between irrigated maize production and use of agrochemicals. In the 

circle of life, maize regularly attacked by some kind of pests. These pest and maize disease 

occurrences have negative impacts on both the quality and quantity of irrigated maize product. 

Therefore, smallholder farmers who used more agrochemicals are less technical inefficient.  

The coefficient for use of agrochemical variable is negative which is an expected sign and 

statistically non-significant. This result implies that, farmers who use agrochemical on irrigated 

maize are more efficient compared to farmers who do not spray their farms/ who spray very 

sparsely below standard. And also Pesticide spraying has spillover effect on the neighbor farmer so 

that it cannot significantly explain the efficiency variation among them and farmer‟s efficiency 

score. This insignificance of the variable calls for an alternative pest control mechanism such as 

Integrated Pest Management (IPM)
8
since there is high pest prevalence in the area.  

 


8
IPM is an effective and environmentally sensitive approach to manage pest damage by the most economical 

means, and with the least possible hazard to people, property, and the environment. This technique is not 

expensive compared to agrochemicals and uses farmers‟ local knowledge to combat pests.  
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vii. Received credit (   ) 

Access to credit enables farmers to purchases inputs that they cannot afford from their own 

resources. The acquisitions of these inputs in turn require more advanced production technique 

than traditional production technique that enhances production and productivity. Hence, 

smallholder farmers who received credit to finance the acquisition of expensive improved inputs 

are more efficient than their counterpart.  

The coefficient of credit recipient has the expected negative sign and statistically significant at ten 

percent level of significance. The negative sign shows that credit recipient are more efficient than 

their counterpart non-recipient.  This empirical result is supported by the findings of Shumet 

(2011), Bernadette C. (2001), Msuya et al (2008), Haileselassie (2005) and Ahmed et al (2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  57 



CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATIONS 





5.1. Conclusion  

The study uses the household-level survey data covering randomly sampled 113 smallholder 

irrigated maize farmers in two districts of Arsi zone. Parameter estimates for the stochastic frontier 

production function including inefficiency effects was made by using one step estimation 

technique. All production variables used in the study shows a positive relationship with irrigated 

maize production and productivity except the variable fertilizer which has a negative sign against 

the prior expectation indicating a one percent increase in inorganic fertilizer, decreases irrigated 

maize output by 0.61percent at an increasing rate. Hence, inorganic fertilizer is not used as 

recommended by the plot level standard input requirement.  

The result of the study within a limit of partial productivity analysis indicates that labour inputs, 

oxen-days, fertilizer and improved maize seed rate are very important factors for irrigated maize 

production by smallholder farmers benefited from Tibila surface water irrigation scheme. Hence, 

increasing these inputs can increases irrigated maize production via productivity enhancement. The 

sum of partial elasticity of irrigated maize output is 5.15 implying an increase in all inputs by one 

percent will increase irrigated maize production in the study area by 5.15 percent.  When there is 

increasing returns to scale, undoubtfully farmers‟ average cost of production is decreasing and 

farmers are capable of producing enough maize for the neighbor markets making a barrier to entry 

for rain-fed maize producers. They could produce a level of output that would satisfy the market at 

less cost than the neighboring farmers. Where there is no period-by-period adjustment on returns to 

scale, the degree of short-run returns to scale is the degree of market power. 

Irrigated maize productivity is considerably higher for farmers using more labour inputs. A positive 

first derivative for labour input coupled with a positive second derivative shows that the irrigated 

maize output increases at an increasing rate. This might be due to the fact that there are limited 

opportunities for other economic activities outside agriculture indicating a need for policy 

formulation in which such problems can be addressed. However, farm area devoted under irrigated 

maize production has positive relationship with maize production. This may be because of the 
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improvement in land degradation and less depletion in land resource and more crop rotations 

within a year. 

The empirical results from the stochastic frontier production function estimation show that there is 

technical inefficiency among smallholder irrigated maize producers. Based on estimation result the 

variation in efficiency among maize irrigators was explained by age of farmer, dependency ratio 

within a household, educational level of household head, livestock holding, distance of irrigated 

maize plot from the residence of the household, amount of agrochemicals used and access to credit. 

The efficiency result shows on average smallholder farmers are producing at higher level though 

some farmers are operating farther from the production frontier. This indicates the existence of 

significant possibility to expand irrigated maize production and productivity by enhancing 

production efficiency of these smallholder farmers though they are operating closer to production 

frontier on average.  

The result of inefficiency analysis indicates that the average technical efficiency level is about 

91.66 percent i.e. most farmers have high scores of technical efficiency. Except age of household 

head and dependency ratio, other all variables have an inverse relationship with inefficiency score 

of the farm household. Age of household head, Educational level of household head, livestock 

holding and access to credit have their expected signs and statistically significant in the study. The 

understandable reasons for negative relationship between educational level and technical 

inefficiency could be that education increases decisions of the farmer to adopt productivity 

enhancing technologies. On the other hand, households having large size of livestock can have 

better chance to get more oxen draught power and/or to purchase intermediate inputs used during 

production process.  Then again, farmers who have greater access to credit are more efficient since 

they are always financially better off and then can able to use and adopt modern technologies more 

efficiently and effectively than their counterpart. 

The results also indicate that technical inefficiency is negatively associated with the distance that 

the farm household travels to reach on the irrigated maize plot. Though its effect on technical 

inefficiency is not different from zero, those farmers located closer to the plot are less efficient than 

those situated at a greater distance from the plot.  

To sum up, the study result displayed the prevalence of technical efficiency variation among 

smallholder irrigated maize farmers. They were also operating under the production frontier. This 

indicates that there is a room to expand irrigated maize production and productivity by increasing 
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production efficiency at the inefficient farms and sustaining the efficiency of those farmers 

operating farther or closer to the frontier. 

5.2. Recommendations  

Based on the results of descriptive and econometric analysis, the study has got some policy 

recommendations. Though policy recommendations may require a more detailed analysis from 

extensive set of data with large sample size than this study, the use of cross-sectional data to 

measure technical efficiency may result in some farmers being characterized as inefficient. In the 

longer time they may be shown to be more efficient because of more conservative approach Coelli 

(1996) and learning by doing. Accordingly, the following policy implications can be drawn from 

the study‟s empirical findings. 

 Focus on productivity-enhancing approaches.  

The positive and statistical significance of major traditional inputs such as labor, oxen-days and 

seed used in irrigated maize production show the importance of convectional inputs in subsistence 

farming implying better access and use of these inputs could lead to higher irrigated maize 

production and productivity in the study area. Enhancing the productivity of these factors of 

production in particular land and labor is necessary. This will be by direct implementation on 

raising the productivity of labor (through agricultural education) and the productivity of land 

(through supply of fertilizer, rural credit provision, and improved seed and to enable them to 

available in peak season). However, the farmers are familiar for a long time with rain fed crop 

farming practices particularly maize. For this reason they have knowledge gap in cropping up by 

irrigation with the plot level standard agronomic inputs requirement recommendation on the 

introduced project. Thus, to reverse such condition;  

 Capacity building programs should be arranged and executed in order to capacitate the 

beneficiaries of the irrigation development project through vigorous grass-root level extension 

work, farmers' active participation, on-farm demonstration and trials and proper guidance of the 

farmers should be increased. 

 The land in the project area should be utilized in a   sustainable way; hence, land use planning 

has to be applied in the area in order to ensure optimum and sustainable land use.  

 Integrated soil fertility management, which reduces the effective costs of soil fertility 

management, should be organized and implemented by the government rather than targeting to 

the supply of more inorganic fertilizer for land fertility enhancement to move the marginalized 

smallholder farmers closer to the frontier.  
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 Care about returns to scale  

Farmers with increasing returns to scale are capable of producing enough maize output for the 

entire nearest market. This gives them to have natural monopoly power over the neighbor rain-fed 

maize producers. Therefore, if the intention is achieving sustainable development for the project 

beneficiaries through productivity enhancement, the government should establish agro-based 

industries in order to absorb some inputs especially labor. 

 More attention on technical efficiency-enhancing approaches. 

The study was concluded that production efficiency in the study area is below the potential output 

level defined by production frontier indicating that about 62% of productivity variations observed 

among smallholder farmers are mainly related to the variance in irrigated maize farm management. 

The important lesson for policy makers and agricultural planning expert is that irrigated maize 

production can further enlarged (by about 9%) without investing on new agricultural technologies. 

So, there should be some sort of institutional set up such as FTC, demonstration sites, farmers‟ 

field day, etc. in which management tasks can be shared and resource management strategies can 

and should be adjusted towards efficiency-enhancing approaches for younger smallholder farmers 

which have an ability to change their methods of production with changing circumstances.  

 Encouraging livestock ownership 

Promoting farmers ownership of livestock asset which is perceived as prestige and the 

accumulation of wealth status through livestock credit programme can serve as useful policy aimed 

at increasing agricultural productivity generally and maize particularly. In this study, farm 

households who owned more livestock are found to be more efficient than those who do not since 

it systematically influence farmers‟ efficiency level through equipping the farmer to have more 

income used for financing maize inputs and better opportunity to have draught power. Therefore, 

intervention to improve livestock sector should be encouraged.  

 Expanding credit facilities  

Credit empowers smallholder farmers to purchases inputs that they cannot afford from their own 

resources, which enhance production and productivity of irrigated maize. Hence, the government 

should establish and expand the service rendered by credit providing institutions such as 

microfinance institutions in the study area.  

 Improving educational level of farmers  

Education also found to be a very important variable that should be taken into account in the 

measure of technical efficiency. It equips farm household with the necessary agricultural farming 

knowledge thereby facilitating information dissemination regarding modern agricultural 
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technology, input utilization, technical know-how and environmental preservation that shifts their 

production frontier outward. However, the area is prone to flooding that usually obstructed the 

movement of farmers and their children not to go to school beyond certain kilometers for 

education. Therefore, intervention to improve educational status of farmers by the government and 

non-governmental organizations should be promoted. 
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Appendices  
Annex Table 1. 1: Agricultural calendar.

 

Annex Table 1. 2:TLU Conversion Factors Used in the Survey

 

Annex Table 1. 3: Summary statistics for selected variables: 

 distanceof~n         113    47.84956    29.61425          7        150
                                                                      
degreeofco~n         113    36.31504    33.99457          0        100
amountofpe~t         113    .8247788    .6780725          0        2.5
labortolan~o         113    81.22124    29.66027         32        180
livestockh~u         113    5.504071    4.952157          0         27
plotsizecu~e         113    .3340708    .1361567        .25        .75
                                                                      
dependency~o         113    .9526549     .775296          0          4
educlevelo~h         113    3.681416     3.99836          0         12
  familysize         113    5.619469    2.860815          1         15
      agehhh         113    39.21239    10.95237         23         73
    seedsskg         113    8.396018    3.335537          5      18.75
                                                                      
fertilizer~g         113     94.4469    54.74957       22.5        350
draftanima~r         113    11.20354    4.873689          6         30
     landaha         113    .3340708    .1361567        .25        .75
labourllab~s         113    25.77876    10.61732          8         56
amountofma~l         113    12.75664    5.624054          6         36
                                                                      
    Variable         Obs        Mean    Std. Dev.       Min        Max



 

  - 



Annex Table 1. 4: Summary of Tests for some production and inefficiency variable at the  agronomic study 

standard of the project. 

 
 

 

 

 

 

 Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.0000
  Ha: mean < 1.125             Ha: mean != 1.125             Ha: mean > 1.125

Ho: mean = 1.125                                 degrees of freedom =      112
    mean = mean(pestltfacasa)                                     t =  -9.3732
                                                                              
pestlt~a       113    .6529204    .0503651    .5353882    .5531284    .7527123
                                                                              
Variable       Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
                                                                              
One-sample t test

. ttest pestltfacasa==1.125

 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000
    Ha: mean < 5                 Ha: mean != 5                 Ha: mean > 5

Ho: mean = 5                                     degrees of freedom =      112
    mean = mean(seedkgfacasa)                                     t =  10.6667
                                                                              
seedkg~a       113    6.407788    .1319798    1.402964    6.146287    6.669289
                                                                              
Variable       Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
                                                                              
One-sample t test

. ttest seedkgfacasa ==5

 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000
   Ha: mean < 37.5             Ha: mean != 37.5               Ha: mean > 37.5

Ho: mean = 37.5                                  degrees of freedom =      112
    mean = mean(fertfacasa)                                       t =  12.2969
                                                                              
fertfa~a       113    71.37168    2.754492    29.28065    65.91401    76.82935
                                                                              
Variable       Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
                                                                              
One-sample t test

. ttest fertfacasa ==37.5

 Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.0000
    Ha: mean < 11               Ha: mean != 11                 Ha: mean > 11

Ho: mean = 11                                    degrees of freedom =      112
    mean = mean(oxpowfacasa)                                      t =  -9.8455
                                                                              
oxpowf~a       113    8.625398    .2411866    2.563849    8.147518    9.103279
                                                                              
Variable       Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
                                                                              
One-sample t test

. ttest oxpowfacasa ==11

 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000
  Ha: mean < 13.25             Ha: mean != 13.25             Ha: mean > 13.25

Ho: mean = 13.25                                 degrees of freedom =      112
    mean = mean(labmandayfacsa)                                   t =  10.1144
                                                                              
labman~a       113    20.30531    .6975539      7.4151     18.9232    21.68742
                                                                              
Variable       Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
                                                                              
One-sample t test

. ttest labmandayfacsa==13.25

 Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.0000
    Ha: mean < 12               Ha: mean != 12                 Ha: mean > 12

Ho: mean = 12                                    degrees of freedom =      112
    mean = mean(yeildfacasa)                                      t = -13.5504
                                                                              
yeildf~a       113    9.613628    .1761114     1.87209    9.264686    9.962571
                                                                              
Variable       Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
                                                                              
One-sample t test

. ttest yeildfacasa==12
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Annex Table 1. 5: Mixed Chi-Square Distribution 
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Annex Table 1. 6: Summary of Estimated Linear associations between production and efficiency variables. 

 

Annex Table 1.7. Output from the program FRONTIER (Version 4.1c) 

Tech. Eff. Effects Frontier (see B&C 1993) 

 The model is a production function 

 The dependent variable is logged 

The OLS estimates are: 

parameter coefficient standard error t-ratio 

beta 0 1.250(1.95) 1.915 0.653 

beta 1 -0.226(0.44) 0.437 -0.517 

beta 2 1.815(0.79)** 0.792 2.291 

beta 3 1.658(0.77)** 0.768 2.158 

beta 4 0.321(0.41) 0.414 0.078 

beta 5 -0.028(1.47) 1.468 -0.019 

beta 6 0.066(0.07) 0.073 0.912 

beta 7 0.636(0.39)* 0.392 1.625 

beta 8 -0.319(0.16)** 0.156 -2.041 

beta 9 0.056(0.05) 0.048 0.018 

beta 10 0.056(0.34) 0.335 0.166 

  sigma-squared                                                                                                                0.032 

log likelihood function                                                                                                  40.725  

 

 

 

 

 

 

 

distanceof~n    -0.1003   0.0660   0.2118  -0.0931  -0.0369  -0.1960   1.0000
degreeofco~n     0.1579  -0.1001  -0.0431   0.0690   0.2570   1.0000
amountofpe~t     0.2201   0.0944  -0.1248   0.2334   1.0000
farmincome~d     0.0449   0.0546   0.0902   1.0000
labortolan~o    -0.3346  -0.0961   1.0000
livestockh~u     0.0570   1.0000
plotsizecu~e     1.0000
                                                                             
               plotsi~e livest~u labort~o farmin~d amount~t degree~n distan~n

distanceof~n    -0.0157   0.1243  -0.1003  -0.0869  -0.0435  -0.1290  -0.1347   0.2005   0.3335  -0.0581   0.0978
degreeofco~n     0.1983   0.1125   0.1579   0.1625   0.2581   0.2670   0.2252  -0.1507  -0.3412   0.2932  -0.3569
amountofpe~t     0.1852   0.0994   0.2201   0.1885   0.2396   0.2300   0.2298   0.1130  -0.0581   0.1922  -0.2672
farmincome~d     0.1435   0.1373   0.0449   0.1445   0.3359   0.0866   0.1380   0.0521   0.0263   0.2938  -0.1358
labortolan~o    -0.1231   0.5492  -0.3346  -0.1431   0.0869  -0.2184  -0.2131   0.1338   0.0723  -0.1652   0.1196
livestockh~u     0.1115  -0.0172   0.0570   0.1710   0.0083   0.1027   0.1146   0.1117   0.2536  -0.0451   0.0269
plotsizecu~e     0.8877   0.5454   1.0000   0.7197   0.6218   0.8421   0.1538  -0.0412  -0.0406  -0.0004  -0.0289
dependency~o    -0.0154   0.0749  -0.0289   0.0238  -0.0341  -0.0039  -0.4296   0.0060   0.3176  -0.2391   1.0000
educlevelo~h     0.0107  -0.1200  -0.0004   0.0390   0.0877  -0.0057   0.4018  -0.3505  -0.3646   1.0000
  familysize    -0.0297   0.0168  -0.0406   0.0425   0.0683  -0.0246  -0.2291   0.5571   1.0000
      agehhh    -0.0231   0.0990  -0.0412   0.0954   0.1300  -0.0266  -0.1354   1.0000
averagesch~i     0.1682  -0.0983   0.1538   0.0846   0.0886   0.1027   1.0000
    seedsskg     0.8399   0.5626   0.8421   0.5881   0.5840   1.0000
fertilizer~g     0.6457   0.6417   0.6218   0.6308   1.0000
draftanima~r     0.6817   0.5110   0.7197   1.0000
     landaha     0.8877   0.5454   1.0000
labourllab~s     0.6478   1.0000
amountofma~l     1.0000
                                                                                                                 
               amount~l labour~s  landaha drafta~r fertil~g seedsskg averag~i   agehhh family~e educle~h depend~o

(obs=112)



 

  - 



 

The final MLE estimates are: 

Parameter coefficient Std error t-ratio 

beta 0 1.412(0.88)* 0.875 1.613 

beta 1 0.029(0.33) 0.334 0.088 

beta 2 2.372(5.33)*** 0.445 5.329 

beta 3 1.783(0.55)*** 0.553 3.228 

beta 4 -0.612(0.36)* 0.358 -1.711 

beta 5 1.20(0.77)* 0.770 1.555 

beta 6 0.03(0.06) 0.056 0.513 

beta 7 0.87(0.22)*** 0.219 3.991 

beta 8 -0.35(0.11)*** 0.112 -3.167 

beta 9 0.068(0.04)* 0.041 1.669 

beta 10 -0.238(0.26) 0.255 -1.334 

delta 0 0.137(0.26) 0.255 0.537 

delta 1 0.009(0.01)* 0.005 1.621 

delta 2 0.054(0.06) 0.056 0.969 

delta 3 -0.04(0.02)*** 0.016 -2.648 

delta 4 -0.06(0.02)*** 0.016 -3.786 

delta 5 -0.003(0.00) 0.002 -1.294 

delta 6 -0.01(0.14)   

delta 7 -0.56(0.29)*   

sigma-squared 0.044(0.01)*** 0.011 4.172 

 gamma   0.678(0.08)*** 0.082 8.308 

Log likelihood function =   0.61845787E+02 = 61.85     

Technical efficiency estimates: 

      Firm  year             eff.-est. 

       1     1           0.80364486E+00 

       2     1           0.83427799E+00 

       3     1           0.86218143E+00 

       4     1           0.93163630E+00 

       5     1           0.65627950E+00 

       6     1           0.78258471E+00 

       7     1           0.71579415E+00 

       8     1           0.87417151E+00 

       9     1           0.97381741E+00 

      10     1           0.70379998E+00 

      11     1           0.95015376E+00 

      12     1           0.60397684E+00 

      13     1           0.96991924E+00 

      14     1           0.96355419E+00 

      15     1           0.94343846E+00 

      16     1           0.85034109E+00 

      17     1           0.53471805E+00 

      18     1           0.97775000E+00 

      19     1           0.96872517E+00 

      20     1           0.97733611E+00 

      21     1           0.95743566E+00 

      22     1           0.96902126E+00 

      23     1           0.90744909E+00 

      24     1           0.71527227E+00 

      25     1           0.92457414E+00 

      26     1           0.58402210E+00 

      27     1           0.91324371E+00 

      28     1           0.91696100E+00 

      29     1           0.79335542E+00 

      30     1           0.83761527E+00 

      31     1           0.93963118E+00 

      32     1           0.93979128E+00 

      33     1           0.98216874E+00 

      34     1           0.93429228E+00 

      35     1           0.94486364E+00 

      36     1           0.71229358E+00 

      37     1           0.96264229E+00 
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      38     1           0.92655394E+00 

      39     1           0.97138354E+00 

      40     1           0.96240835E+00 

      41     1           0.96136933E+00 

      42     1           0.95697011E+00 

      43     1           0.97718704E+00 

      44     1           0.95779237E+00 

      45     1           0.92440430E+00 

      46     1           0.96043489E+00 

      47     1           0.96562991E+00 

      48     1           0.96077955E+00 

      49     1           0.84421032E+00 

      50     1           0.96297469E+00 

      51     1           0.93959553E+00 

      52     1           0.92124887E+00 

      53     1           0.92423132E+00 

      54     1           0.92625926E+00 

      55     1           0.96241009E+00 

      56     1           0.94509279E+00 

      57     1           0.98030618E+00 

      58     1           0.93794051E+00 

      59     1           0.95879889E+00 

      60     1           0.96160830E+00 

      61     1           0.97405286E+00 

      62     1           0.97531615E+00 

      63     1           0.96986702E+00 

      64     1           0.91303625E+00 

      65     1           0.93660299E+00 

      66     1           0.94637330E+00 

      67     1           0.98309502E+00 

      68     1           0.92512450E+00 

      69     1           0.95698149E+00 

      70     1           0.95379476E+00 

      71     1           0.93113948E+00 

      72     1           0.88443553E+00 

      73     1           0.93479703E+00 

      74     1           0.96565540E+00 

      75     1           0.91605353E+00 

      76     1           0.95563501E+00 

      77     1           0.93869670E+00 

      78     1           0.91980590E+00 

      79     1           0.96383593E+00 

      80     1           0.92755387E+00 

      81     1           0.97027079E+00 

      82     1           0.94293277E+00 

      83     1           0.95847095E+00 

      84     1           0.96802513E+00 

      85     1           0.96999951E+00 

      86     1           0.95026020E+00 

      87     1           0.97759780E+00 

      88     1           0.89931549E+00 

      89     1           0.95868827E+00 

      90     1           0.93793966E+00 

      91     1           0.95375720E+00 

      92     1           0.81578874E+00 

      93     1           0.83894953E+00 

      94     1           0.93028807E+00 

      95     1           0.67594498E+00 

      96     1           0.76793928E+00 

      97     1           0.95781429E+00 

      98     1           0.91489693E+00 

      99     1           0.96156874E+00 

     100     1           0.94489296E+00 

     101     1           0.96688860E+00 

     102     1           0.95004574E+00 

     103     1           0.95764532E+00 

     104     1           0.94647849E+00 

     105     1           0.97301775E+00 

     106     1           0.96121711E+00 

     107     1           0.97744860E+00 

     108     1           0.97169102E+00 

     109     1           0.95037614E+00 

     110     1           0.94663865E+00 

     111     1           0.96920681E+00 

     112     1           0.95079140E+00 

     113     1           0.95982290E+00 

Mean efficiency =   0.91372377E+00
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Annex Table 1.8. OLS Estimation using farm household inefficiency score and its regressors


 









 

 

 

 

 

 

 

 

 



Likelihood-ratio test of sigma_u=0: chibar2(01) = 0.00   Prob>=chibar2 = 1.000
                                                                              
      lambda     .0116847    .053069                     -.0923285     .115698
      sigma2     .0032545   .0004353                      .0024014    .0041077
     sigma_u     .0006666   .0527126                      3.23e-71    1.38e+64
     sigma_v     .0570447   .0038011                      .0500606    .0650032
                                                                              
    /lnsig2u    -14.62678   158.1649    -0.09   0.926    -324.6243    295.3707
    /lnsig2v     -5.72784    .133269   -42.98   0.000    -5.989042   -5.466637
                                                                              
       _cons     .1657983   .0501534     3.31   0.001     .0674994    .2640972
  DaccessCr2    -.0885772   .0119002    -7.44   0.000    -.1119012   -.0652532
amntofpest~e    -.0179209    .010789    -1.66   0.097     -.039067    .0032251
    distance    -.0004462   .0001895    -2.35   0.019    -.0008176   -.0000748
livestockh~u    -.0082826     .00114    -7.27   0.000     -.010517   -.0060481
educationhhh    -.0067733   .0015089    -4.49   0.000    -.0097307   -.0038158
dependency~o     .0175787   .0075265     2.34   0.020     .0028271    .0323303
      agehhh     .0009635   .0005474     1.76   0.078    -.0001095    .0020364
                                                                              
  ineffscore        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood =  163.28015                       Prob > chi2     =     0.0000
                                                  Wald chi2(7)    =     140.17
Stoc. frontier normal/half-normal model           Number of obs   =        113

Iteration 13:  log likelihood =  163.28015  
Iteration 12:  log likelihood =  163.28015  
Iteration 11:  log likelihood =  163.28013  
Iteration 10:  log likelihood =  163.28012  
Iteration 9:   log likelihood =  163.28005  
Iteration 8:   log likelihood =  163.27996  (not concave)
Iteration 7:   log likelihood =  163.27862  
Iteration 6:   log likelihood =  163.27342  (not concave)
Iteration 5:   log likelihood =  163.22158  
Iteration 4:   log likelihood =  163.13971  
Iteration 3:   log likelihood =  162.85605  
Iteration 2:   log likelihood =  161.87209  
Iteration 1:   log likelihood =  156.61192  
Iteration 0:   log likelihood =   140.0763  (not concave)

. frontier ineffscore agehhh dependencyratio educationhhh livestockholdingtlu distance amntofpesticide DaccessCr2
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Annex 1.9. Questionnaire for sample smallholder irrigated maize producers. 

TECHNICAL EFFICIENCY VARIATION FOR SMALLHOLDER IRRIGATED 

MAIZE PRODUCERS. 

STOCHASTIC FRONTIER APPROACH 

(A CASE STUDY OF TIBILA SURFACE WATER IRRIGATION SCHEME) 

Oromia, Ethiopia 

March, 2013 

Instruction to the Enumerator 

Good morning/afternoon/evening. 

Dear enumerators, I am Bekele Alemayehu from Mekelle University. 

We are conducting a survey to find out what smallholder farmers supplemented by Tibila surface 

water irrigation scheme think about their levels of technical efficiency in production of their basic 

food crops especially maize  and factors determining them to be efficient.  A representative sample 

of beneficiary households in the irrigation schemes has been selected for interview in this study. 

This will give you the opportunity to 'have a say' and your taking part will make a great contribution 

to the study. 

Tell him/her that the interview will take about twenty to thirty minutes. Then ask for and/or wait 

until agreement is shown from the respondent. This would create friendly environment and makes it 

more convenient to carry out the interview and fill the questionnaire out smoothly. 

     Specifically, Dear Enumerator: 

1. Make a brief introduction to each farmer before starting any question; 

2. Introduce yourself  by greeting a farmer in the local way, tell him your name, and make clear the 

purpose of the questionnaires; 

3. Wait until agreement is shown 

4. Ask each question clearly and patiently until the farmer understands your point; and 

5. Please fill out the questionnaire according to the farmer‟s reply; don‟t put your opinion 

 

Thank You! 

Bekele Alemayehu 
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Questionnaire for sample households 

The community survey is a very important component of the overall household survey.   For this 

questionnaire, the community is defined as the peasant association (PA), but we want to know 

information about locally well-defined neighborhoods as well.  Most of the information needed can 

be obtained from sources within the PA.  Interview at least three people, perhaps together, who are 

knowledgeable about the community (e.g., community leaders, PA chairmen, elders, priests, 

teachers) including at least one woman.  A few items, however, will need to be obtained from 

outside the PA.  These are highlighted below.  In general, when there is uncertainty regarding an 

answer, record the details in notes to the questionnaire. 

GENERAL INFORMATION 

Name of the interviewer_________________________________________________________. 

Date of Interview _____________________2013 G.C/ 2005 EFY 

District _______________________Kebele/PA___________________Village ______________ 

Household Code ____________________________________________________________. 

Questionnaire to be filled in by respondents [Please tick {√} or encircle where necessary, and state your 

response where the need be]. 

1. Household characteristics  

Name of kebele________________________, village_______________________ 

Name of household head (optional) ______________________; Sex_______; Age_____;  

              Marital status________________(1.single, 2.married, 3.divorced, 4.widowed)  

If „married‟ number of marriage partner:________1. (monogamy(one wife)  

                                                                                     2. polygamy(two or more wives)  

Place of birth: 1. In the kebele (currently living) _____2. Outside the kebele____. 

Ethnicity_______ Religion_______ 

Agro-ecology of the respondent:____________ (1. Woinadega, 2. Semi-arid, 3.  Arid) 

Age of family members (including household head);  

                                  0 – 14 ____;     15 – 64 ____;       65 years and above______. 

2. Educational level of household head;_________________( in grade) 

3. Educational status  family members  

3.1. No basic education_____ (in number) 3.2. Grade 1 – 4 ______ (in number) 
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3.3. Grade 5 – 8 _____ (in number) 

3.4. Grade 9 – 10 ______ (in number) 

2.5. Grade 11 – 12 ______ (in number) 

2.6. Above grade 12 _____ (in number)  

4. Family planning;  

4.1. Favor to have additional children; Yes ____ No _____ 

5. From what does your house made of? (settlement pattern of the respondent)  

a. Thatch  b. Corrugated iron sheet c. Others 

6. How many guests on avereage do you have from October to Feburary? (Production season) 

a. None     b.   1-2 persons      c.  2-5 persons   d.   5- 10 persons     e.  more than 10 

7. How many days on average they stay with you?_____days. 

a. 1     b.   2-5       c.  Up to 7   d.   Up to 10      e.  more than 10 

8. How long time it takes to reach the nearest schools for school age children? ______ (in minutes). 

9. Are there any problems you encountered regarding schooling? (Yes____  No ____) 

 If „Yes‟___________________________; _____________________; ________________ 

10. How long time it takes to reach the nearest health service center? ______(in hours/minutes) 

11. How many times you go to the health center this year only? __________(times/frequency) 

12. How much time it takes to get service from the health center? ______(in hours/minutes) 

13. Any of your family members have visited any health situation from October to February?   

a. Yes  b.  No  

 If „Yes‟, what was the problem? 

a. Tuberculosis 

b. Malaria  

c. Skin 

d. Intestinal problem 

e. Diarrhea 

f.  Other, specify 

How much cost you pay in birr on average for one time visit to the health post? ________  (Br.) 

How many days stayed off work? _______________ (days) 

14. What is your major source of water supply for drinking and household consumption? 

a. River  b. Other  c. Dug well  

d. Piped water e. Public well including shallow well 

15. What is/are the positive effects of Tibila surface water irrigation scheme you?  

i. Diversification of crops grown (production)  

ii.  Increased agricultural production  

iii.  Increased household income  

iv. Increased share of hired labor in the household's total labor  
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v. Change in ownership of livestock  

vi. Increased level of input use  

16. How many times do you produce within a year?  (________times per year)   

17. What change (s) did you see as a result of double or triple cropping?  

i. Increased income 

ii. Increased food availability 

iii. No change has been seen  

iv. Increased availability food during the hungry months  

v. Others specify _______________________. 

How many times do you produce maize within a year?  (______times per year).   

How many holy-days do you have within a month (exclusive of Saturday and Sunday) ___Days? 

18. What is your major source of income? _________. 

Sources of income  Amount of income received during survey period(in Birr) 

Sales of vegetables  

Sales of cereals  

Rent of own irrigable land  

Sales of livestock and shoats   

Off-form income  

Sales of firewood and charcoal  

Sales of fruits   

Others, specify   

19. Are there any family members who are engaged in off-farm activities? (Yes ___ No____) 

If „Yes‟, how many of your family members are engaged in off-farm activities?(Male____ female___) 

19.1. If “Yes” to 19 in which off-farm activity engaged in:  

s/no  Source  Number of people 

engaged in from the 

family member  

Number of days 

worked in a 

month 

Income per 

working day  

Total quarterly income 

from off-farm 

activity  

1 Wage      

2 Selling of local drink      

3 Petty trading      

4 Selling of firewood     

5 Handcraft     

6 Selling of charcoal       

7 Herding      

8 Others, specify     
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Note: If the farmer is unable to estimate his off farm activities the enumerator can make a fair 

estimation based on the source of the income and the existing local conditions. 

19.2. Why some members of your family are engaged in off-farm activities? 

i. Shortage of land ii. Excess family labor 

iii. Attractive income from off-farm activities 

iv. Other, specify_____________________________________ 

20. What are the Productive assets created through income collected from irrigation practicing 

Productive asset  Quantity (in number) from irrigation 

practicing only.   

Total asset including those obtained from 

irrigation practicing. (in number) 

Oxen    

Donkeys   

Cows    

Sheeps / Goats   

camels   

Mules   

Horses   

Calves    

Heifer    

Poultry    

Bulls   

 

Others, specify 

  

  

21. What are the major products you grow by using irrigation?   

Type  Area under cultivation 

(in ha. 

Total  output  

obtained   

(in quintal) 

Total production  sold to the 

market meeting home 

consumption (in quintal) 

Total production  

(in birr) 

Maize      

Teff      

Wheat      

Sorghum      

potatoes     

Onions      

Cabbages      

Pepper     

Tomatoes      

Others, specify      
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22. Which of the following is/are the major constraint of your crop production this year? 

i. Drought 

ii. Pest  

iii. Disease  

iv. Scarcity of farmland 

v. Shortage of inputs 

vi. Weevils  

vii. Lack of oxen 

viii. Others, specify, ________________________________________________________. 

23. Which of the following is/are the major constraint of your crop production this year? 

i. Shortage of feed  

ii. Water scarcity 

iii. Livestock disease 

iv. Low access to market  

v. Shortage of drugs for livestock 

vi. Different from the listed, specify; _________________________________________. 

24. Land tenure of smallholder farmers supplemented by Tibila surface water irrigation scheme 

24.1. Do you possess your own land? (Yes _________ No________) 

         If „Yes‟ its total area in hectare or local unit: (________________) 

24.2. The land use pattern: 

a. Irrigable area  (_______)                                  

Irrigable area under maize (_______)                            

24.3. Indicate the source of grazing land; (more than one choice is possible)   

i. Own reserved land  

ii. Communal  

iii. Rented  

iv. Gift from relatives  

v. Others specify _________________________________________________. 

24.4. Do you possess your own irrigable plot? (Yes ___________ No_________) 

    If „Yes‟ to question 19.4, its total area in hectare/local unit; (______________) 

Area under maize production (_______)  in hectares/local units                                             

24.5. How did you get your irrigation land on which you are currently producing these crops? 

i. Inherited from family  

ii. Distribution by the government 

iii. It is previous holding.  

iv. Renting in 

v. Gift from relatives 

vi. Purchase (in the form of long term contract)  

vii. Others specify: ________________________________________________________. 

24.6. Fertility status of the irrigable land:  
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1) Fertile (A)  2) Moderately fertile (B)    3) Infertile (C) 

 4) Other, specify____________________________________________________. 

24.7. Have you ever used any of the following methods for production of maize?  

i. Row planting  

ii. Broadcasting  

iii. Manuring  

iv. Fallowing  

v. Others, specify___________________________________________________. 

24.8. Do you leased-out your irrigable land for sharecropping?  (Yes ______ No______) 

a. If „Yes‟ to 19.8, area leased out ______________ (in hectare /local units) 

b. If yes to 19.8, what would be the reason?  

i. Shortage of oxen 

ii. Shortage of improved seeds 

iii. Shortage of money to buy input 

iv. Shortage of money to hire labor 

v. I have plenty of irrigable land 

vi. Other specifies ___________________________________________. 

24.9. Do you leased-in irrigation land for maize sharecropping? (Yes ___ No___) 

a. If „Yes‟ to 24.9, area leased in for production of maize? _____in hectare /local units. 

b. If „Yes‟ to 19.9, what would be the reason? 

i. surplus of oxen 

ii. Access to improved seeds 

iii. Enough money to buy input 

iv. I have adequate labor 

v. No adequate own irrigable land 

vi. No other occupation during the dry season 

vii. Other,  specify,______________________________________________________. 

25. If the response to 24.1 is „No‟, do you have the right to use irrigation land?  Yes ___ No___. 

       If „Yes‟ to 25, how do you get access to irrigation land? (More than two choices is possible) 

i. Leasing in (contract)  

ii. Sharecropping 

iii. Labor exchange 

iv. Purchase 

v. Gift 

vi. If other, specify; _____________________________________________________. 

26. Production activities: 
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 week Month  week Month  week Month   week month week month 

Maize            

 At what time did you sow Maize this season? ---------Week of--------------month. 

26.1. How many pairs of oxen did you apply from land preparation up to planting?___________ 

26.2. Do you use chemical fertilizer on the field for Maize production? 

         If „yes‟, what type of fertilizer? 

i. DAP ii. Urea iii. Both 

iv. Other, specify__________________________________. 

 How many Kg of DAP per hectare do you use for Maize? ___________ (Kg/Local unit) 

 How many Kg of urea per hectare do you use for maize? ___________ (Kg/Local unit) 

26.3. If you do not use fertilizer, why? 

i. Too expensive 

ii. Inconvenient to transport 

iii. Not timely available 

iv. Not available 

v. Not good to apply on sorghum field 

vi. Other________________________________. 

26.4. Do you use organic fertilizer on Maize field? 

     If yes, what kind of organic fertilizer do you use? 

i. Green manure ii. Animal waste iii. Compost 

iv. Others, specify_____________________________________________. 

26.5. Is weeding maize a common practice?  Yes ______ No _______) 

If „Yes‟, when you start weeding maize?-----Week of -------month.  

26.6. How many times do you weed? ------------------. 

26.7. What method do you use for weeding? 

i. Hand weeding ii. Hoeing iii. I use chemicals 

iv. Others, specify___________________________________________________. 

26.8. Do you use crop protection chemicals?  (Yes _____ No ____) 

         If „Yes‟, what types of chemicals do you mostly use? 
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S/No Name of the chemical Measurement unit Unit price Quantity used Sources 

1      

2      

3      

4      

If „No‟ to 26.8, why? 

i. Too expensive 

ii. Lack the knowledge of application 

iii. Not timely available 

iv. Not available at all 

v. Not effective 

vi. Risky for animals 

vii. Other _____________________________________________. 

26.9. When did you harvest your maize? _____week of ______ month.  

26.10. How much man-days you employed to harvest maize? ______days. 

From where did you get the additional labor requirement for harvesting? (If any). 

i. Family labor was enough 

ii. Debo 

iii. Employing daily laborers 

iv. Any other means 

26.11. How many days after harvesting are required to thresh maize? ________days.  

26.12. How many quintals of maize did you received since2011/12 Belg season only? ____.  

26.13. Production cost of maize (from land preparation to harvesting) 

s/No. Item  Unit  Total quantity  Unit price  Total price 

1 Seed cost      

2 

Fertilizer      

 DAP     

 UREA     

 Other     

3 Oxen power      

4 Labour      

5 Chemicals     

6 Capital cost  

(rented land) 

    

7 Rented equipment 

(if any) 

    

8 Others      

26.14. What are the major constraints of agricultural production? 

i. Weed infestation ii. Crop disease 
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iii. Crop pests 

iv. Seed shortage 

v. Shortage of draft animal 

vi. Shortage of labour 

vii. Any other, please specify___________________________________________________. 

27. Support social services and adoption of irrigation technologies 

    27.1. Have you ever used improved Maize varieties for irrigation?  (Yes ______ No ____) 

           If „Yes‟ to 22.1, which type of maize variety you had used?

i. MELKASA-I  

ii.  BH-540 

iii. BHQP-542    

iv.  BHQP-542  

v. AWASH 105    

vi. MELKASA-II 

If „Yes‟ to (27.1), from where do you get the seed? 

i. Market 

ii. Extension  

iii. Research Center  

iv. Cooperative  

v. Office of agriculture and rural development 

vi. Others, specify_______________________________. 

27.2. Do you plant crops every year on your irrigation field? (Yes _____ No______) 

     If „Yes‟ to question 27.2, fill the following table  

Types  Area cultivated  

(In hect. /local units) 

Yield obtained at survey period  (in 

quintals) 

Maize    

Teff    

Wheat    

Sorghum    

Potatoes   

Onions    

Cabbages    

Pepper   

Tomatoes    

Others, specify    

    If „No‟ to question 27.1, what are the factors that account for rejection/discontinuation? 

i. No adaptable varieties  

ii. Unavailability of seed every year. 

iii. Unaffordability of seed.   

iv. Water scarcity (require frequent watering)  

v. Unreliable access to water  

vi. Prevalence of Pests and Crop Disease  

vii. Others, specify_____________________________________________________. 

27.3. Have you ever used credit for irrigation farming?   (Yes _______ No ________) 

      If „Yes‟ to the previous question (27.3), what are your sources?  







i. Cooperative 

ii. Local Lenders 

iii. The irrigation office  

iv. others, specify  

 If „No‟ to question (27.3.), why?  

i. No collateral  

ii. High cost of credit 

iii. No credit supply  

iv. No need  

v. Others, specify  

27.4. Have you ever participated on extension program? (Yes _______ No ______) 

      If „Yes‟ to (22.4), what are the extension programs you have participated in? 

i. Training  ii. Demonstration  iii. Field day 

iv. Others specify _____________________

27.5. Have ever face a problem to sale your produce?  Yes _______   No_________. 

27.6. How much distance do you travel to the nearest market to sale your produce?     

S.N Service Name of the social service 

nearest to the respondent.  

Distance  from homestead (in Hour/ 

minute) 

1  Market   

2 Clinic   

3 Hospital   

4 Dry weather road   

5 All weather road   

7 DA office   

8 FTC   

9 Others   

28. Conflict Management for the target groups 

28.1. Have you ever faced any conflict over irrigation water? (Yes_____ No ______) 

If your answer to question 28.1 is „Yes‟, what are the causes? 

a. Water theft  b. Pasture land utilization c. Water scarcity  

d. Competition due to increasing number of water users  

e. Lack of proper control of water distribution  

f. Others, specify______________. 

28.2. In your opinion, have your internal by-laws been enforced (in relation to water 

allocation/distribution/conflict management? (Yes_____ No ______) 
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28.3. If „No‟ to 28.2, what are the major reasons? Please rank the following them as 1) most 

significant, 2) significant; 3) least important and 4) no problem at all 

i. Water User Associations committee members are reluctant (___) 

ii. Users do not respect the decisions of the Water User Associations committee (___) 

iii. Lack of external support in water and conflict management (___) 

iv. Other, specify; ____________________________________________________. 

28.4. If Water Users Associations committee members are reluctant, why it is so? 

i. They have no incentive  

ii. Some members do not respect their decisions (resistance)  

iii. Lack of adequate support from local governance  

iv. Others, specify____________________________________. 

28.5. What do you feel about the performance of Water User Associations committees in resolving 

conflicts in the irrigation system? 

i. They take immediate action on cases  

ii. They suspend cases  

iii. WUAs committee members don‟t enforce internal bylaws  

iv. Conflict management has been improved  

v. Don't know. 

29. Types of local associations available in the peasant association 

i. Farmers association 

ii. Youth association 

iii. Women association 

iv. Edir 

v. Cooperatives 

vi. Others, specify________________________. 

29.1. Position of the respondent in local association 

i. Cashier 

ii. Simply Member  

iii. Committee member 

iv. Chair man 

v. Secretary 

vi. None member

30. Labor availability and it‟s utilization 

30.1. Have you faced labor shortage for your irrigation farm production? (Yes __ No ___) 

30.2. If you faced labor shortage, how did you overcome it?  

i. Traditional labor pooling system (Debo or Jigi)   

ii. Hired daily laborers    

iii. Used family labor  
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iv. If other (Specify) _______________________________________. 

30.3. If you hired labor, what type of labor did you do?  

i. Casual      ii. Permanent     iii. Both 

30.4. If you hired labor, for what type of farm work did you hire? Cultivation,   

i. Harvesting  ii. Weeding      iii. Threshing  

iv. If other, specify ____________________________________. 

30.5. If you hired casual labor, how much did you pay per day?  

i. If in cash _______ (birr)  ii. If in kind_________ (Specify) 

 30. 6. If   permanent labor was hired, how much did you pay him/her per season? 

i. If in cash ____________ (birr)          ii. If in kind_____________(Specify) 

Thank you so much for your kind cooperation!!!!!!!!! 

 

Bekele Alemayehu 

Mekelle University 

CBE, Department of economics 

Mekelle, Ethiopia
 

Annex 1.10. Checklist questions for district agriculture and rural development office 

1. Which kebeles of the district are predominantly beneficiary from the project? 

2. What are the major crops grown in the project kebele? 

3. What are the major constraints that hindered agricultural development in the area? 

4. What are the major livestock species currently existing in the project kebele? 

5. Would you indicate the constraints that hindered production of livestock in the area? 

6. How do you relate the irrigation development project with livestock production and rangeland 

management in the project kebele? 

7. How many veterinary service rendering institutions are there in the project kebele? 

8. Are the veterinary services enough to serve effectively in comparison to the livestock population 

of the area? 

 

Annex 1.11. Checklist questions for focus group discussion in the project kebeles 

1. What are the major development opportunities in your area? 

2. What are the main development problems in the area? What are the possible solutions? 

3. What are the development potentials regarding cereal crop production in this area? 
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4. What are the main problems regarding cereal crop production? What are the possible solutions 

to the problems? 

5. Who plays decisive role in making decisions regarding land use in the area? 

6. On what does division of household labor based? What is the role of women in the household 

and the community? 

7. What is the role of women regarding resource allocation and administration?  

8. What are the major social problems, regarding health, education; water; and sanitation, etc. in 

the area? What are the main problems regarding access to road? 

9. Is there any land use conflicts in the area? If so, what are the main causes of these problems? 

10. Is there any conflict resolving mechanism (traditional and/or formal) in relation to land use 

conflict in the area? And how do you apply these mechanisms? 

11. Are there any problems in relation to land use for maize in this area? 

12. Do you have any issues to discuss in relation to maize production? 

13. How do people in the area get together to discuss issues of community concerns like use of 

water for irrigation of these cereals crop productions?  

14. Is there any sort of transformation with regard to your farming system in this area particularly 

in the farming of basic food cereal crops? If so why? 


