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Message from Postgraduate, Research and Community Services Vice Dean 

 
The agriculture sector in Ethiopia provides food, services and extremely contributes to the 
nation’s economy. The sector employs more than 80% of the population of the country. In 
addition, the agriculture sector contributes 43% of the gross domestic product and 90% of the 
export earnings. Moreover, it supplies a considerable proportion of the raw materials for the 
agro-industries. On the other hand, agricultural productivity is inhibited by different factors 
including lack of scientific knowledge and inputs, which can be mentioned. As a result, 
production and productivity of crop and livestock is very low and millions of people still face 
food shortage in different parts of the country. Most parts of Ethiopia suffer also from several 
forms of natural resources degradation that adversely affected agricultural production and 
productivity. Factors such as high population pressure (about 2.8% growth rate per annum), 
deforestation, free grazing along with inappropriate land and water resources management 
practices are thought to be the major reasons for poor agricultural production and productivity 
which mark the major food security challenges of  Ethiopia.  In addition to these existing 
challenges, agriculture in the country is confronted with tremendous new challenges such as 
growing threats from climate variability and change, new and emerging infectious plant and 
animal diseases. Feeding the ever-increasing population and supplying the emerging agro-
processing industries with raw materials coupled with problems associated with climate 
change are challenges that are facing agriculture in the country. To alleviate such and related 
problems, improving agricultural production and productivity is highly required through 
efficient and sustainable utilization of the existing agricultural potentials and natural resources 
which in turn highly depends on the involvement of different stakeholders. Among the possible 
means to improve agriculture productivity and environmental protection is the efficient and 
proper use of knowledge and technologies that fit in different agro-ecological systems of the 
country. Such knowledge and technologies are generated from research activities conducted in 
different parts of the country. The objective of this conference is, therefore, to exchange and 
discuss research results and best practices that can help in increasing the agricultural productivity 
without affecting the environment for the sustainable economic development of the country. 
 
 
Bimrew Asmare (Ph.D.) 
Vice Dean for Postgraduate, Research and Community Services 
College of Agriculture and Environmental Sciences,  
Bahir Dar University, Ethiopia.  
 
 
May 2019 
Bahir Dar Ethiopia 
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Ladies and Gentlemen: 
In the first place, I thank the Management of College of Agriculture and Natural Resources of 
Bahir Dar University to give me the chance to talk at the 2018 Annual National Research 
Conference, under the theme “Agriculture & Environmental Management for Sustainable 
Development” 
 
It is a great honor for me. Thank you, indeed! 
 

Objectives of my talk 

• To draw insights from national and global experiences on the role of agricultural 
education, research and extension  in increasing agricultural productivity;  

• To suggest operational recommendations appropriate for Ethiopian universities, 
particularly for Bahir Dar University 

• Overall to inspire to do stakeholders’ need-based research 
 

What have happened in the last 50-60 years in Ethiopia? 

Within my age (without referring to any literature), I witness the following positive and negative 
changes in Ethiopia during the last 50-60 years: 
 

A. Positive changes 
• Increasing number of education (from elementary to university level) and agricultural 

research  Institutions 
• Increased urbanization and human population (now about 102 M =150 M in 2050) 
• Improved social services and infrastructure (telecommunication, bank, administrative 

settings, electricity, road & transport, air flight) 
B. Negative changes 

• Severe environmental degradation 
• Loss of biodiversity, including agro-biodiversity (i.e. genetic erosion) 
• Significant climate change, adverse to human, crop, livestock & environment 
•  Shortened crop season; erratic rainfall, rise in temp 
• Pandemic diseases, invasive weeds and insect-pests and  
• Increasing trend in drought 
• Increasing trend of food insecurity and food aid 

My talk focuses on agriculture & the knowledge triangle: Why agriculture? 

In Ethiopia, agriculture is the engine of economy as can be justified by the following key points: 
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• About 36.3% of GDP from agriculture (National Bank of Ethiopia, 2017) 
– About 2/3 of agricultural GDP is from crop production 
– The remaining 1/3  comes from livestock, forestry and fishery 

• About 68.22% employment (directly & indirectly) in agriculture 
– Decreased from 90.16 in 1991 to 68.22% in 2017, which is health trend 

• Major source of earning foreign currency (export) 
• Source of raw material for domestic industry (agro-industry) =food and beverages, textile, 

leather, sugar) 
• Plays 1st role in poverty reduction 

The above mentioned contribution of agriculture justifies the need for agricultural research for 
development. But we need to elaborate a little bit the importance of research for development in 
Ethiopia. 
 
Why Research4Development? 

Successful economic transformation is driven by agricultural productivity growth 
• Shift more towards manufacturing, industry and services 
• Increase in per capita income  
• Reduction in poverty and hunger 
• Increased balanced nutrition 
• Less employment in  agriculture 
• competitiveness in the global marketplace 

 
Many lines of evidence indicate that productivity growth comes as a result of investing in & well 
organizing Research4Development. Here, productivity refers to crop and livestock productivity, 
land productivity, and labour productivity. Note that both investing and organizing resources 
(human, physical, and finance) are crucial for success. I understand that Ethiopian universities can 
deliver more if they able to organize well their current resources and focus on key priority areas 
of demand-driven research. 
Ethiopia can only achieve its goal of middle income in 2025, if it first increases its agricultural 
productivity, which entails investing and more organizing and aligningResearch4Development 
within the university system. Investing in agricultural research has shown high internal rate of 
return on investment. Investment in agriculture contributes greatly to poverty reduction. World 
Bank reports indicate that USD1 investment in agriculture leads to 10% reduction in poverty 
(World Bank, 2015). This will lead us to review the concept of the knowledge triangle. 
 

Concept of the Knowledge Triangle 

The development of agriculture and agro-industries in many countries is driven by what is known 
as knowledge triangle, as shown in the figure below. Note that the knowledge triangle gives equal 
weight (i.e. allocation of resources, leadership and management) to the three key objectives of 
universities: education and training, research and extension/outreach 
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For instance, the concept of knowledge triangle has worked well for USA and India under the land 
grant model and for the Netherlands under the Golden Triangle concept. In fact, Jimma 
Agricultural Technical School (today College of Agriculture and Veterinary Medicine of Jimma 
University) and Imperial College of Agriculture and Mechanical Arts (today College of 
Agriculture and Environmental Sciences of Haramaya University) established & operated under 
the USA land grant model from 1952-1963. In 1963 the extension wing of Haramaya moved to 
the then ministry of agriculture and Institute of Agricultural research established in 1966 as full-
fledged agricultural research institutes. I presume that the two moves had weakened the concept 
of the knowledge triangle in Ethiopia and still it has not gained its full energy within the Ethiopian 
public universities. 
I would like to go further and strongly suggest that, today (in the era of globalization and fast 
changing world), universities are also required to be agents of change and  facilitate innovation 
and change process, in addition to their classical three objectives – education, research and 
extension. The fourth mission of universities [being agents of change and facilitating innovation 
and change process), becomes more and more important if Ethiopia needs to be competitive in the 
era of globalization. 
 
The World is in 5th Era of Civilization 

• Phase I: The Hunter and Gatherer Era = Arrow and bow were the technologies and the 
human kind spent its full time searching for daily food. 

• Phase II: The Agrarian Era = Farm Machinery has been the main technology, leading to 
surplus production, which, in turn, has given ample time for many people to engage in 
other activities – education, trade, art, artisan, etc. Few people have been able to feed many 
people, unlike the hunter and gatherer era. 

• Phase III: The Industrial Era = Factory has been the major technology and also more and 
more commercial agriculture, still leaving out many people to engage in other activities 
other than agriculture, including scientific discovery and innovations. 

• Phase IV: The ICT Era = Computer and its accessories is the main technology in this era. 
This is fast leading to automation and making operations more and more easy, fast, precise 
as well as efficient and effective 

• Phase V: The Knowledge Era (The knowledge-worker Era) = In this era the leading factor 
human wisdom. More and more human wisdom is essential in this era, unlike land and 
capital. The world is now driven primarily by wisdom, not by capital and land, which used 
to be key drivers in the earlier eras. 

In the 1st three civilization eras, man was expense, while in the last two man is asset. Indeed, 
in the knowledge era (the knowledge-worker era) well developed & organized human capital 
is more important than physical capital and cash, as noted by Stephen Covey, author of “The 
7 Habits of Most Effective People”; “The 8th Habits of Most Effective People” and “Principle 
Centered Leadership.” That is why we need to invest more and more in education at all levels. 
That is why we need competent & world class universities in Ethiopia. 
 

Why we need University (classical perspective)? 

The classical objectives of university are to: 
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• Develop human capital (formal degree + tailored courses/trainings = more specialized 
knowledge, which is equally important as formal degree level training. Ethiopian 
universities need to consider this last model of human capital development). Human 
capital development for: 

– Self-employment (entrepreneurs) 

– Public and private sector professionals  

– Professional migration, instead of unskilled labor migration 

• Support research and extension programs by using existing staff, infrastructure& facility 
at little extra cost. Agriculture is highly location specific. Hence, appropriate training in 
agriculture requires a detailed and intimate knowledge of local farming systems.  

Given the above three objectives of universities (education and training, research and extension), 
recent rapid increase universities and research institutes/centers in Ethiopia is highly relevant and 
timely. Today we have public universities (or university campus) and agricultural research centers 
nearly in every zone. We have federal and seven regional agricultural research institutes. These 
constitute what is known as knowledge institutes and capable of forming the knowledge triangle. 
What is urgently required is to organize, coordinate and align these knowledge institutes in such 
a way that they effectively function as knowledge triangle – as done in the USA, the Netherlands 
and India. 
 
What the knowledge-worker era demands from Universities today? 

The knowledge-worker era demands universities to: 
• become change agent and facilitator of innovation and change process for economic 

development & competitiveness in a globalized world  
• produce new technology or product, improve existing practices and innovations to meet 

fast changing demand.  
• invest in generating new knowledge and research, particularly applied research like 

agricultural research for increasing productivity (land, labour, crop, livestock). 
• build an interactive system of three core institutions—education and training, research, 

and extension  
Many recent studies of human capital, including training, education and health, have shown that 
human capital can contribute to worker productivity and agricultural growth. 
 
What is research? 

At this forum, I do not need to bother you with the definition of research. It may be stated as 
finding of new information by testing hypotheses, rejecting or accepting them; refining and re-
testing them, and finally coming up with new knowledge, innovation.  Research is a systematic 
investigation of unknown things and solve practical problems; posing new questions for future 
research to explore.  It is about systematic gathering of data (qualitative and quantitative) and 
information as well as its analysis for advancement of knowledge in any subject. The 
output/outcome is coming up with new knowledge, information, product, process or innovation 
for benefit of society. 
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Why we do Research? 

In the context of present day Ethiopia, I would like to focus up on the purpose of research, which 
can be broadly classified into two: 

• Basic/fundamental research to contribute to body of knowledge = Intellectual pursuit   
• Applied research = Address societal problems; look for key societal problems that can be 

researched. Then allocate appropriate resources (operational budget, professionals, 
infrastructure/facility, & logistics) 

I want to illustrate applied research (which is addressing societal challenges) with the case of 
Norman Borlaug wheat research program in Mexico = The Father of Green Revolution. 
 
“You cannot build a peaceful world on empty stomachs and human misery” Normal Borlaug 
There was a critical food insecurity in Mexico during the period 1920-1940, attributed to  

• Low productivity of wheat, maize and potato – staple food crops for the country 
– Rust diseases of wheat -  serious crop losses from 1939 to 1941 due to stem rust  
– Low  soil fertility/degraded soil 

• Extremely low level of professional citizen  
Food aid and grain import from the USA was the common practice. The visit of the then USA 
vice president-elect Henry Wallace to Mexico in 1943 ignited a new paradigm – sustainably 
development through research for development. The Rockefeller Foundation generously 
supported the new paradigm.  Prof. Stakman (the then renowned professor of plant pathology) and 
two other leading agronomists developed project for Mexico, focusing on soil improvement, 
maize and wheat production, and plant pathology, esp. wheat rust diseases. 
 
Research project team formation in 1944 
It is interesting that the research team was formed with high degree of scrutiny for academic 
excellence, commitment and leadership. It also considered the key problems to be addressed and 
the mind-hunting was diligently done by the best American professors for each field of expertise: 

– Harrar, Pathologist, as project leader 
– Norman Borlaug, plant pathologist/geneticist 
– William Colwell, soil scientist  
– Edward Wellhausen, maize breeder  
– John Niederhauser, potato breeder  

 Note that how resources are geared towards addressing key societal challenges. I believe that this 
gives us good lesson in many aspects. 

https://en.wikipedia.org/wiki/John_Niederhauser
https://en.wikipedia.org/wiki/John_Niederhauser
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Impact of the research spearheaded by Norman Borlaug 

The following graph shows how the wheat yield increased in Mexico, India and Pakistan. 

 
Norman Borlaug in Mexico and Asia 
It is interesting to ask: Were things conducive for Norman Borlaug to change the image of Mexico 
at the initial stage? The answer is emphatic NO!!! He lacked trained scientists and equipment in 
the beginning.  Local farmers were hostile towards the wheat program because of frustration from 
heavy losses due to rust diseases. His boss, Harrar, opposed his shuttle breeding strategy at the 
initial stage. Once he [Norman Borlaug] said that he made bad decision of accepting research 
position in Mexico. The adoption of his wheat technologies was constrained by input credit and 
market problems in Asia to expand Green Revolution. But he persevered all this challenges with 
patience. The adage goes that the difference between winners and losers in the last mile.  
 
Lessons from Global experiences 

In 2006, the World Bank Group reviewed the evolution of agricultural education and training, 
research and extension: global insights of relevance for Africa. The review included such countries 
like USA, Japan, Denmark, the Netherlands, Brazil, India, Philippines, Malaysia and Nigeria.  
What are global lessons that can be drawn from the evolution of agricultural education and 
training, research and extension of these countries that are relevant for Ethiopia?  

1. Building the knowledge triangle (education, research and extension) requires 40-60 years. 
But why Ethiopia has yet ensured after nearly five to six decades of agricultural education, 
research and extension in operation? 

2. Initial investment and technical support from USAID, foundations in USA and American 
universities was common practice; also same for Haramaya and Jimma at initial stage 

3. With the help of the Marshall Plan, Dutch agriculture introduced new machinery, adopted 
agricultural technologies, and increased food production 

Note that the establishment of Jimma Agricultural Technical School (JATS) in 
1952 and Imperial College of Agriculture and Mechanical Arts at Alemaya 
(ICAMA) in 1954 were benefited from Marshall Plan/Point IV. The two 
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establishments are today colleges of Agriculture at Jimma and Haramaya, 
respectively.  

4. Attaining food self-sufficiency requires only about 10 years.  
Then the question is why Ethiopia did not attain food self-sufficiency after 50-60 
years of education, research extension? Note the establishment dates of Ambo in 
1947; JATS in 1952; ICAMA in 1953; IAR in 1966 

5. Mobilizing and sustainable political leadership for public investment in the knowledge 
triangle has been extremely important in the countries reviewed. This has been 
exceptionally  high in Brazil, Denmark  and Netherlands 

6. Breakthroughs in technology development and adoption have been crucial. Examples 
include hybrid maize in the USA, rice and wheat for Green Revolution in Asian countries, 
such as India and Pakistan 

7. Bench marking/experience exchange and adapting to own context have been useful. For 
instance, Japan adapted American large farm technologies to its small rice plots after 22 
months of experience sharing in USA and Europe; Dutch imported greenhouse technology 
from Belgium 

8. Focusing 1st on key food, and export commodities. Examples include maize in USA; wheat 
and rice in India, Philippines; rice, silk and industry in Japan; rubber and oil palm in 
Malaysia; coffee, oranges and sugarcane in Brazil; Agribusiness like dairy industry in 
Denmark. Note that  Netherlands is 3rd agricultural exporter in the world  and  1st in seed 
trade(adopted the Golden Triangle) 

9. Fostering the concurrent growth of agriculture and industry. This is well illustrated by 
Japan’s economic transformation from a feudal to an industrial power in one generation 
(1868 – 1912)   

10. Establishing decentralized education, research and extension systems. This is commonly 
practiced by State universities of USA and Indian State agricultural universities, adapting 
a typical Land Grant University model. Both the USA and India set up about 350 –branch 
research stations to address the problems of micro-ecologies. Public sector education, 
research and extension systems were demand-driven in both countries. Public and private 
extension commonly practiced in Denmark, Netherlands, England and New Zealand  

Will the recent decentralization of research institutes and public universities help 
Ethiopia? 

11. Failure occurs but bouncing back is common. E.g. Japan adoption of big farm 
technologies; University of the Philippines at Los Banos (UPLB) survived crisis due to 
shortage of academic staff; destroyed during Second World War; rebuilt in 1958. Note that 
the UPLB has same period as of Imperial College of Agriculture and Mechanical Arts at 
Haramaya and Jimma Agricultural Technical schools. Similarly, Netherland has 
frequently reorganized its research and extension service to solve new problems with new 
knowledge from its schools, universities and the private sector. Its extension evolved from 
the transfer of technology to the choice of knowledge. The main lesson from the Dutch 
research, education extension experience is that new knowledge is continuously needed to 
solve new problems over time. Denmark shifted from grain exporter because of stiff 
competition to dairy and pig, 

12. Increasing/sustainable national, regional and international partnership and linkage for 
funding; for technical support/Staff exchange/scholarship; for germplasm acquisition e.g. 
University of the Philippines at Los Banos (UPLB) from IRRI.  
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13. Incentive package to retain academic staff commonly practiced. This relates to brain drain, 
the Diaspora, and the low returnee rate of students on long-term training overseas. For 
example, Malaysia has used a set of monetary (subsidized automobile and housing loans) 
and non-monetary incentives (free trip to Mecca) to reward and retain scientists. Likewise, 
Chile has developed a system of institutions and incentives to reward and retain scientists.  
 

The Variable Performance of the Land Grant Model in Nigeria 

The USAID -through Michigan State University, Colorado State University, the University of 
Wisconsin and Kansas State University –assisted Nigeria in building new Land Grant Universities 
in four different regions in early 1960. TheLand Grant model was successful at Ahmadu Bello 
University (ABU) at Zariabecausedecision to unify education, research and extension was 
politically successful.On the other hand, that  the Land Grant model was successful in building 
teaching capacity, but unsuccessful in establishing research and extension at the University of 
Nigeria due to lack of political decision to unify education, research and extension in the same 
institution.  
 
The disruption of Land Grant colleges model in Ethiopia   
JimmaAgricultural Technical School (JATS) -today’s College of Agriculture of JimmaUniversity, 
was established in 1952; initial plan was for 5 such schools but not materialized. No evidence why 
the other five agricultural technical schools were not established by the Point IV Program of the 
USA. Imperil College Agriculture and Mechanical Arts /ICAMA/ (today’s College of Agriculture 
of HaramayaUniversity) was established in 1954. Both ICAMA and JATS used equilateral 
triangle as their logo (education, research and extension) during their early years of services. They 
were supported by Oklahoma State University, which phased out 1965 and terminal report 
submitted in 1968. The extension wing of ICAMA moved to MoA in 1953. EIAR established in 
1966 as full-fledge agricultural research institute. So Haramaya no more practiced the Land Grant 
Model in its true sense since 1963.  
 
Effort of Alliance for Green Revolution in Africa/AGRA 
AGRA’s efforts are akin to USA’s effort to support Mexico in the 1940s. AGRA trains new 
generations of African plant breeders, focusing on African crops – maize, sorghum, millets, beans 
and cassava. University of Ghana, University of Zulu Natal in South Africa, and University of 
Nairobi are offering the training in collaboration with USA universities. AGRA also supports seed 
sector development (Program for African seed system development/PASS) and promotes research 
for development on key African food crops. 
 
Why green revolution is difficult toachieve in SSA, including Ethiopia? 
Realizing green revolution in Africa, including Ethiopia, has been difficult for several reasons. 
The major reasons are: 
Diverse agro-ecology: Ethiopia has over18 major agro-ecologies and 32 sub-agro-ecologies. 
Although having such diversity may be considered as an opportunity to grow different crops, 
developing technologies for each of the agro-ecology is expensive and lacks economy of scale. 
Diverse farming system: There are diverse farming systems in Ethiopia, necessitating 
developing technologies that suit each of the farming system and which is still expensive and 
lacks economy of scale. 

• Diverse  dietary culture: In Ethiopia, we have also diverse dietary culture, including: 

– cereal culture;  
– root & tubers culture, and;  
– livestock-based culture 
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Under such conditions exploitation of niche market is feasible and large economy of scale is less 
feasible and expensive. 
 
Ethiopia's recent efforts to build agricultural knowledge institutions 

Ethiopia has decentralized its research and extension system since 1995. Now EIAR and regional 
agricultural research centers/RARIs (ARARI, OARI, SARI, TARI, GARI, SOPARI, AARI/ are 
serving regional states, except in BinshangualGumuz. As a result, more and more research centers 
have been established in different parts of the country. A number of A-TEVET colleges were 
established during late 1990s and early 2000s. There is increasing number of universities and 
university campuses in Ethiopia as well. A number of training and  development projects – like 
Agricultural Research and Training Project/ARTP, Rural Capacity Building/RCB, Agricultural 
Growth Program/AGP; establishment of Agricultural Transformation Agency/ATA have been 
playing great roles in capacity building and increasing productivity.  
 
Can Ethiopian universities & research institutes form real & sustainable partnership? 

I feel that bringing Ethiopian public universities and research institutes under single organization 
will propel Ethiopia’s vision of becoming middle income country in 2025 and realization of its 
renaissance. The key question is partnership for what? Partnership is to ensure coordination and 
integration; for efficient and effective use of resources; for reducing duplication of efforts and 
competition for resources, particularly qualified human resources. It is to ensure decentralized 
knowledge institution building (education and training, research and extension). This entails 
having three types of staff employment system in the universities – academic staff, research staff 
and extension staff, although transfer from one to another position should be possible. Still 
partnerships are for raising the productivity and improve the overall livelihood of the society in 
their sphere of operation. This should be possible because as most public universities and 
university campuses as well agricultural research centers are available nearly in every 
administrative zone of Ethiopia. Moreover the universities are having major fields of study – 
agriculture, medicine and health sciences, natural sciences, engineering/technology, business and 
economics, humanities, and ICT.  
Lessons for Bahir  University 

As indicated above, I tend to suggest that the University employs three types of staff (Academic, 
Research and Extension) and budget for the three core areas separately to build the knowledge 
triangle. This will help to generate and promote technology to mitigate environmental degradation, 
including soil drainage and soil acidity management; promote cooperative dairy development, 
linked to big cities like Bahir Dar and Gonder 
There is also strong need to know key researchable challenges constraining socio-economic 
development in its mandate area. Organizethe challenges into thematic areas to ensure focus and 
setting priority. If I take tef improvement programme as one of the thematic and priority areas, all 
disciplines can align their research projects along tef value chain. I am sure most disciplines will 
have something to research about tef (natural science as put into practice, agricultural fields, social 
sciences (including law and political science) as well as medicine and nutrition. I would like to 
underline the need for focus and prioritization to bring positive and lasting impact. Please do not 
do research for the sake of doing research. Your research results need to be useable/marketable 
by society. In other words, do research for purpose; for end goal; value chain based; for betterment 
of society = marketable/saleable. 
 



Proceedings of the 5th Annual National Conference, CAES 

- 16 - 

Why thematic area/multidisciplinary/ and prioritization are necessary? 

Knowledge-based innovation has the longest lead time to generate component or individual pieces 
of innovations. Knowledge-based innovations are that they are almost never based on one factor 
but on the convergence of several different kinds of knowledge, not all of them scientific or 
technological. Maize productivity in the USA has steadily increasing since the 1930s, which is 
because of adoption of hybrid maize. But many scientific investigations and innovations had been 
created and put together to bring about the yield increase of maize in the USA (refer to the figure 
below) So working in thematic area saves the lead time. Prioritization is about the focus, as 
unfocused effort will not bring profound effect 
 

 
Focus need to be on generating and promoting technology to increase productivity, mitigate 
environmental degradation, including soil drainage and black soil management; soil acidity as 
well as and cooperative dairy linked with major towns; post-harvest loss reduction, agricultural 
mechanization.This entails also forming strong partnership with nearby research centers, 
international universities and research institutes. 
 
Promote effective research leadership & management 

The adage reads that every success and failure rests on the shoulder of the leader. Thus, my word 
is about the strong need to promote effective research leadership & management. Promote active 
engagement with stakeholders. Understanding and aligning university research with government 
policy, strategies, laws and regulations are necessary. Stakeholder mapping and analysis is also 
needed to get buy-in of key stakeholders.  Set research agenda through participatory planning, 
monitoring, evaluation and learning. Developing and managing resources (Human (professional, 
technicians & support), Infrastructure and facility, financial, logistics, thematic 
areas/Programs/projects, stakeholder relations, ethics and integrity, accountability mechanisms) 
and promote effective communication system (publication, extension). 
 
Thank you so much for your attention!!! 
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Abstract 

Soil is a non-renewable resource and is the bank of nutrients for plant growth. Most soils in the 
tropical region including Ethiopia are highly weathered and infertile due to low organic matter 
content with open nutrient cycling systems that led to soil fertility depletion and reduction of crop 
productivity. The main objective of the study was therefore to review the causes and management 
options of soil fertility depletion so as to contribute to improvement of productivity of crops in 
Ethiopia. The major causes of soil fertility depletion were among others inadequate fertilizer use, 
poor crop residue management, poor cropping systems and over cultivation, soil erosion and 
global climate changes. The situation is further speeded up in Ethiopia due to high population 
pressure, poor and traditional agricultural practices, free grazing, lack of alternative energy 
sources, land tenure and lack of land use policies. Therefore, due attention should be given by the 
community as well as by the government of the country towards innovative soil fertility 
management options with closed nutrient management systems to sustain crop productivity and 
ensure food security. Moreover, research activities and extension services are also required for 
proper management of crop lands. 
Keywords: Crop productivity, closed nutrient management, food security, soil fertility, open 
nutrient cycling 
 

1. Introduction 

Soil is a non-renewable, fragile resource that is easily degraded when it is mismanaged (Lal, 
2003). Land degradation that results soil fertility decline is a serious issue worldwide. According 
to Tekalign and Tegbaru (2015) about 65% of arable land in Africa is degraded which worth about 
4 billion US dollars each year in terms of soil nutrient loss. On the other hand, the large proportion 
of the 5.5 billion people living in developing countries depends on the productivity of agriculture 
that in turn depends mostly on the fertility status of the soil, for their livelihoods (FiBL, 2012; Lal, 
2015).  
According to Alley and Vanlauwe (2009) the fertility of a given soil relates with its nutrient status, 
the activity of soil organisms, the amount and types of clay minerals, its air exchange capacity as 
well as its biological, chemical and or physical activities that sustain plant and/or crop production. 
On the other hand, fertile soils are rich in plant nutrients necessary for proper growth and 
development of plants, biologically active, contains an appropriate amount of soil organic matter 
and has a crumbly structure (FiBL, 2012). 
The low soil fertility status has been aggravated by improper and inappropriate soil conservation 
and management practices. Continuous cultivation of soils especially for cereal cropping has led 
to the depletion of soil fertility as well as deterioration of soil structure (Dalal, 1991). Excessive 
tillage operations and animal grazing results soil compaction which consequently reduces water 
infiltration and poor root development of plants. Generally, malpractices in soil management 
enhance physical, chemical and biological degradation of the soils that result reduced soil 
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productivity. According to Zingore et al. (2015) biological degradation is mainly connected to the 
decline of soil organic matter, which in turn impacts other soil biological, chemical and physical 
properties and processes. Chemical degradation on the other hand includes nutrient depletion, 
salinity, acidification and chemical pollution. 
Increased withdrawal of plant nutrients from the soil in the form of crop yield without proper 
nutrient replenishment strategy also leads to decline of soil fertility. To sustain as well as increase 
soil fertility and thus crop productivity, appropriate and holistic soil fertility management practices 
have to be therefore developed and adopted by farmers (Muragea et al., 2000). According to Lal 
(2003) dramatic increase of crop yields during the 20th century that are attributed by genetic 
improvements of crops, fertilizer use and improved cropping systems led to soil fertility depletion. 
On the other hand, agriculture is currently unable to feed the ever increasing population of the 
world especially that of the developing countries including Ethiopia. Furthermore, the situation is 
especially aggravated by land degradation, unreliable rainfall, shortage of farm land, lack of 
improved production technologies and improper soil fertility and water management (Drechsel, 
2001).  
Extremely soil fertility depletion of agricultural land is one of the major constraints for low level 
of crop yields of the smallholder farmers in Ethiopia. Low input agricultural production, poor 
agronomic management practices, limited awareness of the communities, absence of proper land 
use planning have aggravated soil fertility depletion in the country (Gete et al., 2010). In this 
regard, Getachew et al. (2012) and Bogale (2014) have been documented the problem of low soil 
nutrient reserves and negative nutrient balances in crop lands with few or no external nutrient 
inputs compared to the nutrient status of forest areas, grazing or well managed lands in their 
empirical studies.  
The problem of soil fertility depletion is more serious in the highland areas of Ethiopia where 
most of the human and livestock population are found (Mitiku et al., 2006). The complete removal 
of crop residues from farm lands as source of household energy and livestock feed, use of manure 
for fuel instead of using it for soil fertility amendment, low levels of inorganic as well as organic 
fertilizer application and lack of appropriate soil and water conservation practices aggravated the 
current soil fertility depletion status of the country (Akililu, 2006). Soil fertility managements are 
therefore an important component of any cropping system that should be designed to enhance and 
sustain the productivity of crops. Thus, mitigation strategies that aim to reduce soil fertility 
depletions are the current pressing issues and major national concerns in Ethiopia to increase 
production and productivity of crops and thus to improve the livelihoods of the smallholder 
farmers. The present study was therefore initiated to review soil fertility depletion and its 
management options from crop production perspective of Ethiopia. 
 

2. Over View of Soil Fertility Depletion in Sub-Saharan Africa 

Soil productivity is a measure of the soil's ability to produce a particular crop or sequence of crops 
under a specified management system. It encompasses soil fertility and all other factors that affect 
the growth and development of plants including soil management practices. Accordingly, 
productive soils can be considered as fertile while fertile soils can be also unproductive as they 
may be subjected to drought or other unsatisfactory growth factors or management practices as 
indicated by (FiBL, 2012; Lal, 2015). Therefore, soil fertility is a subset of soil productivity. 
According to Genizeb (2015) and Lindsay (1998) soil fertility is the status of a soil with respect 
to its ability to supply elements which are essential for growth and development of plants without 
a toxic concentration.  
In many parts of Sub-Saharan African including Ethiopia soil fertility depletion is recognized as 
the main constraints for increasing food production and farm incomes of the smallholder farmers 
(Shepherd and Soule, 1998). Lack of adequate fertilizer inputs, high biomass removal from farm 
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lands and limited return of organic residues and manure, high soil erosion and leaching of nutrients 
are the major reasons for high rates of nutrient depletion in Ethiopia   (Endrias et al., 2013). 
Moreover, size of farm, access to credit, availability of extension services and trainings pertaining 
to soil fertility management are also the other constraints of food security. According to Zingore 
et al. (2015) the negative nutrient balance of soils in Ethiopia is very high where nitrogen, 
phosphorous, and potassium deficits were estimated at the range of 40-70 kg ha-1, 7-10 kg ha-1 
and 33-50 kg ha-1, respectively (Figure 1), and in the country it is estimated at 41 kg N, 6 kg P, 
and 26 kg K ha-1 yr-1 (Genizeb, 2015; Zingore et al., 2015; Gicheru, 2012; Bayu et al., 2005) as 
shown in Table 1. In the East African highlands including in Ethiopia, Kenya, Malawi, and 
Rwanda, the annual net losses of N and P are estimated to be 42 and 3 kg ha-1 yr-1, respectively 
(Zingore et al., 2015).  
According to Gicheru, (2012), the deficits of nutrient balance of major plant nutrients of arable 
lands in Sub-Saharan African countries are in increasing trend which is mostly associated with 
low inputs. The average deficit of nitrogen from the year 1982 to 1984 in Ethiopia was for instance 
negative 41 kg ha-1 year-1 which increased to negative 47 kg ha-1 year-1 in the year 2000. At the 
same year interval the average deficits of phosphorous and potassium increased from 6 to 7 kg ha-

1 year-1 and from 26 to 32 kg ha-1 year-1, respectively (Table 1).        

 
Figure 1. Soil nutrient balances in Sub-Saharan Africa. Source: Zingore et al. (2015) 
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Table 1. Average nutrient balances of major plant nutrients of arable land in some Sub-Saharan 
African countries 
Country Nitrogen (N)  

(kg ha-1 yr-1) 
Phosphorus (P)  

(kg ha-1yr-1) 
Potassium (K)  
(kg ha-1 yr-1) 

1982-1984 2000 1982-1984 2000 1982-1984 2000 
Benin –14 –16 –1 –2 –9 –11 
Botswana 0 –2 1 0 0 –2 
Cameroon –20 –21 –2 –2 –12 –13 
Ethiopia –41 –47 –6 –7 –26 –32 
Ghana –30 –35 –3 –4 –17 –20 
Kenya –42 –46 –3 –1 –29 –36 
Malawi –68 –67 –10 –10 –44 –48 
Mali –8 –11 –1 –2 –7 –10 
Nigeria –34 –37 –4 –4 –24 –31 
Rwanda –54 –60 –9 –11 –47 –61 
Senegal –12 –16 –2 –2 –10 –14 
Tanzania –27 –32 –4 –5 –18 –21 
Zimbabwe –31 –27 –2 2 –22 –26 

Source: Gicheru (2012) 
 

3. Cause-Factor-Process Scenario of Soil Degradation  

Soil degradation is a result of complex interactions that are social, environmental and biological 
in nature.  Soil degradation is the global problem in the 21th century which is especially severe in 
the tropics and sub-tropics. According to Lal (2015) about 33% of earth’s land surface is affected 
by some type of soil degradation where 500 millions of hectare land in the tropics under this 
category that results decline in soil fertility.  
Different human activities like deforestation, land use conversation, inappropriate farming and etc 
coupled with natural and climatic factors like physiography and land forms soil degradation 
through various mechanisms like erosion, salinity, acidification, nutrient depletion and etc as 
described by Lal (2015). Their complex interactions are illustrated in Figure 2.   
The end result of land degradation is obviously loss of soil productivity which is further 
extrapolated with burgeoning population growth, extreme pressure on land, low food production, 
soil fertility decline, droughts and insecurity of land rights especially in Sub-Saharan Africa 
(Genizeb, 2015).  
3.1. Major Causes of Soil Fertility Decline 
The major causes of soil fertility declining and their interrelation especially in Sub-Saharan 
African countries including in Ethiopia are presented in Figure 3. According to Muragea et al. 
(2000) lack of good governance and land use plan and discouraging land tenure policies coupled 
with rugged terrain, poor soil water conservation, and tillage practices and deforestation as well 
as heavy rainfall have great consequence on soil erosion and thus soil fertility decline. Moreover, 
lack of soil fertility management and the inappropriate use of the existing technologies as well as 
declining of traditional soil fertility restoration practices and others fostered decline of soil 
fertility. Furthermore, continuous soil nutrient removal in the form of biological yield reduced the 
yielding ability of soils. In this regard, Zingore et al. (2015) reported that about 2.3 billion hectares 
of soil of Sub-Saharan African countries is constrained by various problems in terms of its fertility 
where aluminum toxicity, low CEC, soil erosion and shallowness are the major once as indicated 
in Figure 4. Declining of soil fertility further reduced the crop productivity which results food 
insecurity, malnutrition and poverty that may in turn contributes to migration and reasons for 
regional conflicts.     
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Figure 2. The process-factor-cause nexus as a driver of soil degradation. Source: Lal (2015) 
 

 
Figure 3. Causes of soil fertility decline and their interrelationship in Sub-Saharan Africa.  

Source: Muragea et al. (2000) 
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Figure 4. Major soil fertility problems in Sub-Saharan Africa. Source: Zingore et al. (2015) 
 

3.1.1. Contribution of inadequate fertilizer use for soil fertility depletion 
Most smallholder farmers in developing countries are not using sufficient amount of inorganic as 
well as organic fertilizers for the production of food crops that contributes to depletion of soil 
fertility. According to Muragea et al. (2000), the reasons for inadequate use of fertilizers by 
farmers are among others their scarcity and high cost. Plant nutrients from chemical fertilizers are 
important inputs to replace the nutrients removed from crop yields so as to maintain a positive 
nutrient balance in the soil. Higher outputs of nutrients compared to their inputs results negative 
nutrient balances in soils. In this regard Gebremedhin et al. (2014) reported negative nutrient 
balances of nitrogen and potassium in northern Ethiopia while phosphorous showed positive 
balance (Figure 5).  
 

 
Figure 5. Nutrient balances (kg/ha/year) of NPK across the socio-economic groups of landscape 

positions in Northern Ethiopia. Source: Gebremedhin et al. (2014) 
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On the other hand, continuous production of cereals using chemical fertilizers, especially on 
strongly weathered and poorly buffered soils of the tropics, can lead to a significant decline of 
crop yields after only few years of cropping because of soil acidification and compaction (Hossner 
and Juo, 1999). According to Dereje and Assefa (2016), increasing fertilizer requirements of 
croplands and decreasing yields per unit of land are the main indicators of soil fertility decline. 
Moreover, continuous use of imbalanced inorganic fertilizers results in decreasing of crop yields 
(Upinder et al., 2014). Therefore, integrated nutrient management of inorganic and organic 
fertilizers is one of the viable options to sustain soil health and crop productivity. 
Lower fertilizer applications on cultivated land resulted in declining soil fertility due to lower 
biomass production (Eyasu, 2009). Nitrogen and phosphorus are the most serious limiting factors 
for cereals and food legumes, respectively. There are different nutrient deficiencies in acidic soils 
due to continuous cultivation and Al toxicity for different crops. Continuous cultivation also 
causes a significant decline in soil pH and exchangeable Ca and Mg levels. This is even more 
pronounced when acidifying fertilizers are used (Teferi, 2008). Soil organic N declines as the 
cultivation period increases and the same is true for grain protein content of crops (Dalal, 1991) 
as depicted in Figure 6. Reduction of desired quality level of malt barley and its yield under soil 
fertility depletion and absence of legume crop rotation (break crops or legume cropping sequence) 
or continuous barley cropping systems were observed in the highlands of Ethiopia (Getachew et 
al., 2014). Therefore, soil fertility depletion can reduce the quality of crops due to unavailable of 
sufficient nutrients for the crops to optimize its acceptable standard quality. 
 

 
Figure 6. Decline in soil nitrogen and grain protein with increasing period of cultivation 
 Source: Dalal (1991) 
Cultivated highly-weathered soils commonly suffer from multiple nutrient deficiencies, and 
nutrient balances are generally negative. Similarly, nutrient balances are more negative for 
outfields which are subject to erosion and leaching (Reddy, 2013). The decline of crop yields 
under continuous cultivation has been attributed to factors such as acidification, soil compaction 
and loss of soil organic matter (Hossner and Juo, 1999). Thus, application of organic materials is 
needed, not only to replenish soil nutrients but also to improve the physical, chemical and 
biological properties of soil.  
High-resource-endowed farms (HRE) tend to have more cattle and manure and can maintain good 
soil fertility and crop yields across all of their fields. Low-resource-endowed farms (LRE) have 
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no livestock and manure and their fields are often uniformly poor in soil fertility and crop yields. 
Farmers of intermediate resource endowment (MRE) have limited resources that they apply 
preferentially to the home fields, creating strong gradients of soil fertility. This allows the 
classification of fields across the different farms into three types: fertile home fields, moderately 
fertile middle fields, and poorly fertile outfields for three farmer typologies (HRE, MRE, and 
LRE) (Zingore et al., 2007a) as shown in Figure 7. The major constraint of soil fertility 
management is strongly correlated to the wealth status of the population which is either rich, 
middle and poorness conditions. Therefore, better soil fertility condition is existed in richness 
wealth status of the population because of the presence of more number of cattle, manure, even 
usage of external inputs and timely coverage of the farm fields (Zingore et al., 2011). This is 
generally related to the presence of more incomes to do every farm activities timely.  

 
Figure 7. High-resource-endowed farms (HRE), intermediate resource endowed farms (MRE) and 
low-resource-endowed farms (LRE) in a crop field.  Source: Zingore et al. (2007a) 
 

3.1.2. Contribution of crop residue removal for soil fertility depletion 
According to Humberto and Lal (2009), crop residue removal from farmland adversely impacts 
the physical, chemical and biological properties of soils. Residue removal reduces organic binding 
agents that are essential for the formation and stability of soil aggregates. Moreover, bare soils are 
prone to particle detachment, surface sealing, crusting and compaction. Crop residue also affected 
water infiltration, saturated or unsaturated hydraulic conductivity and air permeability (Table 2) 
and thereby it increases runoff or soil erosion (Figure 8) that distributes non-point source 
pollutants.  
Residue removal also accelerates evaporation, increases soil temperature fluctuations in soil and 
reduces input of organic matters that are needed to improve the soils’ ability to retain water. 
Furthermore, removal of crop residues reduces the macro-and micronutrient pools in the soil by 
removing nutrient-rich residue materials and by inducing losses of soil organic matter (SOM)-
enriched sediments through runoff as indicated in Figure 9 (Humberto and Lal, 2009). Chemical 
properties (Table 3) of soils that affect productivity of crops are also influenced by removal of 
crop residues (Humberto and Lal, 2009). Biological properties including earthworm population 
and microbial carbon and nitrogen and biomasses are also reduced by removal of crop residues 
(Figure 10). According to Humberto and Lal (2009), contribution of crop residue removal to soil 
fertility decline may be attributed by altering the dynamics of soil water and temperature regimes 
especially in tropical areas. Generally, harvested crops and crop residues removal are among 
others the major causes of nutrient depletion in developing country including in Ethiopia 
(Gebremedhin et al., 2014). 
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Table 2. Effects of crop residue removal on structure and hydraulic parameters of soil 

Residue 
coverag
e (%) 

Bulk 
density 

(mg m-3) 

Aggregate 
stability 
(mm) 

Hydraulic 
conductivity 

(mm h−1) 

Water 
infiltration 

(cm) 

Water 
retention 
(mm3) 

Available 
water 
(mm3) 

0 1.23a 1.92c 0.43b 18.2b 0.28c 0.114b 
25 1.22a 3.25b 0.43b 19.9b 0.35bc 0.17b 
50 1.23a 3.2b 1.01ab 33.7b 0.40b 0.22ab 
75 1.20b 3.32b 2.20ab 52.5ab 0.42ab 0.23ab 
100 1.10b 3.70a 2.40a 70.2a 0.43ab 0.23ab 

Source: Humberto and Lal (2009) 
 

Table 3. Influence of crop residue removal on soil chemical properties 
Residue 
coverage 
(%) 

 

pH 

Organic 

C (g kg-

1) 

Total N 
(g kg−1) 

Available 
(mg kg−1) 

Exchangeable  

CEC 

 

EC K (mg 
kg−1) 

Ca (mg 
kg−1) 

Mg (mg 
kg−1) 

0  7.15 18.9b 1.9b 32 331 1513 457 12 0.36a 

25  7.12 23.3ab 2.3ab 37 332 1648 502 13 0.34a 

50  7.07 23.0ab 2.3ab 38 351 1573 482 13 0.35a 

75  7.04 24.9a 2.4a 46 383 1541 475 13 0.25b 

100   7.06 27.1a 2.5a 52 389 1663 525 14 0.25b 

200 7.05 28.3a 2.6a 55 395 1650 530 14 0.24b 

Source: Humberto and Lal (2009) 
 

 
Figure 8. Effect of rice straw on runoff and soil erosion in tropical sandy loam soil in Nigeria 

Source: Humberto and Lal (2009) 
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Figure 9. Effect of stover removal reduced soil nutrient pools on a silt clay loam soil 

Source: Humberto and Lal, 2009 

 

 
Figure 10. Effect of Stover coverage on Earthworm density of soil at the depth of 0-15 cm. 

decreases. Source: Humberto and Lal (2009) 
 

3.1.3. Effects of cropping systems on soil fertility depletion 
Cropping systems play an important role in improving soil quality. The term cropping system in 
this regard implies temporal sequence in which different crops are grown on the same land. Lal 
(2003) on the other hand defined that cropping system includes both the temporal sequences of 
crop and their management (soil and crop) practices. Cropping system of crops, especially that of 
monoculture and intensive cultivation can significantly decrease the nutrient levels and total 
fertility status of the soil that is required for particular crop under cultivation, that in turn leads to 
decrease in yield of the crop (Tewodros and Belay, 2015). Similarly, cropping system affects soil 
organic carbon as well as and the activity and population of microorganisms in the soil (Gicheru, 
2012). The main reason for decline of crop yield under monoculture cropping systems is due to 
the continuous absorption of similar nutrients from the root zone that leads to nutrient depletion 
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which differs with soil types. In this regard, Dalal (1991) observed that the lower the clay content 
of the soil, the greater was the rates of organic matter loss under cultivation and thus the larger 
was the amount of organic materials to be added to maintain at a steady-state (Table 4). On the 
other hand under intensive cropping system and imbalanced fertilizer use, the depletion of soil 
organic carbon is high as described by Manna et al. (2003) and requires additional nutrient inputs 
in the form of fertilizer application to sustain crop yield (Figure 11).  
 

Table 4. Effect of soil group and clay content on organic matter content required for equilibrium 
or steady state 
Great soil group Clay content Soil texture Organic matter to be added (t/ha/year) 
Black earth 72 clayey 1.4 
Grey, brown and red clays 59 clayey 0.8 
Grey, brown and red clays 49 clayey 1.6 
Grey, brown and red clays 40 clayey 4.6 
Grey, brown and red clays 34 loamy clay 5.4 
Red earth 18 sandy loam 29.2 

Source:  Dalal (1991) 
 

 
Figure 11. Effect of continuous cropping system and use of fertilizer on organic Carbon content of soil  
Note: A = rice-rice; B = rice-rice; C = rice-wheat-jute; D = maize-wheat-cowpea fodder; E = 
maize-wheat-cowpea fodder; F = finger millet-maize-cowpea fodder. Source: Manna et al. (2003) 
3.1.3.1 Effects of lack of proper cropping systems for soil fertility depletion 
Cropping systems play an important role in improving soil quality. Therefore, the term lack of 
proper cropping system refers to lack of proper crop rotation systems and it implies a temporal 
sequence in which different crops are grown on the same land. In a broad sense, however, cropping 
system implies both temporal sequences of crop and the management (soil and crop) practices. 
Important among these are tillage methods and crop residue management, drainage and irrigation, 
integrated nutrient management, erosion control, integrated pest management, and crop rotations 
and cover crops (Lal, 2003). 
3.1.4. Effects of topography and water erosion on soil fertility depletion 
Highlands of the tropical country like Ethiopia are generally densely populated and intensively 
cultivated as they are cooler in temperature and have volcanic soils which are relatively fertile 
(Belay, 2015). The main rainy season in Ethiopia is characterized with high rainfall intensity 
within short period of time that led to huge top soil erosion.  Frequent ploughing of the soil before 
the beginning of rainy season coupled with high intensity of rainfall, soils of highland areas in 
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tropical countries including in Ethiopia are dominantly acidic in nature and have low effective 
cation exchange capacity and thus relatively low in their fertility. On the other hand, soils which 
are nearer to the homesteads are relatively fertile than soils which are found far away from the 
homesteads which is associated with their organic matter content. According to Belay (2015), 
soils which are far away from the homesteads have generally very low organic matter content, 
water holding capacity, and nutrient contents. Soils of Ethiopian highlands are strongly weathered 
(acidic) which is attributed by low organic matter accumulation, leaching, water erosion and 
compaction that reduce soil fertility and low level of mineral nutrients required for crop production 
(Belay, 2015).  
3.2.4.1 Effects of soil erosion and continuous cultivation for soil fertility depletion  
According to (Tewodros and Belay, 2015) soil water erosion is described as the process by with 
the nutrient rich clay (fine particles) and organic matter are lost by rain drop splash which deplete 
the fertility of the upper top soil. Continuous cultivation with repeated tillage of farm land 
aggravates soil water erosion. Soil water erosion coupled with continuous cultivation is one of the 
major causes of soil fertility declines especially in the highlands of Ethiopia. Moreover, torrential 
nature of rainfall and its seasonality, rugged topography and land cover change facilitate top soil 
loss (Tewodros and Belay, 2015) and currently reached to about 137 t ha-1 and year-1 (Tewodros 
and Belay, 2015). Furthermore, poor organic and inorganic fertilizer application, improper crop 
rotation and poor tillage practices contribute to soil fertility decline in the country which results 
in reduction of crop yields in the country (Tewodros and Belay, 2015). 
3.2. Management of Soil Fertility Depletion for Improved Crop Productivity 
3.2.1. Benefits of crop residues for soil fertility improvement 
According to Humberto and Lal (2009 ), crop residues contain about 40–46% carbon which 
provide innumerable ecosystem services including reduction of soil erosion and water pollution, 
improvement of physical, chemical and biological properties of soils that contribute to 
enhancement of productivity and carbon sequestration of soils for mitigation of global climate 
change (Blanchet et al., 2016). Accordingly, crop residues help to maintain productivity of crops 
by replenishing soil plant nutrients, increasing soil organic matter (SOM) content, conserving soil 
water, reducing excessive evaporation and soil erosion, promoting biological activity (Blanchet et 
al., 2016), enhancing soil aggregation, strengthening nutrient cycling, reducing soil temperature 
fluctuation and improving soil tilth. Moreover, crop residues reduce surface runoff and thus 
improve absorption of agricultural chemicals and reduce non-point source pollution as well as 
buffer the impacts of air pollutants. Furthermore, crop residues contribute to mitigation of global 
climate change by sequestering soil organic carbon and off-setting emissions of CO2 and other 
greenhouse gases (Blanchet et al., 2016). Similarly, maintaining crop residue on the farmland 
significantly reduces losses of NO3-N, NH4-N, and PO4-P in runoff (Humberto and Lal, 2009). 
Complete removal of crop residue from farmland on the other hand increased the kinetic energy 
of the rain drop in accelerating runoff and soil erosion (Humberto and Lal, 2009).  
Organic materials including crop/plant residues, cover crops, mulches, green manure crops, 
animal manure and household wastes are the main sources of plant nutrients which are used as 
organic fertilizer in crop production. On the other hand, under continuous cropping system, use of 
nutrients from organic sources only may not be sufficient to compensate the nutrients which are 
mined from the soil through harvested biomass or lost in the form of leaching, erosion and others. 
Therefore, an integration of organic fertilizer including crop residues with inorganic fertilizer 
application is an important soil amendment strategy to sustain the fertility of soils and thus 
improvement of crop productivity as indicated by various researchers (Taa et al., 2004; Rezig et 
al., 2013).  
The amendment of soil fertility through application of organic matter depends on their rates of 
decomposition which in turn influenced by the types of organic matters, the temperature and well 
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as the type and population of microorganisms in the soil responsible for decomposition. According 
to Hossner and Juo (1999) the rates of decompositions of fresh plant residues as well as humidified 
soil organic matters in the humid tropical environment are three to five times greater than under 
temperate conditions. Therefore, frequent application of larger quantity of organic materials are 
required in the humid tropical areas to maintain adequate level of soil organic matter compared to 
in temperate regions.  This is due to the fact that high temperature existed in the humid tropical 
regions including in Ethiopia accelerates the rate of decomposition of organic materials compared 
to that of temperate regions. Consequently, most agricultural soils of tropical areas contain very 
low organic matter which is further extrapolated by high torrential rainfall and high soil erosion 
that led to leaching of major cations. According to Hossner and Juo (1999), the soil organic matter 
management strategies in the tropical areas should be designed and practiced towards the 
replenishment of soil organic carbon which is lost through decomposition, leaching, erosion and 
in the form of crop yield or biomass production. Moreover, minimizing the disturbance of soil 
surface by implementation of conservation tillage and reduction of soil temperature and water 
evaporation by mulching with plant residues reduce the rate of decomposition of soil organic 
matter which in turn contribute to the improvement of soil fertility and crop yields.  
3.2.2. Green manuring and cropping sequences for management of soil fertility 
Timely application of organic matters that have low C/N ratio like green manure and compost 
could help to synchronize the release of the nutrients from such materials with their demand in 
the plants. Such synchronization is likely to minimize the amount of inorganic fertilizer needed 
by the plants to sustain high crop yields. Among the green manure crops legumes are the most 
important and preferred once as they can able to fix atmospheric nitrogen and enrich the soils. 
Moreover, leguminous green manure crops conserve and recycle soil mineral nutrients, provide 
good ground cover and minimize soil erosion and require little inputs for their production (Lal, 
2003). Furthermore, growing of cover crops such as legumes, cereals or an appropriate mixture of 
them can protect the soil against erosion, ameliorate soil structure, and enhance soil fertility (Lal, 
2003).  
A number of green manure crops/plants of different genus and species including Crotalaria, 
Mucuna, Macroptilium, Sesbania, Tephrosia and etc. have been tested in different parts of Africa 
for the purpose of soil fertility improvement (Oluyede et al., 2007). Incorporation of such green 
manure crops into the soil can provide an effect on some crops which is equivalent to 80 kg ha-1 
nitrogen (Oluyede et al., 2007). Similarly, many fast-growing leguminous crops such as cowpea, 
lablab, mucuna, soybeans and phaseolus species are also grown as green manures and cover crops 
for erosion control, weed suppression and well as for soil fertility restoration (Oluyede et al., 
2007). Such green manure legumes have generally high biomass accumulation rates and root 
activities that can improve the physical, chemical, and biological properties of soils. Generally, 
organic amendments are very effective in the improvement of soil fertility and mineralization 
dynamics of nitrogen in the soil. Their efficiency in the improvement of soil fertility is however 
different which depends on the type of organic amendments used such as fresh cattle manure, 
fresh white clover, vegetable, fruit and composts from yard waste and popular trees. In this regard, 
Masunga et al. (2016) observed highest net nitrogen mineralization and higher microbial biomass 
carbon in clover-amended soils than in manure or compost-amended soil.  
Well-designed cropping system or crop rotation also contributes to the improvement of soil 
fertility. Cropping system which is especially designed with leguminous crops reduced nitrogen 
oxide emissions with comparable or slightly lower nitrate leaching as indicated by  (Kemal  and 
Workie, 2015; Reckling et al., 2016). Similarly, Getachew et al. (2014) reported that cropping of 
malt barley after legume crops resulted high yield of malt barley with best quality where the 
protein content was at acceptable range. A study conducted by Lukowiak et al. (2016) indicated 
that proper implementation of crop rotations improved soil phosphorous content and its use 
efficiency which helped to reduce external phosphorous inputs.   
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3.2.3. Farmyard manure and household wastes for soil fertility management  
Organic resources including farmyard manure and household wastes are an important 
amendments and fertilizers for the improvement of soil fertility and thus its productivity in most 
of the Sub-Saharan African countries (Omotayo and Chukwuka, 2009). Farmyard manure and 
household waste are however mostly used for the production of crops around the homestead in 
many parts of the tropics whereby the physical, chemical, and biological properties of the soils 
are improved in such a way that they are suitable for the production of crops. In this regard, 
Blanchet et al. (2016) reported that application of farmyard manure improved soil 
physicochemical properties as well as enhanced crop yields compared to application of mineral 
fertilizers alone.  Their application as soil amendment is mostly done after decomposition to make 
the nutrients easily available for the plants and prevent the plants from damages of high 
temperature produced during decomposition (Omotayo and Chukwuka, 2009). Cattle dung is also 
an important source of energy which is used for cooking of meals by smallholder farmers in 
developing countries including Ethiopia (Omotayo and Chukwuka, 2009).  
According to Bayu et al. (2005), manure application system known as Kraaling is also utilized in 
West Africa. By this system, farmers invite the nomadic Fulani herders to graze their animals on 
their croplands during the dry season. During the night cattle will be confined in a designated crop 
field to ensure the application of manure and urine. However, such type of manure and urine 
application is associated with nutrient loss through volatilization in the form of methane (CH4) 
and ammonia (NH3) gases which is especially high during high temperatures (Kemal and Workie, 
2015).  
3.2.4. Management of soil fertility through applications of chemical fertilizers and soil 
amendments 
Application of inorganic chemical fertilizers is the most reliable management option that is 
followed throughout the world for the improvement of soil fertility and its productivity (Kanyama-
Phiri, 2005). Especially, judicious use (lower rates, split application and banding) of inorganic 
fertilizers is needed to sustain high crop yields and maintain an optimum balance of nutrients on 
problematic soils (acidic soils), However, the use of fertilizers in Africa including Ethiopia is very 
low as compared to other parts of the world which is in most cases below the recommended rates 
(Morris et al., 2007). According to Lal (2003), the amount of fertilizers required for improved 
productivity of crops can be reduced by implementing various management strategies including 
improvement of efficiency through improved formulations, mode, and time of application and 
etc., decreasing losses that occurred due to erosion, leaching and volatilization and strengthening 
nutrient recycling mechanisms.   
Continuous uses of chemical fertilizers especially that of high rates of nitrogen on acidic soils to 
cereal monoculture however can reduce soil pH (acidification) and seriously reduce soil fertility. 
On the other hand, application of organic manures in combination with chemical fertilizers 
resulted higher levels of carbon and nitrogen accumulation in the soil as well as improved soil 
physical properties (Rong et al., 2016). Similarly, Song et al. (2015) observed sustainable 
increment of corn yield with combined application of organic matter and inorganic fertilizers 
compared to inorganic fertilizers alone.  
Soil amendments such as lime, manure and inoculants are important for soil fertility management 
(Kihara et al., 2016; Tekalign and Tegbaru, 2015). Liming is an important soil management 
strategy for acidic soils to increase the pH and thus improve the availability of phosphorous and 
reduces the damages caused by high concentration of aluminum in the soil (reference). In most 
tropical areas of the world, phosphorous deficiency is a critical issue for crop production. This is 
due to the fact that Fe, and Al oxides and allophanes in acidic soils have high immobilization or 
fixation capacity of phosphorous (references) which can be managed by application of lime. In 
this regard, Dereje and Assefa (2016) reported that soil amendment with the application of lime 
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is an essential soil fertility management technique which aims to treat acidic soils of annual crop 
lands. Furthermore, a long-term phosphorous placement trial showed that band application on 
high phosphorous-fixing soils was more effective in the availability of phosphorous for maize 
crop than broadcasting method of application (Kihara et al., 2016). 
Similarly, El-Saied et al. (2016) reported that application of straw-based hydrogels improved the 
fertility of soils by decreasing the pH of basic soils, increasing cation exchange capacity organic 
matter, and total nitrogen content as well as by improving the biological activity of the soils. 
Biochar and rice straw amendments have been also showed great contributions for soil 
productivity, carbon sequestration and for mitigation of greenhouse gas emissions (Thammasom 
et al., 2016) and reduction of heavy metal uptakes by plants (Gwenzi et al., 2016). 
3.2.5. Practices of agro-forestry for soil fertility management 
Agro-forestry refers to all forms of land-use systems in which trees or woody perennials are grown 
in association with livestock and/or annual crops with significant ecological interactions between 
the woody and non-woody components (Luedeling et al., 2016). According to them the ultimate 
aim of practicing agro-forestry is reducing poverty, improving food security and fostering 
sustainability.  The major categories of agro-forestry practices are alley cropping, buffers, forest 
farming, windbreaks and silvopasture (Motavalli et al., 2013) which have potential to improve 
soil fertility. The contribution of agro-forestry for soil fertility improvement is based on the 
increase of organic matter production and biological nitrogen fixation through leguminous trees 
used in the system. Mbow et al. (2014) in this regard listed a number of benefits of tree-annual 
crop associations including retrieval of nutrients that are below the rooting zone of annual crops, 
reduction of nutrient losses that caused by leaching, runoff and erosion and fixation and supply of 
atmospheric nitrogen to annual crops. Similarly, Dereje and Assefa (2016) reported that agro-
forestry was the top and preferred soil fertility management technique used in perennial crop land 
which was practiced by farmers. Agro-forestry was also more effective for restoration of soil 
organic matter compared to mono-cropping system (Manna et al., 2003). 
Alley cropping is planting of hedgerows of perennial shrubs along the contour lines of a slope 
where food crops can be produced in the alleys between the hedgerows. The foliages of the 
hedgerows, which are mostly leguminous shrubs, are used as a source of nutrients for food crops 
that contribute to soil fertility management as well as reduction of runoff and soil erosion (Garre 
et al., 2013).  
3.2.6. Management of soil fertility through soil-water conservation and conservation agriculture  
Various soil and water conservation (SWC) technologies have been implemented in different 
developing countries to manage soil fertility depletion problems. Among others, soil, and stone 
bunds, grass strips, tied ridges and check dames are the most important soil and water conservation 
practices employed by farmers in sloppy lands to conserve water and reduce erosion and thus to 
improve soil fertility (Kassie et al., 2009). Farmers in developing countries like Ethiopia construct 
soil-water conservation measures on their farm land for effective and long-term utilization of 
water for crop production as well as to restore nutrients (Yirga and Hassan, 2009). In the last ten 
years the government of Ethiopia is therefore working hand towards the implementation of soil 
and water conservation measures to restore the fertility of soils and thus to increase production 
and productivity of crops (Yirga and Hassan, 2009).  
Conservation agricultural (CA) systems are being extensively propagated around the world and 
showed promises towards sustainable use of cropland management system. The three major 
principles of CA as indicated by Motavalli et al. (2013) are minimum soil disturbance 
(conservation tillage and direct seeding), permanent soil cover (residues and cover crop) and crop 
rotation. An experiment conducted Ghosh et al. (2015) using grass vegetation strip with minimum 
tillage, organic amendments and weed mulch revealed that mean wheat yield was higher by 47% 
in conservation agriculture than in conventional agriculture. Similarly, mean runoff coefficients 
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and soil loss were very low and soil moisture conservation was increased by 108% under 
conservation agriculture than conventional agriculture.   
A study conducted in Iran showed that no-tillage technology was considered to be 
environmentally beneficial in terms of soil erosion, compaction and degradation of soil structure 
as well as energy consumption (Samiee and Rezaei-Moghaddam, 2016). Another study was 
conducted in Egypt showed that CA led to reduction in electrical conductivity by 2.21%, and 
increase organic matter, available N, P, and K by 391.5%, 210.7%, 272.7% and  183.5% , 
respectively, under half dose of NPK fertilizer application (Harb et al., 2015). 
 Moreover, conservation agriculture has the capacity to reduce the emission of soil carbons and 
greenhouse gases as compared to conventional or traditional agriculture (Awada et al., 2014). 
Integration of conservation tillage with residue management and crop rotation especially with that 
of leguminous plants as cover crops reduce accelerated soil water erosion (Golabi et al., 2014). 
However, conservation agriculture in the developing countries like Ethiopia is not yet well 
practiced which is probably associated with the socioeconomic and political factors. Therefore, to 
tap the benefits of conservation agriculture soil conservation techniques should be practiced on 
the farmland of each farmer in the country.  
3.2.7. Integrated soil nutrient management  
Integrated nutrient management  
Integrated nutrient management is a system by which all aspects of nutrient cycle are optimized 
in such a way that the demand of the crops for nutrients and their release are synchronized while 
minimizing nutrient losses through leaching, runoff, volatilization and immobilization (Endrias et 
al., 2013). For that purpose sustainable soil nutrient-enhancing strategies that involve the wise use 
and management of inorganic and organic nutrient sources in ecologically sound production 
systems are paramount important (Endrias et al., 2013). Perhaps, application of integrated soil 
fertility management can give better yields than non-integrated ones (Tewodros and Belay, 2015). 
Long-term integrated use of inorganic fertilizers and organic manure (FYM) found superior in 
comparison to alone application of inorganic fertilizers to sustain the crop productivity and soil 
fertility and to enhance the soil quality in a rice-wheat cropping system grown on a Mollisol in 
northern India (Shri et al., 2016). Similarly, integrated use of inorganic and organic fertilizers 
recorded highest yields of maize (Detchinli and Sogbedji, 2015; Solomon and Jafer, 2015), wheat 
and tef (Getachew et al., 2014) on acidic Nitosols in Ethiopia. 
Long-term nutrient experiments conducted in Alfisol of India revealed that application of organic 
amendments induced higher microbial population (Figure 12) and thus increased enzyme 
activities (Figure 13) compared to inorganic and control soils (Chinnadurai et al., 2014). 
According to Chinnadurai et al. (2014), the increased soil organic carbon content, and microbial 
biomass carbon (MBC) as well as diazotrophs populations as indicated in Figure 12 could be the 
possible indicator for soil fertility improvement through the application of organic manures. The 
improved dehydrogenase and alkaline phosphatase activities (Figure 13) similarly indicated the 
improvement of soil fertility through organic manure application.  
 Similarly, Kanyama-Phiri, (2005) indicated that integration of  nitrogen fixing herbaceous 
legumes such as groundnuts, mucuna, clotalaria and lablab or tree legumes such as Sesbania, 
Pigeon peas, Tephrosia, Gliricidia and Tithonia, with and without compost and livestock manures 
were the best fit options for soil fertility management in Malawi.  
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Note: OM – Organic manures amended soil; IC – Inorganic chemical fertilizer amended soil 
Figure 2. Impact of organic manure and inorganic application on soil organic carbon (SOC) and 
microbial biomass-C (a) and humic and fulvic acid fractions of SOC (b)  

Source: Chinnadurai et al. (2014) 
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Figure 3. Impact of organic manure and inorganic fertilizer applications on soil enzymes’ 
activities: (a) Acid and alkaline phosphatase; (b) Asparaginase and urease; (c) Dehydrogenase 
Note: OM = Organic manures amended soil; IC = Inorganic chemical fertilizer amended soil 
Source: Chinnadurai et al. (2014) 

 
3.3. Challenges of Soil Fertility Management in Ethiopia 
Soil fertility depletion is an important issue in Ethiopian agriculture. The farmers in the country 
are challenged by ever increasing soil fertility degradation and thus reduced crop productivity 
(Tekalign and Tegbaru, 2015). The fact that crop productivity is the lowest in Sub-Saharan Africa 
by world standards and soil fertility depletion is the great challenge to feed the ever-increasing 
population of the country. Lack of good land use policies, research and capacity buildings and 
poor institutional setup are among others the major constraints that hinder the implementation of 
soil fertility management practices in Ethiopia (Tekalign and Tegbaru, 2015). Moreover, 
traditional agronomic and management practices employed by farmers contribute to losses of 
billion tons of soil annually through soil erosion that led to severe soil fertility depletion and 
reduction of crop yields and food insecurity in the country (Tekalign and Tegbaru, 2015).   
Poor infrastructures, weak agricultural extension services, high costs as well as inadequate 
supplies and low quality of fertilizers, poor cultural practices and inappropriate fertilizer 
recommendations are also contributing to soil fertility depletion in the country. Furthermore the 
global climate changes scenario affects the current soil fertility depletion problem existed in 
Ethiopia which requires special attention to secure food security of the country (Jonas et al., 2012). 
 

4. Conclusion 

Soil fertility depletion is the major bottle neck in the world including developing countries like 
Ethiopia to sustain the productivity of crops which is attributed by open nutrient cycling systems. 
The major causes and drivers of soil fertility depletion in Ethiopia are among others inadequate 
fertilizer use, complete removal of crop residues, poor cropping systems and over cultivation, soil 
erosion and global climate changes. The situation is further accelerated due to high population 
pressure, poor and traditional agricultural practices, free grazing, lack of alternative energy 
sources, land tenure and lack of land use policies in the country. To reduce the problems associated 
with soil fertility depletion and thus to ensure crop productivity and food security the following 
soil and or land management options should be implemented in the country: 

• Practicing soil fertility management practices with closed nutrient cycling system; 
• Formulating and implementing land use planning system for each agro-ecology and 

monitoring for their implementation;  
• Formulating and implementing soil fertility management policies; 
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• Making use of physical, agronomical and biological land management technologies and  
• Research and extension services towards soil fertility management options. 
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Abstract 

The role of forests in mitigating the effect of climate change depends on the carbon sequestration 
potential and management. This study was conducted to estimate the carbon stock and its variation 
along the environmental gradients in Arba Minch Ground Water Forest. The data was collected 
from the field by measuring plants with a DBH of >5cm in quadrat plots of 10 X 20 m and the 
carbon stocks of each plant were analyzed by using allometric equations. From this study the mean 
total carbon stock density of Arba Minch Ground Water Forest was found to be 583.27 t ha-1, of 
which 829.12 t ha-1, 165.88 t ha-1, 1.28 t ha-1, 83.80 t ha-1 was contained in the above ground 
carbon, belowground carbon, litter carbon and soil organic carbon (0-30 cm depth) respectively. 
Similarly, the analysis of carbon stock variation of different carbon pools on eight different aspects 
of the forest area showed a significant variation with the exception of litter carbon stock and this 
is due to fast decomposition rate of litters and low amount of litter fall in the forest. The amount 
of carbon stock in above and belowground biomass, soil organic carbon and the total carbon stock 
was higher on the southern aspect as compared to other aspects. This study concluded that the 
carbon stock value of Arba Minch Ground Water Forest is large, and this will serve as a potential 
entry point for the engagement of the forest in REDD+ project. 
Keywords: Environmental variables, climate change, biomass, carbon sequestration, Carbon 
Pools 
 
Introduction 

Worldwide concern for natural and biological resources is higher than ever before. Issues such as 
climate change, loss of biodiversity, ozone layer depletion, or desertification have taken the center 
of attention in the global discourses. This is mainly caused by anthropogenic greenhouse gas 
emissions of carbon dioxide mainly from the burning of fossil fuels, deforestation and emission 
of other greenhouse gas. Forest management activities are increasingly taking into consideration 
the role of forests as carbon sinks and there is a pressing need for more information about factors 
that determine carbon storage potential in forests (McEwan et al., 2011).   
The global climate change is a widespread and growing concern that has led to extensive 
international discussions and negotiations. Responses to these concerns have focused on reducing 
emissions of GHGs, especially CO2, and on measuring carbon absorbed by and stored in forests, 
soils, and oceans. One option for slowing the rise of GHG concentrations in the atmosphere, and 
thus possible climate change, is to increase the amount of carbon removed by and stored in forests 
(Broadmeadow and Robert, 2003; IPCC, 2000; IPCC, 2007).  
Forests play a critical role in the natural global carbon cycle by capturing carbon from the 
atmosphere through photosynthesis, converting that photosynthesized carbon to forest biomass, 
and emitting carbon back into the atmosphere during respiration and decomposition. It sequesters 
and stores more carbon than any terrestrial ecosystem i.e. they store more than 80% of all 
terrestrial aboveground carbon and more than 70% of all soil organic carbon (Perschel et al., 2007; 
Sundquist et al., 2008). As a result, forest ecosystems are regarded as the largest terrestrial carbon 
pool. According to the IPCC (2007) report, forests have an average biophysical mitigation 
potential of 5,380 Mt CO2/yr until 2050.  
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In addition to being sequestered in vegetation, carbon is also sequestered in forest soils. Carbon 
is the organic content of the soil, generally in the partially decomposed vegetation (humus) on the 
surface and in the upper soil layers, in the organisms that decompose vegetation (decomposers), 
and in the fine roots (Gorte, 2009).  
General Objective 
The overall objective of the study was to estimate the forest carbon stock and its variation along 
environmental variables in Arba Minch Ground Water Forest. 

Specific Objectives 

 To assess the values of forest carbon storage or stock for climate change mitigation, 
 To estimate carbon sequestered in above and belowground biomass, in litter and soils, 
 To determine the above and below ground, litter and soil carbon stock variations along 

altitudinal gradient,  
 To provide baseline information for the future management of the forest. 

Materials and methods 

Description of the Study Area 
This study was conducted in Abra Minch Ground Water Forest which is found at a distance of 
505 km south of Addis Ababa. The forest is part of Nech Sar National Park (NSNP) at present 
administered by the Ethiopian Wildlife Conservation Authority (EWCA). It is located between 
5051’- 6005’N Latitude and 37032’-37048’E Longitude in the Southern Nations, Nationalities and 
People Regional State (SNNPRS) with an altitudinal range of 1108-1650 m a. s. l. Arba Minch 
Ground Water Forest is covering some 2120 ha and it is home for a wealth variety of fauna and 
flora species (figure 1). The annual rainfall of the study area follows bi-modal distribution 
and the main wet season is April to June with a second wet period in September to October rangi
ng from 30 mm in a very dry to more than 1200 mm in the wettest season. The mean annual   ma
ximum and minimum temperature are 33.30C and 13.40C respectively. 
Tree Measurement  
Trees with DBH ≥ 5 cm were measured in each plot using diameter tape. Each tree was recorded 
individually, together with its species name and ID. For each sample plot, altitude was measured 
using Pretel digital altimeter and the areas of the forests of each sample plot were determined from 
the record of UTM coordinates. Similarly, aspects in each study plot were recorded using compass. 
Trees with multiple stems at 1.3 m height were treated as a single individual and DBH of the 
largest stem was taken. Trees with multiple stems or fork below 1.3 m height were also treated as 
a single individual (Kent and Coker, 1992).  
Litter 
Litter samples were collected in a 1 x 1 m square sub-plot within the larger plot. A total of five 
sub-plots (four at corners and one in the center) were used for litter collection. In each plot, five 
samples of fine litter, including leaves, twinges, fruits/flowers, and barks were collected and 
placed in a weighing bag. A composite sample of 100 gm was taken for the laboratory analysis 
placing in a plastic bag and oven dried at 1050C for 48 hours and weighed for analysis of total 
carbon concentrations.  
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Figure 1: Map of Ethiopia Showing SNNPR and the Study Area 
Methodology  
Soil Sampling 
Soil samples were collected from the five sub sub-plots (30 cm x 30 cm each) in the four corners 
and one at the center of each plot. A 30 cm soil probe was used to collect the soil samples. Samples 
were collected using a 30 cm depth core sampler with a diameter of 5 cm. Five equal weights of 
each sample from each sub-plot were taken and mixed homogenously while a composite sub 
sample of 100 gm from each plot was taken for the laboratory analysis.  
Equations used for estimating Carbons in Different Carbon Pools 
Estimation of Carbon in the Aboveground Biomass  
There are different allometric equations that have been developed by many researchers to estimate 
the aboveground biomass. These equations are different, depending on the types of species, 
geographical locations, forest stand types, climate and others (Negi et al., 1988; Brown et al., 
1989; Baker et al., 2004). From the different available allometric equations to estimate the 
aboveground biomass, the model that was developed by Brown et al. (1989) was selected for the 
study site since the general criteria described by the author are similar to the study area. The 
general equation that was used to calculate the aboveground biomass is given below: 
Y= 34.4703 - 8.0671(DBH) + 0.6589(DBH2) …………………………………. (eq.1) 
Where, Y is aboveground biomass, DBH is diameter at breast height.  
Estimation of Carbon in Belowground Biomass  
According to MacDicken (1997), standard method for estimation of belowground biomass can be 
obtained as 20% of aboveground tree biomass i.e., root-to-shoot ratio value of 1:5 is used. Thus, 
the equation developed by MacDicken (1997) to estimate belowground biomass was used.  
 BGB = AGB * 0.2…………………………………………………………(eq.2)  
Where, BGB is belowground biomass, AGB is aboveground biomass, 0.2 is conversion factor (or 
20% of AGB).  
Estimation of Carbon in the Litter Biomass (LB) 
According to Pearson et al. (2005), estimation of the amount of biomass in the leaf litter can be 
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calculated by: 

LB = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
𝐴𝐴

∗ W Sub−sumple(dry)
W Sub−sumple(Fresh)

∗ 1
10,000

… … … … … … … … … . . (𝑒𝑒𝑒𝑒. 3)  

Where: LB = Litter (biomass of litter t ha-1) 
Wfield = weight of wet field sample of litter sampled within an area of size 1 m2 (g), A = size of 
the area in which litter were collected (ha), W sub-sample, dry = weight of the oven-dry sub-
sample of litter taken to the laboratory to determine moisture content (g), and W sub-sample, fresh 
= weight of the fresh sub-sample of litter taken to the laboratory to determine moisture content 
(g). 
Carbon stocks in leaf litter biomass 
CL = LB * % C……………………………………………….………………(eq.4) 
Where, CL is total carbon stocks in the leaf litter in t ha-1, % C is carbon fraction determined in 
the laboratory.  
Estimation of Carbon in Soil Organic Carbon (SOC) 
The carbon stock density of soil organic carbon was calculated as recommended by Pearson et al. 
(2005) from the volume and bulk density of the soil. 
 V = h x π r2 ………………………………………...………………………..(eq.5) 
Where, V is volume of the soil in the core sampler in cm3, h is the height of core sampler in cm, 
and r is the radius of core sampler in cm.  
Moreover, the bulk density of a soil sample can be calculated as follows: 

BD = Wav,   dry
V

… … … … … … … … … … … … … … . … … … … … … … … . … . (eq. 6)              

Where, BD is bulk density of the soil sample per plot, Wav, dry = is average air dry weight of soil 
sample per the quadrate, V is volume of the soil sample in the core sampler in cm3.  
Then, the carbon stock in soil was calculated as follows: 
SOC = BD * d * % C ………………………………………………. (eq.7) 
Where, SOC Soil Organic Carbon stock per unit area (t ha-1), BD soil bulk density (g    cm-3), D 
the total depth at which the sample was taken (30 cm), and %C Carbon concentration (%) 
determined in the laboratory. 
Total Carbon Stock Density 
The total carbon stock density was calculated by summing the carbon stock densities of the 
individual carbon pools using the Pearson et al. (2005) formula. Carbon stock density of the study 
area:   
C density = CAGB + CBGB + C Lit + SOC……………………(eq.8) 
Where:  
C density = Carbon stock density for all pools (t ha-1), C AGTB = Carbon in aboveground tree 
biomass (t ha-1), CBGB = Carbon in belowground biomass (t ha-1), C Lit = Carbon in dead litter 
(t ha-1), SOC = Soil organic carbon (t ha-1). The total carbon stock was then converted to tons of 
CO2 equivalent by multiplying it by 44/12, or 3.67 (Pearson et al., 2007). 
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Results and discussions 

The carbon stock value of the study site in all carbon pool is 583.25 t ha-1 (Table1). While 
comparing with other studies, the mean carbon stock in above and belowground biomass of Arba 
Minch Ground Water Forest was twice higher than those reported from Egdu Forest (Adugna 
Feyisa, 2002), Menagasha Suba State Forest (Mesfin Sahile, 2011) and selected church forests in 
Addis Ababa (Tulu Tolla, 2011) (Table 2). However, this result is comparable to those reported 
for the global aboveground carbon stock in tropical dry and wet forests that range between 13.5-
122.85 t ha-1 and 95-527.85 t ha-1, respectively (Murphy and Lugo, 1986). The higher carbon stock 
in aboveground biomass in the study site could be related to the higher tree density in forest area 
growing along the Kulfo River and presence of protection from human interference.  
Table 1: Shows the amount of biomass and carbon stock in above ground and below ground 
biomass, litter biomass and their carbon stocks and soil organic carbon in the study area. 

Total Plots Carbon Pools 
70 AGB  

(t ha-1) 
AGC  
(t ha-1) 

BGB  
(t ha-1) 

BGC  
(t ha-1) 

LB  
(t ha-1) 

LC  
(t ha-1) 

SOC  
(t ha-1) 

Mean values (t ha-1) 829.12 414.70 165.88 83.48 0.036 1.27 83.80 
 

The mean carbon stock in litter pool of the present study was less compared to values recorded 
from other forests (Table2). The values reported for tropical dry forest is 2.1 t ha-1 which is greater 
than the present study value (1.27 t ha-1) (IPCC, 2006). The amount of litter fall and its carbon 
stock of the forest can be influenced by the forest vegetation (species, age and density) and climate 
(Fisher and Binkly, 2000). Similarly, since the study area is located in tropical areas, the rate of 
decomposition is relatively fast. Thus, the lowest carbon stock in litter pool could probably be due 
to the high decomposition rate and less amount of litter fall due to the ever greenness of the Forest 
year round. The mean bulk density of the forest site was low (0.85 g cm-3, ranging between 0.72 
to 0.98 g cm-3) which indicates that the study site has high organic matter content in the soil 
(Brady, 1974). Thus, the higher mean SOC stock is may be due to the presence of high SOM and 
fast decomposition of litter which results in maximum storage of carbon stock (Sheikh et al., 
2009). Overall, the present result revealed that the study forest had large carbon stock and thus 
sequestered large amount of CO2 contributing to the mitigation of global climate change. 
Table 2: Comparison of carbon stock (t ha-1) of the present result with other studies 
Study Place AGC BGC LC SOC 
Arba Minch Ground Water Forest (present study) 414.70 83.48 1.28 83.80 
Egdu Forest (Adugna Feyissa, 2012) 278.08 55.62 3.47 277.56 
Menagasha Suba State Forest (Mesfin Sahile, 2011) 133.00 26.99 5.26 121.28 
Selected Church Forest (Tulu Tolla, 2011) 122.85 25.97 4.95 135.94 

Factors affecting the carbon stocks of the study site  
There are different factors that affect the storage of carbon in forests. Among the many factors, 
altitude, slope and aspect have a pronounced effect on carbon concentration. Each is discussed as 
follow 
 

Carbon stocks of different pools along altitudinal variation 
The presence of variation in altitudinal gradient affects the carbon stock of different pools in the 
forest. It was observed that the mean above and belowground biomass carbon and SOC showed 
relatively a decreasing trend with increasing altitude (Table 3) though there was no significant 
variation in carbon stock in all carbon pools except SOC along altitudinal gradient (Table 5). 
There were similar results also reported in tropical Atlantic moist forest in Brazil by Alves et al. 
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(2010), in central Amazonian forest (de Castilho et al., 2006), in moist temperate valley slopes of 
the Garhwal Himalaya of India (Gairola et al., 2011) and in Mt Changbai of China (Zhu et al., 
2011).  
 

Table 3: Mean carbon stock (t ha-1) in different pools along altitudinal gradient 
Altitude class Altitude range 

(m a. s. l) 
AGC  

(t ha-1) 

BGC  

(t ha-1) 

LC    

(t ha-1) 

SOC     
(t ha-1) 

Total C stock  

(t ha-1) 

Lower 1125-1156 637.75 127.54 1.17 89.24 855.71 

Middle 1157-1188 309.02 62.81 1.25 80.07 453.15 

upper 1189-1220 517.68 103.54 1.34 83.30 705.81 

On the other hand, unlike the other carbon pools, the mean carbon density in litter pool of the 
present study showed no clear pattern with altitude and this may be due to the decline in litter fall 
amount and decomposition with increasing altitude (Table 3). As indicated by Jobbagy and 
Jackson (2000), SOC density increased with precipitation and decreased with temperature. In the 
present study, relatively, an overall increasing trend in mean SOC density with increasing altitude 
was observed.  
Overall, this present result points out that forest carbon pool density of the study area shows 
significant variation and a clear pattern along altitudinal gradient as aboveground, belowground, 
litter and soil carbon density. This further revealed that the carbon pool components of forest 
ecosystem may respond to altitude differently and plays an important role in knowing possible 
change in carbon stock and thus carbon sequestration capacity in response to future climate change 
(Zhu et al., 2011).  
Carbon stocks of different pools and aspect  
Aspect is one of environmental factors that can affect the carbon stock of forests in different 
carbon pools (Bayat, 2011) and thus, it can be used as a useful variable to predict the forest carbon 
stock in different carbon pools. Results of the present study revealed that higher mean values of 
above and belowground biomass and carbon stocks on S and SE aspects compared to the other 
aspects whereas, the lowest mean values were recorded on the NE and N aspect. Similarly, in the 
carbon stock study of Apennine Beech Forest by Bayat (2011) it was found that aspect can affect 
20% of the variation in AGB and the highest value of aboveground biomass appeared in southern 
aspects of this forest. Overall, the southern aspects of the study area had higher values of above 
and belowground biomass and carbon stocks as compared to northern aspects. This can be 
attributed to the occurrence of moisture and favorable environment on the southern aspects as we 
close to the Lakes.  
Table 4: Mean carbon stock (t ha-1) in different pools in different aspects 

Aspects (facing) AGC (t ha-1) BGC (t ha-1) LC (t ha-1) 
 

SOC  
(t ha-1) 

Total C stock (t 
ha-1) 

S 679.62 135.92 1.60 112.14 929.29 
SW 358.600 71.72 1.31 126.10 557.73 
SE 625.45 125.09 1.30 75.47 827.32 
E 369.36 73.87 1.39 38.07 482.70 
N 350.64 70.12 1.15 69.41 491.34 
NE 64.77 19.38 0.91 28.08 113.14 
NW 382.51 76.50 1.40 97.18 557.59 
W 615.36 123.07 1.26 127.29 866.98 
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In addition, the higher values of soil organic carbon on the western aspects have been reported in 
the present study which may be due to the presence of cooler and moist climate on the western 
aspect. This may also be the probable cause for high decomposition rate of a litter which further 
enhanced large carbon stocks on the western aspect compared to the other aspects. Aspect has 
significant relationship with biomass in forest areas due to the interaction between soil radiation 
and soil properties such as soil moisture and soil nutrients (Bayat, 2011). The present study also 
shows statistically higher values on the southern aspects than the northern aspects. The difference 
might be due to the difference in litter fall amount and its decomposition rate. In addition, the 
absence of high decomposition rate of litter on northern aspects may contribute for the presence 
of high litter biomass and carbon than the southern aspects. In all carbon pools there was a 
significance difference in carbon stocks of the forest at 95% confidence interval (α=0.05) except 
the litter carbon and below ground carbon stock among aspects (Table 5).  
Table 5: Summary of values of significance for one-way ANOVA between the two environmental 
variables (altitude and aspect gradient) for AGC, BGC, LC and SOC stock. 

Environmental Variables      Carbon pools                             F-value                                  p-value 

Altitude                                       AGC                                   2.812                                        0.067 
                                                     BGC                                    2.650                                        0.078 
                                                     LC                                      0.782                                         0.462 
                                                     SOC                                    3.451                                         0.037 
Aspect                                          AGC                                  3.360                                         0.004 
                                                     BGC                                  3.182                                         0.006 
                                                      LC                                     2.015                                         0.067 
                                                      SOC                                  4.377                                         0.001 

**Bold values are significant at the p < 0.05 level 
 
Conclusion  

The analysis of carbon stock in different carbon pools of the study forest showed different capacity 
of carbon storage. The average carbon stock in the forest area were large and the result is 
comparable to forests in other tropical countries but higher than most study results of forests in 
Ethiopia. This indicates the contribution of the forest for carbon sequestration and hence 
mitigation of climate changes. 
Analysis of variation of carbon stock in different carbon pools of the forest area responded 
differently along different environmental gradients. The carbon stock in above and belowground 
carbon showed a decreasing trend with increasing altitudes but litter carbon did not show a clear 
pattern along altitude gradients. On the other hand, except in the litter carbon pool, the carbon 
stock in aboveground, belowground and soil carbon pools were significantly different in different 
aspects of the forest area. The total carbon stock was found to be higher on southern side of the 
forest which could be attributed to the occurrence of moist climate and favorable environment on 
the southern aspects.  
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Abstract 

Climate change is unequivocal phenomenon with tender impacts on many sectors, thus devising 
appropriate management strategies that reduce exposure, sensitivity and impacts while maximizing the 
adaptive capacity of the society to the existing and anticipated climate change impacts is vital concern. 
This in turn can maximize coping mechanisms and reduce the vulnerability of the society and/or the food 
insecurity and overall economy of the nation. Organic agriculture can be considered as best climate 
change management strategy as it increases productivity and income. Globally, evidences showed that 
organic agriculture can build natural resources, strengthen communities and improve human capacity, 
thus insuring food security and thus contribute a lot for climate change mitigation and adaptation. Thus, 
this review was done to evaluate the role of organic agriculture for climate change management under 
Ethiopian conditions. Published and unpublished literatures, government policy and reports, and reports 
form projects have been reviewed. Literatures reviewed showed that organic agriculture is best option to 
manage climate change in various dimensions. It increase smallholder farmers’ income by 30–200% after 
the conversion period and empowers local communities to take control of their food production needs by 
providing affordable, sustainable and locally adapted farming systems. It also reduced energy required 
per kg product by 20–56% compared with conventional farming. Reviewed articles also showed that 36.5% 
and 106% more yield is obtained using compost compared to chemical fertilizer and check, respectively. 
Findings further verified that use of organic agriculture practices improve productivity, soil quality and 
biodiversity. It is found that materials required for organic agriculture in Ethiopian farming system are 
found in large amount than the required indicating the possibility to implement organic agriculture in the 
country. Findings conclude that organic agriculture  is best suited practice to adapt and mitigate climate 
change impacts as it is less costly, dependent of on-farm inputs, autonomous, highly compatible with 
farmers’ knowledge and environmentally friendly–it reduce GHGs emission by minimizing the use of fossil 
inputs like nitrogenous fertilizers. From the review it is concluded that the long term yield advantage of 
organic agriculture, the presence of ample amount of inputs, dependency of Ethiopia on agriculture and 
the presence of subsistence farmers who depend on locally available agricultural inputs makes organic 
agriculture best alternative option to maximize productivity while reducing emission. Therefore, organic 
agriculture is highly recommended for Ethiopian smallholder farmers to adapt and mitigate climate 
change. 

Keywords: adaptation, climate change, Ethiopia, GHGs, mitigation, organic agriculture   
 
1. Introduction  

Climate change is already affecting and will going to affect agricultural productivity since it is 
deeply interconnected with weather and climate (Roudier et al., 2011). The change in climate 
elements affected crop management practices, yields, farm return and profitability, and 
distribution and populations of pest and diseases (Southworth et al., 2000). For example, the 
change in temperature and precipitation alter crop’s developmental rates resulting in an earlier 
harvest, crop failure or unusual high yield depending on area and crops (Wolf and Oijen, 2002). 
Thus, climate change mitigation and adaptation are urgent, particularly in agriculture, where food 
security is at stake.  
Currently, agriculture is responsible for 20-30% of global GHG emissions (Niles, 2008). 
However, it can also contribute to both mitigation and adaptation. Organic agriculture contributed 
for mitigation through the avoidance of open biomass burning, the use of synthetic fertilizers and 
pesticides, and sequestration of CO2 (Muller et al., 2012; Scialabba and Muller, 2010; Niles, 
2008). All these contribute for the building of soil organic matter thereby increases water retention 
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capacity and create more stable and fertile soils. The latter in turn reduce vulnerability to drought, 
floods and water logging. Adaptation is further supported by increased agro-ecosystem diversity 
of organic farms, reduced nitrogen inputs and the absence of chemical pesticides. The high 
diversity together with the lower input costs of organic agriculture is key factor to reduce 
production risks associated with extreme weather events (Scialabba and Muller, 2010). The 
diversity of crops grown and planting at different time of the year make organic agriculture more 
stable in uncertain weather conditions. As organic agricultural practices build soil, it increases 
productive land availability while halting and reversing land degradation and erosion. Indeed, 
organic agriculture approaches are also accessible to small-scale and poor farmers who depend on 
biodiversity, soil health and locally-available resources for agricultural production.  
Use of organic agriculture help farmers to achieve three distinct goals: addressing concerns of 
food security, adapting to a changing climate, and mitigating climate change by sequestering CO2 
in soil or trees (Oxfam, 2009). Because of the above potentials organic agriculture regarded as a 
key means to manage climate change impacts in developing countries like Ethiopia (Muller et al., 
2012). About 43.7 million ha of land is covered with organic farms globally in 172 countries and 
there is an emerging trend that considered organic agriculture as a best alternative for climate 
change management (FiBL and IFOAM, 2016). Organic agricultural practices like composting, 
agroforestry, water conservation, etc., are giving promising results in managing climate change 
impacts in many parts of Africa (IFOAM, 2009a and IFOAM, 2009b). The status to organic 
agriculture in Ethiopia stands 36th and 3rd in the World and Africa respectively with 160,987 
hectare of land with a share of 0.5% of the total organic agricultural land globally run by 135,827 
producers with 14.60% more growth compared with the 2011 coverage (FiBL and IFOAM, 2016). 
From this area 154,000 and 6,442 ha of land is covered with coffee and oilseed respectively. 
However, the data indicated above only refers to certified organic agricultural lands and doesn’t 
include those areas which are managed traditionally in more of organic senses.  
Climate variability and climate extremes are already having impacts on agricultural production 
systems. Future changes associated with climate change will present additional challenges 
(Scialabba et al., 2010; IPCC, 2012). Ethiopia has been devised a climate resilience green 
economy (CRGE) strategy, which focuses mainly on the dependency of farming community on 
on-farm resources and less relay on external and fossil based production systems, to minimize the 
causes and impacts of climate change thereby increasing the adaptive capacity of the society and 
thus to reduce vulnerability (Medhn et al., 2015; Medhn et al., 2013; Kiros et al., 2011; Keller, 
2009). Therefore, the objective of this paper is to review the role of organic agriculture for climate 
change adaptation and mitigation with special emphasis on Ethiopia. Published and unpublished 
research reports, governmental and governmental reports, policies are reviewed to develop the 
paper. 

2. Agriculture and Climate Change 

2.1. Impacts of Agriculture on Climate Change 
Agriculture contributes to climate change by increasing nitrous oxide (N2O), methane (CH4) and 
carbon dioxide (CO2) emissions: the three main greenhouse gases (GHGs) that trap infrared 
radiation and contribute to climate change. Application of nitrogenous fertilizer is the largest 
human-induced source of N2O emissions in developed countries. Enteric fermentation in 
ruminants and poor manure management contribute for build-up of N2O and CH4 in the 
atmosphere (IPCC, 2007). Land degradation leads to higher surface reflectivity and less net 
radiation, cooler atmosphere, less rain frequent and reduced vegetation growth.  
Land use change currently contributes about 18% of the total annual CO2 emissions; it accounts 
for about 1/3rd of total emissions in developing countries, and 10% or less in developed countries. 
Land use changes contribute to the release of all three of these GHGs. Of the total annual human-
induced GHG emissions in 2004 (49 billion tons of CO2 equivalent), 31% (15 billion tons) was 
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from land use. By comparison, fossil fuel burning accounts for 27.7 billion tons of CO2-equivalent 
emissions annually (Mastny, 2009). Subsequent land uses such as agriculture and grazing 
exacerbate soil erosion and exposure.  
Studies found that the GHG emissions contributed by Ethiopia 1994 totaled to 900 kg CO2 
equivalent per capita per year. Sector-wise, Ethiopia’s GHG emissions are dominated by 
agriculture followed by energy/fuel combustion and waste, which contributes 80%, 15% and 3% 
of the total GHG emissions respectively (Keller, 2009). The dominant position of livestock 
farming in Ethiopia’s economy influences the relative contribution of GHG to the total emissions. 
These are dominated by CH4 emissions, which account for 80% of the warming potential followed 
by N2O and CO2 which accounts 15% and 5% respectively (Keller, 2009). Ethiopia’s GHG 
emissions are closely linked to basic needs of the population: food production (through livestock 
farming) and heating, therefore, the future GHG emissions will likely increase with the projected 
increase in population and the dominant dependence of the population on agricultural sector 
(WPP, 2016).  
2.2. Impacts of Climate Change on Agriculture 
Increasing weather variability and climate change are contributing to land and natural resource 
degradation by exposing soils to extreme conditions (Malo et al., 2012), which in turn results in 
loss of biodiversity and vegetation cover, soil erosion, depletion of organic matter, reduced 
rainwater infiltration and water holding capacity of the soil and loss of productivity and disruption 
on wider ecological functions.  Climate change threats agricultural production through higher and 
more variable temperatures, changes in precipitation patterns and increased occurrences of 
extreme events (IPCC, 2012). Climate change can affect agriculture through increased levels of 
CO2, changing temperatures, climate variability and the frequency of extreme weather events. It 
can also cause changes in transpiration regimes and shifts in crop growing seasons, and it can alter 
weed, pest and pathogen pressures (Ameden and Just, 2001; and Manas et al., 2013).  
Climate change is expected to intensify the already high hydrological variability and frequency of 
extreme events. Drought and flooding impair agricultural productivity can have long-term 
negative effects on GDP (You and Ringler, 2010). Therefore, climate change is a key concern to 
Ethiopia and need to be tackled in a state of emergency. More than 85% of Ethiopian people 
depend mainly on agriculture for their livelihoods, rendering them very vulnerable to climate 
variability and change (Matous and Todo, 2013). A recent mapping on vulnerability and poverty 
in Africa has positioned Ethiopia as one of the most vulnerable countries with the least adaptive 
capacity to climate change (Yibekal et al., 2013). Torrential rains result in a heavy flush of water 
that washes away the soil and crops that have not yet adequately rooted during the early part of 
the rainy season may also be washed away along with the soil (UNDP, UNICEF and WFP, 2010). 
The rural poor will be disproportionately vulnerable to the effects of climate change because of 
their greater dependence on agriculture, poor awareness, and lower ability to adapt new 
technologies (UNDP, UNICEF and WFP, 2010). Poverty, food insecurity and natural resources 
degradation is driven by population growth but is being exacerbated by increasing weather 
variability and climate change, requiring urgent action and different approaches in the dry-lands 
and highland areas (FAO, 2014). 
2.3 Measures for Climate Change Management 
Climate change management approaches generally fall into three broad categories – mitigation, 
adaptation, and geoengineering/climate engineering–all needs expansion of knowledge-base.  
Mitigation is all about efforts to reduce GHG emissions through various strategies. It is somewhat 
like preventing disease–exercise, eat well, and don’t smoke (Higgins, 2014a). Mitigation of 
climate change is a human intervention aimed at reducing the sources or enhancing the sinks of 
greenhouse gases (IPCC, 2007).  
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Adaptation refers to adjustment of systems in response to actual or expected climatic stimuli or 
their effects, which moderates harm or exploits beneficial opportunities there by to increase 
society’s capacity to cope with changes in climate. It is like managing illness—takes medicine to 
cope with symptoms and alleviate problems. Adaptation measures that the agricultural sector can 
undertake to cope with future climate change include shifting planting dates, planting diverse 
crops, developing alternative crops and varieties, use of intercropping, using sustainable fertilizer 
and tillage practices, improving crop residue and weed management, improving water harvesting 
and irrigation systems, and better pest and disease control (Mannava and Robert, 2016). 
Geoengineering is deliberate manipulation of the earth system that is intended to counteract the 
impacts of GHG emissions. It is like organ transplantation—best avoided if at all possible but 
potentially better than nothing. Two categories of geoengineering are most prevalent within 
scientific and policy discussions: solar radiation management–offsetting human-induced 
warming due to GHG emissions by reflecting incoming sunlight back to space and carbon removal 
and sequestration (Higgins, 2014a).  
The knowledge base expansion is all about the efforts to learn and understand more about the 
climate system–knowledge should be expanded through research, observations, scientific 
assessments, and technology development which can help to reveal risks and opportunities 
associated with the climate change and support decision-making with respect to climate change 
mitigation and adaptation. Expanding the knowledge base can reinforce and support mitigation, 
geoengineering and adaptation activities (Higgins, 2014a). Comprehensive climate change 
management includes a family of solutions drawn from all three approaches (Higgins, 2014a and 
Higgins, 2014b) and each category of response consists of a broad family of options.   
2.4 Role of Organic agriculture for Climate Change Management  
2.4.1 Definition of and principles of organic agriculture  
Organic agriculture refers to the use of farming practices and technologies that maintain and 
increase farm productivity and profitability while ensuring the provision of food on a sustainable 
basis, reduce negative externalities and gradually rebuild ecological resources by reducing 
pollution and using resources more efficiently (UNEP, 2008). Organic agriculture involves natural 
processes, often taking place over extended periods of time in a sustainable, holistic approach.  
Organic agriculture lays on four principles which are set by IFOAM: the principle of health–
organic agriculture  should sustain and enhance the health of soil, plant, animal and human as one 
and indivisible; the principle of ecology–organic agriculture  should be based on living ecological 
systems and cycles, work with them, emulate them and help sustain them; the principle of 
fairness–organic agriculture  should build on relationships that ensure fairness with regard to the 
common environment and life opportunities; and the principles of care–organic agriculture  
should be managed in a precautionary and responsible manner to protect the health and well-being 
of current and future generations and the environment (Vaarst, 2010; Scialabba and Hattam, 
2002).  
2.4.2 Components of organic agriculture  
Use of compost and green manure, water harvesting, use of integrated pest management, use of 
highly adaptive local varieties/land races, conservation agriculture, dependent on on-farm inputs, 
agroforestry, and intercropping are the common characteristics of organic agriculture  (Edwards, 
2009; Kassa et al, 2014; Medhn et al., 2013; and Medhn et al., 2015). Conservation agriculture 
systems like reduced tillage reduce organic matter decomposition, improved soil cover, and 
replenish soil organic matter and nutrients contribute for the sequestration of carbon and reduced 
emission. Agroforestry is another component of organic agriculture that increases carbon in 
agriculture, in which productive trees are planted in and around crop fields and pastures. The trees 
in agroforestry systems sequester and store carbon, boosting the carbon content of the agricultural 
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landscape. The tree species may provide products (fruits, nuts, medicines, fuel, timber), farm 
production benefits (nitrogen fixation, wind break, fodder for animals), and ecosystem services 
(habitat for wild pollinators of crops or micro-climate improvement) (Mastny, 2009). Bos (2009) 
also stated that agroforestry systems can play an important role for smallholder farmers throughout 
the tropics in adapting to climate change because of their tree cover. 
2.4.3 Role of organic agriculture for climate change mitigation and adaptation 
Current policies and practices have failed to adapt to changing environmental conditions and 
protect the ecosystems that sustain us, thus government and policy makers are now focus on 
organic agriculture  (IFOAM, 2009c). The intergovernmental panel for climate change states that 
future vulnerability to climate change depends on development pathways, and sustainable 
development can reduce it (IPCC, 2007). Convectional agriculture is contributing to climate 
change and at the same time facing increased and continued risks related to climate change, thus 
preparing and implementing adaptation to climate change is more urgent than ever. Farming 
communities in marginal areas are the most vulnerable segments of society to climate change and 
they opt to have policy options to adapt to the changing climate.  
Organic agriculture has high potential to climate change impacts management because of its high 
carbon sequestration and low emission, provide high and sustainable long term yield/food secure 
farming/, improve biodiversity and environmental health, and consume low energy (IFOAM, 
2009c). Organic agriculture is a concrete and promising mitigation and adaptation option for rural 
communities (Jordan et al., 2009). It has well established practices that adapt and mitigate climate 
change simultaneously, build resilient farming systems, reduce poverty and improve food security 
as it emit lower GHGs and effectively sequester carbon (IFOAM, 2009c and FAO, 2014).  
Research has shown that organic agricultural practices increase soil fertility and crop yields, and 
referred as very promising tools for African farmers to adapt climate change (Freyer and Birech, 
2009). A study conducted by the Asian Development Bank recommended organic agriculture for 
its climate-friendly and resilient farming practices (ADB, 2009). FAO has also considered it as a 
promising way for agriculture to mitigate and adapt to climate change (Niggli et al., 2009). 
Adaptation on agriculture engrossed on four pillars: (a) increasing soil fertility through use of 
organic fertilizers and crop diversification, (b) increasing biodiversity, (c) providing information 
and extension services to support sustainable agricultural practices, and (d) creating a level playing 
field for sustainable agriculture at global level (Muller and Gattinger, 2013). Organic agriculture 
is an ideal solution as it responds to the first three pillars. It is a system well suited to adaptation 
because it uses locally adapted varieties and cropping practices that can be better adjust to local 
variability of climate change impacts, and it can respond to increased water stress by maintaining 
and increasing soil organic matter that increases the soil’s water holding and retention capacity. 
Using organic fertilizers and adopting diverse crop sequences are important means of achieving 
this (Niggli et al., 2009). 
2.4.3.1 Role of organic agriculture in reducing emission 
Greenhouse gas emission is the major cause for climate change and conventional agriculture is a 
major contributor to climate change. The annual amount of GHGs emitted by the agricultural 
sector is 10 to 12 % of global emissions (IPCC, 2007). The IPCC recommended common organic 
agriculture practices for reducing agricultural emissions (IPCC, 2007). Kukreja and Meredith 
(2011) also reported that organic agriculture demonstrates effective water conservation 
capabilities and organic carbon is the central element for it. The soil ecological community it feeds 
modulates nutrient retention and release, soil structure, and even resistance to many pests 
/diseases, insects and weeds (Lotter, 2003). 
Soil can sequestrate carbon which accounts three times the amount in the air and five times in 
forests (IFOAM, 2009c). Longitudinal research results across the world show that organic 
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agriculture is highly effective in producing humus in the soil. An organic agriculture trial in USA 
showed that the use of organic fertilization, crop rotation and cover crops helps to store 2.3 ton 
carbon/hectare per year. Agriculture is uniquely positioned to sequester vast amounts of carbon 
and thus reduce the impacts of climate change. Microbes and other soil organisms play a vital role 
in maintaining the health of agricultural soils as they decompose organic matter, cycle nutrients, 
and convert atmospheric nitrogen into organic forms. Better carbon sequestering capacity of 
organic agriculture is relayed on its prohibition of synthetic fertilizer and pesticide use, 
incorporation of leguminous cover crops, and increasing soil organic matter.  
Research results that compare the emission of greenhouse gasses under conventional and organic 
agriculture  systems on different products in different countries (Fig. 1–4) showed that emission 
from organic agriculture  practices is either comparable or lower than conventional one (FAO, 
2011).  

 
Figure 4. Comparison of conventional and organic farms for GHG emissions per kg meat at 
farm gate (Kg CO2eq/kg (FAO, 2011) 
As shown in figure 1 above, the overall emission of greenhouse gases for different meat products 
in organic agriculture is 2.4% lower than conventional farming. However, the mean emission of 
greenhouse gases per kg of cow milk in organic agriculture is 3.1% higher than the conventional 
farms (figure 2).  

 
Figure 5. Comparison of conventional and organic farms for GHG emissions per kg milk at farm 
gate (Kg CO2eq/kg (FAO, 2011) 
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Figure 3. Comparison of conventional and organic farms for GHG emissions per kg of vegetable 
crops at farm gate (Kg CO2eq/kg (FAO, 2011) 
As shown in figure 3 and 4, the overall emission of greenhouse gases for different vegetable 
products and agronomic products in different countries in organic agriculture is 36% higher and 
27% lower than conventional farming respectively. This indicates that even the adoption of 
organic agriculture for the reduction of greenhouse gas emission is highly dependent of the type 
of produce.  

 
Figure 4. Comparison of conventional and organic farms for GHG emissions per kg of field 
crops at farm gate (Kg CO2eq/kg (FAO, 2011) 
Enteric fermentation, manure deposited on grazing lands, synthetic fertilizers, rice production and 
stored manure contribute 43%, 16%, 15%, 11% and 7% of the total agricultural emissions (FAO, 
2011) and therefore, organic agriculture can at least cut-off emission caused as a result of use of 
synthetic fertilizers. Nutrient inputs in organic systems were 34–51% lower per hectare than 
conventional managed systems and this greatly reduces emission of major greenhouse gases 
(IFOAM, 2009b).  
A pure grazing trial in the Netherlands with the use of natural reproductive cycles locally produced 
fodder and feed reduced use of concentrate feed gave mitigation benefit of about 0.4 ton carbon/ 
hectare/year 10% (per kg produce) and 40% (per hectare) less GHG emissions than conventional 
farming. The use of composting in Egypt also helps to store 0.85 ton carbon/hectare/year. 
Adoption of Agroforestry in Indonesia Cocoa/forest helps to store 11 ton Carbon/hectare/year 
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(IFOAM, 2009b). Generally, research results on comparison of organic and conventional farms in 
terms of carbon sequestration on average found that organic agriculture produces 20–28% higher 
levels of soil carbon compared to non-organic agriculture (IFOAM, 2009c). A 30 year farming 
systems trial in USA demonstrates organic agriculture sequester an equivalent of up to 30% of all 
annual world greenhouse gas emissions and many on farm trials showed that only the organic 
systems have sequestered significant amounts of carbon: up to 4.47 metric tons of CO2/ha/year 
(IFOAM, 2009b). Long term field comparison trials showed that the organic systems using 
legume cover crops and manure resulting in an annual soil carbon increase of 981 and 574 kg/ha 
respectively compared with 293 kg/ha in the conventional system (Niles, 2008).  
2.4.3.2 Role of organic agriculture in promoting biodiversity 
The higher biodiversity in organic agriculture resulting from an optimal combination of crops 
contributes to optimal water and nutrient use, reduce the occurrence and severity of weeds and 
pest outbreaks, reduce the risk of total production losses due to climate change, and generally 
increases the resilience of agroecosystems (Niggli et al., 2009). Improved soil fertility and quality 
also reduce vulnerability extreme events of drought, flooding/water-logging, and erosion (Niggli 
et al., 2009; Scialabba and Muller, 2010). Absence of chemical sprays in organic agriculture and 
increased biodiversity would also results in a better eco-balance between pests and beneficial 
insects (Medhn et al., 2013). 
 Landscape elements such as hedges or agroforestry provide shelter and favorable microclimates, 
improving moisture management and capacity to adapt to high temperatures.   
2.4.3.3 Role of organic agriculture in improving yield 
Another importance of organic agriculture in managing climate change is increment of long-term 
yield. Studies have shown that organic agricultural methods increased farmer’s yields in the long 
term. In some cases, organic methods have actually doubled crop yields per ha for involved 
farmers (Scilabba and Hattam, 2002). Parrot et al. (2006) reported that small holder farmers 
increase their income after the conversion period from 30–200%. Water capture in organic fields 
can also be 100% higher than in conventional fields during torrential rains due to better soil 
structure and higher levels of humus (IFOAM, 2009c). 
2.4.3.4 Role of organic agriculture in reducing energy consumption  
Scientific studies have found that organic agriculture  is energy-efficient than conventional 
farming and lower energy consumption on organic farms is generally attributed to lower 
concentrate feeding, lower stocking rates, and absence of synthetic fertilizers and pesticides 
(Kukreja and Meredith, 2011). The international federation for organic agricultural movements 
also stated that the amount of energy required per kg product was 20 to 56% lower in organic 
systems (IFOAM, 2009b).   
2.4. Benefits of Organic agriculture for Climate Change Management in Ethiopia 
Ethiopia has been identified as one of the most vulnerable countries to climate variability and 
change, and is frequently faced with climate-related hazards, commonly drought and floods 
(Temesgen et al., 2014). Agriculture has been identified as being of major importance of Ethiopia 
since it has large contribution to GDP including being the largest export earner. However, Ethiopia 
is highly vulnerable to climate change, and the mainly rain-fed agricultural production systems 
are susceptible to frequent climate extremes (Temesgen et al., 2014). Furthermore, Ethiopia has 
one of the highest rates of soil nutrient depletion and natural resources degradation in Sub-Saharan 
Africa (IFOAM, 2009c).  
The negative impact of climate change has been striking the agricultural sector in Africa and for 
countries like Ethiopia, whose livelihood occupation is mainly based on subsistence agriculture 
which highly relies on rainfall, making an adjustment to adapt to the changing situation is crucial 
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(Ayana et al., 2011). Researchers have identified different adaptation methods, however the 
specific climatic characteristics of an area and socioeconomic situation of each country dictates 
the need for a specific adaptation method to climate change.  
Ethiopia has launched a climate resilience green economy that maximize productivity while 
reducing emission focusing on sustainable/organic agriculture, and some pilot projects also 
showed promising results (EPA, 2011). Among the projects initiated, Agroforestry in Ethiopia has 
received increasing attention in recent years as a way of improving food security and 
environmental sustainability (Kiros et al. 2011). Use of compost is also another widely 
implemented practice in the Country.  
A sustainable development project that use composting as a central pillar was implemented in 
Tigray region and significant achievements have been recorded that include: farmers replaced 
artificial fertilizers completely and relied exclusively on compost within a period of 2-3 years; 
application of compost doubled the grain yield compared to the yields with no inputs, and higher 
yields compared with use of chemical fertilizer; improved soil quality and hydrological conditions 
enabled farmers to grow a greater diversity of crops, improving the resilience of the food system, 
providing better nutrition and new income opportunities; and the improved moisture retention 
capacities of soil under organic management improved the chances of producing a crop even in 
drought conditions (IFOAM, 2009c; ILundberg and Moberg, 2008).  
Medhn et al. (2013) conducted a study in Tigray and reported that organic farms improved the 
soil organic matter and soil macro invertebrates compared with conventional farming. Authors 
showed that farmers’ perception about preference of organic agriculture was 96% and 56% for 
organic and conventional agriculture users, respectively. They further explained that farmers 
prefer organic agriculture as it resist shortage of rain fall, store more moisture in the soil, are good 
habitat for soil macro organisms and, organic straw is preferred by animals as compared to 
conventional one. Use of compost emphasizes maximum reliance on renewable farm and other 
local resources (Menale et al., 2009).  
Kassa et al. (2014) stated that compost is highly utilized by 75% of the Tigray farmers, and 
engaged farmers explained that the yield they are getting from organic agriculture  is better than 
inorganic fertilizer as the latter needs plenty of water to be more effective (Menale et al., 2009).  
Global results from meta-analysis of organic versus conventional agriculture yield comparison 
studies indicated that relative of organic crop yield was 92% and 180% of conventional for yields 
in developed and developing world respectively (Table 1). 
Table 1: Results from the meta-analysis of organic vs. conventional yield comparison studies (Badgley et 
al., 2007).  

Relative organic crop yields, average of studies 

Yields in developed world 92% of conventional 
Yields in developing world 180% of conventional  

Estimated global food availability before conversion to organic agriculture (Kcal/capita) 

Percent global food availability 2786 

Estimated global food availability before conversion to organic agriculture (Kcal/capita) 

Lower organic yield model estimate 2641 
High organic yield model estimate 4381 

Edwards and Araya (2009) found that application of compost generally doubled the grain yield 
compared to the yields from plots with no inputs and with chemical fertilizer in Ethiopia (figure 
5). The average grain yield from compost treated fields were 106% and 36% higher than fields 
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planted without any input and chemical fertilizer respectively (Edwards, 2009). Grandi (2010) 
also reported the long term use of compost increased yield of all crops under the study. Figure 6 
also showed that use of compost gave significantly long-term higher yield than synthetic fertilizer. 
The above cases showed that organic agriculture is a very effective tool for climate change 
management in Ethiopia. By using organic agriculture practices, farmers in Tigray have succeeded 
in using water more efficiently and increasing yields to ultimately improve their food security 
situation and livelihoods. The government of Ethiopia has acknowledged the success of organic 
agriculture and has adopted the approach used in the Tigray project in throughout the country. 
Compost preparation and application as part of extension package in all crop-growing areas of the 
country. 
 

 
Figure 5: The differences in average yields of several types of grains (Edwards, 2009) 
 

 
Figure 6. Impact of using compost (Results from over 900 farmers’ fields over 7 years – 2000-
2006; Grandi, 2010) 
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Organic agriculture is the one that best describes the aforementioned points. Dependency on off-
farm synthetic inputs like chemical fertilizers is not only contributor for climate change, but also 
requires huge foreign exchange to import it and thus many of the small holder farmers may not 
afford it that resulted in low productivity and food insecurity, thus alternative and autonomous 
climate change impact management options and organic agriculture is best fitted option in many 
developing countries like Ethiopia. Moreover, materials needed for organic agriculture such as 
compost, poultry manure, FYM and bio-pesticides are found and/or prepared very easily 
indicating that Ethiopia has a great potential for the successful implementation of organic 
agriculture (Table 2).  
 

Table 2: Materials available/required for sustainable development in context to Ethiopian 
farming system (ton/year) 
Components  Quantity available (ton/year) Quantity required (ton/year) 

Compost/vermicompost 1.6×1011 3.25×1011 
Poultry manure  8.5×109 3.2×109 
Farmyard Manure (FYM) 1.8×1010 9.7×107 
Biopesticides  Abundant 1.6×1010 

(Source: Devi et al., 2007)  
Organic agriculture is also best preferred for its social, economic, agricultural and environmental 
impacts. The social impacts include better health conditions, more employment generation, 
decreasing rural migration, eco-friendly work environment and better education opportunities. 
Economically, organic agriculture is 40.6% cheaper than chemical farming. Impact on agriculture 
explained by germplasm conservation, soil fertility maintenance, tolerance to stresses, self-
dependent and stable production system and the possible impacts on environment may be in terms 
of reduction of soil pollution, maintenance of soil nutrients and soil microorganisms, control on 
soil erosion, protection of biodiversity, check on air and water pollution and sustainable 
production (Devi et al., 2007; IFOAM, 2009a; IFOAM, 2009b; IFOAM, 2009c; Kassa et al., 
2014; Medhn et al., 2015).  

Conclusion and Recommendation 

Climate change is an unequivocal phenomenon in the world because of so many contributing 
factors. Therefore, each nation should have appropriate climate change management strategies to 
reduce exposure and sensitivity of their important economic sector that reduce the impacts and 
maximize the adaptive capacity of the society thereby to reduce the vulnerability of the society 
and/or the food security and all over economy of the nation.  
Organic agriculture can increase agricultural productivity and raise incomes with low cost, locally 
available and appropriate technologies without causing environmental damage. It can also build 
natural resources, strengthen communities and improve human capacity, thus ensuring food 
security by addressing many casual factors simultaneously. Organic agriculture also empowers 
local communities to take control of their food production needs by providing affordable, 
sustainable and locally adapted farming systems.  
Organic agricultural methods are ideally suited for many poor, marginalized smallholder farmers 
in Africa: require minimal or no external inputs, use locally and naturally available materials to 
produce high quality products, and encourage a systematic approach to farming that is more 
diverse and resistant to stress. These in turn contribute to mitigate the climate change through 
reduction of emissions and implementing autonomous adaptation options. 
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Generally, the contributions of organic agriculture to manage climate change are both direct and 
indirect, and cover social, economic, human and environmental dimensions.  Its contribution on 
yield increment in low input areas, fetching premium price, producing diverse and nutritious diets 
from organic products, reducing food insecurity problems and hunger, and lowering costs of 
inputs helps in eradicating extreme poverty and hunger which in turn maximize the adaptive 
capacity of the society and then minimize vulnerability to the impacts of climate change. Organic 
agriculture  will also help building and exploitation of knowledge due to its contribution in 
creating better livelihoods, more self-confidence, fostering knowledge of local environment, 
learning –by-doing processes and farmer-to-farmer knowledge exchange.  
Ethiopia is an agrarian country with subsistence farmers and is highly exposed to climate change 
and its impact on GDP is very high that will make the country highly vulnerable. Therefore, 
selection of less costly, much dependent of on-farm inputs, autonomous, highly compatible with 
the farmers’ knowledge and environmentally friendly adaptation practices is critically important.  
The presence of ample amount of organic agriculture inputs and practical experiences, the 
dependency of the country on agriculture, and the presence of many subsistence farmers reliant 
on locally available agricultural inputs makes organic agriculture the best alternative option to 
maximize productivity while reducing emission. Therefore, it is highly recommended that the 
country exploit the full potential of organic agriculture in mitigating and adapting climate change. 
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Abstract 

Soil acidity is a critical issue requiring urgent attention in most highlands of Ethiopia due to its impact on 
crop production and productivity. Thus, a greenhouse experiment was conducted to evaluate the effects of 
sole and combined applications of lime, mineral P, FYM, and compost on selected chemical properties, 
and growth of faba bean in acid soils of Lay Gayint district under greenhouse conditions. Treatments were 
applied in sole and combination to acid soils collected from cultivated lands, and arranged in a completely 
randomized design (CRD) in three replications. After application, the soils were incubated for 20, 40, and 
60 days to evaluate the effects of treatments on selected soil chemical properties. The result indicated that 
treatment combinations raised the soil pH significantly at the 40 days of incubation. All the treatments 
showed increased P availability with increasing time of incubation. Maximum available P was observed 
at the 60 days of incubation due to application of  8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1. Exchangeable 
acidity and Al3+ were reduced significantly at the 40 and 60 days of incubation with the application of 30 
kg P ha-1 + 10 t lime ha-1 Sole addition of 10 t lime ha-1 increased ECEC from 17.59 to 22.09 cmolc kg-1 at 
the 40 days of incubation. Likewise, combined applications of 30 kg P ha-1 + 10 t lime ha-1 followed by 4 t 
FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1 improved ECEC of the soil from 17.59 to  23.95 and 22.97 cmolc 
kg-1, respectively at the 40 days of incubation. Application of 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1 
produced significantly (P < 0.001) the highest plant height, number of branches and leaves per plant, shoot 
dry weight, tissue N and P contents and uptakes of faba bean. Significant increases in nodule number and 
nodule dry weight were obtained due to the application of 4 t FYM ha-1 +15 kg P ha-1 + 10 t lime ha-1. 
Therefore, integrated applications of organic and inorganic amendments were found to be more effective 
in reducing soil acidity and Al3+ concentration, improving faba bean growth while increasing the fertility 
of the soil. 

Keywords: soil pH, exchangeable acidity, organic amendment, incubation, lime, faba bean  
 

1. Introduction 

Most acid soils have been found to be low in fertility, with poor chemical and biological 
properties. Strongly acid soil is associated with Al, H, Fe, and Mn toxicities to plant roots in the 
soil solutions and deficiencies of the available P, Mo, Ca, Mg, and K (Kisinyo et al., 2014). 
Aluminum toxicity primarily affects the root apex. Exposure to Al causes stunting of the primary 
root and inhibition of lateral root formation (Samac and Mesfin, 2003). The result of restricted 
root system is impaired nutrient and water uptake, making the plant more susceptible to drought 
stress (Wang et al., 2006).  
Among biological properties, activities of beneficial microorganisms are affected by adverse soil 
acidity, since in normal soils, these microbes might have profound effects on decomposition of 
organic matter, nutrient mineralization, immobilization, uptake, and utilization by plants and 
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consequently affect crop yields (Fageria and Baligar, 2008). Where management strategies have 
not been put in place, crop yields are critically limited under such conditions.  
In acid soils, the growth and multiplication of rhizobium is impaired. This hampers the likelihood 
of successful nodulation during early plant growth, which is when the roots of the host plant can 
be infected (Moor, 2004). The optimum soil pH for different species of rhizobium to work is 
different. For example, rhizobium leguminosarum bv. viciae, Sinorhizobium meliloti and 
Rhizobium leguminosarum bv. trifolii mostly fixed atmospheric dinitrogen (N2) when soil pH is 
around 6.5 (Lapinskasp and Iaulokaitė-Motuzienė, 2006). In highly weathered acid soils of tropics 
and subtropics, P deficiency is a major constraint to crop production and P fertilizers need to be 
applied to obtain optimum plant growth and crop yields (Faye et al., 2006).  Of all nutrients, 
shortage of P has the biggest impact on legumes which generally rely on atmospheric N2 fixation 
for N nutrition (Tang et al., 2001). Severe P deficiency markedly impaired both host plant growth 
and symbiotic N2 fixation and that symbiotic N2 fixation has a higher P requirement for optimal 
functioning than either host plant growth (Israel, 1987). Poor nodulation of faba bean was reported 
in soils with low pH and P content (Amanuel et al., 2000). Thus P inputs are required for 
sustainable agricultural production in most acid soils of the tropics and subtropics. 
Several practices have been recommended to reclaim acidity and upgrade the productivity of 
strongly acid soils. These include the cultivation of acid tolerant plants, covering the surface with 
non-acid soil, the use of organic fertilizers, and liming. Of these practices, liming and the 
application of organic fertilizers are generally considered to be the best measures, because their 
effects are more persistent (Chen et al., 2001). However, the high cost of fertilizers and lime, and 
unsustainable crop production calls for the use of locally available low cost organic sources such 
as manures, green manures, and biofertilizers along with inorganics in a synergistic manner for 
sustainable production and to maintain soil health (Acharya, 2002).  
Addition of manure and compost to acid soils is potentially a feasible approach for increasing soil 
pH, decreasing concentrations of Al, and reducing lime requirements (Mokolobate and Haynes, 
2002; Wong and Swift, 2003; Opala et al., 2012). Enhancing P availability is possible through the 
combined use of animal manures, plant residues, and green manures with mineral P fertilizers in 
low-P acid soils (Toor, 2009; Opala et al., 2012).  
Although all these mentioned organic and inorganic amendments have significant contribution to 
reduce soil acidity and improve soil fertility and nutrient transfer, farming in the highlands of 
Ethiopia is characterized by low agricultural productivity as compared with developed countries 
due to progressive soil fertility decline over the years and inadequate applications of amendments.  
Improved soil fertility and acidity management through the use of integrated organic and inorganic 
amendments enables efficient use of the inputs applied and increase agricultural productivity. 
However, manure or compost is used mostly on small plots that are located around the household’s 
residence and the quantity of amendments and the time of application is not research based. Hence, 
this study was proposed with the objective of determining the effects of lime, mineral P, FYM and 
compost on selected soil chemical properties at different periods of incubation of cultivated acid 
soils at Lay Gayint district, in northwestern highlands of Ethiopia. 

2. Materials and methods 

2.1. Description of the Study Area 
The study was conducted at Lay Gayint district of South Gondar Zone of the Amhara National 
Regional State (ANRS), Ethiopia (Figure 2.1). It is one of the districts of the ANRS where food 
and nutrition insecurity is a chronic problem for the majority of the rural population. It is located 
at about 175 km from Bahir Dar, the capital of the ANRS, in the northeast direction, along the 
Woreta-Woldia highway.  
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Figure 2.1. Location map of the study area: (a) ANRS in Ethiopia (b) Lay Gayint district in ANRS (c) 
Yikalo sub- watershed in Lay Gayint district (d) Drainage lines in Yikalo sub-watershed.  
The topography of the district is mostly characterized by a chain of mountains, hills, and valleys 
extending from Tekeze Gorge (1500 m a.s.l.) to the summit of Guna Mountain (4235 m a.s.l.). It 
is characterized by plain (10%), undulating (70%), mountainous (15%), and gorge and valley (5%) 
topographic features. The major land use patterns of the study area comprise of cultivated land 
(44%), grazing land (14%), forest/bush land (5%), water body (2%), infrastructure and settlement 
(6%), and unproductive land (29%) (Addisu and Menberu, 2015).  
Agro-ecologically, the district is divided into four elevation and temperature zones, namely: 
lowland (kolla) (12.5%), midland (woina-dega) (39.42%), highland (dega) (45.39%), and wurch 
(very cold or alpine) (2.71%). Based on a 20 years climate data (1997-2016) obtained from the 
Ethiopian National Meteorological Service Agency (ENMSA, 2017), Lay Gayint district receives 
a mean annual rainfall of 1020 mm. The main rainy season, which represents the long rainy season 
(meher), occurs between June and September, while the small rainy season (belg) occurs between 
March and May. The mean minimum and maximum air temperatures of the district are 6.9 and 
21.9 ⁰C, respectively (Figure 2.2).  

 
 

 

 

 

 

 

Figure 2.2. Mean monthly rainfall and mean monthly maximum and minimum temperatures (1997-2016) 
of Lay Gayint district. 
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2.2. Soil Sampling and Samples Preparation 
Six cultivated lands from the high rainfall area in Yikalo watershed were selected. Eight surface 
soil sub- samples (0-20 cm depth) from each land were collected using auger and bulked to make 
one composite soil sample for soil pH determination in the field. Based on field soil pH test, 
strongly acid soils with pH < 5 were collected from 3 cultivated lands and bulked to make one 
composite sample for laboratory analysis. The surface soil samples collected from the study area 
were bagged, labeled and transported to the laboratory for preparation and analysis of selected 
soil physicochemical properties. Similarly, bulk soil samples from these fields were collected 
using spade for greenhouse incubation and pot experiments. The soil samples were air dried, 
crushed and made to pass through a 2 mm sieve size for analysis of soil pH, texture, available P, 
exchangeable bases, exchangeable acidity and Al3+, and CEC whereas, for analysis of organic 
carbon (OC) and total N, samples were made to pass through 0.5 mm sieve size.  
2.3. Determination of Soil Physical and Chemical Properties 
Soil texture was determined using the Bouyoucos hydrometer method (Day, 1965). Bulk density 
(BD) was determined on the undisturbed soil sample using the core method (Baruah and 
Barthakur, 1997). The pH of the soil was measured potentiometrically in the supernatant 
suspension of a 1:2.5 soil to water ratio using a pH meter as described by Chopra and Kanwar 
(1976). Organic carbon was determined using the wet oxidation method (Walkley and Black, 
1934) where the carbon was oxidized under standard conditions with potassium dichromate 
(K2Cr2O7) in sulfuric acid (H2SO4) solution. Total N was determined by the micro-Kjeldahl 
method (Jackson, 1967) while available P was extracted using the sodium bicarbonate solution 
(Olsen et al., 1954). The exchangeable cations (Ca2+, Mg2+, K+, and Na+) were extracted with 1 
M ammonium acetate (NH4OAc) solution at pH 7.0 (Jackson, 1967).  
Exchangeable Ca2+ and Mg2+ in the leachate were determined by atomic absorption 
spectrophotometer (AAS) while exchangeable K+ and Na+ were determined by flame photometry 
(Rowell, 1994). The potential cation exchange capacity (CEC) of the soil was determined from 
the NH4

+ saturated samples that were subsequently replaced by K+ using KCl solution. The excess 
salt was removed by washing with ethanol and the NH4

+ that was displaced by K+ was measured 
using the micro-Kjeldahl procedure and reported as CEC (Chapman, 1965). Total exchangeable 
acidity was determined by saturating the soil samples with 1 M KCl solution and was titrated with 
0.02 M NaOH (Rowell, 1994). From the same extract, exchangeable Al3+ in the soil samples was 
determined by application of 1 M NaF, which forms a complex with Al and releases NaOH and 
then NaOH was back titrated with a standard solution of 0.02 M HCl as described by Sahlemedhin 
and Taye (2000). 
2.4. Manure, Compost, and Liming Material Analysis,  
The pH of manure and compost samples was measured in water (soil: solution ratio of 1:5) using 
a pH meter with a glass and reference calomel electrode after the suspension was shaken for 30 
minutes and allowed to stand for 1 hrs (John, 2003). Total N content was determined by Kjedahl 
method as described by Jackson (1967). The organic carbon was determined by the wet oxidation 
method through chromic acid digestion (Walkley and Black, 1934). Total P, K, Ca, Mg and Fe 
were determined following the wet digestion with H2O2/H2SO4 (Okalebo et al., 2002). Total Ca2+ 
and Mg2+ in the leachate were determined by atomic absorption spectrophotometer (AAS) while 
exchangeable K+ and Na+ were determined by flame photometry (Rowell, 1994). Phosphorus was 
measured as described by Murphy and Riley (1962).  
The calcium carbonate equivalent (CCE) of the Dejen lime was determined by dissolving a 
graduated amount of lime with excess of standard 0.5 M HCl followed by boiling for 5 minutes. 
The excess acid was back titrated with standard 0.1 M NaOH solution using phenolphthalein as 
an indicator after filtration. From the amount of NaOH used to neutralize the excess acid of the 
blank and the filtrate, the CCE of the lime was calculated (Issam and Antoine, 2007) as: 
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% CaCO3= [(ml HCl*1 M)-(ml NaOH*0.5 M)] * volume of HCl (100 ml)  *  100       *  100g 

                                                                              volume of filtrate (10 ml)   1000*2     weight of soil g 

Lime requirement (LR) of the soil was determined by Shoemaker, McLean and Pratt (SMP) single 
buffer procedure (Shoemaker et al., 1961). 
2.5. Incubation Study 
Based on the pH and the lime requirement (LR), composite soil samples of the acid soils were 
selected for this experiment. The composite soil samples were air dried and passed through a 2 
mm sieve and then placed separately in plastic containers and mixed with the different treatments 
in a laboratory. The treatments were lime, mineral P as triple super phosphate (TSP) fertilizer, 
FYM and compost which were applied separately and in systematic combination at different rates 
(Table 2.1). The rate of compost and manure was determined based on previously reported data 
by Getachew and Chilot (2009). Manure and compost, dried and allowed to pass through a 0.25 
mm sieve, were added. Farmyard manure was collected from Abaregay dairy farm in Debretabor. 
Compost was prepared from wheat straw, manure, green leaves and thin layer of topsoil supplied 
with moisture and aeration conditions. The compost was turned once and kept in the pit for 3 
months before the incubation experiment. The matured compost was observed to be dark, 
crumbly, and earthy-smelling substance with acceptable C: N ratio.  
Dejen lime was used as a liming material, which is calcitic with moisture content of 1.0562%, 
purity of 0.91 and fineness factor of 0.52. Lime which passed through 50 and 100 mesh size was 
added based on the LR of the soil. The lime used for the experiments was found to have a CCE of 
93.8%. A completely randomized design (CRD) was used and treatments were replicated three 
times. The study was conducted in plastic containers with 500 g of soil in each plastic container. 
Lime, mineral P fertilizer, manure and compost were incubated for two months in a greenhouse 
having a temperature 18 oC and humidity of 51%.  
Table 2.1. List of treatments  
Treatments  Descriptions  
Control  No lime, FYM, P and compost 
Compost only  8 t compost ha-1 
FYM only 8 t FYM ha-1 
P only 30 kg P ha-1 
Lime only 10 t ha-1 lime 
P + Lime R 30 kg P ha-1 + 10 t lime ha-1  
P + ½ Lime 30 kg P ha-1 + 5 t lime ha-1  
Compost + ½ Lime  8 t compost ha-1 + 5 t lime ha-1  
FYM + ½ Lime 8 t FYM ha-1 + 5 t lime ha-1  
Compost + P + ½ lime 8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1  
FYM + P + ½ lime 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1  
½ compost + ½ P + lime R 4 t compost ha-1 + 15 kg P ha-1 + 10 t lime ha-1  
½ FYM + ½ P + lime R 4 t FYM ha-1 + 15 P kg ha-1 + 10 t lime ha-1  
½ FYM + ½ P + ½ Lime  4 t ha-1 FYM + 15 P kg ha-1 + 5 t lime ha-1 
½ compost + ½ P + ½ Lime 4 t ha-1 compost + 15 P kg ha-1  + 5 t lime ha-1 
P +  Lime + Rhizobium 30 kg P ha-1 + 10 t lime ha-1 + Rhizobium 
Compost + P + ½ lime + Rhizobium 8 t ha-1 compost  + 30 kg P ha-1 + 5 t lime ha-1 + Rhizobium 
FYM + P +½ lime + Rhizobium 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1 + Rhizobium 
½ P +½ FYM + ½ Lime + Rhizobium 15 kg P ha-1 + 4 t FYM ha-1 + 5 t lime ha-1 + Rhizobium 
Rhizobium only  

 
All pots were subjected to wetting and drying cycles every 3 days during the incubation period. 
Soil samples were drawn at 20, 40  and 60 days of the incubation period and then were air dried 
and sieved through a 2 mm sieve and used for analysis of soil pH, exchangeable acidity, 
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exchangeable Al3+, exchangeable bases, ECEC and available P. The soil chemical analysis 
procedures outlined under Section 2.3 were employed for the analysis of these parameters. 
Effective cation exchange capacity was determined as the sum of exchangeable Ca2+, Mg2+, K+, 
and exchangeable acidity. 
2.6. Pot Experiment 
After 40 days of incubation of lime, FYM, and compost, mineral P was placed at 5 cm radius and 
5 cm depth below the seed at planting. Faba bean (Vicia faba L.) variety Kasech which was used 
as a test crop was collected from the Adet Agricultural Research Center (AARC). Rhizobium 
leguminosarum biovar. viciae strain EAL-110, was used as inoculant. It was obtained from the 
Menagesha Biotech Industry (MBI), Addis Ababa, Ethiopia. Faba bean seeds were inoculated at 
the time of sowing with a powder containing an equivalent of 108 viable bacteria cells per gram 
of powder. Prior to inoculation, the seeds were surface-sterilized. The seeds were washed in 70% 
(v/v) ethanol for 5 min, rinsed with sterilized water, shaken for 5 min in 30% (v/v) H2O2 which 
was diluted to 5% content, and rinsed again with sterilized water four times (Vincent, 1970). The 
seeds were soaked overnight in distilled water and made ready for inoculation and sowing. Five 
faba bean seeds were planted for every pot which was later thinned to three plants after 10 days 
of emergence. Each pot was frequently watered to maintain moisture, approximately at field 
capacity during the crop growth period. The crop was kept free of weeds by hand picking. The 
greenhouse experiment was conducted between October and December, 2015. 
2.7. Nodulation Assessment   
Nodule number and dry weight per plant were assessed from each replication. The root of faba 
bean plant was washed by tap water. Nodules remaining in the soil were picked by hand. Nodules 
attached to each plant root were also removed and separately spread on a sieve for some minutes 
until the water was drained from the surface of the nodule. Finally, the average number of nodules 
plant-1 was recorded for each treatment. After the nodules were oven dried to 65 °C for 48 hrs, the 
average nodule weight per plant was measured for each treatment as described by Delić et 
al.(2010). The cross-sections of nodules and differences in the colour of nodular tissue were used 
for screening effective and ineffective nodules. The ineffective nodules were white to light green 
inside, while the effective nodules were characteristically pinkish brown (Gwata et al., 2003). 
2.8. Plant Growth Parameters, Tissue Sampling and Analysis 
Shoot length, number of branches and leaves, and shoot dry weight of faba bean plants were 
measured at 50% flowering. The plants were cut at ground level and the youngest leaves (youngest 
fully emerged leaf and the apical growth of each plant) were collected and separated from the rest 
of the plants for the analysis of N and P concentrations at 50% flowering from each treatment. 
The faba bean leaf samples were washed in sequence, first in detergent solution (0.2% liquid 
detergent), then, in dilute HCl (0.1M HCl solution) and finally, in deionized water. The extra 
moisture was wiped out and the samples were placed in new paper bags and dried to 70 °C for 48 
hrs.  
Similarly, the total dry shoot biomass was determined after drying all the harvested above ground 
plant parts of each pot at 70 °C until a constant weight was achieved plus the dried weight of the 
youngest leaves. The dried leaves were ground in a stainless steel grinder, passed through a 0.5 
mm sieve and weighed. The N and P contents of the tissue samples were determined using the wet 
digestion method, which involves the digestion of the plant tissues using various combinations of 
HNO3, H2SO4 and HClO4 as described by Yirga and Kiros (2013). The method used for N analysis 
was the micro-Kjeldahl procedure (Jackson, 1967), whereas the determination of P was carried 
out on the digest aliquot by Murphy and Riley (1962). The total N and P uptakes were calculated 
by multiplying the N and P contents in the tissue by the above ground dry shoot biomass of each 
treatment.  
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2.9. Post Harvest Soil Analysis 
After faba bean plants were harvested, soil samples from each pot were collected for the 
determination of N and P following the standard laboratory procedure where total N was 
determined by the micro-Kjeldahl method (Jackson, 1967) while available P was extracted 
following the procedure described by Olsen et al. (1954). 
2.10. Statistical Analysis 
The data obtained was subjected to analysis of variance (ANOVA) by using the generalized linear 
model (GLM) procedure of the statistical analysis system (SAS) software package version 9.1 
(SAS, 2004). The Duncan’s Multiple Range Test (DMRT) was employed to test the significant 
difference between means of treatments at 1% probability level. 

3. Results and Discussion 

3.1. Soil Fertility Status Prior to Experiment and Quality of Organic Amendments 
The soil was very strongly acid in reaction (Hazelton and Murphy, 2007). The exchangeable soil 
acidity (Al3+ + H+) was 4.04 cmolc kg-1 soil (Table 3.1). Under such soil acidity environment, crop 
growth is adversely affected due to the toxicity of Al on plant roots, reduced availability P, and 
microbial activity such as atmospheric N2 fixation, and OM decomposition (Fageria and Baligar, 
2008; Kisinyo et al., 2014). The available P falls within the low range (6-10 mg kg-1) for clay soils 
(Jones, 2003), and therefore, indicates the need for applying supplemental P in these soils.  
The result of LR determination indicates that the amount of lime required to raise the pH of the 
soils to the target pH value, which is 5.5, was 10 t CaCO3 ha-1. Since the soil has high clay content 
and CEC and thus high buffering capacity, high amount of lime is required to alleviate acidity and 
increase the productivity of acid sensitive crops. 
Table 3.1. Selected physical and chemical properties of the experimental soil 

Parameter Value 
Sand (%) 19 
Silt (%) 36 
Clay (%) 45 
Textural class clay 
Bulk density (g cm-3) 1.4 
pH (H2O) 4.93 
Exchangeable Ca2+ (cmolc kg-1) 9.98 
Exchangeable Mg2+ (cmolc kg-1) 4.26 
Exchangeable K+ (cmolc kg-1) 0.45 
Exchangeable Na+ (cmolc kg-1) 0.38 
Cation exchange capacity (cmolc kg-1) 33.7 
Exchangeable acidity (cmolc kg-1) 4.04 
Exchangeable Al3+ (cmolc kg-1) 1.77 
Organic carbon (%) 1.27 
Total nitrogen (%) 0.19 
Olsen P (mg kg-1) 5.87 

The result of analysis of FYM and compost are indicated in Table 3.2. The composting materials 
used such as grass clippings, leaves and wheat straw were rich in C and thus had lower N added 
to the soil. The total C contents were 13.87 and 18.41% with a corresponding C: N ratio of 12.5 
and 20.2 for FYM and compost, respectively favoring net mineralization for nutrients such as N 
and P, and therefore their availability in soil for plant use. The ideal range of C: N in compost is 
15:1-35:1 (FAO, 2015).  
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Table 3.2. Some chemical characteristics of FYM and compost  

Amendment pH-H2O 
(1:5) 

 N C P  Ca K Mg Na  
 ----------------------------(%)---------------------------- 

Farmyard 
manure 

7.6  1.11 13.87 0.31 1.52 1.5
1 

0.7
2 

0.14  

Compost  7.2  0.91 18.41 0.29 1.43 1.6
3 

0.5
9 

0.15  

 
3.2. Effects of Organic and Inorganic Amendments on Soil pH and Available P 
Soil pH improvement was observed between the 20 and 40 days of incubation after which it 
declined for some of the treatments (Table 3.4). Application of 30 kg P ha-1 + 10 t lime ha-1 
followed by 4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1 showed a marked increase in pH at the 
20 and 40 days of incubation and a decrease at 60 days of incubation. The results of the sole 
application of the treatments indicate that the effect of lime in reducing the level of soil acidity 
was more immediate and considerable as compared with the other treatments (Table 3.3). 
Although increasing the lime rate from 5 to 10 t ha-1 in the combination showed a linear increase 
in soil pH, combined application of half FYM or compost with half lime and P could be sufficient 
to improve soil pH to a level where soil acidity is reduced and nutrient availability is increased.  
Unlike the gradual change in pH due to FYM or compost application observed in this study, an 
immediate increase in the pH of acid soils after application of fresh cattle manure, and persistent 
increase during 60 days of incubation of soil manure mixtures was reported by Whalen et al. 
(2000). The high initial pH, exchangeable bases, and proton consumption capacity might have 
contributed to the rise in pH of FYM or compost amended soils (Escobar and Hue, 2008).  
In the case of lime, the increase in soil moisture causes the dissociation of the carbonates of Ca at 
the end of the reaction and, the release of OH− ions in the solution, which increases soil pH (Verde 
et al., 2013). The pH decline after 40 days of incubation could be attributed to the H+ produced 
during the conversion of organic N and S to NO3

- and SO4
2-, respectively (Samake, 2014). 

However, under field conditions much nitrate produced would be absorbed by growing plants 
leading to the release of OH- ions that can neutralize soil acidity (Heyar and Porter, 1989). 
Table 3.3. Effects of organic and inorganic amendments on soil pH and available P 
Treatments  20 days  40 days 60 days 20 days  40 days 60 days 

Soil pH Available P (mg kg-1)  
Control  4.85m 4.87lm 4.95lm 5.87l 6.27kl 6.76f-l 
8 t compost ha-1  5.21lm 5.21lm 5.36kl 6.60 jkl 6.79i-l 9.27b-h 
8 t FYM ha-1  5.19lm 5.29klm 5.35klm 6.22 kl 6.54jkl 10.01a-e 
30 kg P ha-1  4.99lm 4.89lm 4.89klm 8.33 d-k 9.19b-h 10.28a-d 
10 t lime ha-1  5.99d-h 6.22b-e 6.11c-g 6.19 kl 7.61g-l   9.27b-h 
30 kg P ha-1 + 10 t lime ha-1  6.26bcd 6.59a 6.10c-g 10.33 a-d 9.40b-k 10.87a-d 
30 kg P ha-1 + 5 t lime ha-1  5.76hij 6.12c-g 5.93e-i 6.82 i-l 7.92e-l 10.12a-e 
8 t compost ha-1 + 5 t lime ha-1  5.87g-j 5.91f-i 5.56jk 7.46 h-l 7.69f-l   9.35a-h 
8 t FYM ha-1 + 5 t lime ha-1  5.91e-i 6.11c-g 5.89f-i 6.82 i-l 7.29h-l   9.21b-h 
8 t compost ha-1 + 30 kg P ha-1 

+ 5 t lime ha-1  
5.94e-i 5.95d-i 5.87g-j 7.91 e-l 8.05e-l 11.10ab 

8 t FYM ha-1 + 30 kg P ha-1 + 5 
t lime ha-1  

5.91e-i 5.94e-i 5.79hij 9.45 a-h 10.05a-e 11.52a 

4 t compost ha-1 + 15 kg P ha-1 
+ 10 t lime ha-1  

6.03c-h 6.32abc 6.03c-h 9.69 a-g 9.84a-f 10.43a-d 

4 t FYM ha-1 + 15 kg P ha-1 + 
10 t lime ha-1  

6.43ab 6.48ab 6.19b-f 8.81 c-i 8.91b-i 10.93abc 
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4 t compost ha-1 + 15 kg P ha-1 
+ 5 t lime ha-1 

5.56jk 5.91f-i 5.86g-j 6.72g-l 7.82f-l   8.80c-i 

4 t FYM ha-1 + 15 kg P ha-1 + 5 
t lime ha-1  

5.67ij 5.97d-i 5.75hij 6.23kl 8.66d-j   9.99a-e 

F-test ***               ***             *** ***               ***              *** 
CV (%)  3.32 11.75 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; 
CV = coefficient of variation 
 
All treatments showed increased P availability consistently with increasing time of incubation. 
However, significantly maximum available P was observed at the 60 days of incubation due to 
application of  8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1, with an increase of 70%, over the 
control. On the other hand, sole addition of 30 kg P ha-1 increased available P by 52%, over the 
control at the 60 days of incubation. The increased availability of P with time due to application 
of FYM or compost separately or in the combination could be the result of gradual mineralization 
of OM, and the release of organic acids that bound with Al and decrease P fixation (von 
Wandruszka, 2006). 
 
3.3. Effects of Organic and Inorganic Amendments on Exchangeable Acidity and Al3+  
Exchangeable acidity and Al3+ were affected significantly (P < 0.001) due to application of 
treatments and over incubation period (Table 3.4). Exchangeable acidity and Al3+ were reduced 
to the lowest level with the application of 30 kg P ha-1 + 10 t lime ha-1 followed by 4 t FYM or 
compost ha-1 + 15 kg P ha-1 + 10 t lime ha-1. Statistically, application of 4 t FYM ha-1 + 15 kg P 
ha-1 + 5 t lime ha-1 was as effective as the above two treatments in reducing exchangeable acidity 
and Al3+. Among the sole treatments, application of 10 t lime ha-1 reduced exchangeable acidity 
and Al3+ significantly over the control (Table 3.4).  
Considering the incubation period, application of all treatments consistently reduced 
exchangeable acidity and Al3+ with increasing time. The changes were significantly rapid at the 
20 days of incubation with sole application of lime or its combination with FYM, and P. When 
full or half rate of FYM, or compost was combined with half or full rate of lime in the treatment 
combinations, exchangeable Al3+ was reduced to the level of non toxicity at the 60 days of 
incubation, indicating that including organic amendments could reduce soil acidity but at a 
relatively slower rate. This might be ascribed to the time taken for complete decomposition of the 
applied OM.  
Although both lime and FYM contributed in reducing exchangeable acidity and Al3+, the changes 
observed were largely attributed to the applied lime. Because it was shown that, from the separate 
treatment applications, lime was found to be superior in reducing soil acidity. Application of lime 
tends to raise the soil pH and reduce acidity by displacement of H+, Fe2+, Al3+, and Mn4+ ions from 
soil adsorption site (The et al., 2006; Osundwa et al., 2013). Similarly, the presence of CO3

2- and 
OH- anions in lime neutralize the H+ released from the exchange sites and hydrolyzing Al species 
to the soil solution (Fageria and Baligar, 2008).  
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Table 3.4. Effects of organic and inorganic amendments on exchangeable acidity and Al3+ 
Treatments   20 days  40 days 60 days 20 days  40 days 60 days 

Ex acidity (cmolc kg-1) Ex Al3+ (cmolc kg-1) 

Control  4.16a 4.07a 3.95ab 1.78a 1.77a 1.74a 

8 t compost ha-1  3.72b 2.78de 1.31hi 1.57b 1.23c 0.64f 

8 t FYM ha-1  3.27c 2.53e 1.26hi 1.26c 0.82e 0.58fg 

30 kg P ha-1  4.12a 4.04a 3.95ab 1.76a 1.74a 1.73a 

10 t lime ha-1  0.66kl 0.26m-p 0.07op 0.16lm 0.03mn 0.00n 

30 kg P ha-1 + 10 t lime ha-1  0.63kl 0.38l-o 0.04p 0.17klm 0.05mn 0.00n 

30 kg P ha-1 + 5 t lime ha-1  2.95d 1.86g 0.53klm 0.99d 0.65f 0.39hi 

8 t compost ha-1 + 5 t lime ha-1  2.76de 1.52h 1.20hi 1.15c 0.35hij 0.15lmn 

8 t FYM ha-1 + 5 t lime ha-1  2.15f 1.29hi 0.55klm 0.81e 0.35hij 0.00n 

8 t compost ha-1 + 30 kg P ha-1 + 5 t 
lime ha-1  

1.81g 1.19i 0.80jk 0.63f 0.31ijk 0.16lm 

8 t FYM ha-1 + 30 kg P ha-1 + 5 t 
lime ha-1  

1.08ij 0.65kl 0.21nop 0.43hi 0.11lmn 0.00n 

4 t compost ha-1 + 15 kg P ha-1 + 10 
t lime ha-1  

0.75k 0.15op 0.09op 0.23jkl 0.03mn 0.00n 

4 t FYM ha-1 + 15 kg P ha-1 + 10 t 
lime ha-1  

0.50k-n 0.11op 0.08op 0.14lmn 0.00n 0.00n 

4 t compost ha-1 + 15 kg P ha-1 + 5 t 
lime ha-1 

1.31ij 0.88jk 0.26m-p 0.22jkl 0.05mn 0.00n 

4 t FYM ha-1 + 15 kg P ha-1 + 5 t 
lime ha-1  

1.24ij 0.76k 0.13op 0.16lm 0.03mn 0.00n 

F-test ***             ***            *** ***              ***            *** 

CV (%)  11.15 14.12 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; 
CV = coefficient of variation 
 
3.4. Effects of Organic and Inorganic Amendments on Exchangeable Bases, and effective CEC 
Exchangeable Ca2+ was significantly (P < 0.001) affected by organic and inorganic treatments and 
incubation period (Table 3.6). However, the effect of treatments on the other exchangeable bases 
was not significant (P > 0.001) (Table 3.5 and 3.6). The highest exchangeable Ca2+ was obtained 
at 20 days of incubation with the application of 30 kg P ha-1 + 10 t lime ha-1 followed by 4 t ha-1 
FYM + 15 kg P ha-1 + 10 t lime ha-1. Among the sole treatments, lime at the 20 days and FYM at 
the 60 days gave the highest exchangeable Ca2+. Several researchers (Achalu et al., 2012; Verde 
et al., 2013) reported increased Ca2+ and Mg2+ as a result of lime and FYM applications on acid 
soils. The increased exchangeable Ca2+ could be due to the dissociation of lime (Achalu et al., 
2012) and the decomposition of OM (Adeleye, 2010).  
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Table 3.5. Effects of organic and inorganic amendments on exchangeable Ca2+ and Mg2+  
Treatments  20 days  40 days 60 days 20 days 40 days 60days 

Ex Ca2+ (cmolc kg-1) Ex Mg2+ ( cmolc kg-1) 

Control  9.98lm 10.43klm 11.11h-m 4.26 4.11 3.82 

8 t compost ha-1  10.82i-m 11.22g-m 13.16e-l 4.26 4.18 2.97 

8 t FYM ha-1  10.64j-m 10.48klm 13.29d-l 4.87 5.29 3.21 

30 kg P ha-1  9.32m 11.11h-m 11.50f-m 4.81 3.53 3.26 

10 t lime ha-1  17.48abc 17.06a-e 15.40b-e 2.15 3.97 4.05 

30 kg P ha-1 + 10 t lime ha-1  19.54a 18.69ab 14.11c-k 2.68 4.24 4.58 

30 kg P ha-1 + 5 t lime ha-1  14.61c-i 13.50d-l 14.56c-i 2.66 4.87 3.81 

8 t compost ha-1 + 5 t lime ha-1  15.83a-e 15.22b-f 14.32c-j 2.73 3.84 4.00 

8 t FYM ha-1 + 5 t lime ha-1  16.06a-e 15.01b-g 15.35b-f 2.50 4.13 3.18 

8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1  15.06b-f 14.03c-k 14.85b-h 3.29 3.55 3.55 

8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1  15.90a-e 14.48c-i 14.22c-k 2.39 5.23 6.50 

4 t compost ha-1 + 15 kg P ha-1 + 10 t lime ha-1  17.53abc 16.64a-e 16.22a-e 3.24 5.23 5.55 

4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1  19.35a 17.85abc 17.14a-d 2.37 4.23 4.92 

4 t compost ha-1 + 15 kg P ha-1 + 5 t lime ha-1 15.85a-e 14.10c-k 13.23e-l 2.21 3.25 3.55 

4 t FYM ha-1 + 15 kg P ha-1 + 5 t lime ha-1  16.15a-e 15.30b-f 14.40c-j 2.50 3.55 3.67 

F-test ***                ***             *** ns         ns            ns 

CV (%) 13.10 42.37 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; 
CV = coefficient of variation 
Effective cation exchange capacity was affected significantly (P < 0.001) due to organic and 
inorganic treatment applications (Table 3.7). Sole or combined applications of lime, compost, and 
FYM improved the ECEC of the soil. Considering sole treatment applications compared with the 
control, addition of 10 t lime ha-1 increased ECEC from the respective control to 20.82 and 22.09 
cmolc kg-1 at the 20 and 40 days of incubation, respectively. Likewise, combined applications of 
30 kg P ha-1 + 10 t lime ha-1, 4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1, and  8 t FYM ha-1 + 5 t 
lime ha-1 improved ECEC of the soil from 17.59 to  23.95, 22.97, and 20.27 cmolc kg-1, 
respectively at the 40 days of incubation. At low pH values, Al3+ is the predominant exchangeable 
cation on clay minerals. As the pH is raised due to lime application, the Al3+ hydrolyzes, freeing 
the exchange sites for Ca2+, and results in an increase in the ECEC (Fageria, and Baligar, 1999). 
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Table 3.6. Effects of organic and inorganic amendments on exchangeable K+ and Na+ 
Treatments  20 days  40 days 60 days 20 days  40 days 60 days 

Ex K+ (cmolc kg-1) Ex Na+ (cmolc kg-1) 
Control  0.50 0.48 0.55 0.38 0.44 0.37 
8 t compost ha-1  0.55 0.50 0.49 0.34 0.49 0.33 
8 t FYM ha-1  0.45 0.53 0.55 0.29 0.42 0.39 
30 kg P ha-1  0.47 0.53 0.54 0.29 0.37 0.39 
10 t lime ha-1  0.47 0.54 0.49 0.30 0.45 0.36 
30 kg P ha-1 + 10 t lime ha-1  0.49 0.52 0.51 0.30 0.44 0.37 
30 kg P ha-1 + 5 t lime ha-1  0.47 0.51 0.57 0.37 0.36 0.43 
8 t compost ha-1 + 5 t lime ha-1  0.48 0.51 0.51 0.31 0.35 0.36 
8 t FYM ha-1 + 5 t lime ha-1  0.44 0.56 0.54 0.35 0.47 0.36 
8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1  0.49 0.53 0.56 0.39 0.53 0.42 
8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1  0.55 0.47 0.54 0.32 0.34 0.39 
4 t compost ha-1 + 15 kg P ha-1 + 10 t lime ha-1  0.53 0.53 0.54 0.32 0.39 0.38 
4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1  0.49 0.50 0.53 0.30 0.41 0.36 
4 t compost ha-1 + 15 kg P ha-1 + 5 t lime ha-1 0.41 0.45 0.51 0.41 0.32 0.38 
4 t FYM ha-1 + 15 kg P ha-1 + 5 t lime ha-1  0.55 0.52 0.54 0.35 0.33 0.36 
F-test ns               ns             ns ns             ns             ns 
CV (%) 11.05 18.32 

Moreover, the improvement could also be attributed to the integrated effect of the amendments by 
improving soil pH, microbial activity, and exchangeable bases from FYM and compost 
decomposition. Increased ECEC and nutrient concentrations in acid soils amended with compost 
or manure were observed in Senegal’s peanut basin (Nathan and Amadou, 2005). Significant 
increases in exchangeable Ca2+, Mg2+ and ECEC were obtained following the application of 
organic materials (Naramabuye and Hayes, 2007). Similarly, liming acid soil significantly 
increased base saturation and ECEC (Fageria et al., 2014).  
3.5. Effects of Treatments on Plant Height, Number of Branches and Leaves 
Plant height, number of branches and leaves of faba bean were significantly (P < 0.001) affected 
by the treatments. The highest plant height (59.33 cm) was obtained in the pot that received 8 t 
FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1 + Rhizobium treatment followed by that of 8 t FYM ha-1 + 
30 kg P ha-1 + 5 t lime ha-1 (Table 3.8). Sole application of 8 t FYM ha-1 increased plant height, 
number of branches and leaves over the control, as compared with other sole treatment 
applications. Application of 8 t FYM ha-1 combined with 30 kg P ha-1 and 5 t lime ha-1 treated 
with or without rhizobium inoculation produced maximum number of branches and leaves plant-

1. As compared with application of compost in the treatment combinations (8 t compost ha-1 + 5 t 
lime ha-1, 8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1, and 4 t compost ha-1 + 15 kg P ha-1 + 10 
t lime ha-1), application of FYM (8 t FYM ha-1 + 5 t lime ha-1, 8 t FYM ha-1 + 30 kg P ha-1 + 5 t 
lime ha-1, and 4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1) in the combinations significantly 
improved the growth parameters of faba bean. On the other hand, at 30 kg P ha-1 application, 
increasing the lime rate from 5 to 10 t ha-1 without organic amendment did not bring significant 
response of plant height, number of branches and leaves of faba bean. These results are in 
agreement with Mekki (2016), who indicated that integrated application of organic, inorganic and 
biofertilizers increased the plant height of faba bean in slightly alkaline soils. Another study on 
acid Nitisols of central Ethiopian highlands (Getachew and Chilot, 2009) reported significant 
increase of faba bean plant height and biomass due to combined application of 8 t FYM ha-1 with 
39 kg P ha-1. Similarly, Tadele et al. (2016) also indicated combined applications of FYM (4 and 
8 t ha-1) with increasing rates of P from 0 to 60 kg ha-1 had positive influence on some of the 
growth and yield parameters of faba bean in southern Ethiopia.  
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Table 3.7. Effects of organic and inorganic amendments on exchangeable cation ratios and ECEC 
Treatments  20 

days  
40 
days 

60 
days 

20  
days  

40 
 days 

60  
days 

20 
days  

40 
days 

60 
days 

20 
days 

40  
days 

60  
days 

Ex Ca/Mg  Ex Ca/K  Ex Mg/K ECEC ( cmolc kg-1)         
Control  2.38 3.32 3.37 19.98i 21.69ghi 20.47hi 8.48 8.52 7.01 17.36j 17.59ij 18.30ghi 
8 t compost ha-1  2.55 2.81 4.51 19.67i 22.15f-i 26.51c-i 7.76 8.26 6.09 17.84ghi 18.23ghi 18.38g-j 
8 t FYM ha-1  2.24 1.99 3.41 24.97d-i 19.96i 24.31e-i 11.89 9.99 7.53 18.07ghi 18.51g-j 19.75c-j 
30 kg P ha-1  2.11 3.51 4.15 19.84i 21.09ghi 21.15ghi 10.32 6.71 6.18 17.62ij 18.02ghi 18.04ghi 
10 t lime ha-1  11.19 4.31 3.84 38.83ab 31.11a-h 31.54a-g 4.48 7.31 8.37 20.82a-i 22.09a-f 20.42b-j 
30 kg P ha-1 + 10 t lime ha-1  10.40 4.55 3.08 40.54a 36.45abc 27.46c-i 5.18 8.41 15.19 23.06ab 23.95a 22.64a-d 
30 kg P ha-1 + 5 t lime ha-1  10.29 4.55 3.85 31.18a-h 26.65c-i 25.57c-i 5.67 9.64 6.69 18.24ghi 19.31d-j 19.59d-j 
8 t compost ha-1 + 5 t lime ha-1  6.46 3.98 4.23 33.28a-e 29.57b-h 28.41b-i 5.63 7.46 7.90 22.12a-f 19.98b-j 19.54d-j 
8 t FYM ha-1 + 5 t lime ha-1  6.48 3.76 6.26 36.27abc 27.08c-i 28.35b-i 5.69 7.40 5.76 19.45d-j 20.27b-j 19.61d-j 
8 t compost ha-1 + 30 kg P ha-1 

+ 5 t lime ha-1  
4.85 4.40 4.41 30.22a-h 26.54c-i 26.53c-i 6.69 6.83 6.31 19.33d-j 18.72g-j 19.62d-j 

8 t FYM ha-1 + 30 kg P ha-1 + 
5 t lime ha-1  

9.08 7.21 4.60 29.18b-h 32.79a-f 26.58c-i 4.24 7.90 6.45 20.25b-h 18.55g-j 18.86f-j 

4 t compost ha-1 + 15 kg P ha-1 
+ 10 t lime ha-1  

5.61 7.96 3.54 32.92a-f 31.61a-g 30.13a-h 6.07 7.15 9.50 21.69a-g 21.24a-h 22.28a-e 

4 t FYM ha-1 + 15 kg P ha-1 + 
10 t lime ha-1  

11.30 4.54 7.44 40.75a 35.90a-d 33.21a-e 4.80 8.29 4.52 22.54a-e 22.97abc 20.42b-j 

4 t compost ha-1 + 15 kg P ha-1 
+ 5 t lime ha-1 

7.17 4.34 3.73 38.66ab 31.33a-g 25.94c-i 5.41 6.59 7.02 18.88f-j 18.12ghi 17.67ij 

4 t FYM ha-1 15 kg P ha-1 + 5 
t lime ha-1  

6.46 4.31 3.92 29.36b-h 29.42b-h 26.67c-i 4.60 6.91 6.81 19.55d-j 19.70c-j 18.97f-j 

F-test ns         ns        ns ***               ***                *** ns           ns       ns ***                   *** ***      
CV (%)  68.15 19.00 46.13  8.19      

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = coefficient of variatio 
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Similar findings reported that applications of P and FYM (Togay et al., 2008; Tekle et al., 2016) 
increased shoot height, number of branches and leaves of various legume crops. The observed 
increase in the vegetative growth of faba bean due to 8 t ha-1 FYM in the treatment combination 
might be the supply of N and other nutrients in manure through mineralization. Besides, the 
increase in soil pH, the decrease in exchangeable Al3+, application of lime, and manure improved 
soil conditions for microorganism’s development and activity (Verde et al., 2013). As the 
exchangeable Al3+ is reduced, the performance of plant roots are enhanced, nutrient uptake would 
be increased and this would lead to increase in the plant growth parameters (Vanlauwe et al., 
2015). Considering sole application of treatments, FYM improved the growth of faba bean as 
compared with the others. This revealed the dual effect of FYM in ameliorating soil acidity and 
providing nutrients for promoting the growth of the crop. The difference observed in the growth 
of faba bean treated either with FYM or compost separately or with other amendments was 
attributed to the higher N and P contents in the FYM as compared with compost.  
 

Table 3.8. Effects of organic and inorganic amendments on the growth of faba bean 
Treatments  Plant 

height 
Number of 
branches 
plant-1 

Number of 
leaves plant-1 

Shoot dry 
weight (g 
plant-1) 

Control  30.67j 6.22g 11.33j 2.74f 
8 t compost ha-1  37.33gh 6.33g 11.66j 2.87f 
8 t FYM ha-1  41.33gh 11.22bc 23.22def 3.68b-f 
30 kg P ha-1  33.67ij 7.78fg 16.22hi 3.40c-f 
10 t lime ha-1  41.67fgh 8.00fg 15.78ij 3.05def 
30 kg P ha-1 + 10 t lime ha-1  47.33ef 10.11cde 20.78efg 3.90 a-f 
8 t compost ha-1 + 5 t lime ha-1  41.33gh 8.89def 19.22fgh 4.17a-e 
8 t FYM ha-1 + 5 t lime ha-1  48.33de 9.22def 16.89ghi 3.91a-f 
30 kg P ha-1 + 5 t lime ha-1  42.33fg 9.11def 20.33efg 4.47abc 
8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1  48.33de 10.33cd 25.33bcd 4.36 abc 
8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1  58.67a 13.78a 37.11a 5.14a 
4 t compost ha-1 + 15 kg P ha-1 + 10 t lime ha-1  50.00cde 10.78bcd 25.56bcd 4.87ab 
4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1  57.00ab 12.33ab 29.56b 4.61abc 
4 t compost ha-1 + 15 kg P ha-1 + 5 t lime ha-1 53.58a-d 9.29def 25.48bcd 4.55abc 
4 t FYM ha-1 + 15 kg P ha-1 + 5 t lime ha-1  55.67abc 10.89bcd 28.30bc 4.15a-e 
30 kg P ha-1 + 10 t ha-1 lime +Rhizobium 55.67abc 11.33bc 24.78cde 4.83ab 
8 t ha-1 compost + 30 kg ha-1 P + 5 t ha-1 lime + 
Rhizobium 

51.33b-e 12.44ab 28.44bc 4.19a-e 

8 t ha-1 FYM + 30 kg P ha-1 + 5 t ha-1 lime + 
Rhizobium 

59.33a 14.00a 38.67a 4.28a-d 

4 t FYM ha-1 + 15 kg ha-1 P + 5 t lime ha-1 + 
Rhizobium 

53.67a-d 10.00cde 23.22def 4.82ab 

Rhizobium only  35.67hij 8.22ef 16.44hhi 3.11def 
CV (%) 6.80 10.34 12.21 16.99 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; 
CV = coefficient of variation 
3.6. Shoot Dry Weight 
Combined applications of organic and inorganic treatments significantly (P < 0.001) affected the 
shoot dry weight of faba bean. Addition of 8 t FYM ha-1 and 30 kg P ha-1 combined with 5 t lime 
ha-1 increased the shoot dry weight of faba bean (Table 3.8). In the same way, 4 t compost ha-1 
combined with 15 kg P ha-1 and 10 t ha-1 lime resulted in significant shoot dry weight of faba bean. 
Rhizobium inoculation of seeds treated with 30 kg P ha-1 and 10 t lime ha-1 had the same 
significant effect of shoot dry weight as the soils received 15 kg P ha-1 and 4 t FYM ha-1 in 
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combination with 5 t lime ha-1. Among sole treatments applied, FYM was better to increase shoot 
dry weight, though no statistically significant difference was observed with others.  
The effect of full application of FYM with half rate of lime in improving shoot dry weight was 
equivalently significant with half rate of FYM or compost with full rate of lime. This might be 
ascribed to the liming effect of FYM in raising soil pH, activating microorganisms, and releasing 
ions. The increased biomass of the plant could be partially attributed to the nutrient released during 
decomposition of FYM. Similar findings indicated increased in the growth of various crops due 
to manure application (Singh et al., 2012). 
3.7. Nodule number and nodule dry weight 
Total nodule number, effective nodule number, and nodule dry weight per plant were significantly 
(P < 0.001) affected by combined application of treatments (Table 3.9). Farmyard manure was 
superior to compost, however, their combined application of FYM with P and lime was far 
superior to the individual ones. Application of 4 t FYM ha-1 and 15 kg P ha-1 combined with 10 t 
lime ha-1 showed significant increases in nodule number and nodule dry weight. The same effect 
was observed in soils treated with 30 kg ha-1 P with 10 t lime ha-1 and rhizobium inoculation. This 
indicated that unlike the above ground growth parameter, which increased with increasing FYM 
from 4 to 8 t ha-1, nodulation was reduced with increasing rate of FYM in the treatment 
combinations. Sole treatment of lime improved nodulation as compared with either sole treatment 
of compost, FYM or rhizobium. This could be due to favorable conditions like pH  created for 
stimulating the activity of resident faba bean nodulating bacteria.  
Rhizobium inoculation alone did not bring significant change in nodulation of faba bean under 
acid soil condition. Nodulation was significantly improved after the soil acidity was reclaimed 
with lime, and where there was P in the treatment combination. Similar findings were also reported 
for increased nodules with application of P and lime (Workneh et al., 2013; Yirga and Kiros, 
2013). Application of FYM leads to increase in nodules production, nodule dry weight, dry matter 
production and seed yields of soybeans, but the production of nodules fall sharply at application 
rates higher than 8 t of FYM (Ganeshamurthy and Sammi, 2000). This effect was attributed to the 
increase in available C content of the soil that created favorable media for rhizobium, and the role 
of FYM in reducing soil acidity and increasing P availability.  
The improvement of nodulation as a result of lime could be due to the reduction of acidity that 
enhanced bacteria proliferation, increased bioavailability of Ca, P, and Mo. Liming increase the 
Ca levels in the soil, which inturn enhance the root penetration into the deeper layers and also 
induced the normal distribution of nodules (Negi et al., 2004). The role of FYM may be to increase 
soil pH, reducing Al toxicity by chelating or encapsulating the Al3+ (Nyarko, 2012).  
3.8. Tissue N and P Contents and Uptakes 
Integrated application of organic and inorganic amendments significantly (P < 0.001) affected the 
N and P contents in the tissue of faba bean. Application of 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime 
ha-1 with inoculation of rhizobium demonstrated highest tissue N content (3.86%). The same 
treatment combination without inoculation also showed significant N content (3.83%), and N 
uptake followed by 4 t FYM ha-1 + 15 kg P ha-1 + 10 t ha-1 lime (Table 3.10). Significantly 
improved N content and uptake was observed due to integrated application of treatments over sole 
treatments and the control.  
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Table 3.9. Effects of organic and inorganic amendments on the nodulation of faba bean 
Treatments  Nodule 

number  
plant-1 

Effective 
Nodule number 
plant-1 

Nodule dry 
weight  
(mg plant-1) 

Control  33.00j 11.00g 20.00i 
8 t compost ha-1  53.67hi 17.00fg 37.67h 
8 t FYM ha-1  60.00h 23.33efg 42.67h 
30 kg P ha-1  33.33j 10.33g 31.00hi 
10 t lime ha-1  85.00fg 29.00def 67.67fg 
30 kg P ha-1 + 10 t lime ha-1  125.67b 43bcd 97.33cd 
8 t compost ha-1 + 5 t lime ha-1  59.67h 16.67fg 41.00h 
8 t FYM ha-1 + 5 t lime ha-1  104.67cde 34b-e 85.67de 
30 kg P ha-1 + 5 t lime ha-1  75.00g 20.33efg 56.00g 
8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1  99.67de 30.00c-f 78.00ef 
8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1  116.67bc 50.00ab 92.00de 
4 t compost ha-1 + 15 kg P ha-1 + 10 t lime ha-1  112.67bcd 39.67bcd 91.67de 
4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1  153.33a 59.33a 131.33a 
4 t compost ha-1 + 15 kg P ha-1 + 5 t lime ha-1 74.50g 30.67c-f 55.25g 
4 t FYM ha-1 + 15 kg P ha-1 + 5 t lime ha-1  95.67ef 30.67c-f 79.00ef 
30 kg P ha-1 + 10 t ha-1 lime + Rhizobium 147.00a 49.00ab 111.67b 
8 t ha-1 compost + 30 kg ha-1 P + 5 t ha-1 lime + Rhizobium 126.33b 46.00abc 107.00bc 
8 t ha-1 FYM + 30 kg P ha-1 + 5 t ha-1 lime + Rhizobium 122.33b 49.33ab 96.33cd 
15 kg ha-1 P + 4 t FYM ha-1 + 5 t lime ha-1 + Rhizobium 107.67cde 40.67bcd 84.33ed 
Rhizobium only  43.667ij 12.00g 29.00hi 
CV (%) 8.25 26.47 10.47 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; 
CV = coefficient of variation 
Plants that received full dose of FYM and P with half rate of lime with inoculation showed N 
accumulation of 71% increase, but the same treatment without inoculation increased tissue N by 
69% over the control. This indicate that there was no improvement in N accumulation in the tissue 
of faba bean plants due to inoculation of rhizobium. Pronounced effect to N uptake was observed 
as a result of reducing soil acidity by application of lime and FYM. Similarly, in an experiment 
conducted on common bean, high N level was obtained in the biomass of FYM fertilized plants 
(Mitova and Stancheva, 2013). The highest N content obtained in the tissue is in the range of 
optimum N content (3.8 to 5.0%) of legume crops (Barker and Pilbeam, 2007) indicating that 
combined application of FYM, P and lime could improve the growth and N uptake of faba bean. 
Increasing the level of P significantly increased the N uptake by the plant that could be attributed 
to the complementary role played by P in the N removal by the faba bean (Tekle et al., 2015).   
Significant (P < 0.001) tissue P content and uptake was obtained with combined application of 
organic and inorganic treatments (Table 3.10). Application of 8 t FYM ha-1 + 30 kg P ha-1 + 5 t 
ha-1 lime resulted in the highest P content (0.219%) in the tissue of faba bean. As compared to the 
control, 92% increase in P content was observed due to full rates of FYM and P with half rate of 
lime. Including compost with lime and P also improved significantly P uptake compared to the P 
or lime treatments applied separately or in the combination of lime and P. For example, addition 
of 8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1 + Rhizobium improved P content by 70% over 
the control.  
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Table 3.10. Effects of organic and inorganic amendments on tissue N and P concentrations and 
uptakes, and post harvest soil N and P 

Treatments  Tissue N 
content 
(%) 

N uptake 
(kg ha-1) 

Tissue P 
content 
(%) 

P uptake 
 (kg ha-1) 

Soil N after 
harvest  
(%) 

Soil P after 
harvest 
(mg kg-1) 

Control  2.26f 45.35h 0.114k 2.28g 0.18g 4.27l 
8 t compost ha-1  2.47f 47.67h 0.124jk 2.38g 0.22d 5.38j 
8 t FYM ha-1  2.80e 72.32fgh 0.130j 3.36fg 0.22d 6.09h 
30 kg P ha-1  2.43f 57.74gh 0.155i 3.71efg 0.19fg 4.98k 
10 t lime ha-1  2.84e 60.47gh 0.169ghi 3.63efg 0.19fg 6.35efg 
30 kg P ha-1 + 10 t lime ha-1  2.90e 78.73efg 0.182d-g 4.99cde 0.23cd 6.37ef 
8 t compost ha-1 + 5 t lime ha-1  3.08ed 93.42c-e 0.165hi 4.79def 0.19fg 5.78i 
8 t FYM ha-1 + 5 t lime ha-1  3.45bc 94.53c-f 0.1707f-i 4.67def 0.23cd 6.76d 
30 kg P ha-1 + 5 t lime ha-1  2.88e 90.31def 0.173e-h 5.41bcd 0.19fg 6.12fgh 
8 t compost ha-1 + 30 kg P ha-1 + 
5 t lime ha-1  

3.49bc 106.38bcd 0.185c-f 5.66a-d 0.21def 6.41e 

8 t FYM ha-1 + 30 kg P ha-1 + 5 t 
lime ha-1  

3.83a 137.81a 0.219a  7.13a  0.28a  7.61a 

4 t compost ha-1 + 15 kg P ha-1 + 
10 t lime ha-1  

3.32cd 113.36a-d 0.191bcd 6.52abc 0.23cd 6.16e-h 

4 t FYM ha-1 + 15 kg P ha-1 + 10 
t lime ha-1  

3.75ab  108.93bcd 0.193bcd 6.85ab 0.26ab 7.00cd 

4 t compost ha-1 + 15 kg P ha-1  + 
5 t lime ha- 

3.32cd 77.16efg 0.184c-f 4.28 0.21de 6.35efg 

4 t FYM ha-1 + 15 kg P ha-1  + 5 t 
lime ha-1  

3.44c 100.28b-e 0.192bcd 5.61a-d 0.22d 6.96cd 

30 kg P ha-1 + 10 t ha-1 lime + 
Rhizobium 

3.49bc 118.06abc 0.187b-e 6.34abc 0.21de 6.12gh 

8 t ha-1 compost + 30 kg ha-1 P + 
5 t ha-1 lime + Rhizobium 

3.49bc 102.53b-e 0.194bcd 5.70a-d 0.22d 7.02c 

8 t ha-1 FYM + 30 kg P ha-1 + 5 t 
ha-1 lime + Rhizobium 

3.86a 126.56ab  0.203b  6.93ab  0.27ab  7.29b 

4 t FYM ha-1 + 15 kg ha-1 P + 5 t 
lime ha-1 + Rhizobium 

3.37c 115.82a-d 0.199bc 6.01a-d 0.25bc 6.32e-h 

Rhizobium only  2.44f 53.11gh 0.113k 2.46g 0.19fg 4.26l 
CV (%) 5.78 18.28 5.52 18.79 5.84 2.43 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; 
CV = coefficient of variation 
 

The increased P content could be due to the improvement of nodules and N utilization, and better 
vegetative growth as a result of the applied manure. Including P in the treatment combination 
might increase the physiological activity of the roots, consequently increase P concentration and 
uptake by faba bean plant. The decomposition of OM and the resultant availability of nutrients in 
the soil could also increase uptake by the roots of the plant. Furthermore, faba bean being N2 
fixing crop, it might absorb high amount of P for energy expense.  Consistent with this finding, 
El-kotb (2013) revealed that N, P and K uptake by grain and straw were increased significantly 
by FYM and compost applications. This trend of higher uptake of N and P and  in the treatments 
received FYM could be due to the increased N and P availability in soil and the direct uptake of 
N and P by leaves resulting in higher production of chlorophyll, dry matter and higher uptake of 
macronutrients by the crop (Hellal et al., 2014).  
3.9. Post Harvest Soil N and P  
The analysis of soil N after the removal of the crop showed that application of full rate of FYM 
and P with half rate of lime and rhizobium inoculation gave significantly (P < 0.001) the highest 



Proceedings of the 5th Annual National Conference, CAES 

79 

value followed by half rate of FYM and P with full rate of lime (Table 3.10). Among sole 
treatments applied, significant post harvest N was obtained in the soil due to application of 8 t 
FYM ha-1 or 8 t compost ha-1, over the control (Table 3.10). Though the crop is N fixer, the amount 
of N recorded in the control and rhizobium only plots was low indicating that soil acidity if not 
managed, could deprive atmospheric N2 fixation. The higher N content observed in the combined 
treatments could be due to the effects of amendments in increasing soil pH; supplying food and 
energy to activate the microorganisms to decompose the added OM.  
Liming and rhizobium inoculation playes significant contribution in N fixation thereby improving 
soil N (Otieno et al., 2009). The role of P in increasing soil N could be related with improved 
nodulation and N2-fixation. Other studies (Hellal et al., 2014) found increased soil N due to 
amending soils with FYM. Application of 15 t FYM ha-1 increased the level of soil total N from 
0.20 to 0.35% (Tilahun et al., 2013).  
Post harvest soil P analysis indicated that application of 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-

1 increased soil P significantly (P < 0.001) followed by the same treatment combination plus 
rhizobium inoculation. Comparing sole treatment applications, addition of 10 t lime ha-1 showed 
significant post harvest soil P as compared to the control. The increased soil P obtained due to 
combined application of FYM, P and lime could be due to the integrated effect of the treatments 
in reducing soil acidity and exchangeable Al3+, and increasing P availability.  
Many studies have indicated that addition of organic residues to acid soils can reduce Al toxicity 
(hence lowering the lime requirement) and enhance P availability (Endalkachew et al., 2017). 
Increasing lime rates increased soil pH and exchangeable bases thereby reducing the magnitude 
of soil acidity, exchangeable acidity and Al saturation, and increased availability of P (Osundwa 
et al., 2013; Asmare and Yli-Halla, 2016).  
 

4. Conclusion 

Soil acidity is a critical issue requiring urgent attention in most highlands of Ethiopia due to its 
impact on crop production and productivity. Thus, organic and inorganic amendments were tested 
to evaluate the effects on selected soil chemical properties, and growth of faba bean. Accordingly, 
all the treatments, when applied as a sole or in combination, improved the selected soil properties 
significantly and growth of faba bean with the exception of few parameters. The treatments, for 
most of the parameters, were more effective when applied in combination than sole. The changes 
in soil properties across treatments varied with incubation period. The gradual mineralization of 
FYM and compost, and the resultant release of carbonates, bicarbonates, and other compounds in 
general, and the rapid dissociation of lime in the combination affect the rate of change of soil 
chemical properties observed in the study. For the sole treatments, lime was found to change the 
selected soil properties more quickly than the FYM and compost.  
Significant increment in shoot length, number of leaves and branches, and shoot dry weight were 
obtained with 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1 with or without rhizobium inoculation. 
Likewise, improved nutrient contents in the tissue, and uptakes were observed with these 
treatment combinations. Increased nodule number and dry weight of faba bean were recorded due 
to application of 4 t FYM ha-1 + 15 kg P ha-1 + 10 t lime ha-1 followed by 30 kg P ha-1 +10 t lime 
ha-1 + Rhizobium. The results indicated that combined use of lime, FYM, and P fertilizers could 
improve the growth characteristics, nodulation and nutrient uptakes of faba bean in acid soil of 
the study site. However, the contribution of rhizobium inoculation was not effective.  
Therefore, the finding could allow the farmers to utilize the locally available resources such as 
manure and compost integrated with commercially purchased inputs like TSP and lime to grow 
faba bean in acid soils. In addition to savings, the soil fertility could be improved and acidity will 
be reduced. However, various strains of rhizobium in combination with amendments should be 
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tested on the crop under such kind of acid soil conditions. Generally, 40 to 60 days of incubation 
earlier to planting would allow decomposition and chemical reaction of lime, FYM, and compost 
combinations. 
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Abstract 

Soil erosion by water is a complex process influenced by different factors. Most of these factors are steady 
over time, but land use/cover and land management practices are gradually altering. Analyzing land 
use/cover type and C-factor mapping using a Geographic Information System and Remote Sensing is the 
simplest way to identify vegetation coverage. GIS is a tool that is invaluable for conducting image 
classification through modeling. The present study was conducted in the Quashay watershed, 
Northwestern, Ethiopia. The objectives of the study were to conduct land use/cover classification, to verify 
land use/cover factor values derived from LANDSAT images with actual identified types with respect to 
given values in Ethiopia from the literature. The remote sensing data used was from the LANDSAT 8 
Enhanced Thematic Mapper Plus (ETM+) sensor, and were taken in 2017 for land use/cover mapping. 
Data were gathered through field observation and classification of land use/cover type into homogenous 
land units. The inputs for the C-factor values were collected from literature review and in the field. Four 
land use/cover types were identified. The C-factor value of the study area ranged between 0.01 and 0.17. 
The overall accuracy of the image classification was 83.72% and the Kappa coefficient was 0.7823. This 
means there was 78.23% agreement for the classified image by chance alone. Therefore, this raster layer 
can be used as one input for soil loss analysis. It is concluded that analysis of LANDSAT images with 
accuracy assessment gives due attention for land resource managers to give priority to poor land cover 
areas with appropriate management plans. We recommend that, before assigning C-factor values to a 
classified image, accuracy assessment should be carried out and the computed C-factor raster layer of this 
study can be used as an input for soil loss estimation using GIS and RS. 

Keywords: Accuracy assessment; Image classification; Quashay watershed; Remote sensing; Soil 
erosion 

 

1. Introduction 

Land cover is the biophysical attribute of the earth’s land surface, such as the vegetation, water, 
bare land, etc. or man-made structures such as pit exposures (Chrysoulakis et al.,2004), while land 
use is the economic use placed on the land cover by human activities, such as industrial zones, 
residential zones, agricultural fields, grazing, forest or logging and mining, among many others 
(Chrysoulakis et al.,2004; Zubair,2006). According to FAO (2000), land cover is the observed 
biophysical cover on the earth’s surface, whereas land use refers to the arrangements, activities 
and inputs that people undertake on a certain land cover type. It mentions land cover types 
including crop land, vegetation, grassland, adding that different land cover classes affect soil 
erosion (Ramu and Mahalingam, 2015).Each land cover influences soil erosion at different rates, 
as their potential to protect the soil against how the action of falling rain affects the degree of 
water infiltration into the soil is quite different (De and Omasa, 2007)..Besides vegetation cover, 
several other land use and management factors affect soil loss, such as type of crop, tillage 
practice, etc. The influence of land use and management is often parameterized as the cover-
management factor (C-factor). The C-factor is among the five factors that are used to estimate the 
risk of soil erosion within the Universal Soil Loss Equation (USLE) and its revised version, the 
RUSLE. The C-factor is perhaps the most important factor with regard to planning and land-use 
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decisions, as it represents conditions that can be most easily managed to reduce erosion (Renard 
et al., 1991). For example, soil loss rates decrease exponentially as vegetation cover increases 
(Gyssels et al., 2005) since it increases the infiltration rate and reduces the speed of surface runoff. 
Land covers describe how different land cover classes affect soil erosion (Kooiman, 1987). Based 
on the above, assessing existing land use/cover is essential for land resource management 
decision-makers, acting as an input for indicators of vegetation coverage of the area and erosion 
potential areas. Therefore, land use/land cover classification using the latest technology from 
satellite images and accuracy assessments is the most effective way to obtain the final output raster 
layer from inputs of soil loss estimation. The C-factor represents land cover types, such as crop 
land, vegetation, grassland, bare land or wood land, on a given site and it plays an important role 
in controlling soil erosion. In the Revised Universal Soil Loss Equation Model, the C-factor is the 
ratio of soil loss from the existing land cover to the base land (Morgan, 1995; Chrysoulakis et 
al.,2004). In RUSLE, the C-factor accounts for how land cover, crops and crop management cause 
soil loss to vary from those losses occurring in bare fallow areas (Kinnell, 2010). The bare plot 
(no vegetation) with till up and down the slope is taken as a reference condition, with a C-factor 
value of 1. The soil loss from different land-cover types is compared to the loss from the reference 
plot and the results are given as a ratio. The C-factor value for a particular land-cover type is the 
weighted average of those soil loss ratios (SLRs), and ranges between 0 and 1. Following the 
RUSLE handbook (Renard etal., 1997), the SLRs are computed as a product of five sub-factors: 
prior land use, canopy cover, surface cover, surface roughness and soil moisture. These sub-
factors include variables, such as residue cover, canopy cover, canopy height, below-ground 
biomass (root mass plus incorporated residue) and time. The SLRs are calculated for several time 
intervals during a year and multiplied by the corresponding percentage of annual rainfall erosivity 
to estimate the C-factor. This approach is feasible on plot to field scales. Simplified approaches 
are adopted for larger spatial scales: (i) assigning uniform C-factor values found in the literature 
to a land cover map (De et al., 1884; Zubair, 2006; Borrelli et al., 2013) and (ii) mapping 
vegetation parameters using techniques such as image classification (Karydas et al., 2008) and 
normalized difference vegetation index (NDVI). NDVI was not considered in the present study as 
it has been proved to correlate poorly with vegetation attributes due to the effect of soil reflectance 
and vitality of vegetation(Vrieling and Rodrigues,2005;De and Omasa,2007).In the present study, 
assigning C-factor values found in the literature was conducted after accuracy assessment of the 
classified image. Cover crops reduce soil loss by improving soil structure and increasing 
infiltration, protecting the soil surface, scattering raindrop energy and reducing the velocity of the 
movement of water over the soil surface (Smith and Houtert, 1987). In the study area, land 
use/cover type was not identified and analyzed, and there was no well-documented information. 
Therefore, conducting the accuracy assessment of the classified land use/cover is a reasonable and 
scientific approach based on the ground truth data for land resource assessment rather than 
detecting the existing land use/cover condition of a particular area. Therefore, the present study 
aimed to classify the LANDSAT image using ArcGIS10.2 as alternative image analysis software 
for land use/cover (LULC) classification and accuracy assessment 
(http://library.tamu.edu/map.gis). The study asks what the existing land use/cover type is and how 
GIS and RS are used as image analysis software. It analyzes the state of land use/cover type and 
the C-factor from each land unit based on assigned C-factor values in Ethiopia. The study explores 
how the land use/cover factor raster could be used as an input for soil loss estimation after 
conducting accuracy assessment and how this may influence the improvement of land cover in 
local or regional land resource assessment and management. The main objective of the study is to 
estimate the cover management factor (C-factor) based on the best available data, in combination 
with a literature review and conducting accuracy assessment of land use land cover classified 
images in the Quashay Watershed, Northwestern Ethiopia. 
 

http://library.tamu.edu/map.gis
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1.1. Statement of the Problem 
Land cover is a fundamental factor for soil prevention from erosion. Even though, its effect is 
minimal as compared with soil erodibility and erosivity condition. Soil erosion by water is the 
major type of land degradation that affects the physical and chemical properties of soils and 
resulting onsite nutrient loss and offsite sedimentation of water resources. Therefore the existence 
of cover in the specified area and absence of cover has significant impacts of soil to be eroded or 
not be eroded. An area having good land cover provide prevention of soil from incoming runoff 
through reducing its velocity and elapse time for horizontal movement and then get the chance to 
infiltrate down wards. Soil erosion is a major soil degradation threat that seriously associated with 
land use/cover problems in most vulnerable ecological systems (Morgan, 2005). 
In countries like Ethiopia, with an agriculture-based economy for more than 85% of population, 
having reliable soil loss data and erosion severity conditions in different agro-ecosystem, land 
use/cover and accuracy assessment using well developed earth resource browser that is Google 
earth and appropriate model is vital for proper land us/cover conservation plan. Soil loss rate of 
erosion by the studies mainly attributed to changes and differences in land use/cover or 
management practices and methods employed while developing input data and their respective 
scale of analysis. As different part of the district vary in vegetation cover coupled with the 
interference of human activity with land resource makes dynamics of to land use/cover from a 
given area. Few studies were carried out to quantify Accuracy Assessment of Land use/cover 
classification using Google Earth in different parts of our country this includes (Abineh Tilahun 
and Bogale Teferie, 2015; Abineh Tilahun and Zubairul Islam, 2015). Even though, LULC can be 
delineated  using GPS and Manuel method it needs more  time, cost and it is intensive work as 
well as it is not support with scientific studies to accept the classification. So, accuracy assessment 
is crucial for proper land resource management plan through identifying the existing types of land 
use land cover using very high spatial resolution image of Google earth (Abineh Tilahun and 
Bogale Teferie, 2015).On the other hand accuracy assessment is the fundamental issues for land 
management decisions, planning and use, providing a link between resource assessment and 
decision making process (Shirkou and Aliakbar, 2013). 
This was be done by calculating individual accuracy of each land use/cover, over all accuracy and 
kappa coefficient as a measure of agreement between model prediction and reality (Congalton, 
1991). Finally, aggregating into one map with appropriate sympology  was employed  done 
through maximum likelihood image classification. This provide an expert with insight into ideal 
LCLC types where are found in the Woreda and what is the actual vegetation coverage in the 
Woreda even in Kebele level for further land use plan. 
In the study area there is no any study of land use/cover classification as well as accuracy 
assessment. Due to this reason researchers were motivated to conduct this research based on the 
existing gap by using GIS software and RS image with high spatial resolution image from Google 
earth that improves the predictive capability and accuracy of land use/cover classification. This 
can help to compare the existing land use/cover in the area. With this basic initiative, this study 
could provide valuable information on land use/cover classification and accuracy assessment 
method, and which also provide information to identify dense cover areas or bare lands as well as 
prioritize the areas for specific land use/cover management practices. It also used as source of 
information for those researchers who intend to do similar or related research. 
1.2. Objectives  
1.2.1 General objective 
The general objective of this study was to conduct land use/cover classification using ArcGIS as 
image analysis software. 
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1.2.2. Specific Objectives 
 The specific objectives of the study were to conduct land use/cover classification, to verify land 
use/cover factor values derived from LANDSAT images with actual identified types with respect 
to given values in Ethiopia from the literature. 

 
2. Materials and Methods 

2.1. Description of the Study Area 
The study was conducted in the Quashay watershed, which is found between Burie, the West 
Gojjam Zone and the Guagusa Shikudad District in the Awi Zone of the Amhara National 
Regional State, Northwest Ethiopia. The study area covers 327 hectares and lies between 10°45'0" 
to 10°46'0" N and 37°3'0" to 37°4'0"E as shown in Figure 1.  

 
Figure 1: Location map of the Quashay Watershed 
2.2. Data Sources and Data Collection Method  
The study was conducted by dividing the watershed into homogeneous land units through field 
observation for the purpose of collecting accurate land use/cover status information. This was then 
compared with a literature review of C-factor values. Direct observation was also carried out to 
identify land cover types, which is crucial for visual interpretation of the LANDSAT images of 
the area. A LANDSAT Enhanced Thematic Mapper Plus (ETM+) satellite image acquired in 
January 2017 from the USGS website was used for land use/cover analysis. Landsat images are 
provided for free from (http://earthexplorer.usgs.gov) and have a spatial resolution of 30m*30m 
pixel size, which is appropriate for land cover mapping and also to prepare a C-factor map; this is 
similar to the work of (http://earthexplorer.usgs.gov). ArcGIS10.2 was used for this purpose. Field 
GPS data were collected in order to verify land use/cover type with the classified image using Arc 
GIS10.2. The respective land use/cover factor data were collected from a literature review to 
reclassify the land use/cover raster to the C-factor values. Land cover classification was carried 
out with respective percentage of area coverage. 

http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
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2.3. Software and tools used 
The following software and tools were used for collecting, processing and/or analysis of 
data/images. (1) ArcGIS10.2: Preparation of location of the project area, image analysis, database 
generation; (2) Google Earth version 1.3.31.5 for creating Keyhole Markup Language (KML) files 
which is a file format used to display geographic data in an Earth browser such as Google Earth 
and to verify randomly generated points; and (3) Garmin 72H which is a Global Positioning 
System to collect accurate ground points. 
2.4. Methods of data analysis 
The study area was classified into different land use/cover classes using supervised image 
classification. For this purpose a total of 131 ground control points were collected from grazing 
land (48 points), settlement (30 points), cultivated land (38 points) and forest (25 points) using a 
hand-held GPS. By taking more ground control points the accuracy of the land use/cover 
classification could be higher. As the number of GCPs increases the analysis becomes more 
correct, so the high number of GCPs was not a problem in this regard. Approximately 30 to 50 
ground control points are needed for each land use/cover class in order to compare the accuracy 
value (Abineh Tilahun and Zubarium Islam, 2015).This data was used for supervised image 
classification with the help of a very high resolution image. Similarly, 387 test pixels were taken 
from the LANDSAT image from 2017 by creating training sample sites and digital image 
classification, and a Google earth image was used for image to image classification and 
comparison. Supervised image classification with the maximum likelihood method was used by 
generating training signatures per pixel; this is in agreement with (Congalton, 1991; Abineh 
Tilahun and Zubarium Islam , 2015). The researchers train the computer to recognize patterns in 
the data by selecting pixels that represent the same patterns or land cover features that can be 
recognized. The signature files thus created were used in the classification process, where each 
pixel was categorized into the land cover class it mostly resembled. 
2.4.1. Accuracy assessment  
After image classification, accuracy assessment was measured using a matrix with user 
classification and reference images. Individual accuracy was also measured using Equation 1 and 
overall accuracy was done using Equation 2. An image analysis should identify the sources of 
error and their magnitude. To conduct this accuracy assessment ground verification was used by 
the researchers using (1) a global positioning system and (2) comparison of the classified image 
to an image from Google Earth which is assumed to be correct for validation of the result. The 
data was summarized and quantified using a frequency table, error matrix, user and producer 
classification accuracy and the Kappa coefficient method to measure agreement between the 
model predictions and reality, as done by (Abineh Tilahun and Zubarium Islam ,2015),or to 
determine the values contained in an error matrix representing a result significantly better than 
random  (Hurni,1988). 

  

Individual accuracy =
refference Value

𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
… … … … … … … … … … … … … … … … … … … … (1) 

 

Overall accuracy = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑊𝑊𝐶𝐶𝐶𝐶𝑊𝑊𝐶𝐶  𝑝𝑝𝐶𝐶𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝐶𝐶𝑊𝑊𝐶𝐶𝑝𝑝
𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑊𝑊  𝑝𝑝𝐶𝐶𝑊𝑊𝑊𝑊𝑊𝑊𝐶𝐶𝐶𝐶𝑊𝑊𝐶𝐶𝑝𝑝

∗  100 … … … … … … … … . … … … … … … … . … …(2) 

 
The Kappa coefficient was used as a measure of agreement between the model predictions and 
reality (Abineh and Zubarium, 2015) or to determine if the values contained in an error matrix 
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represent a result significantly better than random (Anderson, 1976; Hurni,1988). The Kappa 
coefficient was computed using Equation 3. 
 

Kappa coefficient = [𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑊𝑊∗𝑠𝑠𝑠𝑠𝑠𝑠  𝐶𝐶𝑊𝑊  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑊𝑊𝐶𝐶𝐶𝐶−𝑠𝑠𝑠𝑠𝑠𝑠  𝐶𝐶𝑊𝑊𝑇𝑇𝑊𝑊𝑊𝑊(𝐶𝐶𝐶𝐶𝑟𝑟  𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑊𝑊∗𝐶𝐶𝐶𝐶𝑊𝑊𝑠𝑠𝑠𝑠𝑝𝑝  𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑊𝑊)]
𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑊𝑊  𝑠𝑠𝑠𝑠𝑠𝑠𝑇𝑇𝐶𝐶𝑊𝑊𝑊𝑊−[𝑠𝑠𝑠𝑠𝑠𝑠  𝐶𝐶𝑊𝑊𝑇𝑇𝑊𝑊𝑊𝑊(𝐶𝐶𝐶𝐶𝑟𝑟  𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑊𝑊∗𝐶𝐶𝐶𝐶𝑊𝑊𝑠𝑠𝑠𝑠𝑝𝑝  𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑊𝑊)] … … … . … . . (3) 

 

After the accuracy analysis, the corresponding C values were assigned to each land use/cover class 
using the reclass and reclassify tools in ArcGIS10.2. In the case of cultivated fields, the (C) value 
varies annually where the cover of the fields varies. However, the dominant crops in the study 
area, teff (Eragrostis teff), maize, potato (Solanum tuberosum), wheat, and pulses, remain the 
same year after year, as substitutes to one another through crop rotation. Therefore, a C value of 
0.17 was used for all cultivated fields. The C-factor raster layer of the study area was created by 
assigning adapted C values for each land use/cover class as shown in Table 1. The frequency table 
and error matrix were summarized and used to test whether the classified image was predicted 
correctly or not, as shown in Table 2. The land use/land covers factors represent the ratio of soil 
loss under a given cover type to that of the base soil (FAO, 1997). The land use map (Figure 2) 
was used to analyze the C-factor value. After changing the coverage to a grid, a corresponding C-
value was assigned to each land use class using the reclass tool in Arc GIS10.2, as given by 
(Anderson,1976; Birru Yitaferu, 2007; Chrysoulakis et al.,2004).To acquire this information, a 
field survey was conducted to collect ground characteristics at sample points using a 
comprehensive sampling method. Nevertheless, no well-established rule exists on how many data 
points are needed for the validation. One rule of thumb is that 30 to 50 points are needed for each 
land use/cover class (Abineh Tilahun and Zubarium Islam ,2015; Abebe Tilahun, Bogale 
Teferie,2015).Accuracy assessment and validation of land uses are important to assure the 
credibility of land use/cover estimates.  
 

Table 1: Land use/cover type and its C- factor values taken from different studies 

Sn.  Land use/cover type C- factor value References 
1 Grassland  0.01 (Chrysoulakis et al.,2004) 
2 Settlement  0.14 (Vrieling and Rodrigues,2005) 
3 Cereals or pulse  0.17 (De et al.,1884) 
4 Forest  0.02 (De et al.,1884) 

 
3. Results and Discussions 

Based on the analysis shown in Table 2, the frequency test pixels resulted in 80 test pixels were 
generated from ground control values from the classified LANDSAT image, of which 79 pixels 
were classified correctly as land use/cover class 1 (crop land) but 1 pixel was predicted as class 4 
(forest). From 84 test pixel reference points, 61 were correctly classified as class 1 (settlement) 
but 17 pixels were incorrectly predicted as class 3 (grazing), while 4 test pixels were incorrectly 
predicted as forest. From 112 ground control points 38 pixels were incorrectly predicted as class 
2 (settlement) while 74 pixels were correctly predicted as class 3 (grazing). Finally, out of 114 test 
ground control points, 4 pixels were incorrectly predicted as class 2 (settlement), 2 points were 
predicted as class 2 (crop land) while the remaining 180 pixels were correctly predicted as class 4 
(forest), including homestead plantation trees and farm forestry. It was a major challenge to 
identify the latter two types from the LANDSAT image, but they were identified during field 
observation. Based on this, ArcGIS10.2 is a possible alternative for land use/land cover (LULC) 
classification and accuracy assessment (http://earthexplorer.usgs.gov). 
Table 2: Frequency output  as input for pivot mattrix using the frequency table 

FID Frequency Class name /Truth Predicted (classified ) 

http://earthexplorer.usgs.gov/
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1 79 1 1 
2 2 1 4 
3 63 2 2 
4 17 2 3 
5 4 2 4 
6 38 3 2 
7 74 3 3 
8 1 4 1 
9 1 4 2 
10 108 4 4 

Class name; 1=crop land, 2=settlment, 3=grazing land and 4=forest land 
 

As the error matrix result indicates, there were 80 ground pixels for cropland and out of this 79 
pixels were correctly predicted while 1 pixel was incorrectly predicted as forest (Table 3). The 
overall accuracy of the land use/cover classification was 83.72%. This indicates the classification 
was more realistic than classified by chance alone. Based on satellite image analysis and 
observation of the existing ground situation in the study area, four major land use/cover types 
were identified. The total number of predictions was 387 for all land use/cover classes. The total 
ground control points predicted was 324 (Table 3). Predictions along the diagonal are correctly 
predicted for each land use/cover and each class whereas the other pixel values were incorrectly 
predicted to the other class. For cropland, out of 80 grounds points 79 pixels were correctly 
predicted while one pixel was predicted as forest and the classification accuracy of this land 
use/cover was 97.53%, which was highly accurate. For settlements, the total number of control 
points was 84 and out of this 63 pixels were predicted correctly, 21 pixels were incorrectly 
predicted (17 pixels as grazing land and 4 pixels as vegetation), meaning the accuracy of this land 
cover was 75%. For grazing land, 112 ground points were used for prediction, out of this 74 
ground pixels were correctly predicted while 38 pixels are classified as settlement, meaning the 
accuracy of this land cover classification was 66.07%. For forest land use/cover, the total number 
of ground control points was 110 and out of this 108 pixels were correctly predicted with an 
accuracy of 98.18%. This was the most accurately class in the study area even though, 2 pixels 
were incorrectly predicted as cropland and settlement, respectively. 
The Kappa coefficient of this study was 0.7823. This means there was 78.23% agreement than the 
classified image by chance alone. The result of this study falls within the ranges and the findings 
of (Chrysoulakis et al., 2004), which was conducted in Gish Abbay Sekela, West Gojjam, Amhara, 
Ethiopia Kappa accuracy was more than 75% and another study in Tigray region, Norternh 
Ethiopia within the overall accuracy of 82 and Kappa accuracy of 77.02% with Kappa coefficient 
of 0.7702 (Morgan,1995; Eweg and Van,1996; John,1996; Abineh Tilahun and Zubarium Islam, 
2015). Therefore, the result of this study in both accuracy assessment methods (frequency table 
and error matrix) using ArcGIS10.2 was the same, but the error matrix table is the best and its 
results are summarized in Table 3.Therefore, this study is acceptable in accuracy as compared 
with others finding. Google ground control points were generated from Google earth images for 
accuracy assessment. 
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Table 3: Pivot table output or error matrix table 
Classification Reference data (Ground control) Percent (%) 
 Crop  Settlement Grazing Forest  Google Truth UA CA 
Crop 79 0 0 1 80 98.75 1.25 
Settlement  0 63 38 1 102 61.76 38.23 
Grazing land 0 17 74 0 91 78.02 18.68 
Forest 2 4 0 108 114 94.47 5.26 
Total  81 84 112 110 387 OA=83.72 

Kappa=78.23 OE  2.46 25.00 33.92 1.82  
PA 97.53 75.00 66.07 98.18  

OE=omission/exclusion, CA=commission accuracy/inclusion, PA=producer accuracy, UA=user 
accuracy  and OA = overall accuracy 

 
3.1. Cropping and land-cover factor (c) 
The C-factor is used to corroborate the virtual efficiency of soil and crop management methods in 
terms of preventing or reducing soil loss. A C value is a ratio of the soil eroded under a specific 
crop and management system contrasted to continuous fallow conditions (Wischmeier and Smith, 
1978; Morgan, 2005). It represents the ratio of soil loss under a given crop to that of the base soil 
(Wischmeier and Smith, 1978). It also reflects the effect of cropping and management practices 
on the soil erosion rate (Wischmeier and Smith, 1978). As shown in Figure 2, four land-use and 
land-cover classes were recognized in the watershed, predominantly agricultural land (27%) and 
vegetation coverage (35%). These include built-up areas, cultivated land, forest land, and grass 
land. Crop management C-factor values for the study watershed ranged from 0.01 to 0.17; this is 
similar to the study of (Abebe Tilahun, Bogale Teferie, 2015). According to a field survey, four 
land use types and 16 patches were identified. As shown in Table 4 there were four major land 
use/cover types, as identified in the field and defined based on (Anderson,1976; Abineh.and 
Zubarium,2015) and adapted and modified from  (FAO,1997). 
Table 4: Identified land use/cover classes in the study area 

Land use/cover classes                                                       Description 

Agricultural 
land 

Land used primarily for production of food, crop land agriculture 
(cropland harvested, including bush fruits; cultivated summer fallow; land on 
which crop failure occurs; cropland in soil- improvement grasses and legumes, 
pasture on land more or less permanently used for that purpose) and other 
agricultural land (include farmsteads). 

Settlement  Land used for residential purposes (housing) settled by the construction of 
houses as rural settlement areas. Residential land uses range from high density, 
represented by the multiple-unit structures of urban cores, to low density 
(including the study area), where houses are on lots of more than an acre or 
0.4046ha and areas of sparse residential land use, such as farmsteads. 

Grassland This land cover includes short term flooded flatlands that are usually used for 
intensive grazing. Areas of natural/semi-natural grassland with other grazing-
like plants and non-grazing-like plants. 

Forest 
/vegetation 

Forest lands have a tree crown aerial density (crown closure percentage) of 10 
% or more, are stocked with trees capable of producing wood products and exert 
an influence on the climate or water regime. They also include farm forests, 
plantation forests, boundary plantation trees and homestead scattered trees. 
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Land use/cover types with area coverage were forests, cultivated land, grazing land and 
settlements, covering 35%, 27%, 23% and 13% (Table 5), respectively. Based on field 
observation, the final forest land use/cover figure includes farm forests, since natural forest covers 
only 11% of the study area, with the remaining 14% covered by other vegetation types including 
wood lots, boundary and homestead plantations. 

 
Figure 2: Land use/cover classification map and GPS points 
Table 5: Land use/cover area coverage  

Sn. Land use/cover type Area coverage (%) 
1 Cultivated 27.00 
2 Settelment 13.00 
3 Grazing 23.00 
4 Forest (plantation and wood lot) 35.00 
Total 100 

 

According to (Anderson, 1976; Wischmeier and Smith, 1978; Morgan, 2005) and cover plays a 
significant role in reducing rain drop impact on soil particles. Dense vegetation cover means less 
erosion and subsequently a low soil loss rate. By reducing runoff velocity, long horizontal 
movement and potential energy are reduced. The estimated C-factor represents the percentage 
ground cover for each land cover type, as well as the presence of plant residue. 
Based on the analysis, the C-factor value of the study area is between 0.01 and 0.17. Most of the 
lower and middle catchment of the watershed is covered by cropland (millet and maize), and thus, 
this part of the watershed has the highest C-factor value (0.17). This is because annual crops like 
millet and maize do not reduce the direct impact of rainfall on soil resources, unlike forest land, 
for example. The higher C-value indicates that the specified land use/cover is highly vulnerable 
to soil erosion and the lower value in forest land indicates that it is the least vulnerable land cover 
type in the study area; this is similar to (Morgan, 1995). 
The C-factor raster map value was high in the northern part of the study area, as this area is used 
for crop cultivation with poor land cover conditions. The lowest value was in mostly grazing land 
and forest land in the central part, northeast and southwest of the study area. The C-factor values 
with respective land use/cover type were 0.01, 0.14, 0.17, and 0.02 in grazing, settlement, 
cultivated (cereals or pulse) and forest land, respectively, as shown in Figure 3b. Cultivated land 
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is more exposed to erosion than other land use/cover types, which is why its C-factor value is 
high. 

 
Figure 3: Land use/cover class (a) and C- factor map (b) 

 
4. Conclusions 

Based on these results, four land use/cover types were identified. The C-factor value of the study 
area is ranged between 0.01 and 0.17. The overall accuracy of image classification was 83.72% 
and the Kappa coefficient was 0.7823. Areas characterized by the maximum C-factor value should 
be given special priority for improvements to vegetation coverage. The study demonstrates that 
ground truth data, very high spatial resolution images from Google Earth, together with GIS and 
RS provide major advantages for deriving C-factor values and conducting the subsequent accuracy 
assessment. The parameter values of the land cover factor are site specific and checked by the 
accuracy assessment. They need to be standardized for the specific area to enable reasonable 
prediction of the land use factor (C). Similar research needs to be implemented to identify the 
accuracy of land use/cover type on the ground and the derived Cover factor value in different parts 
of the country based on land units before using the raster layer of the land use/cover map as an 
input for soil loss estimation by comparing the result with the standard value. Therefore, we 
conclude that GIS and RS provide an immense advantage when examining land use/cover data 
spatially and quantitatively within this specific site. The evaluation of land use/cover (C-factor 
value) in the watershed and the accuracy value of the classified image using GIS is also in the 
ranges of other studies and above the standard value. Therefore, GIS not only provides accurate 
results but also cost and time efficient ways of spatial data analysis.  
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Abstract  

The direct effect of climate change on water resources depends upon the change in the volume of 
groundwater recharge and rainfall intensity. Drought is a type of environmental disaster that occurs in 
every climatic zone, high or low rainfall area. This study deals with climate change and seasonal variability 
of drought in Ethiopia using Self calibrated palmer drought severity index (Sc-PDSI). A drought index is 
a variable, which is characterize droughts with respect to its intensity, duration, frequency and severity at 
a given location and time. This is the first time drought study in Ethiopia using Sc-PDSI. The source of the 
data for this finding is climatic research unit (CRU) 0.25 degree for spatial resolution and monthly for 
temporal resolution. In this finding the Northern and North West parts of Ethiopia had been observed 
precipitation deficit and positive signal of the temperature anomaly relatively to other parts during 1901-
2014. Very dry drought spells (Sc-PDSI=-2 to -2.99) per decade observed three times during in the 1941-
1950, four times in 1951-1960, five times in 1980-1990, two times in 1991-2000 and three times in 2001-
2010 period. After 1941 except the year between (1961 to 1971) severe drought was observed with regular 
frequency per 10 years interval. This condition may be association with the sun`s maximum radiation 
(sunspot) released per 10 to 11 years interval. The increscent of global temperature due to climate change 
is the main cause of drought in Ethiopia.  
Keywords: Drought, Sc-PDSI, Precipitation, Temperature, Climate change 
 

1. Introduction  

Droughts are a type of environmental disaster that occurs in every climatic zone, no matter if high 
or low rainfall area. It is generally denned as a reduction in the amount of available water over an 
extended period of time, and can have devastating effects on nature and human activities. 
Droughts occur when one element of the water cycle starts to behave abnormally compared to the 
others. A heat wave can increase evapotranspiration and dry out lakes. Reduced precipitation can 
let a groundwater reservoir run dry if it is continuously exploited for agricultural needs (Mishra 
& Singh, 2010). 
Droughts have four different stages. The first stage drought is a meteorological drought is defined 
as the cumulative lack of precipitation in a region over a prolonged period of time. Second a lack 
of water in the soil causes an agricultural drought, which usually is accompanied by reduced crop 
yields or shortage of soil moisture. Third a hydrological drought is characterized by a shortage of 
water in surface or underground water resources. It can be visible through dried up rivers and 
lakes. The severity strongly depends on timing with the crop growth seasons. Finally, a socio-
economic drought is apparent when the supply of good water does not meet the demand (Sirak 
Tekleab Gebrekristos, February 2015). Analysis of observations and reconstructions shows that 
the El Nino southern oscillation ENSO, the Northern Atlantic Oscillation NAO, and the Atlantic 
Multidecadal Oscillation AMO are the main drivers of the global hydro climate (Seager et al., 
2007). 
Recently, many drought studies conducted in Ethiopia by different scholars. For example, Seleshi, 
Y. and Zanke, U., (2004); Mishra, A.K and Singh, V. P., (2010), Sirak and Tekleab, (2015) and 
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Kassa, (2015). Those, scholars to studded droughts by using simple time series analysis of 
precipitation; but not use drought indices. In time series analysis is difficult, as there is not a single 
and unique physical variable that directly represents a drought condition.  A drought index is a 
variable, which characterizes droughts with respect to its intensity, duration, frequency and 
severity at a given location and time. Additionally, the index should be normalized to ensure 
comparability between different locations. Drought indices are one of the most important elements 
of an effective drought monitoring and early warning system. They help to characterize drought 
and guide appropriate responses to reduce drought impacts. Due to the large variety of hydro 
meteorological variables and differences in the impact of a change in water supply and demand 
between different locations, this paper gives precise and universal information for drought 
frequency and its challenge using a numerical approach to the classification of droughts by (Sc-
PDSI) technique.  
 

2. Data and Methods  

The data are obtained monthly average precipitation and temperature from climate research unit 
(CRU) for 114 years which is 1901 to 2014. The horizontal grid resolution is 0.5 by 0.5 degree. 
More advanced level of analysis, a PDSI map can be generated form a series rainfall estimation 
images, using MATLAB analyses. The PDSI could be used to generate such rainfall estimation 
images from as far back as the data goes. 
2.1. Types of drought indices   
There are more than three types of drought indies, such as standardized precipitation index (SPI) 
the weakness of this technique is only uses precipitation data as input parameter and to determine 
drought depend on this precipitation amount (Labędzki; 2007) but drought depends also 
temperature. Standardized Precipitation Evapotranspiration Index (SPEI) the drawback of this 
technique is to use evapotranspiration data but this data depends on the radiation balance of the 
earth and too complex that calculated the drought index. It is analysis of drought depend on 
temperature not include precipitation and is not also use water balance model (Vicente-Serrano et 
al. 2010). Palmer Drought Severity Index (PDSI) method is important to our work to assess 
drought variability with season because it uses precipitation and temperature data as input 
parameters by considering water balance model (Palmer, 1965). The one limitation of PDSI is the 
use of duration factors the same amount for different locations. This problem is resolved by self 
calibration of Palmer drought severity index (Sc-PDSI) the model by itself adjusts the duration 
factor for each location in a suitable value. In this study we follow both PDSI and Sc-PDSI due to 
the effectiveness of drought study. 
2.2 Design of drought index 
The design of a drought index can be separated into four steps. First, the variables to be used in 
the index are selected (e.g., precipitation and temperature). Ideally, they are available yearly or 
monthly in our case monthly for as long time spans as possible. Secondly, a water balance model 
is applied to the weather variables to deduce a new variable, d, that accounts for the surplus or 
deficit of water in a specific time step. 

d(x,t)=M[a1(x,t), a2(x,t)…,an(x,t)]                             [1] 
where , x is the location on the grid, t is the time step, n the number of variables considered in the 
first step, M is the model function. Thirdly, a recursive memory can be implemented that accounts 
for the fact that the drought situation in a given month may depend on the previous months.                    
Z(x,t)=R[d(x,t), d(x,t-1,…, d(x,t-m+1)]              [2] 
where R is the model function that defines the memory of the system and m the number of time 
steps of d that have an influence on current Z. Fourthly, a normalization procedure is applied to 
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the index to guarantee spatial comparability, given that the same Z value may have different 
meaning in different places. 

I(x,t)=Nmonth[x, Z(x,t)]                                        [3] 
where N is the chosen normalization procedure depending on the probability distribution function 
of Z at a certain location for a given month and I is the final drought index. Finally, a new 
generalized drought index is proposed.  
2.3 Self calibrated Palmer Drought Severity Index (Sc-PDSI) 
The Palmer Drought Severity Index PDSI, developed by (Palmer, 1965), was one of the first 
successful quantitative attempts to build a drought index that represents the drought severity and 
is comparable between different locations.  With PDSI, that added adaptive techniques known as 
Sc-PDSI. Hence, the index is based on the difference of water supply and demand, given by the 
equation.               𝑑𝑑(𝑥𝑥, 𝑡𝑡) = 𝑃𝑃(𝑥𝑥, 𝑡𝑡) − 𝑃𝑃�(𝑥𝑥, 𝑡𝑡)                                       [4] 

Where, 𝑃𝑃�(𝑥𝑥, 𝑡𝑡) = �α𝑗𝑗𝑃𝑃𝑃𝑃 + β𝑗𝑗𝑃𝑃𝑃𝑃 + γ𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃 − δ𝑗𝑗𝑃𝑃𝑃𝑃�            [5]        

                     α𝑗𝑗 = 𝑃𝑃𝐸𝐸����𝑗𝑗
𝑃𝑃𝑃𝑃����𝑗𝑗
�  , β𝑗𝑗 = 𝑃𝑃�𝑗𝑗

𝑃𝑃𝑃𝑃����𝑗𝑗
� , δ𝑗𝑗 = 𝑃𝑃�𝑗𝑗

𝑃𝑃𝑃𝑃����𝑗𝑗
� , γ𝑗𝑗 = 𝑃𝑃𝑃𝑃����𝑗𝑗

𝑃𝑃𝑃𝑃𝑃𝑃������𝑗𝑗
�          [6] 

P is the precipitation and  𝑃𝑃�  ‘‘climatologically appropriate for existing conditions” (CAFEC) 
water demand.  𝑃𝑃 � is calculated using the water balance of a simple soil model from equation 5. 
Four variables are calculated that represent the average water demand for evapotranspiration, 
runoff, recharge of water to the soil, and loss of water from the soil.    
The PDSI is based on four input indices that characterize observed soil moisture conditions in 
relation to their potential values for each month of every year. These values are evapotranspiration 
(ET), recharge (R), runoff (RO), loss (L), potential evapotranspiration (PE), potential recharge 
(PR), potential runoff (PRO), and potential loss (PL). Thus, it is an estimate for ET based on the 
assumption that the time dependence of ET is determined by the time dependence of PET. 
d(x; t), called soil moisture departure by Palmer, is now multiplied by a climate characteristic 
coefficient Ki Sc-PDSI only that accounts for latitude and month, which was originally calculated 
in the equation given below. 

Z(x t)=d(x, t)Ki                   [7] 

𝐾𝐾𝑊𝑊 =
2
𝜋𝜋
𝑡𝑡𝑟𝑟𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎 �−tan (𝜑𝜑)𝑡𝑡𝑡𝑡𝑡𝑡 �0.4093𝑎𝑎𝑠𝑠𝑡𝑡 �

𝜋𝜋
12

(2𝑠𝑠 − 1)���        [8] 

Where, ′𝜑𝜑′ is the latitude in radian and ‘i’ is the month (Vicente et al.2010) 
The Z index has a somewhat similar meaning for the same value in different locations. Note that 
unlike the SPI or the SPEI, the normalization procedure in the PDSI is applied before the 
computational method is implemented. The PDSI is finally calculated using the recursive formula 

𝐈𝐈(𝑥𝑥 𝑡𝑡) = 0.897𝐈𝐈(𝑥𝑥, 𝑡𝑡 − 1) +
1
3
𝑍𝑍(𝑥𝑥, 𝑡𝑡)                                       [2.15] 

where I is the PDSI and I(0) = 0. The duration factors 0.897 and 1/3 were derived by Palmer for 
two locations to obtain a "nice" distribution with few extreme values and the maximum and mean 
value close to zero. Values below -3 are called an "extreme drought" and values above 3 represent 
an "extremely wet" situation (World Meteorological Organization, 2011). Additionally, a 
backtracking was introduced that assigns different duration factors for drought and wet spells and 
changes the PDSI in retrospect, depending on if it becomes apparent later that the time step is part 
of a wet spell or drought.  
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2.4  The classification of threshold value  
Table 3.1 Drought classification by PDSI value (World Meteorological Organization, 2011) 

PDSI interval  Classification 
≥ 3.00  Extremely wet 
2.00 to 2.99  Very wet 
1.00 to 1.99  Moderately wet 
0.51 to 0.99  Beginning of wet 
-0.50 to 0.50  Normal 
-0.99 to -0.51  Beginning of dry 
-1.99 to -1.00  Moderately dry 
-2.99 to -2.00  Very dry 
≤ -3.00  Extremely dry 

 

3. Result and Discussion 

3.1. Spatial variability of drought with season due to climate change 
The spatial distribution of drought with season was clearly observed in figure 3.1 for over 
Ethiopia.  Many of the PDSI deficiencies were resolved by development Sc-PDSI (Wells et al., 
2004).  

 
 Figure 3.1. Spring session drought, temperature and rainfall trend spatial distributions using 
original PDSI and Sc-PDSI from 1901-2014. 
Dry/wet events (negative/positive) number of severely dry/wet places using the PDSI and Sc-
PDSI computed for different periods in the CRU dataset. During the study period (figure 3.1a and 
3.1b; 1901-2014), indicated that the drought distribution of the study area Northern and North 
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West of the country severe drought were observed. During spring, Ethiopia can get short rain from 
Indian Ocean (Seleshi and Zanke, 2004) due to temperature difference of African continent and 
Indian Ocean. In spring season the pressure difference between Africa and Indian Ocean is 
negative, winds blows from ocean to continent therefore Ethiopia get rain. Contrary western part 
of the country is dry because wet winds blows from Indian Ocean towards west, eastern part of 
Ethiopia get rain and dry air moves towards western part of Ethiopia. South and south eastern 
portions of the country were dry but not as much as the Northern and North West portion of the 
country while the Sc-PDSI shown in figure 3.1b with the same distribution but eastern part is 
normal unlike PDSI. Figure 3.1d shows that temperature distribution of the western part of the 
country positive anomaly trend were observed due to the dry wind blows from eastern Ethiopia to 
western Ethiopia.  

 
Figure 3.2 summer session drought, temperature and rainfall spatial distributions by using original 
PDSI and Sc-PDSI from 1901-2014. 
Using the PDSI and Sc-PDSI computed for different periods in the CRU dataset. Figure 3.2a 
indicated that during the study period 1901-2014 the drought distribution of the study area using 
original PDSI, the Northern and North West part of the country were dry. In figure 3.2c, North 
West and some portion of Amhara and Tigray negative rainfall anomaly were observed but other 
parts were normal. The trend shows that in western and Northern parts of Ethiopia the distribution 
of drought increases with time. The similar distribution is observed for that of Sc-PDSI, although 
it differs its magnitude. 
In summer season figure 3.2d temperature decreases compared to spring but western and Northern 
part remains the same. Eastern part of the study area temperature was normal in summer.  
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Figure 3.3 Annual drought, temperature, and rainfall trends on spatial distributions using original 
PDSI and ScPDSI from 1901-2014. 
Annually observation of drought distribution in PDSI and Sc-PDSI indicated that North West part 
and half of Amhara region expanded with time and with high magnitude. Exception south Somali 
and Afar region major part of Ethiopia were dry. Shown figure 3.3c, rainfall distribution except 
western part is normal but temperature distribution is increase under considerable eastern part, so 
the cases of drought in the study area were the positive anomaly of temperature. The case may be 
associated with climate change. 
3.2. Spatial and temporal variability of drought with season due to climate change in Ethiopia 
The 14 year interval of droughts in PDSI & ScPDSI stated from 1901 to 1956 year. 
During the first quarter of the study period (figure 3.5a; 1901-1914), in the Sc-PDSI Northern 
portions of the country were dry but not much, while the South and South east portions positive 
anomaly precipitation were observed. In the second quarter Sc-PDSI (figure 3.5b; 1915-1928), 
the spatial pattern of drought continued to some expansion in central parts of country but with 
some extent wet conditions in the Northern, North west, South east parts were observed. There is 
significant drought anomalies were seen over the central and south west regions of the country. In 
average drought is observed in the country within this period. In the third quarter (figure 3.5c; 
1929-1942) the South east and eastern part of the country dry anomalies were evident but Northern 
and North West part of the country wet conditions expand towards the central part. In the case of 
Sc-PDSI western part of Oromia is wet but in PDSI being normal; South nation nationality and 
peoples becomes dry but not much in PDSI. Generally in this period the intensity of drought trend 
is not that much. In the fourth quarter (figure 3.5d; 1943-1956) in this division except western and 
few Northern part all are dry. Therefore severe drought was occurring per fourteen year frequency.  
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Figure 3.4 the temporal and spatial variability of drought using Sc-PDSI with 14 years interval 
from 1901 to 1956. 
 
On the other hand the left 14 year period divisions stated in figure 3.6 shown below.  

 
Figure 3.5 the frequency of dry/wet event months per total months of using CRU datasets Sc-
PDSI with 14 years interval from 1957 to 2014. 
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The third and fourth quarter of the study period (figure 3.5c and d, 1985-1999, 2000-2014), major 
part of the study area were dry under considerable southern nations, nationality and people and 
far eastern Somali. Drought is continuously increased with time.  
3.3. The temporal variability of drought due to climate change and its frequency in Ethiopia 
The spatial patterns of drought intensity for observed cases are shown in Figure 3.1 to 3.6. The 
1901-2014 observed average intensity ranges from -2 to -3 but a vast majority of some parts of 
Ethiopia has typical values of -2. On the basis of the results of PDSI a quantitative definition of a 
drought event was adopted, only to include drought events, likely to cause a significant downturn 
in, for example, farm income over a prolonged period. Therefore, in our analysis, a drought event 
is a period in which the PDSI is continuously negative and reaches a value of -2.0 or less. 

 
Figure 3.6 the temporal variability of the Sc-PDSI mean values based on the monthly series 
during the study period (1901-2014) in Ethiopia. 
The figure illustrates frequencies and durations of droughts and dry/wet spells as measured by the 
PDSI for 10 years interval. Temporal variability of drought in the study area from 1901 to 2014, 
a positive numbers indicate wet conditions and negative numbers correspond to dry spells and 
droughts. Very dry drought spells (PDSI=-2 to -2.99) per decade observed three times during in 
the 1941-1950, four times in 1951-1960, five times in 1980-1990, two times with the highest 
duration occurred in 1991-2000 and with high frequency and intensity was occurred within the 
period of 2001-2014. Except the year between 1961 to 1971, after 1941 severe drought was 
observed regular frequency per 10 years interval. This condition may be association with the sun 
maximum radiation released per 10 to 11 years interval. Therefore farmers must read to protect 
the drought per 10 years frequency. They must use conservation water and water harvesting. 
Extreme drought period of 1981-1987 and 2001-2004 PDSI shows the highest frequency per five 
years with maximum duration. This situation may be attributed with El-Nino because the 
frequency of El-Nino happens per 5 year probability (Kassa Fekadu, 2015). Socio-economic and 
environmental sections were seriously demanded due to this rainfall deficit, and obviously 
Ethiopia was hit by the most intense drought event in the 3 year period 2002-2004 (Masih, 2014).  



Proceedings of the 5th Annual National Conference, CAES 

104 

 4. Conclusions and Recommendations 

Methods of analysis applied to monthly mean temperature and precipitation data show that the 
North and North west regions of Ethiopia experienced frequent and more severe drought 
conditions centered at the year 2001/2011, recovering during the early stages of the study period, 
with moderately dry events during the recent decades. Conversely, for the North West and 
Northern parts of the country drought conditions become more frequent and intense in recent 
decades. Annual precipitation declined in the western and Northern regions of Ethiopia during 
recent decades.  Unlike the Southern regions, the Northern regions are characterized by more 
variable trends, i.e. dry, wet and near Normal trend during the first, middle and late decades, 
respectively. Before 1929 Ethiopia rainfall distribution were normal but from 1929-1956 major 
part of the country were dry. From 1957-1985 the mean value of the country nearly normal, but 
from 1986-2014 major part became dry. Spatial variability of drought within the country due to 
local conditions such as topography, forest, Lake Etc considerable. Drought occurrences in 
Ethiopian region except some years were regular frequency. It is associated with sun radiation 
emission and El-Nino. To observe all study period we didn`t say Ethiopian drought has been show 
regular frequency. The precipitation trend not much high but temperature shows maximum trend.  
Therefore the main cause of Ethiopian drought is positive temperature anomaly due to climate 
change. Climate change has diverse economical social and political problems. This can be 
overcome by great effort of the government and the community shared responsibilities. 
Researchers should be go further study in these environmental conditions and tell their results to 
the policy makers.  
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Abstract 

Agriculture is the economic back bone of many Sub-Saharan Africa (SSA) countries, employing 
about 60 percent of the workforce and contributing an average of 30 percent of gross domestic 
product. Climate is also changing. For instance the latest assessment of the Intergovernmental 
Panel on Climate Change (IPCC) shows that global climate change is already damaging crops 
and undermining food production capacity in much of the world, particularly in poor countries. 
Sub-Saharan Africa is particularly vulnerable to climate change. The region is marked by strong 
dependence on rain-fed agriculture and natural resources, limited infrastructure in rural areas, 
and high levels of poverty. The effects of climate change on African agriculture thus are severe 
and a major challenge to household livelihoods. Therefore, the main aim of this paper is to review 
and explore the threats and opportunities for promoting and implementing climate smart 
agriculture (CSA) in sub-Saharan Africa. CSA means agriculture that: (i) increases productivity 
and income, (ii) adapts and builds resilience to climate change and variability, and (iii) reduces 
greenhouse gas emissions where possible. The onset impacts of climate change on crop yields and 
livestock are already being perceived both by formal experts and by rural populations across 
Eastern and Southern Africa. Yet, the promotion and uptake of CSA practices remain limited. All 
countries have examples of both traditional and research-based agricultural practices that can 
be deemed climate smart, but they are not mainstreamed and still receive limited support. Such 
practices include both agro ecological techniques (e.g. mulching, intercropping, agroforestry, 
mixed farming) and agricultural biotechnology, such as high-yield and/or drought-tolerant crop 
varieties and livestock breeds. Similarly, Eastern and Southern African countries generally have 
policies on agriculture and climate change and do recognize the impacts of the latter on the 
former. Some countries have developed National Climate Change Policies, while others countries 
have National Adaptation Programmes of Action (NAPA) in place, and/or National Climate 
Change Response Strategies. However, such policies often lack adequate instruments to achieve 
the goals they set. Furthermore, they are not sufficiently connected across sectors. There is a clear 
need for greater policy coherence to avoid conflicts and create synergies. Other challenges 
include limited material (including human resource) capacity, insufficient smallholder 
participation in governance, and persistent gender imbalances. There are not only financial 
constraints but also limited access to technology for scaling up CSA practices. To sum up, Eastern 
and Southern Africa hold great potential for CSA, but this potential needs to be further explored.  
Keywords: African agriculture, Crop, Climate change, Climate Smart Agriculture, Livestock. 

1. Introduction 

The today’s climate is already changed and climate change is happening now. The Fifth 
Assessment of the Intergovernmental Panel on Climate Change (IPCC) has shown that global 
climate change is already injuring crops and destabilization of food production capacity in much 
of the world, particularly in poorer countries. Negative impacts on crop yields have been more 
prevalent than positive ones; and worse, that is often the case for staple foods such as wheat and 
maize, which feed much of the global population (IPCC 2014).  
Estimates show that world population will grow from the current 6.7 billion to 9 billion by 2050 
with most of the increase occurring in South Asia and sub‐Saharan Africa. Taking into account 
the changes in the composition and level of consumption associated with growing household 
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incomes, FAO estimates that feeding the world population will require a 70 percent increase in 
total agricultural production (Burney et al, 2010 and Bruinsma, 2009). 
At the same time, climate change threatens production’s stability and productivity. In many areas 
of the world where agricultural productivity is already low and the means of coping with adverse 
events are limited, climate change is expected to reduce productivity to even lower levels and 
make production more erratic (Cline 2007;; IPCC 2007). Long term changes in the patterns of 
temperature and precipitation, that are part of climate change, are expected to shift production 
seasons, pest and disease patterns, and modify the set of feasible crops affecting production, 
prices, incomes and ultimately, livelihoods and lives. 
Preserving and enhancing food security requires agricultural production systems to change in the 
direction of higher productivity and also, essentially, lower output variability in the face of climate 
risk and risks of an agro‐ecological and socio‐economic nature. In order to stabilize output and 
income, production systems must become more resilient, i.e. more capable of performing well in 
the face of disruptive events. More productive and resilient agriculture requires transformations 
in the management of natural resources (e.g. land, water, soil nutrients, and genetic resources) and 
higher efficiency in the use of these resources and inputs for production. Transitioning to such 
systems could also generate significant mitigation benefits by increasing carbon sinks, as well as 
reducing emissions per unit of agricultural product (World Bank, 2008). In this context this paper 
has a paramount importance in exploring the threats and opportunities for promoting and 
implementations of climate smart agriculture in Sub-Saharan Africa. 
 

2. Reviewed Literature 

2.1 Threats of Climate Smart Agriculture  
2.1.1. Agriculture in the Changing Climate of Sub Saharan Africa 
Ensuring food security under a changing climate is one of the major challenges of our era. African 
agriculture is highly vulnerable to climate change (Thornton et al. 2011). Even using optimistic 
lower-end projections of temperature rise, climate change may reduce crop yields by 10–20 
percent by the 2050s, with more severe losses in some regions (Jones, and Thornton, 2009). World 
food prices for some of the main grain crops are likely to rise sharply in the first half of the 21st 
century, unlike the price declines witnessed in the 20th century (Nelson et al. 2010). Projections 
of price rises range from about 30 percent for rice to over 100 percent for maize, with about half 
or more than half of this rise due to climate change. Under a pessimistic high-end projection of 
temperature rise, the impacts on productivity and prices are even greater. It is likely that price and 
yield volatility will continue to rise as extreme weather continues. Climate change will also impact 
on agriculture through effects on pests and disease. These interactions are complex and as yet the 
full implications in terms of productivity are uncertain (Gornall et al. 2010). 
Agriculture by itself is the sector most vulnerable to climate change, it is also a major cause of 
climate change, directly accounting for about 14 percent of global greenhouse gas (GHG) 
emissions, and indirectly much more as agriculture is also the main driver of deforestation and 
land-use change responsible for another 17 percent of global emissions (IPCC, 2007). Even if 
emissions in all other sectors were eliminated by 2050, growth in agricultural emissions in a 
business-as-usual world with a near doubling in food production would perpetuate climate change. 
Agriculture can contribute to mitigation (Smith et al.2008) in three ways: avoiding further 
deforestation and conversion of grasslands and wetlands, increasing the storage of carbon in 
vegetation and soil, reducing current and avoiding future increase in emissions from nitrous oxide 
(from fertilizer use and soil organic matter breakdown) and from methane (from livestock 
production and rice cultivation). 
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Agriculture has much to contribute to a low emissions development strategy. In many countries it 
is agriculture not industry or transport that provides a high mitigation potential. For example 75 
percent of Ethiopia’s estimated economic mitigation potential is in agriculture and forestry 
(Sintayehu, 2011). About half of the 47 countries that have submitted Nationally Appropriate 
Mitigation Action (NAMAs) have included agriculture-related actions (Steck et al 2011). 
 

 
 

 
Source: IPCC 2007; Smith et al. 2007. 

Figure 1. Greenhouse gas Emissions by the sector and agriculture respectively. 
2.1.2 Constraints/Threats of African Agriculture 
Sub-Saharan Africa is particularly vulnerable to the impacts of climate change. The region is 
marked by strong dependence on rain-fed agriculture and natural resources, little infrastructure in 
rural areas, and high levels of poverty. Projections suggest this region will suffer greatly from 
further water stress, more frequent droughts, floods, and alteration in rainfall patterns. This leads 
to lower agriculture yields unless adaptation measures are taken. Climate change, in addition, may 
reduce the land suitable for agriculture, potentially driving the clearing of native forests and 
pasturelands for crop cultivation, with a consequent significant increase in greenhouse gas 
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emissions. The effects of climate change on African agriculture thus are severe and one of the 
most significant emerging challenges to household livelihoods (Bastos, 2014). 
Agriculture is also a main source of employment, remaining essential for pro-poor economic 
growth in most African countries, as rural areas support around 70-80 percent of the total 
population. Despite increasing urbanization, Africa’s poorest households are rural, thus 
smallholder agriculture remains essential for lifting large numbers of Africans out of poverty and 
hunger (FAO and NEPAD 2002). 
Meeting food demand for a growing population is already a formidable challenge for the 
agriculture sector, but it will be further exacerbated by climate change. The IPCC predicts that 
Africa will be the region most affected by climate change, due to both changes in mean 
temperatures and rainfall, as well as increased variability associated with both (IPCC 2007a). The 
African continent has warmed by about half a degree (0.5) Celsius over the last century, and 
average annual temperatures are expected to continue to rise by about 3-4°C by 2080, greater than 
the global average. Increased temperatures and changes in precipitation will stress agricultural and 
natural systems through: increased water shortages, shorter growing periods in some areas, 
increased magnitude and frequency of flooding and drought, changes in plant and animal diseases 
and pest distribution patterns and, more generally, reduced suitability of some areas for 
agriculture. Parts of sub-Saharan Africa – where high vulnerability to weather shocks already 
exists – are expected to be hit the hardest, with decreases in agricultural productivity between 15-
35 percent (Cline 2007; Fisher et al. 2005; IPCC 2007a). Table 1.1 provides an overview of 
climate changes projected for Africa (average and extreme conditions). 

 
2.1.3 Challenges of CSA in sub Saharan African countries 
The challenges to better CSA promotion in Eastern and Southern Africa include the following. 
Firstly, (1) material capacity and human resources are limited. There are not only (i) financial 
constraints, but also (ii) technological ones. Technology is usually imported and patented, such as 
improved seeds or equipment for which repair – let alone manufacturing – expertise is not locally 
available. Even for some agro ecological approaches, such as in the case of machinery designed 
for conservation agriculture and small-scale farming, technology is either unavailable or imported. 
This incurs high costs for farmers and countries that are already financially constrained, besides 
continuous external dependence. Finally, in many African countries there is a perceived (iii) lack 
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of extension staff numbers and CSA training. In some cases, this is aggravated by little willingness 
to revise their practices and embrace CSA (Bastos, 2014).  
Secondly, although the impacts of climate change are generally recognized, there is (2) poor 
policy coherence. This means (i) a lack of adequate economic or regulatory incentives to CSA 
even when climate change adaptation and agricultural development are enshrined in public policy 
and recognized as national or regional priorities. Such policies generally provide an umbrella and 
overall goals, but often without specific policy instruments to realize them. In addition, there is 
(ii) insufficient cross-sectoral coordination, and sometimes conflicts. For instance, normally 
different ministries or departments handle climate and agricultural policies, and they are usually 
not synergistic or streamlined. In many cases, there are (iii) perverse incentives that hinder the 
promotion of CSA practices (e.g. in Botswana there are larger subsidies to conventional tilling 
than to no-tillage agriculture) (Bastos, 2014).   
Thirdly, there is (3) insufficient participation from smallholders, particularly women, in 
governance. The norm has been (i) top-down policy-making and, most frequently, (ii) “one-way” 
extension services where smallholder farmers are told what to do but seldom heard, let alone taken 
on board in policy- and decision-making. As such, policies have frequently failed to meet the 
needs, views, preferences and interests of poorer farmers, leading to low social acceptability and 
uptake. (iii) Women, in particular, continue to be systematically disadvantaged even though they 
play vital roles in Africa’s agriculture. Discriminatory patriarchal traditional institutions have 
persisted even in contexts where legislation enshrines gender balance, hindering or preventing 
women from, e.g., owning or inheriting land, taking credit, or participating in decision-making 
(Bastos, 2014). . 
 2.2 Opportunities of Climate Smart Agriculture 
2.2.1 Climate Smart Agriculture production System in Africa 
The production, processing and marketing of agricultural goods are central to food security and 
economic growth. Products derived from plants and animals include foods (such as cereals, 
vegetables, fruits, fish and meat), fibers (such as cotton, wool, hemp and silk), fuels (such as dung, 
charcoal and biofuels from crops and residues) and other raw materials (including medicines, 
building materials, resins, etc.). Production has been achieved through a number of production 
systems which range from smallholder mixed cropping and livestock systems to intensive farming 
practices such as large monocultures and intensive livestock rearing. The sustainable 
intensification of production, especially in developing countries, can ensure food security and 
contribute to mitigating climate change by reducing deforestation and the encroachment of 
agriculture into natural ecosystems (Bellassen, 2010). 
The overall efficiency, resilience, adaptive capacity and mitigation potential of the production 
systems in Eastern and southern Africa can be enhanced through improving its various 
components, some of the key ones are; soil and nutrient management by using legumes for natural 
nitrogen fixation and thereby reducing the need for synthetic fertilizer as an instrument for soil 
nutrient improvement (FAO, 2009c); rain water harvesting and use by building stone contour 
bunds (Reij, 2009); pest and disease control, resilient ecosystem, genetic resource (development 
of new varieties to new agro-ecological conditions (Guei, 2010), harvesting, processing and 
supply chain to ensure increased shelf life, retain quality and reduce carbon footprints. 
2.2.2. CSA as an alternative solution 
Food security, poverty and climate change are closely linked and should not be considered 
separately. Major productivity gains are possible in Africa given the large gaps between current 
yields and the yields that are possible with improved inputs and management while also promoting 
low GHG emission options (Licker et al. 2010). 
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In countries where the economy is heavily based on agriculture, development of the agricultural 
sectors the most efficient poverty reduction measure. Yet  agricultural expansion for food 
production and economic development which comes at the expense of soil, water, biodiversity or 
forests, conflicts with others global and national goals, and often compromises production and 
development in the longer term. 
Climate-smart agriculture includes proven practical techniques and approaches that can help 
achieve a triple win for food security, adaptation and mitigation (FAO, 2010). For example, by 
increasing the organic content of the soil through conservation tillage, its water holding capacity 
increases, making yields more resilient and reducing erosion. Promoting soil carbon capture also 
helps mitigate climate change. Another example is integrated soil fertility management that can 
lower fertilizer costs, increase soil carbon and improve yields. If yields through such practices 
increase and are more stable and these results in improved farm incomes, then the adaptive 
capacity of farmers is also enhanced (Licker et al. 2010).. 
Climate-smart agriculture gives attention to landscape approaches, for example, integrated 
planning of land, agriculture, forests, fisheries and water to ensure synergies are captured. Such 
approaches are essential if emissions from land cover change and deforestation are to be reduced, 
and are also indispensable given greater land and water scarcity and the need to balance food, 
energy and climate considerations.  Landscape approaches will also be a cornerstone of successful 
implementations of REDD+ given the need to balance forestry and agriculture objectives 
(Wollenberg et al. 2011). 
Climate-smart agriculture fully incorporates attention to climate risk management. In many 
regions, agriculture is an extremely risky business, and climate change will exacerbate this. In 
Africa alone, 650 million people are dependent on rain-fed agriculture in fragile environments 
that are vulnerable to water scarcity and environmental degradation. 
These areas are also susceptible to the negative impact of climate-related disasters such as 
droughts, flood and erratic weather patterns. Under climate change, the combination of long-term 
degradation and sudden onset of weather shocks affect food security among the most vulnerable 
communities.  Risk prone farmers are less likely to invest in novel agricultural practices for fear 
that a season of bad weather could wipe out their investment. 
Climate risk management includes improving the national meteorological services to provide 
better weather forecasts that reach farmers; enhanced early warning systems; crop and livestock 
insurance so farmers are protected against losses; contingency planning, contingent financing, and 
social protection and technologies and practices that can deal with extreme conditions. By 
combining different risk management approaches, it is possible to shift from managing disasters 
to managing risks in a cost-effective manner (Wollenberg et al. 2011). 
2.2.3 Climate Smart Agriculture and Development  
Climate-smart agriculture (CSA) is defined by FAO (2010) as agriculture that sustainably 
increases productivity, enhances resilience of livelihoods and ecosystems, reduces and/or removes 
greenhouse gases (GHGs) and enhances achievement of national food security and development 
goals. CSA addresses the challenges of building synergies among climate change mitigation, 
adaptation and food security which are closely related within agriculture, and minimizing their 
potential negative trade-offs. CSA seeks to enhance the capacity of the agriculture sector to 
sustainably support food security, incorporating the need for adaptation and the potential for 
mitigation into development strategies. The specific conditions, circumstances, and capacities 
within countries will define opportunities and barriers to implementation, and hence policy 
choices (FAO, 2011c). 
CSA builds on existing efforts to achieve sustainable agriculture intensification such as SCPI – 
Sustainable Crop Production Intensification (FAO, 2001d). CSA will: (i) sustainably intensify 
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production systems to achieve productivity increases thereby supporting the achievement of 
national food security and development goals; (ii) increase the resilience of production systems 
and rural livelihoods (adaptation); and (iii) reduce agriculture’s GHG emissions (including 
through increased production efficiency) and increase carbon sequestration (mitigation). There is 
no blueprint for CSA and the specific contexts of countries and communities would need to shape 
how it is ultimately implemented. Climate-smart agricultural production technologies are 
therefore aimed at maximizing food security benefits and, at the same time, can deliver significant 
climate change mitigation and adaptation co-benefits (Branca et al. 2011). 
However, care must be taken when formulating policies to support CSA to avoid compromising 
policy efficiency. For developing countries highly dependent on agriculture and with a large share 
of food insecure people in the agriculture sector, the main objective of CSA is to improve food 
security, incorporating adaptation as required to meet this objective. In this context, opportunities 
for mitigation shall be considered as additional co‑benefits that could potentially be financed by 
external mitigation funding sources.  
The definition of food security, adopted by the World Food Summit in 1996, highlights the 
multifaceted nature of the concept: “Food security, at the individual, household, national, regional 
and global levels [is achieved] when all people, at all times, have physical and economic access 
to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active 
and healthy life” (FAO 1996). This definition captures the four dimensions of food security: 
availability, access, utilization and stability (Stamoulis and Zezza 2003).  We define as “climate-
smart” technologies which deliver multiple benefits – specifically, food security and development 
benefits together with climate change adaptation and mitigation co-benefits. 
2.2.4 Adaptation  
Adaptation is defined as activities that aim “to reduce the vulnerability of human or natural 
systems to the impacts of climate change and climate-related risks, by maintaining or increasing 
adaptive capacity and resilience” (OECD-DAC 2011). The vulnerability of a system depends on 
its exposure and sensitivity to changes, and on its ability to manage these changes (IPCC 2001, 
2007a, b; World Bank 2010a). We consider here both household vulnerability (i.e. vulnerability 
of physical, financial, human and social capital) and vulnerability of agricultural systems (i.e. 
vulnerability of natural capital in different agro-ecosystems). 
Vulnerability could be reduced by altering exposure, reducing sensitivity, and improving the 
adaptive capacity of the system (Adger et al. 2004; OECD 2009). IPCC (2007a) defines adaptive 
capacity as the ability or potential of a human or natural system to respond successfully to climate 
variability and change so as to moderate potential risks or cope with consequences of extreme 
events (floods, heavy hail/snow events, heavy wind and dust storms, droughts and dry spells, heat 
waves and warm spells, cold spells). Among the main determinants of adaptive capacity are 
financial resources, technology, access toinformation and skills, infrastructure, social institutions 
and policies and equity (Swanson et al. 2007). 
Adaptation strategies and measures increase the range of climate conditions farmers can cope 
with. These could include a specific action (e.g. switching from one crop variety to another) or a 
systemic change (e.g. diversifying livelihoods against risks or an institutional reform to create 
incentives for better resource management) (FAO 2009a). Although there is no general consensus 
on indicators for adaptation activities, the contribution of such strategies to increasing systems’ 
adaptive capacity could be estimated by means of increased physical, economic, social and human 
resilience which summarize the determinants of adaptive capacity and, for the purpose of this 
analysis, will be selected as proxy indicators for adaptation (see Table 1.2). 
Table 1.2. Resilience as proxy indicators for adaptation. 
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Dimensions of 
systems’ resilience 

Critical elements of systems’ resilience 

Physical resilience 
 

Water quantity and quality, soil resource and soil fertility, seed resources, 
livestock 

Economic resilience Income diversification, equity (income distribution), risk management 
(crop insurances, safety nets), off-farm earnings, diversity of employment 
opportunities, health and social services, markets  

Social and human 
resilience 

Extension and research, technical know-how, connection to social 
networks, education and training, information management 

 

Economic development is a central element of adaptation to climate change, and the best way to 
reduce vulnerability to (current and future) climate events is often through basic development 
(Fankhauser and Burton 2011).10 Overlaps in fact exist between ‘development as usual’ and 
adaptation activities (Brown et al. 2010), and different categories of activities are identified within 
the adaptation-development continuum (e.g. McGray et al. 2007; Olhoff and Schaer 2010), 
ranging from interventions aimed at increasing coping capacity that resemble pure development 
activities to explicit adaptation measures which may either be a response to extreme events or 
represent a slow onset climate change adaptation process (Fankhauser and Burton 2011).  
2.2.5 Mitigation  
Mitigation is defined as activities that contribute “to the objective of stabilization of greenhouse 
gas (GHG) concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system by promoting efforts to reduce or limit GHG 
emissions or to enhance GHG sequestration” (OECD-DAC 2011), including “technological 
changes that reduce resource inputs and emissions per unit of output” (IPCC 2001 and 2007b). 
Agriculture is an important source of GHG emissions, representing 14 percent of the global total 
(Smith et al. 2008).  
Table 1.3. Examples of selected CSA technologies in different sub-sectors 

Sub-sector Examples of climate-smart agricultural practices Expected impact on 
food security 

Crops  Improved land management practices (e.g., reduced or zero 
tillage, improved agronomic practices, and various soil and 
water conservation measures) can improve soil fertility and 
structure, adding high amounts of biomass to the soil, causing 
minimal soil disturbance, conserving soil and water, enhancing 
activity and diversity of soil fauna, and strengthening 
mechanisms of elemental cycling. 

Integrated nutrient management (e.g. precision farming 
including efficient fertilizer application based on crop and site 
specific nutrient balance analysis, split application, timing). 

Proper management of organic soils (e.g. avoiding deep 
drainage and deep ploughing, row crops and tubers and 
maintaining a shallower water table) can reduce N2O and CH4 
emissions. 

Better plant nutrient 
content, increased 
water retention 
capacity and better 
soil structure 
generate tangible on-
site production 
benefits in the form 
of higher crop yields. 

Live stocks Improved feeding and nutrition practices, genetics and 
reproduction, and animal health control as well as general 
improvements in animal husbandry, manure management. 

Grassland management practices (e.g. set-asides, postponing 
grazing while forage species are growing or ensuring even 

Increased animal 
productivity. 

Increased nutrient 
cycling and plant 
productivity, 
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grazing of various species, supplementing poor quality forages 
with fodder trees (silvo-pastoral systems).  

improved fodder 
production. 

Fishery and 
aquaculture 

Use of fishing practices that adhere to the principles of the Code 
of Conduct for Responsible Fisheries, adoption of improved 
aquaculture management approaches (e.g. selection of suitable 
stock, improved energy efficiency, increasing feeding efficiency 
switching to herbivorous or omnivorous species reducing the 
need for fish feed inputs), the integration of aquaculture within 
broader farming (e.g. sludge produced during the treatment of 
aquaculture wastewater or pond sediments can be used to 
fertilize agricultural crops), and replanting mangroves in 
aquaculture areas. 

Increased fish 
productivity. 

Agroforestry  Use of trees and shrubs in agricultural farming systems 
(improved fallows, growing multipurpose trees and shrubs, 
boundary planting, farm woodlots, plantation/crop 
combinations, shelterbelts, windbreaks, conservation hedges, 
fodder banks, live fences, trees on pasture and tree apiculture). 

Increased farm 
incomes and 
diversified 
production with food 
security benefits. 

 
If related land-use change, including deforestation (for which agriculture is a key driver) and 
emissions beyond the farm gate are considered, the sector’s share would be higher. There is 
substantial mitigation potential in the agriculture sector: the technical mitigation potential of 
agriculture by 2030, considering all GHGs, is estimated to be between 4,500 (Caldeira et al. 2004) 
and 6,000 MtCO2e/year (Smith et al. 2008) and 70 percent of this potential could be realized in 
developing countries (FAO 2009b). This potential could be achieved in some cases through 
absolute reductions in GHG emissions including removal through sequestration in agricultural 
soils, and below and above ground biomass – and through greater efficiency in agricultural 
production, therefore leading to fewer emissions per unit of product (Campbell et al. 2011). Lastly, 
Table 1.3. reports relevant examples of CSA activities which could potentially have food security 
benefits and adaptation and mitigation co-benefits. 
2.3 Policy options  
This section covers critical institutional and policy adjustments required to support the transition 
to climate‐smart agriculture in sub Saharan Africa and to the rest as well. 
2.3.1 Enabling policy 
Key requirements for an enabling policy environment to promote climate‐smart smallholder 
agricultural transformations is greater coherence, coordination and integration between climate 
change, agricultural development and food security policy processes. Policies in all three of these 
areas have both impacts on smallholder productions systems and on GHG emissions. Lack of 
coherence can prevent synergy capture and render the pursuit of the stated policy objectives 
ineffective (FAO, 2010). 
2.3.2 Policy road map 
Climate change policies at the national level are expressed through the National Action Plan for 
Adaptation (NAPAs) and the Nationally Appropriate Mitigation Actions (NAMAs) as well as 
through national or regional climate change strategies. Agricultural development and food security 
plans are expressed in national development strategies and poverty reduction strategy papers 
(PRSPS). In the case of African countries, agricultural development and investment strategies are 
being developed under the CAADP (Comprehensive African Agricultural Development 
Programme) umbrella. Recently countries have been called upon to develop CAADP compacts 
that outline their agricultural development priorities and investment requirements. These 
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strategies will be supported by 20 billion in funds, which the L’Aquila G8 Summit in 2009 agreed 
to mobilize over three years for food security (FAO, 2010). 
FAO recently conducted a survey of a sample of these countries to compare the policy objectives 
stated in the NAPAs, NAMAs and CAADP compacts. The policy statements made for CAADP 
are generally focused on improving productivity and returns to small‐scale agriculture, and 
generally include some emphasis on sustainable land management and soil restoration. Policy 
statements made for NAPAs and NAMAs that have been submitted by LDCs focus on smallholder 
agriculture –increasing reliance of the sector by better management of land and soil resources, 
whereas CAADP statements often focus on agricultural productivity target increases. (IIED 2010) 
also noted a discrepancy between African agricultural productivity targets, as set out in national 
and regional policy documents, and the projections of how climate change will impact upon 
agriculture. Better alignment of the technology approaches envisioned in these different policy 
dialogues, and in particular better integration of sustainable land management factors into 
mainstream agricultural development planning will facilitate a more holistic approach to 
considering agricultural development, adaptation and mitigation. 
Better integration of food security, safety nets and adaptation policies offers the potential to reap 
significant benefits. Better use of climate science information in assessing risks and vulnerability 
and then developing the safety nets and insurance products as an effective response is already 
being piloted in some areas with fairly positive results (Barrett et al. 2007). Policies related to 
price stability are also key to both adaptation and food security, including the use of buffer stocks 
of food. 
2.3.4 International Policy Effort 
As indicated in (FAO, 2010) report, at the international level, better integration of food security, 
agricultural development and climate change policies and financing is also needed. Two parallel 
global dialogues on reducing food insecurity and responding to climate change have until now 
had remarkably little substantive integration of issues under consideration. Likewise the 
agricultural community has only recently become active in the discussions and negotiations of 
international climate change policies that could have profound impacts on the sector. Creation of 
mechanisms that allow dialogues between food security, agricultural development and climate 
change policy‐makers is fundamental. 
 
2.4 Production and disseminations of information 
One key role of institutions is the production and dissemination of information, ranging from 
production and marketing conditions to the development of regulations and standards. Climate 
change, by increasing uncertainty, as well as the value of rapid and accurate response (or costs of 
not doing so) increases the value of information and the importance of institutions that generate 
and disseminate it. It will be critical that national and international agricultural research programs 
focused on developing countries incorporate climate change into their programming. For example 
there is a clear lack of consistent and coherent projections specifying the effects of climate change 
on the different determinants of African food security (IIED 2010). Access to information is seen 
as a priority area for many countries as highlighted in Figure 2. 
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  Source: IIED 2010 Anderson et. al. (p. 18). 

Figure 2: The types of activities prioritized in African NAPAs, clearly indicate that in the African 
context designing national adaptation plans of action, information dissemination and coordination 
are equally or more important than research on new technologies. 

3. Summary and Conclusions 

Climate-smart agriculture (CSA) is a pressing need across the world, notably in Africa. The 
livelihoods, food security and economic development of millions of rural households depend on 
the ability to overcome poverty while adapting to climate change. In addition, particularly in more 
developed regions, farming can and should be made climate-friendlier, as part of a broader effort 
towards sustainable agriculture. This includes adopting techniques and strategies that minimize 
the emission of greenhouse gases while providing for food security and other socio-economic 
needs. 
According to this review the onset impacts of climate change – particularly droughts, floods, and 
other alterations in rain patterns, with mainly negative consequences on agriculture – are already 
being perceived both by formal experts and rural populations in those countries. Yet, the 
promotion and the uptake of CSA practices remain limited. All countries have examples of both 
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traditional and research-based agricultural practices that can be deemed climate-smart, but they 
are not mainstreamed and still receive limited support. Such practices include both agro ecological 
techniques (e.g. mulching, intercropping, agroforestry, mixed farming) and from agricultural 
biotechnology R&D, such as high-yield and/or drought-tolerant crop varieties and livestock 
breeds. 
All the challenges pose important barriers to the advance of CSA in Eastern and Southern Africa, 
but they are not insurmountable. Overcoming those challenges requires concerted, focused action 
from public and private actors, both domestically and at the international level. Some 
recommendations include the following.  

• Firstly, there needs to be greater budgetary allocation and (public and private) investments in 
CSA, measuring up to the magnitude of the challenge and to the importance of agricultural 
development in those regions. Cooperation is mandatory, therefore, have key roles to play, 
boosting those investments. For one, this could take place as finance for Reducing Emissions 
from Deforestation and Forest Degradation (REDD+, under the UNFCCC), which requires 
addressing agriculture as a deforestation driver and making it more sustainable. However, such 
cooperation should take place with a view to promoting further human and technological 
development in Sub-Saharan Africa not external dependence. That can be achieved through 
capacity enhancement and technology transfer. 

• Secondly, governments should put in place policy frameworks that are conducive and 
effectively incentivize CSA. A first step is to revise existing policies (e.g. subsidies, tax breaks, 
credit) to eliminate perverse incentives, then to align them with CSA. In addition, there needs 
to be coordination across different ministries and among different sectoral policies to reduce 
conflicts and create synergies towards CSA. 

• Thirdly, CSA promotion strategies need to ensure equitable participation in governance, both 
for the sake of fairness and of effectiveness (through greater social acceptability and uptake. 
That requires the meaningful inclusion of smallholder farmers and other weaker actors in 
agenda-setting, policy and decision-making regarding climate change adaptation and 
agricultural development. An essential requirement to achieve this is the creation and 
strengthening of smallholder farmer associations. 
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Abstract  

Estimating the impacts of land use/land cover (LULC) changes in Ecosystem Service Values (ESV) is 
indispensable to provide public awareness about the status of ESV, and to help in policy-making processes. 
This study was intended to estimate the impacts of LULC changes on ESV in the Andassa watershed of the 
Upper Blue Nile basin over the last three decades (1985-2015), and to predict the ESV changes to the year 
2045. The hybrid land use classification technique for classifying Landsat images; the Cellular-Automata 
Markov (CA-Markov) model for LULC prediction, and a modified ecosystem service value coefficients for 
estimating ESV for our study land uses were employed. Our findings revealed that there was a continues 
expansions of cultivated land and built-up area, and withdrawing of forest, shrubland and grassland 
during the 1985-2015 periods, which are expected to continue for the next three decades. Consequently, 
the total ESV of the watershed has declined from US$26.83 x 106 in 1985 to US$22.58x 106 in 2000 and to 
US$21.01 x 106 in 2015 and is expected to further reduce to US$17.94 x 106 in 2030 and to US$15.25 x 
106 in 2045. The impacts of LULC changes on the specific ecosystem services are also tremendous.  

Keywords: Land use/land cover, CA-Markov, Ecosystem Service Values  

Introduction  

Ecosystems are composed of plant, animal, and microorganism communities and the nonliving 
environment, interacting as a functional unit (MEA, 2003).They provide wide ranges of direct and 
indirect services to human wellbeing (Costanza et al., 1997; MEA, 2003 and 2005; Li et al., 2007; 
Braat  and de Groot, 2012 ; de Groot et al., 2012; Costanza et al., 2014; Anaya-Romero et al., 2016; Kindu et 
al., 2016; Bartkowski, 2017; Costanza et al., 2017) that vary depending on the type of ecosystem 
and their status (Tolessa et al., 2017). Each ecosystem offers a distinctive service that cannot be 
replaced by others. For example, forest ecosystem supplies a different service (Anaya-Romero et al., 2016) 
from grassland ecosystem or aquatic ecosystem. In addition, dense forests do not provide similar 
ecosystem services to that of degraded forest. The ecosystem services or “environmental 
functions” (Hu et al., 2008) provided by a certain environment may be grouped into provisioning, 
regulating, supporting and cultural services (MEA, 2005; Braat  and de Groot, 2012; Anaya-Romero et al., 

2016; Kindu et al., 2016; Costanza et al., 2017). To produce these services, the interaction between 
natural, social, built, and human capital is necessary (Costanza et al., 2017). Thus, when an 
ecosystem is managed for providing a single service (for example, for food production) others are 
negatively affected (Braat and de Groot, 2012). Thus, managing ecosystems in an integrated way 
with the aim of providing multiple services (Braat and de Groot, 2012; Jacobs et al., 2016) is very 
important.  
In spite of the incredible contribution of ecosystem services to the functioning of nature and 
sustainable human well-being and survival (Braat  and de Groot, 2012 ; de Groot et al., 2012; 
Costanza et al., 2014; Bartkowski, 2017; Costanza et al., 2017; Kubiszewski et al., 2017), globally 
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the values of ecosystem services have been significantly degraded over time and space (MEA, 
2005; Costanza et al., 2014; Sutton et al., 2016). For example, the total global ecosystem services 
values in 2007 were  $US145 trillion/year, however, it dropped to $US125 trillion/year in 2011 
(Costanza et al., 2014). Land Use/Land Cover (LULC) changes are the main drivers which 
significantly altered ecosystem services (Kreuter et al., 2001; Li et al., 2007; Hu et al., 2008; Costanza et 
al., 2014; Anaya-Romero et al., 2016; Kindu et al., 2016; Tolessa et al., 2017; Kubiszewski et al., 2017; Wang et 

al., 2017). Worldwide, the magnitude of LULC changes is not uniform across the regions. For 
example, in temperate region forests increased at the rate of 3 x 106 ha-1 yr-1; while in tropical regions, 
it decreased at the rate of 12 x106 ha-1 yr-1(MEA, 2005).  Thus, it is believed that the extensive loss 
of tropical forest every year has lost a wide range of ecosystem services in the region. Obviously, 
the continued degradation of ecosystems comes in many countries of Africa at the expense of the 
livelihood of future generations (de Groot et al., 2012; Kubiszewski et al., 2017). Being a tropical 
country, reduction of vegetation covers for the expansion of cultivated lands were also common 
in Ethiopia, which is much pronounced in the highlands (Tekle and Hedlund, 2000; Zeleke and 
Hurni, 2001; Shiferaw , 2011; Rientjes et al., 2011; Gebrehiwot  et al., 2014; Hassen and 
Mohamed, 2017). In Ethiopia, the annual rate of deforestation between 1990-2010 periods was 
estimated to be at a rate of 1.4 x105 ha-1 yr-1 (FAO, 2010). Land degradation in Ethiopia, which is mainly driven by LULC changes, has lost about 

17.7% of the country’s total terrestrial ecosystem service values (Sutton et al., 2016).  

Though the concern of framing ecosystems in economic terms started in the 1970s and 1980s 
(Braat  and de Groot, 2012), interest in ecosystem services valuation both in research and policy 
making processes has grown recently (Li et al., 2007; Hu et al., 2008; Braat  and de Groot, 2012 ; 
Costanza et al., 2014; Wang et al., 2015; Anaya-Romero et al., 2016; Cabral et al., 2016; Costanza et al., 2017; Yirsaw 
et al., 2017) following the establishment of ecosystem service valuation model by Costanza et al. 
(1997) and the Millennium Ecosystem Assessment (MEA, 2005). Thus, the ecosystem service 
value coefficients established by Costanza et al. (1997) for 16 biomes  were employed in various 
studies to determine ESV for LULC categories (Kreuter et al., 2001; Li et al., 2007; Hu et al., 2008; Tolessa et al., 
2016;Tolessa et al., 2017). However, this model is criticized due to its uncertainties (Kreuter et al., 2001; 

Wang et al., 2006; Braat and de Groot, 2012; Kindu et al., 2016; Wang et al., 2017). Consequently, the 
values of ecosystem coefficients have been modified by der Ploeg and de Groot (2010) for 11 biomes. The 
modification was done on the basis of the previous estimation done by Costanza et al. (1997) through a benefit 
transfer method, which refers to the process of using existing values and other information from 
the original study site to estimate ESV of other similar location in the absence of site-specific 
valuation method. However, the modified estimates given by der Ploeg and de Groot (2010) are very general and, 

because of the scale effect, it did not clearly represent the context of a certain region including Ethiopia. A further estimation of global 
ecosystems was carried out by de Groot et al. (2012) and Costanza et al. (2014). However, their estimates were also criticized 

because it overestimates some ecosystem services (Tolessa et al., 2016), and by any means, it did not actually represent 
a particular region. As a result, a more conservative estimation coefficients for the Ethiopian 
conditions was developed by Kindu et al. (2016) for 11 biomes using expert knowledge of the 
study landscape conditions and other studies, mainly from the Economics of Ecosystems and 
Biodiversity (TEEB) valuation database (der Ploeg and de Groot, 2010;  Knoke et al., 2011). Despite some 
local studies (Reyers et al., 2009; Egoh et al., 2012; Leh et al., 2013), such comprehensive 
downscaling approach is the first attempt for the African context, which often known as a data-
scarce region. Previously, modifications of ecosystem coefficients were also done for China using 
expert knowledge based valuation methods (Xie et al., 2008).    
All these efforts were made to estimate the values of ecosystem services as it is imperative to understand the 
multiple benefits of ecosystems through a more realistic valuation methods (Wang et al. 2006; Li 
et al., 2007; Hu et al., 2008; de Groot et al., 2012; Costanza et al., 2014). More specifically, quantifying 
the impacts of LULC changes on the amount of ESV lost/gained is important to indicate the 
vulnerability of each ecosystem services (Cabral et al., 2016), which provides an avenue for decision 
making processes and providing information about the status of ecosystem conditions (Costanza 
et al., 1997; Li et al., 2007; Wang et al., 2015; Anaya-Romero et al., 2016; Cabral et al., 2016). Furthermore, including 
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the valuation of ecosystem services, broadly termed as ‘‘assigning importance’’ (Jacobs et al., 
2016) into the land resource management and land use planning framework is vital for maintaining 
the health and sustainability of land resources (Cabral et al., 2016; Jacobs et al., 2016; Bartkowski, 2017). 
Studies of the impacts land use changes on ecosystem services are patchy and the results are not 
comprehensive for assessing the trends of such changes in ecosystem services in Africa (Leh et 
al., 2013; Wangai et al., 2016; Niquisse and Cabral, 2017). In Ethiopia, though LULC change 
studies have a long history (Tekleand Hedlund, 2000; Zeleke and Hurni, 2001; Tegene, 2002; 
Shiferaw, 2011; Hassen and Mohamed, 2017), efforts in estimating the effects of LULC changes 
on ecosystem services are very limited, except few recent works concentrated in the central 
highlands of Ethiopia (Kindu et al., 2016; Tolessa et al., 2016; Tolessa et al., 2017).  
The study area, Andassa watershed, is located in the northwestern highlands of Ethiopia, and it is 
known as one of the productive watersheds in the country (Gashaw et al., 2017 b). Nevertheless, 
the watershed is under great pressure from agricultural land expansion. Therefore, understanding 
the impacts of LULC changes on ESV in the study watershed is essential to give public awareness 
and indicate policy directions about the lost/gain in ecosystem services. Previously, there is no 
study carried out in the study region with regard to the impacts of LULC changes on ESV. Hence, 
the objective of this study was to estimate the impacts of LULC changes on ESV in monetary 
values in the Andassa watershed during 1985 to 2015 periods and to predict the ESV to the year 
2045 over the spatial and temporal scales. We hypothesize that, due to land use changes over 
spatial and temporal scales in the past and future, the total ESVs in the study watershed decrease 
and this will have significant impacts on human well-being.  

Materials and Methods 

Study site  
Andassa watershed is within the Blue Nile basin of Ethiopia (Figure 1). It is located around 560 
km northwest of Addis Ababa and with a close proximity to the capital city of the Amhara national 
regional state Bahir Dar. Astronomically, the study site is situated between 11 º08’-11º32’N and 
37º16’-37 º32’ E. The watershed (58,760 ha) is dominated by hilly topography and elevation shows 
variations within a small distance. The major soil types of the study watershed are Haplic Alisols, 
Eutric Leptosols, Chromic Luvisols, Haplic Nitisols and Eutric Vertisols. Agriculture is the 
leading economic activity in the watershed and the main sources of livelihood. The climate of the 
study watershed is highly sub-tropical (85.2%) with a small portion of temperate climate (14.8%).  
Land use/land cover dataset  
The LULC datasets in this study were obtained from Gashaw et al. (2017b). As briefly mentioned 
in that paper, the 1985, 2000 and 2015 Landsat images were classified using the hybrid land use 
classification technique, which combines the unsupervised and supervised classification 
techniques. The result revealed that there was a significant expansions of cultivated land (36,820 
to 45,108 ha) and built-up area (35 to 672 ha) at the expense of forest (2068 to 1138 ha), shrubland 
(15,377 to 8992 ha) and grassland (4461 to 2850 ha) during the 1985-2015 periods (Table 1). 
Prediction of the 2030 and 2045 LULC states was carried out using the Cellular Automata-Markov 
(CA-Markov) model.   
 



Proceedings of the 5th Annual National Conference, CAES 

122 

 
Figure 1: Location map of the study site (Adapted from Gashaw et al., 2018)  
The CA-Markov model, available in IDRISI; version 17.0, is a robust model for predicting the 
trend and the spatial structure of different LULC categories (Arsanjani et al., 2011; Wang et al., 
2012) using basis (historical) LULC image, transition probability matrix and suitability images as 
a group file (Clark labs, 2012; Eastman, 2012). Consequently, it has widely applied in LULC 
change modeling elsewhere (e.g. Kamusoko et al., 2009; Arsanjani et al., 2011; Sang et al., 2011; 
Al-sharif and Pradhan, 2013; Singh et al., 2015). In this study, the 2015 classified map was used 
as a basis LULC image, and the 2000 and 2015 maps were used for assembly transition probability 
matrix. For preparing a single suitability map for each LULC categories, CA-Markov considers 
factors and constraints (Clark Labs, 2012; Eastman, 2012; Omar et al., 2014; Singh et al., 2015).  
Factors are criterions that indicate the relative suitability of areas under consideration whereas 
constraints are criterions which limit the alternatives under consideration (Clark Labs, 2012; 
Eastman, 2012). The factors considered were the distance to river, distance to town, distance to 
road, proximate to the developed area, suitable areas for conversion to each class and elevation 
while slope was considered as a constraint (See Gashaw et al., 2017b for detail). River and road 
data were collected from the GIS department of the EMWE while data such as distance to town, 
proximate to the developed area and suitable areas for conversion to each class were derived from 
the classified LULC maps. Elevation and slope were generated from a 30m ASTER Global Digital 
Elevation Model (ASTER GDEM). A set of relative weights for a group of factors were assigned 
through in-depth focus group discussions with agricultural development agents and local elders. 
The factors and constraint considered were integrated using a Multi-Criteria Evaluation (MCE) 
decision support system with Weighted Liner Combination (WLE) fuzzy membership function to 
produce a single suitability map for each class. Further expansions of the procedures followed in 
the LULC prediction of the study watershed and the validation of the model can be referred from 
Gashaw et al. (2017b). The prediction result indicates that the expansion of cultivated land and 
built-up area at the expense of vegetative LULC types are expected to continue in the 2030 and 
2045 periods (Table 1).   
Table 1: LULC types from 1985 to 2045 periods in the study watershed (Gashaw et al., 2017 b)   

Study periods LULC classes (ha) 
Cultivated land Forest Shrubland Grassland Built-up area 

1985 36,820 2068 15,377 4461 35 
2000 42,925 1504 10,447 3783 101 
2015 45,108 1138 8992 2850 672 
2030 48,932 898 5391 2342 1197 
2045 50,425 763 2780 1344 3448 
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Estimation of Ecosystem Service Values   
We assessed the change in ESV using the classified (1985, 2000 and 2015) and the predicted 
(2030 and 2045) LULC conditions. The modified ecosystem service value coefficients (Kindu et 
al., 2016, 2018) developed for 11 biomes for Ethiopian condition were employed in this study to 
determine ESV from the five LULC categories. Thereafter, the LULC types of the study watershed 
were associated to the corresponding representative biomes (Table 2). The most representative 
biomes used as a proxy for each LULC category are: 1) cropland for cultivated land, 2) tropical 
forest for forest and shrubland, 3) grassland/rangeland for grassland, and 4) urban for the built-up 
area.   
The LULC categories are not exactly identical with the representative biomes. For example, 
cultivated land in this study accounts areas used for perennial and annual crops, irrigated areas 
and the scattered rural settlements. The inclusion of rural settlements in this category, even though 
they are scattered, may not exactly represent the ESV assigned to cropland biome. Forest in the 
study area is also areas covered with dense trees, which include both eucalyptus and coniferous 
species. In addition, shrubland was also represented with tropical forest biome. However, 
shrubland in the study area are areas less dense than forests, and it only represents areas covered 
with small trees, bushes and shrubs, and in some areas, grasses are found within them. Thus, the 
composition and structure of the represented forest and shrubland categories are somehow 
different from that of tropical forest biome but they provide similar ecosystem services. In the 
same way, built-up area was represented with urban biome. In the study area, the built-up area did 
not represent very urbanized area rather it represents only areas used for construction sites and 
towns. So the functions and characteristics of the built-up area are also a little bit different from 
urban biome, and built-up areas are expected to provide better ecosystem service than the 
represented biome. However, the represented grassland biome is very much related; which are 
areas covered by grasses usually used for grazing and those remain some months in a year. Thus, 
though the represented biomes are not exactly similar in their characteristics and functions with 
the LULC in our context, they can be used as surrogates for estimating ESV of the LULC types 
for our study watershed. Such use of proxies for LULC types with the corresponding biomes were 
common in many ESV studies (Kreuter et al., 2001; Wang et al., 2006; Li et al., 2007; Hu et al., 
2008; Tianhong et al., 2010; Kindu et al., 2016; Tolessa et al., 2016; Tolessa et al., 2017).  
Table 2: LULC categories in the study watershed, the corresponding biomes, and ecosystem service 
coefficients based on the modified estimates (Kindu et al., 2016)  

LULC  categories  Equivalent Biome Ecosystem service Coefficient (US $ ha-1 yr-

1) 
Cultivated land  Cropland  225.56 
Forest  Tropical Forest  986.69 
Shrubland Tropical Forest 986.69 
Grassland Grassland 293.25 
Built-up area Urban 0 

Estimation of ESV from each LULC category were undertaken using Eq. 1, following the method 
employed in the previous studies (Kreuter et al., 2001; Wang et al., 2006; Li et al., 2007; Hu et al., 2008; 
Tianhong et al., 2010; Kindu et al., 2016; Tolessa et al., 2016; Tolessa et al., 2017). The total ESV 
of the entire watershed was obtained by summing the estimated ESV from each LULC category. 
In addition to the computation of total ESV, the values of the 17 individual ecosystem services 
were also estimated using Eq. 2 (Hu et al., 2008; Tianhong et al., 2010; Kindu et al., 2016; Tolessa 
et al., 2016; Tolessa et al., 2017). The modified coefficients that were used to estimate the values 
of the 17 individual ecosystem services in this study can be referred in Kindu et al. (2016). The 
percent change of ESV across different periods (1985-2000, 2000-2015, 1985-2015, 2015-2030, 
2030-2045 and 2015-2045) were computed using the formula shown in Eq. 3 (Cabral et al., 2016; Kindu 
et al., 2016).   
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                              𝑃𝑃𝐸𝐸𝐸𝐸𝑘𝑘 = ∑(𝐴𝐴𝑘𝑘 ∗  𝐸𝐸𝑉𝑉𝑘𝑘)                                                                    (1) 

                              𝑃𝑃𝐸𝐸𝐸𝐸𝑊𝑊 = ∑�𝐴𝐴𝑘𝑘 ∗  𝐸𝐸𝑉𝑉𝑊𝑊𝑘𝑘�                                                                  (2) 

          𝑃𝑃𝑒𝑒𝑟𝑟𝑎𝑎𝑒𝑒𝑡𝑡𝑡𝑡 𝑟𝑟𝑜𝑜 𝑃𝑃𝐸𝐸𝐸𝐸 𝑎𝑎ℎ𝑡𝑡𝑡𝑡𝑎𝑎𝑒𝑒 =  �𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑝𝑝𝑦𝑦𝑝𝑝 −𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝑝𝑝𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟 𝑦𝑦𝑝𝑝𝑦𝑦𝑝𝑝

𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑝𝑝𝑦𝑦𝑝𝑝
� ∗ 100                 (3)                                            

Where, ESVk and ESVf are ESV of LULC type ‘k’ and ESV service function ‘f’, respectively; Ak 
is area (ha) of LULC type ‘k’; VCk is the value coefficient of LULC type ‘k’ (US $  ha-1 yr-1) and VCfk  
is the value coefficient of function ‘f’ (US$  ha-1 yr-1) for LULC type ‘k’.    

Results and Discussion  

Changes in the total Ecosystem Service Values   
The changes in ESV from 1985 to 2015 periods, and its predicted amount in the year 2030 and 
2045 for each LULC type and total ESV were evaluated and presented in Table 3. In the study 
watershed, the ESV of cultivated land increased between 1985 and 2015 periods. Conversely, the 
ESV of forest, shrubland and grassland over these periods has reduced. The increase of ESV for 
cultivated land and its reduction for vegetative LULC categories are expected to continue in 2030 
and 2045 periods. Consequently, the total ESV has reduced from US$ 26.83 x 106 in 1985 to US$ 
22.58 x 106 in 2000 and to US$ 21.01 x 106 in 2015 and is expected to further reduce to US$ 17.94 
x 106 in 2030 and to US$ 15.25 x 106 in 2045. It was found that the major contributor to these 
changes is the change in shrubland. The next major contributor to the reduction of total ESV across 
the study periods was the reduction of forest cover (Table 3). It is also observed that the LULC 
happened over 1985 to 2015 periods has lost US$ 5.83 x 106 ESV, and the expected changes 
during 2015 to 2045 periods will lose about US$ 5.75 x 106 ESV (Table 4).     
The loss of ESV in the study watershed mainly due to the loss of shrubland and forest land use 
categories is very similar to the findings of various studies in Ethiopia and elsewhere. For example, 
the predominant contributor for the reduction of ESV in Munessa-Shashemene landscape of 
Ethiopia (Kindu et al., 2016, 2018), Toke Kutaye district, Ethiopia (Tolessa et al., 2016) and 
Chillimo forest, Ethiopia (Tolessa et al., 2017) during 1973-2012, 1973-2014 and 1973-2015 
periods, respectively, were reductions in natural forests and woodlands, forest land and 
shrub/bushland, and forest land, respectively. In the same manner, the loss of ESV during 1973-
2004 periods in Pingbian County, China was also due to the loss of forest and shrubland (Li et al., 
2007). A study by Hu et al. (2008) in Menglun, Southwest China also illustrates the major 
contribution of forest cover loss for the deterioration of ESV over 1988 to 2006 periods.  
Table 3: Effects of LULC changes on the total ESV (US$ in millions) in the Andassa watershed    
LULC 
categories 

1985  2000  2015  2030  2045  
ESV % ESV % ESV % ESV % ESV % 

Cultivated 
land 8.31 31.0 9.68 42.9 10.17 48.4 11.04 61.5 11.37 74.6 
Forest  2.04 7.6 1.48 6.6 1.12 5.3 0.89 5.0 0.75 4.9 
Shrubland 15.17 56.5 10.31 45.7 8.87 42.2 5.32 29.7 2.74 18.0 
Grassland 1.31 4.9 1.11 4.9 0.84 4.0 0.69 3.8 0.39 2.6 
Built-up area 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 
Sum 26.83  22.58  21.01  17.94  15.25  
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Table 4: Changes in ESV (US$ in millions) in the study watershed 
LULC 
categori
es 

1985-2000 2000-2015 1985-2015 2015-2030 2030-2045 2015-2045 
US $ 
in 
millio
ns 

Chang
e in %     

US $ 
in 
millio
ns 

Chang
e in  %  

US $ 
in 
millio
ns 

Chang
e in  %  

US $ 
in 
millio
ns 

Chang
e in %  

US $ 
in 
millio
ns 

Chang
e in %  

US $ 
in 
millio
ns 

Chang
e in  %  

Cult 1.37 16.5 0.49 5.1 1.86 22.4 0.87 8.6 0.33 3.0 1.2 11.8 
Forest  -0.56 -27.5 -0.36 -24.3 -0.92 -45.1 -0.23 -20.5 -0.14 -15.7 -0.37 -33.0 
Shrubla
nd -4.86 -32.0 -1.44 -14.0 -6.3 -41.5 -3.55 -40.0 -2.58 -48.5 -6.13 -69.1 
Grasslan
d -0.2 -15.3 -0.27 -24.3 -0.47 -35.9 -0.15 -17.9 -0.3 -43.5 -0.45 -53.6 
Built  0  0  0  0  0  0  
Sum  -4.25  -1.58  -5.83  -3.06  -2.69  -5.75  

Note: Cult is cultivated land and Built is Built-up area 

Impact of land use/land cover changes on the specific Ecosystem Service Values   
The impacts of LULC changes on the specific ecosystem services are presented in Table 5. The 
result revealed the diverse effects of LULC changes on the various ecosystem services; it 
increased some ecosystem service while others were reduced. For example, during 1985-2015 
periods, only food production, biological control and pollination increased corresponding to the 
LULC changes. Conversely, most of the ecosystem services were reduced (Table 5). From the 
periods 2015 to 2045, merely food production and biological control are expected to increase 
while the remaining 15 ecosystem service functions are expected to reduce (Table 5). The 
continued increase of food production and biological control across the entire study periods is 
certainly attributed to the expansion of cultivated land over these periods. On the other hand, the 
decline of most ecosystem service across the study periods is highly associated with the reduction 
of shrubland (Table 5). Similar with this finding, a decrease in grasslands, woodlands and aquatic 
regions between 2003 and 2013 periods in Manas River Basin, China has resulted in a decrease 
in the value of climate regulation, gas regulation and other various types of ecosystem services 
(Wang et al., 2017). In the same way, the reduction of natural forests and woodlands in the 
Munessa-Shashemene landscape, Ethiopia (Kindu et al., 2016) and forest land and shrub/bush 
land in Chillimo forest, Ethiopia (Tolessa et al., 2017) have also resulted in the reductions of 
various ecosystem services values. In the observed (1985-2015) and predicted (2015-2045) study 
periods, the greatest ecosystem service loss were from erosion control (US$ 1.84 x 106 and US$ 
1.65 x 106), climate regulation (US$ 1.63 x 106 and US$ 1.47 x 106), nutrient cycling (US$ 1.35 
x 106 and US$ 1.22 x 106) and waste treatment (US$ 1.13 x 106 and US$ 1.03 x 106).  In a broader 
category, the greatest contributors for the loss of ESV between1985-2015 and 2015-2045 periods, 
in a decreasing order, are regulating services, supporting services, provisioning services and 
cultural services (Table 5). The predicted reduction in ESV for 2015-2045 is similar to the findings 
of Kindu et al (2018) where business as usual case scenario reduced the ESV as compared to other 
assumptions. Hence, it is very clear that the impacts of LULC changes in the Andassa watershed 
are significant both on the specific ecosystem services and the overall ESV.   
Table 5: Effects of LULC changes on the annual ecosystem service in the Andassa watershed  

No. Ecosystem Services  ESV across periods (US$ in millions) Overall change 
ESVf  

1985 
ESVf  
2000 

ESVf  
2015 

ESVf  
2030 

ESVf  
2045 

1985-
2015 

2015-
2045 

1 Provisioning services         
 Water supply 0.14 0.10 0.08 0.05 0.03 -0.06 -0.05 
 Food production 7.99 8.88 9.12 9.65 9.73 1.13 0.61 
 Raw materials 0.89 0.61 0.52 0.32 0.18 -0.37 -0.34 
 Genetic resources 0.72 0.49 0.42 0.26 0.15 -0.3 -0.27 
2 Regulating services         
 Water regulation 0.12 0.08 0.07 0.04 0.03 -0.05 -0.04 
 Climate regulation 3.89 2.67 2.26 1.40 0.79 -1.63 -1.47 
 Disturbance regulation 0.09 0.06 0.05 0.03 0.02 -0.04 -0.03 
 Gas regulation 0.27 0.19 0.16 0.10 0.06 -0.11 -0.1 
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 Biological control 0.99 1.12 1.15 1.23 1.24 0.16 0.09 
 Erosion control 4.40 3.04 2.56 1.61 0.91 -1.84 -1.65 
 Waste treatment 2.76 1.95 1.63 1.06 0.60 -1.13 -1.03 
3 Supporting services         
 Nutrient cycling 3.22 2.20 1.87 1.16 0.65 -1.35 -1.22 
 Pollination 0.75 0.78 0.78 0.79 0.77 0.03 -0.01 
 Soil formation 0.18 0.12 0.10 0.07 0.04 -0.08 -0.06 
 Habitat/refugia 0.30 0.21 0.18 0.11 0.06 -0.12 -0.12 
4 Cultural services         
 Recreation 0.09 0.06 0.05 0.03 0.02 -0.04 -0.03 
 Cultural 0.03 0.02 0.02 0.01 0.01 -0.01 -0.01 
 Sum 26.83 22.58 21.01 17.94 15.25 -5.82 -5.76 

 

Conclusions  

This study indicated the reductions in the total and individual ecosystem services in response to 
LULC changes. It was found that significant expansion of cultivated land and built-up area and 
lessening of forest, shrubland and grassland cover during 1985-2015 periods, and the expected 
changes in 2030 and 2045 periods has reduced the total ESV from US$ 26.83x 106 in1985 to 
US$22.58x 106 in 2000 and to US$21.01x 106 in 2015, and expected to further reduce to 
US$17.94x 106 in 2030 and to US$15.25x 106 in 2045. The reduction of shrubland throughout 
these periods is the major contributor to the reduction of ESV. Hence, the effects of the observed 
and predicted LULC states on the lost ecosystem services are higher than the gains. Therefore, 
curbing the expected LULC states towards increasing forest, shrubland and grassland cover are 
important to change the expected loss of ESV in the watershed. To this effect, a wide range of 
changing the widely implemented cereal production with fruits is very important to improve 
vegetation cover of the study watershed, and then to increase ESV. Furthermore, the government 
should facilitate Payment to Ecosystem Services (PES) as a conservation strategy.  
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Research-Extension-Farmer’s Linkage on Irrigation Technology Transfer: the Case of 
Koga Irrigation Scheme, Amhara Region, Ethiopia 
Yihenew Awoke 1, Beneberu Assefa,2   Almaz Giziew2 

Abstract 

Research extension farmer linkage plays a great role and help link farmers to various technical and non 
technical services and markets and they are the major conduits for knowledge sharing. Therefore, existence 
of a strong linkage between research extension farmers has to improve agricultural irrigation productivity 
and incomes of rural households. On the other hand, the strength of linkage between research extension 
farmers is very limited for different factors. The main objective of this study is to assess factors influencing 
research-extension-farmer linkages in agricultural irrigation technology development and transfer at 
mecha Woreda. The study was administered by individual interview and focus group discussion methods. 
In this study, three sample kebeles were selected and a total of 145 sample farm households were used to 
collect the data. Additionally, 16 researchers from research organizations and 24 extension workers from 
three extension organizations were selected purposefully. Both quantitative and qualitative data were 
collected. The descriptive statistics involves the use of frequency, percentages and means. The ordinal data 
were subjected to inferential statistical analyses using Mann-Whitney U test. The results of the study 
showed that the strength of linkages between researchers, extension workers, and farmers in the transfer 
of new agricultural irrigation technologies have been weak. The study also indicated that linkage 
mechanisms of farmers, researchers, and extension workers in setting both agenda; use of joint planning, 
monitoring and evaluation, has been low.. In general the finding of the study emphasis the importance of 
a responsible body, which manages linkages in a system point of view with transparent and agreed-upon 
linkage policy that further make research-extension-farmers linkage successful, properly defined, and 
institutionalized.  

Keywords: Extension, Farmer, Linkage mechanism, Research 
 

1. Introduction 

Ethiopian economy is highly depending on the performance of agriculture. The agricultural sector 
accounts for 40.5  percent  of  national  GDP,  81 percent  of  export  earnings  and  85  percent of 
employment opportunity (CIA, 2015). Livestock production contributes about 11.5 percent of the 
total GDP and 25 percent of the total agricultural gross domestic product (MoFED, 2009). The 
production system is dominated by smallholder farming under rain-fed conditions. Agriculture is 
traditional and characterized by subsistence mixed farming with crop and livestock husbandry and 
characterized by extremely low productivity. Studies indicate that the national average 
productivity of major crops has remained below 2 t/ha.  However,  crop  yields  are  inevitably 
affected  by  many  factors,  these  are  weather,  input  price,  changes  in  farming practices, 
amounts  of  fertilizer  used, quality  of  seed  varieties,  and  use  of irrigation (CSA,2013). 
Ethiopia is in the process of transforming its agricultural sector from subsistence to market 
orientation and also in the process of transforming rain fed agriculture to irrigation agriculture for 
reducing climatic risk of rainfall fluctuation. A number of variables are necessary for achieving 
market orientation and key among these are technologies and service delivery. Service delivery 
includes generation and introduction of new technologies, the supply of inputs and financing of 
inputs, and marketing, by both public and private service providers (EIAR, 2006). If  Ethiopia 
follows a standard pattern of high growth (agricultural growth at 6% per year), in 20 years the real 
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size of the agricultural sector will have increased more than three-fold, but its share of GDP will 
have declined from 43 to 26%, as the urban sector expands more than six-fold (Mellor and Dorosh, 
2010). Though making a progress in recent years, Ethiopia must reverse the long term trend of 
growing rural poverty, deficient food production systems and a lack of food security, while 
sustaining the natural resource base (Tesfaye et al., 2011).  
Research, extension and farmers are three main wings of agricultural system and their 
effectiveness largely depends on strong linkage among each other. The lack of strong linkage 
causes disruption in technology flow and low adoption rates, increased time lags between 
development and adoption of new technology, reduced efficiency in the use of resources, 
unnecessary competition and duplication of efforts, and increased cost of agricultural research and 
extension activities (Ashraf et al., 2007).  
The value of agricultural research hinges on its application to real issues facing farmers. Thus, 
strong linkages must be established among agricultural players to ensure the relevance and uptake 
of agricultural research (Tilaye et al., 2016). For agro-technologies to be relevant to local needs, 
researchers, extension workers and farmers must play important roles in identifying research 
problems, adapting the recommendations to local conditions and providing feedback to 
researchers about the innovations that have been developed. Effective communication links 
between researchers and extension workers are vital in the modification of technological 
recommendations and in initiating further research; such links enable new technologies and 
management practices to be suited to local ecological conditions (Agbamu, 2000). 
Over recent decades, the Ethiopian government has made various efforts to build the capacity of 
the research and extension systems and strengthen their linkages to improve adoption and 
productivity. The linkage between research- extension and farmer systems plays a significant role 
in the generation and dissemination of appropriate technologies. Strengthening research and 
extension linkages must mean cultivating greater and more effective interaction among the 
stakeholders in the agricultural sector. To this end, several linkage initiatives have been tried out 
at different times with different levels of effectiveness (Tilaye et al., 2016). 
Recognizing the existence weak linkage mainly among research-extension and farmers in 
Ethiopia, various attempts have been made by extension and research organizations to invigorate 
linkages. The first concrete step to create functional linkages between the research and extension 
systems was taken in 1986 with the establishment of Research Extension Liaison Committees 
(RELCs) then, Research Extension Farmer Advisory Councils (REFACs) in 2001 and since 2008 
up to now Agricultural Development Partners Linkages Advisory Council (ADPLAC). ADPLAC 
is the current prevailing platform that is serving as institutional linkage mechanism for key 
agricultural stakeholders operating in the country with the overall objective to establish an 
effective research-extension-farmer linkage mechanism, accelerate the technology generation and 
transfer process and thereby enhances the rate of adoption of agricultural technologies by the 
target groups (Belay, 2015). Yet, the current state of linkage between research and extension is 
among the most problematic areas of Ethiopia’s agricultural research and development (ATA, 
2014). Small-scale and Micro-Irrigation Support (SMIS) ‘situational analysis and capacity needs 
assessment’ results also outlined several capacity gaps in the currently small scale irrigation 
agriculture practiced in the Amhara region, among which, Research-extension-farmers linkage is 
a priority problem identified.  
The problem of agricultural irrigation production linkages still persists and is demonstrated by 
low agricultural productivity. As a result, a knowledge gap exists on factors influencing research 
extension farmer linkages. Therefore, this study is proposed to analyze factors that affect the 
research extension farmer linkage in agricultural irrigation production and to try to fill the 
prevailing knowledge and information gap. 
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1.1 Objectives of the Study 
1.1.1 General objective  
The overall objective of the study is to assess factors affecting research- extension -farmer 
linkages in irrigation technology transfer.  
1.1.2 Specific objectives  
1. To identify factors affecting linkages in irrigation technology transfer among research, 

extension and the farming community. 
2. To evaluate the existing research -extension - farmer linkage mechanisms in irrigation 

technology transfer, and  
3. To identify the linkage mechanisms 
1.2 Research Questions: 
1. What is the existing status of research- extension- farmer linkage in the study area? 
2. What are the factors determining to the research- extension- farmer linkage? 
3. What are the linkage mechanisms of the research- extension farmer linkage in irrigation 

production technology transfer? 
 

2. Methods of the study 

2.1 Description of the Study Area 
2.1.1The study district 
The study was conducted in Mecha Woreda of West Gojjam Zone, Amhara Region, Ethiopia. The 
Woreda is well known for its irrigation production. Mecha is one of the woredas in the west 
Gojjam administrative zone in the Amhara regional state which is located about 500 km northwest 
of the Addis Ababa and 35 km west of regional capital, Bahir Dar. It is located between 11° 10’ 
and 11° 25’ North latitude and 37° 2’ and 37° 17’ East longitude in Blue Nile Basin, within the 
Highland of Ethiopia. The woreda is comprised of 44 administrative kebeles (40 rural and 4 urban) 
and its center is Merawi town BoARD, 2015).    
Based on WFEO, 2016, the total area of the district, is 1,481.64 km2 with a population of about 
375,716, of which 92.85% of the district’s population lives in rural areas. Mixed crop-livestock 
farming system is the main feature of mecha Woreda. It is at subsistence level and is practiced in 
fragmented holdings which mostly lack modern technologies. Maize, teff, barely, finger millet, 
tomato, cabbage, potato, wheat as well as oil seeds, pulses and some legumes are the main crops 
grown by rain fed and irrigation season. Irrigation using koga irrigation dams to produce 
vegetables and cereals is becoming popular. Moreover, smallholder farmer's livelihood is also 
dependent on the income obtained from livestock production. Traditional farming mechanisms, 
use of traditional farm implements and practices (e.g. Use of Oxen for ploughing) are the main 
features of the production system in the area (CASCAPE, 2014). 
It has three major agro-climatic zones, that is, dega (above 2300 m asl), woinadega (1500-2300 
masl), and kola (below 1500 masl). The temperature ranges from 13 to 35°C. The annual rainfall 
ranges from 1200 to 1500, of which 90% falls in months of May through October. The dominant 
soil type is red soils (93%), followed by brown (4%) and black (3%). The district has 40 rural 
kebele’s (villages) and four-urban kebele administrative. Among, the study was conducted in three 
kebeles called Kudmi, Tagel-wodefit, and Kolela. 
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Figure 1: The Map of Ethiopia and Amhara Region  Mecha Woreda (study area) 
Source: Agro-BIG Programme Document, March 2014  
2.1.2 Sampling technique and sampling procedure 
The study population consists of researchers from agricultural research organizations, extension 
workers from extension offices at Woreda, Zonal and Regional levels and farmers from the 
targeted kebeles. In Mecha Woreda, 9 kebeles are irrigated out of the total 40 rural kebeles. Four 
stages purposive and systematic random sampling techniques used to select sample households. 
In the first stage, Mecha woreda was selected purposively and then nine kebeles were selected 
purposively again in the second stage on the basis of their potential irrigation production area. In 
the third stage out of identified 9 Koga irrigation kebeles of the woreda; based on number of 
growers, and representativeness of the farming system three kebeles were selected randomly.  
Finally, the fourth stage 145 Sample farm household heads were selected through systematic 
random sampling technique using probability proportional to size technique in each of three 
selected kebeles.  
From extension organizations, a total of 24 extension staffs and agricultural research organizations 
16 researchers who are involving in irrigation technology transfer processes were selected 
purposefully as key informants. Because they have been engaged on linkage activities with 
extension and farmers for a long time and also known for the lion share of generated, adopted and 
promoted of technologies in the study area.  
Table 5: Summary of sample size in each targeted kebeles 

Source: Woreda Agriculture Office (2015) 
 

 2.2 Methods of Data Collection 
 

Name of  
kebeles 

Number of 
Households 

Number of 
irrigation user 
HH 

Percentage share of 
Samples  

Number of 
sample HH 

Kudmi 1885 907 44.81 65 
Tagel-Wodefit 1558 806 39.82 58 
Kolela 552 311 15.37 22 
Total 3995 2024 100 145 
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Three separate sets of questionnaires with closed and open ended questions were prepared for 
researchers, extension staff and farmers. Using the questionnaires, both qualitative and 
quantitative primary data were collected from researchers, extension staff and farmers Focus 
group discussions were also held with extension staff and farmers separately. 
2.3 Method of Data Analysis 
The study employs descriptive and inferential statistical analysis using SPSS 16.0 software. 
Descriptive statistics were used to describe the characteristics of the households; Chi-square and 
t-test, percentage, frequency, and mean were used. The qualitative data on the degree of 
relationship between actors rated on a 5-point likert scale (very weak, weak, moderate, strong and 
very strong) and the data on how frequently researchers and extension workers used the different 
linkage mechanisms and how frequently farmers participated in such mechanisms rated on a 5-
point likert scale (never, rarely, occasionally, frequently and very frequently). The qualitative data 
generated using FGDs, and KIIs are analyzed by the narrative content analysis.  
The ordinal data were subjected to inferential statistical analyses using Mann-Whitney U test to 
test the null hypothesis that there is equal degree of relationship between research and extension 
workers, between research and farmers and between extension workers and farmers and also there 
is no difference between the three actors in frequency of using the different linkage mechanisms 
(Wilcoxon 1945; Mann and Whitney 1947).  
The Mann-Whitney U test is a nonparametric test, which tests the relative location of two 
independent samples of ordinal data. Let 𝑡𝑡1 and 𝑡𝑡2 be the sample size of the observations drawn 
from both populations respectively and let 𝑡𝑡=𝑡𝑡1+𝑡𝑡2. The data from both samples are pooled and 
then ranked from 1 to 𝑡𝑡. Observations with a tied rank are assigned a rank which is the average of 
the corresponding raw ranks (Mann and Whitney’s, 1947). 

Define 𝐸𝐸1 as the sum of the ranks from the first sample and define 𝐸𝐸2 as the sum of the ranks from 
the second sample. Let 𝐴𝐴1=𝐸𝐸1/𝑡𝑡1 and 𝐴𝐴2=𝐸𝐸2/𝑡𝑡2 denote the average of the ranks of the samples 
from the first and second populations respectively (Mann and Whitney’s, 1947). 

Define the 𝑈𝑈1 and 𝑈𝑈2 statistics as:  

      𝑈𝑈1=𝑡𝑡1𝑡𝑡2+𝑡𝑡1 (𝑡𝑡1+1)/2−𝐸𝐸1 and  

       𝑈𝑈2=𝑡𝑡1𝑡𝑡2+𝑡𝑡2 (𝑡𝑡2+1)/2−𝐸𝐸2.  

The 𝑈𝑈 test statistic is defined as, =𝑚𝑚𝑠𝑠𝑡𝑡 (𝑈𝑈1, 𝑈𝑈2).  If 𝑈𝑈 ≤ 𝑈𝑈 𝑉𝑉𝑟𝑟𝑠𝑠tical, the null hypothesis is rejected 
at specific level of significance (for this study 𝛼𝛼=0.05 is used). 
 

3. RESULTS AND DISCUSSION 

3.1 Demographic Characteristics of Respondents  
3.1.1 Age 
The respondents’ ages were classified into four age groups (table 2):  15- 30, 31-50, 51- 65 and 
over 60, with the average age of 46.04 years. Overall, the 31–50 age groups constituted the largest 
proportion (41.4%); the t-test result was insignificant at p< 0.05 significant level. The maximum 
age observed was 74 while the minimum was 28 years. The findings suggested that younger 
generations are abandoning the agricultural irrigation farming practice because of lack of land. 
Majority (45.8%) of the extension workers and researchers (50%) were within the age range of 31 
to 50 years. 
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Table 2: Age distribution of sample household heads 
Variables Farmers(n=145) Extension Workers(n=24) Researchers(n=16) t-test 
15-30 10(6.9) 3(12.5) 2(12.5)  
31-50 60(41.4) 11(45.8) 8(50) 0.004* 
51-65 34(23.4) 10(41.7) 6(37.5)  
>60 11(7.6) - -  
Mean 
SD 

46.04 
9.7 

   

Source: Own Survey, 2017 
3.1.2 Sex 
In table 3, 97.9% of farmers, 93.8% of extension workers and   93.8% of researchers in the study 
area were male. This suggests that maleness is the dominant sex in the Research-Extension-farmer 
System. The x2- test result indicated that sex was not statistically significant (p < 0.05) with regard 
to the linkage in irrigation technology transfer. 
Table 3. Sex of household 
Variables Farmers (n=145) Extension Workers (n=24) Researchers (n=16) X²-test 

Sex     

Male 142(97.9) 23(93.8) 15(93.8) 0.218 

Female 3(2.1) 1(6.2) 1(6.2)  

Source: Own Survey, 2017 
3.1.3 Family size of sampled household heads 
As shown in table 4, the respondents were the maximum family size was 9 and the minimum 
family size was 2, the mean family size of irrigation user was 4.15. The family labor supply was 
not enough for irrigated farming in most cases, hired labor is needed for land clearing, preparation 
of seed beds, nursing of seed beds, fertilizer application, seed preparation, transplanting, weeding, 
and harvesting. But the t-test results of family labor is not significant with regard to linkage in 
irrigation technology transfer (p<0.05). 
Table 4. Household family size 

N Maximum Minimum Mean Mode t- test 

145           9           2          4.15            5  0.312 

Source: Own Survey, 2017 
3.1.4 Households farming experience of irrigation agriculture 
Experience of a farm household in irrigation agriculture has implications for crop productivity. 
The respondents’ years of irrigation farming experience were categorized into three lengths of 
time; 1-3, 4-6 and above 6 years. Table 5 show that, about 58.6% of farmers had 4-6 years 
irrigation farm experience and 41.4% of farmers had above 6 years irrigation farm experience. 
This indicates that most of experienced household heads, were able to get more productivity of 
crops by timely sowing of crops, avoid flood irrigation hence saving water and balanced use of 
fertilizers on account of their experience. 
The average length of irrigation farming experience was 5.81 years. Generally, the 4-6 year of 
experience had the largest number of participants (58.6). However, the t-test result revealed that 
the length of irrigation farming experience was not statistically significant with regard to linkage 
in irrigation technology transfer (p < 0.05). 
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Table 5. Farming experience of the household heads of irrigation agriculture  

Irrigation experience 
in years 

Irrigators n=145 t- test n % 
1-3 - - 0.379 
4-6 85 58.6 
>6 60 41.4 

Mean 5.81 
Std. Deviation 0.98 

Source: own survey, 2017   
 
3.1.5 Socio economic Characteristics of Households 
Educational level  
About 37.9% of farmer’s illiterate, 22.8% of farmers had between 1-4 grade and 20.7% of farmers 
are at least able to read and write. The majorities (91.7%) of extension workers had B.Sc degree 
and the rest had M.Sc degree, where as 75% and 25% of researchers had M.Sc and PhD degree, 
respectively (table-6). The findings indicated that most of the farmers received little formal 
schooling. The x2- test result revealed that formal education was statistically significant relation 
with linkage.  
Table 6.  Educational characteristics of respondents 

Variables Farmers 
(n=145) 

 X2 - test 

Educational  level    0.000* 
Illiterate 55(37.9)   
Read and write 30(20.7)   
grade 1-4 33(22.8)   
Grade 5-8 23(15.9)   
Grade 9-10 4(2.8)  

 
 

 
Source: own survey, 2017   
     

Size of irrigated land holding  
Land is a primary source of livelihood for all rural households. It was assumed that larger the farm 
size, higher is the possibility to use a combination of technological packages. In the study area, 
the size of the land owned differed from household to household.  
Table 7. Size of irrigated farm land holding in hectare 

Land size (ha)                  n=145 t-test 
n % 

0-0.5 30 20.7 0.045* 
0.51-1.0 57 39.3 
1.01-1.5 27 18.6 
1.51-2.0 26 17.9 
>2 5 3.4 
Mean 1.10 
SD 0.55 

Source: Own Survey, 2017 
The livelihood of the farming communities in the study area primarily depends on agriculture 
where crop production plays important role. Farmers need to have enough land for cultivations as 
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to produce different crops. Result from the study shows (table 7) that the land holding of the total 
145 respondents, 30(20.7%) own between 0-0.5 hectare, 57(39.3%) own between 0.51-1.0 
hectare, 27(18.6%) own between 1.01-1.5 hectare, 26 (17.9%) own between 1.51-2 hectare while 
only 5(3.4%) own greater than 2 hectares of land. Average land holding of total respondents was 
about 1.1 hectare with minimum and maximum of 0.25 and 3 hectares respectively. The t-test 
results (Table 7) indicated that the farmers’ land holding size was statistically significant with 
regard to linkage in irrigation technology (p < 0.05). 
Social participation  
As presented in table 8, among 145 interviewed farmers, the majority (99.3%) were having 
involvement in any formal and informal institutions or organizations while 0.7% was not involved 
in different types of formal and informal institutions or organizations. Regarding the type of 
institutions they were involved in, the majority of the respondents frequently involve in informal 
local institutions such as water user association (WUA), ekub, ediror mahber, kebele leaders, 
religious organizations farmers cooperatives etc. The water user association plays an important 
role in terms of increasing the awareness of the utilization of water resources to allocate adequate 
water resources for members in the group. The allocation of water will be in accordance with the 
needs of all farmers in a fair and economical manner. Hence the establishment of water user 
associations (WUAs) and the transfer of responsibility for operation and maintenance of irrigation 
systems to the farmers play an important role in encouraging users to adopt technologies for more 
efficient water use and increased crop production. On other hand the x2- test result social 
participation is not significant with R-E-F linkage in irrigation technology transfer (p<0.05).  
 

Table 8. Social participation of sample respondents 
Attributes Total households (%) X²-test 

Social 
participation 

Yes 144 99.3 0.154NS 
No 1 0.7 

Total 145 100 
NS=non-significant, *** Significant at 1%, *=significant; at p<0.05; **=significant at p<0.01 
Source: Own survey data, 2017 
3.1.6 Market Access 
Table 9 shows the vast majority of farmers (100%) have faced marketing problems for selling 
their products. CASCAPE working paper (2014) indicated as the study area has a lot of irrigated 
land, the farmers produce large amounts of vegetables and other perishable agricultural products. 
In most cases it is a big challenge to find markets for their products. These issues should be given 
due attention. 
Table 9. Irrigation product marketing problems  

Have faced problem? Frequency Marketing problem (%) 
Yes 145 100 
No 0 0 

Source: Own Survey, 2017 
3.2 Institutional Factors of the Sample Respondents 
Institutional characteristics include the variables that might influence linkage of the households, 
such as, type of irrigation system, input suppliers, irrigation support institutions, market access, 
access to irrigation water, farmers’ use of irrigation technology, and availability of irrigation 
inputs. 
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3.2.1 Type of irrigation canal  
Access to irrigation influences the farmer receives new irrigation technologies. Thus, access to 
irrigation was one among many factors that increase using one or more irrigation technology. In 
the study areas, 100% of farmers are using modern irrigation canal and 100% of farmers have 
used dam diversion structure. (Table-10). 
Table 6. Types of Irrigation canal  

Type Irrigation canal Frequency Percent 

Modern 145 100 
Traditional - - 
Diversion structure   
River diversion - - 
Dam 145 100 

Source: Own Survey, 2017 
 

3.2.2  Major irrigated crops and productivity 
Major crops grown by farmers under irrigation in the study areas are potato, tomato, onion, wheat, 
barley, cabbage, and maize. These crops are produced by 93.8%, 10.3%, 26.2%, 86.2%, 6.2%, 
15.2% and 4.8% of farmers, respectively (table-9). The average productivity of these crops under 
farmers’ irrigation conditions are 206 q/ha potato, 318 q/ha tomato, 182 q/ha onion, 29 q/ha wheat, 
331 q/ha cabbage, 20 q/ha barley, and 39 q/ha maize. However, these productivities are far below 
the potential productivity of the crops under research conditions.   
The results of on-farm trials conducted in Koga irrigation command areas showed that these crops 
can give up to 350 q/ha potato, 500 q/ha tomato, 300 q/ha onion, 48 q/ha wheat, 450 q/ha cabbage, 
30 q/ha barley and 80 q/ha maize with the yield advantage of 69.9%, 57.2%, 64.8%, 65.5%, 36%,  
50% and 80.6% respectively over farmers’ productivity (figure-2) ARARI proceedings, 2014. 
3.2.3  Farmers’ use of Irrigation technologies 
Regarding the use of irrigation technologies, 44.8% of farmers have used one or more of the 
technologies such as improved seed, fertilizers, agrochemicals and, row planting, whereas the rest 
55.2% farmers did not use any of the technology (table-11). Those farmers using irrigation 
technologies did apply one or more components of the technology package rather than applying 
the full package as per recommendation by research. Even most farmers had no awareness on the 
existence of irrigation technologies as a package. This implies that available irrigation 
technologies in the hands of the research have not been transferred to farmers. This attributed to 
the lose linkage between research and extension workers. 
Table 71.   Use of irrigation technologies by farmers 

Use irrigation technologies Frequency % 

Yes 65 44.8 

No 80 55.2 

Source: Own Survey, 2017 
 
Figure 2: Productivity of crops under farmers and research conditions and Yield advantage Yield (qt) 
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Source: Own Survey, 2017 and ARARI proceedings, 2014 
 
3.3 Availability of irrigation inputs 
As shown in table-12, the majority of farmers 64.1% had access to fertilizers insufficiently and 
untimely, 53.8% of farmers had access to improved seeds insufficiently and untimely and 42.8% 
of farmers had access to agrochemicals insufficiently and untimely. The necessary inputs for 
irrigation agriculture such as improved seeds, fertilizers and agrochemicals have not been made 
available to farmers in the required quantity and at the right time. The problem of inaccessibility 
of irrigation inputs to farmers in sufficient quantity and at the right time has a great contribution 
for the low adoption of irrigation technologies as a package and thereby low productivity. 
Table 82. Availability of irrigation inputs for farmers 

 
Availability 

Fertilizers Improved 
seeds 

Agro-chemicals 

% % % 
Sufficiently and timely 7.6 20 39.3 

Sufficiently but untimely 17.2 11 2.1 
Insufficiently but timely 11 15.2 15.9 
Insufficiently and untimely 64.1 53.8 42.8 

Source: Own Survey, 2017 
 
3.3.1 Input suppliers 
Input suppliers in the study area are research institution, Amhara seed enterprise, Ethiopia seed 
enterprise, rural credit, Cooperatives and Farmer unions. As shown in table-13, majority of 
farmers (80%) rated the degree of their linkage with input suppliers as very weak and weak and, 
only 20% rated as moderate. This suggests that the existence of information gap and weak linkage 
between farmers and input suppliers. 
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Table 93. Degree of farmers’ linkage with input suppliers   
  

Input supplier 

Degree of’ linkage between farmers and input suppliers (%) 

V. weak Weak Moderate     Strong     Total 

Research institution    56.6 14.4 29 0.0   100.0 

Amhara seed enterprise  31 51.7 17.3 0.0   100.0 

Ethiopia seed enterprise     53.1 36.6 10.3 0.0    100.0 

Rural credit 21.4 75.2 3.4 0.0   100.0 

Coops & unions 22.8 35.9 41.3 0.0   100.0 

Mean 36.98 42.76 20.26 0.0   100.0 

Source: Own Survey, 2017 
3.3.2 Irrigation water availability  
The result of this study showed that 60% of farmers have faced water shortage and 40% of farmers 
have not shortage of water (table 14). On the total of water shortage 81.6% of farmer’s has during 
February to April faced shortage of water and 18.4 % of farmers have faced during planting time. 
Irrigation water shortage is the main factors that discourage farmers in investing their scarce 
capital on irrigation agriculture, thereby low adoption of available irrigation technologies and 
hence low productivity.  
Table 104.  Irrigation Water shortage  

Have faced problem? Frequency Water shortage (%)  
Yes 60 60  
No 40 40  

Source: Own Survey, 2017 

 
3.2.3 Support institution for irrigation technology transfer 
In the study areas, 70.3% of farmers have got supported by some institution and the rest 29.7% 
left unsupported (table-15). The institutions that supporting irrigation development activities in 
the study areas, as cited by farmers, are woreda and kebele office of agriculture, Koga irrigation 
project, AgroBig, Agricultural research centers, Mashave, Bahir Dar university and LIVES 
projects. 
Table 115.  Irrigation technology transfer support institutions  

Is there support institutions? Frequency Percent 
Yes 102 70.3 
No 43 29.7 

Total 145 100.0 
Source: Own Survey, 2017 
 

3.4 Linkage between Research-Extension-Farmers 
The concept of linkage implies that the communication and working relationship established 
between two and more organizations pursuing commonly shared objectives in order to have 
regular contact and improved productivity (Agbamu, 2000). The following sections dealt with the 
relationship between the three actor’s research, extension and farmers, and linkage mechanisms 
used by research and extension systems, and participation of farmers in such linkage activities. 
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3.4.1 Extension workers and research relationship with farmers 
This study showed that the majority of extension workers (70.8%) and researchers (68.8%) rated 
their respective degree of relationship with farmers as moderate with a mean rank of 18.94 and 
22.84, respectively. The result of Mann-Whitney U test indicated that there was no significant 
difference between extension workers and research relationship with farmers (table-16). This 
implies that extension workers and research have equal degree of relationship with farmers in 
rendering their respective services to farmers. 
Table 126. Extension workers and Researchers relationship with farmers 

Relation ship % of degree of  relationship rated Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

V. 
weak 

Weak 
 

Moderate Strong 
 

V. strong N 

Extension 
with farmers  

0.0 16.7 70.8 12.5 0.0 24 18.94 154.5 0.228NS 

Research 
with farmers 

0.0 6.3 68.8 25 0.0 16 22.84 

NS= Not significant at p<0.05, Source: Own Survey, 2017 

 
3.4.2 Relationship between farmers and extension workers 
The study showed that majority of extension workers (70.8%) rated their degree of relationship 
with farmers as moderate, and 69.7% of farmers rated their degree of relationship with extension 
workers as moderate. However, the mean rank of extension workers (101.23) greater than the 
mean rank of farmers (82.31).The result of Mann-Whitney U test indicated that there was 
significant difference between extension workers relationship with farmers and farmers 
relationship with extension workers (table-17).  This shows that extension workers have tried to 
establish strong relationship with farmers but less response from the farmers’ side. This can be 
emanated from the dissatisfaction of farmers in extension services or farmers have not got what 
they want from extension workers. According to Tilaye et al. (2016) reported research outputs do 
not reach farmers and remain shelved in research centers. As a result, farmers are also viewed as 
passive recipients of technology.  
Table 137. Relationship between Farmers and Extension workers 

S= Significant at p<0.05; Source: Own Survey, 2017 
 
3.4.3 Relationship between farmers and research 
This study showed that majority of researchers (68.8%) rated their degree of relationship with 
farmers as moderate with a mean rank of 111.09. Whereas 50.3% and 31.0% farmers rated their 
degree of relationship with researchers as very weak and weak respectively, with a mean rank of 
77.68. The result of Mann-Whitney U test indicated that there was significant difference in mean 

Relation ship % of degree of  relationship   Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) V. 

weak 
Weak Moderate Strong V. 

strong 
N 

Extension with 
farmers  

0.0 16.7 70.8 12.5 0.0 24 101.23 1350.5 0.023S 

Farmers with 
Extension 

0.0 30.3 69.7 0.0 0.0 145 82.31 
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ranks between research relationship with farmers and farmers’ relationship with research (table-
18). This result implies that only few farmers have been participated in the research activities and 
benefited from research. 
Table18.  Relationship between Farmers and Research  

Relation ship % of degree of  relationship   Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

V. 
weak 

Weak Moderate Strong V. 
strong 

N 

Research with 
farmers 

0.0 6.3 68.8 25.0 0.0 16 111.09  
 
678.5 

 
 
0.000S Farmers with 

Research 
50.3 31.0 18.6 0.0 0.0 145 77.68 

S= Significant at p<0.05; Source: Own Survey, 2017 

 
3.4.4 Relationship between extension workers and research  
Majority of extension workers (70.8%) weak and very weak rated their relationship with research 
below medium, whereas majority of researchers (81.3%) rated their relationship with extension 
workers as medium and above medium. The result of Mann-Whitney U test indicated that there 
was significant difference in mean ranks of research (28.31) and extension workers (15.29) (table 
19). This suggest that there is unbalanced relationship between the two parties in that research 
institutes have exerted more effort to strengthen their relationship with extension workers than 
extension workers do. From this result one can infer that research and extension workers have run 
individually for achieving their common goal increasing agricultural irrigation productivity and 
not spread irrigation technology to farmers. This shows that weak linkage between research 
extension farmers in irrigation technology transfer. 
Table19. Relationship between Extension workers and research 

Relation  
ship 

% of degree of  relationship rated   
N 

Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

V. 
weak 

Weak Medium Strong V. 
strong 

Extension with 
Research 

20.8 50.0 29.2 0.0 0.0 24 15.29  
 
67.0 

 
 
0.000S Research with 

Extension 
0.0 18.8 50.0 31.3 0.0 16 28.31 

S= significant at p< 0.05; Source: Own Survey, 2017 

3.5 Linkage Mechanisms 
In analyzing the degree of linkage of the research and extension systems with farmers, the study 
identified eight prominent linkage mechanisms deployed by both the research and extension 
systems for linking their respective activates with farmers. In order to see how frequently research 
and extension systems have used such linkage mechanisms and how frequently farmers have been 
participated in the 8 prominent linkage mechanisms, extension workers, researchers and  farmers 
were asked to score in a 5 point likert scale as never, rarely, occasionally, frequently and very 
frequently on each mechanism. 
3.5.1 Linkage mechanisms between extension workers and farmers 
As shown in table-19, there was no statistical difference between the use of FREGs, development 
groups of farmers, joint problem identification, and joint planning by extension workers and 
farmers’ participation in such linkage activities. However, there was statistical difference between 
extension workers and farmers in the use of the rest 4 prominent linkage mechanisms. 
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The study showed that 58.3%, 54.2% and 58.3% of extension workers had used demonstration, 
training and field days, respectively as linkage mechanisms occasionally. However, 60.7%, 77.2% 
and 64.8% of farmers had never been participated in the stated linkage activities. As these three 
linkage mechanisms are the most useful methods for transferring knowledge and technologies to 
farmers, it can be said that extension services have reached only small proportion of the farming 
community with agricultural irrigation technology development and transfer and have weak 
linkage between actors.  
Regarding development groups of farmers, 83.3% of extension workers had used this mechanism 
and 87.6% farmers had been participated in development group activities. In contrast only 50% 
of extension workers and 22% of farmers had participated in farmers’ research and extension 
group (FREG) activities. FREG approach is defined as one of the research approaches, in which 
a group of farmers, extension workers and a multidisciplinary research team jointly participate in 
agricultural technology generation, verification, and improvement so as to meet farmers’ needs 
and improve farmers’ production and management practices (JICA, 2009). This indicates not 
participate the FREG approach and weak linkage between groups. 
As shown in table-20, 88%, 67% and 92% of extension workers had used joint problem 
identification, planning and monitoring and evaluation, respectively and 74%, 63% and 88% of 
farmers had been participated in such linkage mechanisms. When we see how frequently extension 
workers had used these linkage mechanisms, only 25%, 16.7% and 33.3% extension workers had 
used joint problem identification, planning and monitoring and evaluation occasionally, 
respectively. Similarly, only 20.7%, 14.5% and 15.2% of farmers had been participated 
occasionally in such linkage mechanisms. As joint problem identification, planning and 
monitoring and evaluation are the key linkage mechanisms (governing all other linkage 
mechanisms) for bringing about agricultural development, extension workers and stakeholders in 
general should give high priority to these three linkage mechanisms. 
Table 140. Linkage mechanisms of extension workers and farmers participation 
Linkage 
mechanism 

 
 
Actors
* 

Degree of use of linkage mechanism Media
n 

Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

Never Rarely Occ. Freq V. 
freq 

Demonstration 1 12.5 29.2 58.3 0.0 0.0 3 119.94 901.500 0.000S 
3 60.7 13.1 26.2 0.0 0.0 2 79.22 

Trainings 1 8.3 25.0 54.2 12.5 0.0 3 136.06 514.500 0.000S 
3 77.2 5.5 17.2 0.0 0.0 2 76.55 

Field days 1 12.5 29.2 58.3 0.0 0.0 3 119.00 924.000 0.000S 
3 64.8 5.5 29.7 64.8 0.0 2 79.37 

FREGs 1 50.0 29.2 12.5 8.3 0.0 1.5 103.38 1299.000 0.008NS  
3 77.9 4.8 17.2 0.0 0.0 2 81.96 

Development      
   groups 

1 16.7 8.3 58.3 16.7 0.0 3 96.88 1455.000 0.127 NS 
3 12.4 20.0 67.6 0.0 0.0 1 83.03 

Joint problem   
  identification 

1 12.5 62.5 25.0 0.0 0.0 2 95.19 1495.500 0.214NS  
3 26.2 53.1 20.7 0.0 0.0 1 83.31 

Joint planning  1 33.3 50.0 16.7 0.0 0.0 2 89.25 1495.500 0.629NS 
3 38.6 46.9 14.5 0.0 0.0 1 84.30 

Joint M and E  1 8.3 58.3 33.3 0.0 0.0 2 103.71 1291.000 0.004S 
3 22.1 62.8 15.2 0.0 0.0 1 81.90 

*1= Extension Workers and 3= Farmers; S= significant at p< 0.05and NS= Not significant at p< 0.05;  Source: 
Own Survey, 2017 
3.5.2 Linkage mechanisms between research and farmers 
The study showed that 100%, 81.2%, 100% and 93.7 of researchers had used demonstration, 
training, field days and FREGs, respectively as linkage mechanisms occasionally and frequently. 
However, 60.0%, 77.2%, 75.2% and 77.2% of farmers had never been participated in the stated 
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linkage activities (table-21). The result of Mann-Whitney U test confirmed that there was 
significant difference between the mean ranks of researchers and farmers in using demonstration, 
training, field days and FREGs. Regarding development groups of farmers, only 12.5% of 
researchers had used this mechanism occasionally and  only 13.8% farmers had been occasionally 
participated in  research activities as development groups with regard to joint problem 
identification, planning and monitoring and evaluation activates, 31.3%, 31.3% and 62.6% of 
researchers, respectively, indicated that the research system had used these linkage mechanisms 
occasionally, and 17.2%, 9.7% and 19.3% of farmers had occasionally got opportunity in 
participating in such activities, respectively.  
Table 151: Linkage mechanisms of research and farmers  

Linkage 
mechanism 

Actors
* 

Degree of use of linkage mechanism Me
dian 

Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

Never Rarely Occ. Freq V. freq 

Demonstration 2 0.0  0.0 37.5 62.5 0.0 4 146.38 114.000 0.000S 
3 60.0 5.5 34.5 0.0 0.0 1 73.79 

Trainings 2 18.8 12.5 43.8 25.0 0.0 3 127.72 412.500 0.000S 
3 77.2 5.5 16.6 0.7 0.0 1 75.84 

Field day 2 0.0 0.0 31.3 68.8 0.0 4 146.78 107.500 0.000S 
3 75.2 5.5 18.6 0.7 0.0 1 73.74 

FREGs 2 6.3 0.0 50.0 43.8 0.0 3 141.72 188.500 0.000S 
3 77.2 5.5 17.2 0.0 0.0 1 74.30 

Dev.  groups 2 68.8 18.8 12.5 0.0 0.0 1 32.78 388.500 0.739NS 
3 84.8 1.4 13.8 0.0 0.0 1 86.32 

Joint p. iden. 2 50.0 18.8 31.3 0.0 0.0 1.5 72.97 1031.500 0.413 NS  
3 77.2 5.5 17.2 0.0 0.0 1 81.89 

 Joint planning  2 56.3 12.5 31.3 0.0 0.0 1 77.53 1104.500 0.731 NS  
3 90.3 0.0 9.7 0.0 0.0 1 81.38 

Joint M and E  2 18.8 18.8 43.8 18.8 0.0 3 111.84 666.500 0.001S 
3 75.2 5.5 19.3 0.0 0.0 1 77.60 

* 2= Researchers and 3 = Farmers; S= significant at p< 0.05and NS= Not significant at p< 0.05; Source: Own 
Survey, 2017 

3.5.3 Linkage mechanisms between extension workers and research  
In analyzing the degree of linkage between the research and extension systems, the study identified 
eleven prominent linkage mechanisms deployed by both the research and extension systems for 
making the irrigation technology development and transfer processes participatory. In order to see 
how frequently research and extension systems have used such linkage mechanisms, extension 
workers and researchers were requested to score in a 5 point likert scale (never, rarely, 
occasionally, frequently and very frequently) on each mechanism. 
Accordingly, the study showed that 12.5% extension workers rated the use of publications and 
technical reports by the extension system occasionally, respectively as a communication link with 
the research system, whereas 75.0% and 43.8% of researchers rated the use of publications and 
technical reports by the research system occasionally/frequently, respectively as a communication 
link with the extension system (table-24). The results of statistical test indicated that there was 
significant difference between the mean ranks of extension and research in using publications and 
technical reports in that research has used publications and technical reports as a communication 
link with extension system more than extension do. This result showed that available irrigation 
technologies packages developed by the research system not well taken by the extension system 
and not received the farmers. 
As shown in table-22, 54.1%, 37.5%, 62.5% and 16.7% of extension workers rated the use of 
demonstration, training, field days and FREGs by the extension system occasionally, respectively 
as linkage with the research system, whereas 100%, 87.5%, 96.7% and 81.2 of researchers rated 
the use such linkage activities by the research system occasionally / frequently, respectively as 
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linkage with the extension system. The result of Mann-Whitney U test confirmed that there was 
significant difference between the mean ranks of researchers and extension workers in using 
demonstration, training, field days and FREGs by the research system and extension system as 
linkage mechanisms. 
The study showed that 58.3%, 75% and 43.8% extension workers had never conducted joint 
problem identification, planning and monitoring and evaluation, respectively with researchers, 
and 93.7%, 93.7% and 81.2% researchers had conducted joint problem identification, planning 
and monitoring and evaluation, respectively as rarely/occasionally with extension agents. 
Regarding workshops and ADPLAC forum, 75.0% extension workers had made use of these 
linkage mechanisms, respectively as rarely/occasionally, and 100% and 75.0% of researchers had 
made use of workshops and ADPLAC forum, respectively as rarely/occasionally/frequently 
(table-24).  
As the identified eleven prominent linkage mechanisms are not mutually exclusive, the mean 
responses of extension workers and researchers across all mechanisms were used for comparison. 
Accordingly, the mean response of extension workers found never (39.3%), rarely (37.5%), 
occasionally (18.6%) and frequently (4.6%) with a median =2, whereas researchers found never 
(8.5%), rarely (19.9%), occasionally (35.2%) and frequently (36.4%) with a median =3 across all 
linkage mechanisms. The result of Mann-Whitney U test confirmed that there was significant 
difference between the mean ranks of researchers and extension workers across linkage 
mechanisms. Therefore, the research extension linkage in irrigation technology transfer is 
minimal. 
Table 162. Linkage mechanisms of extension and research  
 
Linkage 
mechanism 

 
Actors* 

Degree of use of linkage mechanism  
Median 

Mean 
Rank 

Mann-
Whitney 
U Test 

Exact sig(2-
tailed) Never Rarel

y 
Occ. Freq V. freq 

Publications 1 16.7 70.8 12.5 0.0 0.0 2 15.35 68.5 0.000S 
2 6.3 18.8 50.0 25.0 0.0 3 28.22 

Technical 
report 

1 70.8 16.7 8.3 4.2 0.0 1 15.67 76.0 0.000S 
2 12.5 43.8 18.8 25.0 0.0 2 27.75 

Demonstration 1 16.7 25.0 45.8 8.3 4.2 3 14.52 48.5 0.000S 
2 0.0 0.0 18.8 68.8 12.5 4 29.47 

Trainings 1 33.3 29.2 29.2 8.3 0.0 2 15.58 74.0 0.000S 
2 0.0 12.5 50.0 31.3 6.3 3 27.88 

Field days 1 20.8 16.7 50.0 12.5 0.0 3 14.58 50.0 0.000S 
2 0.0 6.3 12.5 62.5 18.8 4 29.38 

FREGs 1 45.8 37.5 16.7 0.0 0 2 15.15 63.5 0.002S 
2 18.8 0.0 25.0 43.8 12.5 4 28.53 

Problem ident. 
 

1 58.3 33.3 4.2 4.2 0.0 1 15.56 73.5 0.000S 
2 6.3 50.0 31.3 12.5 0.0 2 27.91 

Joint planning 1 75.0 25.0 0.0 0.0 0.0 1 14.00 36.0 0.000S 
2 6.3 43.8 37.5 12.5 0.0 2.5 30.25 

Joint M and E 1 45.8 45.8 4.2 4.2 0.0 2 16.46 95.0 0.004S 
2 18.8 25.0 31.3 25.0 0.0 3 26.56 

Workshops 1 25.0 54.2 16.7 4.2 0.0 2 14.31 43.5 0.000S 
2 0.0 6.3 62.5 25.0 6.3 3 29.78 

ADPLAC 1 25.0 58.3 16.7 0 0.0 2 17.58 122.0 0.034S 
2 25.0 12.5 50.0 12.5 0.0 3 24.88 

Mean 1 39.3 37.5 18.6 4.2 0.4 2    
2 8.5 19.9 35.2 31.3 5.1 3.3    

*1= Extension workers and 2= Researchers; S= significant at p< 0.05; Source: Own Survey, 2017 
 
The response of extension workers on make use of ADPLAC forum by different level, 100% 
occasionally, 100% (50% rarely, 50% occasionally) and 37.5% rarely, used the forum at Regional, 
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Zonal and woreda levels, respectively (table-23). This implies that ADPLAC is functional 
occasionally, rarely and hardly at Regional, Zonal and woreda levels, respectively. 
Table 173.  Extension system and Use of ADPLAC at Regional, Zonal and Woreda level. 

Level Score% 
Never Rarely Occasionally Frequently 

Regional meeting 0.0 0.0 100.0 0.0 
Zonal meeting 0.0 50 50 0.0 
Woreda meeting 62.5 37.5 0.0 0.0 
Mean 20.8 29.2 50 0.0 

Source: Own Survey, 2017 
3.5.4 Perception of researchers and extension workers on linkage 
To know the degree of strength of linkage currently exists among research and extension and 
farmers, extension workers and researchers were requested to score in a 5 point likert scale as very 
weak, weak, moderate, strong and very strong. Accordingly, the result indicated that 19.8, 55.2% 
and 25% of respondents scored as very weak, weak and moderate, respectively with a median 
score of 2 (table-24). Therefore; research, extension and farmer linkage is weak, the reasons why 
weak linkage is discussed in the following section. 
Table 184. Strength of linkage among research and extension and farmers 

 
Actors 

Strength of linkage % score  
Median 

 
Mean 
Rank 

Mann-
Whitney U 
Test 

Exact 
Sig(2-
tailed) 

V. 
weak  

Weak  Moderate 
 

Strong  

Extension workers 
(n=24) 

33.3 54.2 12.5 0.0 2 17.27  
 
114.5 

 
 
0.029S Researchers 

(n=16) 
6.3 56.3 37.5 0.0 2 25.34 

Mean (n=40) 19.8 55.2 25.0 0.0 2    
S= significant at p< 0.05; Source: Own Survey, 2017 
3.6 Reasons Attributed Weak Linkage among Research Extension and Farmers  
From individual interviews and group discussions with farmers, extension workers and 
researchers, major problems identified in relation to weak linkage among research extension and 
farmers in agricultural irrigation development transfer.  

• Market problem for selling their irrigation products 
• Lack of storage for irrigation products 
• Lack of availability of improved seeds research gives much attention to rain feed 

agriculture and inaccessibility of inputs timely and sufficiently. 
• Serious diseases and pests of onion, potato, wheat, garlic and hot pepper 
• Lack of skill and knowledge on irrigation water management and improved agronomic 

practices, lack of training for development agents and farmers and not prepare manuals for 
irrigation agronomic recommendations by research. 

• Irrigation water shortage at critical period of plant growth (February to April) and planting 
time. 

• Little involvement of researchers,  extension workers and farmers in linkage mechanisms 
• There is lack of an efficient working system, lack of a strong coordinating body, shortage 

of budget for linking extension activities. 
• ADPLAC is ad hoc, it lucks accountability and focusing on workshops rather than practical 

and functional linkage 
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4. Summary, Conclusions and Recommendations 

4.1 Summary  
This research has examined the affecting factors of the research extension farmer linkage in 
irrigation technology transfer. The influencing factors included demographic, socioeconomic, 
institutional, and research extension farmer linkage mechanisms. This study was conducted in 
Mecha Woreda koga irrigation area three kebeles.  
Age of the household head of sample respondents ranged from 28-74 years with mean of 46.04 
years and standard deviation of 9.79. The average age of irrigated farmer was 46 years. Therefore, 
the survey result showed that age was statistically significant at 5% significance level (Table 2). 
This indicates that farmers’ linkage in irrigation technology is more aged with more experience; 
a farmer can become more or less risk-averse when judging new technology.  
The education level of respondents has shown that 37.9 % were illiterate and no schooling, 20.7% 
could read and write, 22.8% had attended grade 1-4, 15.9% attended grade 5-8, and the remaining 
2.8 % has attained high their school education (Table 6). The findings indicated that most of the 
farmers received little formal schooling. Nevertheless, the Chi-square test revealed that formal 
education was statistically significant with respect to the linkage for irrigation technology transfer 
(p< 0.05). This result show that education level increases, farmers start to look for linkage is 
necessary for irrigation technology transfer. 
The farmers’ participation in formal and informal organization was not significantly correlated 
with the linkage of the irrigation technology (p < 0.05). The finding could be attributed to the fact 
that the active participation has made the local farmers not aware of the needs of the research 
extension and farmer linkage for irrigation technology development and transfer.  
The result from the study shows (table 9) that the land holding of the total 145 respondents, 
30(20.7%) own between 0-0.5 hectare, 57(39.3%) own between 0.51-1.0 hectare, 27(18.6%) own 
between 1.01-1.5 hectare, 26 (17.9%) own between 1.51-2 hectare while only 5(3.4%) own greater 
than 2 hectares of land. Average land holding of total respondents was about 1.1 hectare. The t-
test results (Table 7) indicated that the farmers’ land holding size was statistically significant with 
regard to linkage in irrigation technology (p < 0.05). The cultivated land size increases, a 
household was able to increase linkage in agricultural irrigation technology transfer.  
Major crops grown by farmers under irrigation in the study areas are wheat, potato, tomato, onion, 
barley, cabbage and maize. Productivities of farmers are far below the potential productivity of 
the crops under research conditions. The results of on-farm trials conducted in koga irrigation 
command areas the yield advantage of 69.9% potato, 57.2% tomato, 64.8% onion, 65.5% wheat, 
36% cabbage, 50% barley and 80.6% maize over farmers’ productivity. Major problems in 
production are lack of certified seed of the preferred varieties. Attributes of the low productivity 
of farmers are just only little involvement of research activity in the area of irrigation technology 
development transfer at ARARI.  
Researchers and extension workers are unanimous inciting these as the major factors limiting 
farmers’ linkage of improved agricultural irrigation production technologies in the study area. 
This implies that available irrigation technologies in the hands of the research have not been 
transferred to farmers. As a result, absence of joint seed production and delivery system, lack of 
awareness of improved varieties, poor research-extension linkage and weak extension services, 
and lack of the irrigation technology package.   
The use of Irrigation technologies, 44.8 % of farmers have used one of the technologies such as 
improved seed, fertilizers, agrochemicals, and row planting whereas the rest 55.2% farmers did 
not use any of the technology. The most farmers did not applying the full package as per 
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recommendation by research. This implies that available irrigation technologies in the hands of 
the research have not been transferred to farmers.  
The study also showed that the necessary inputs have not been made available to farmers in the 
required quantity and at the right time. Majority of farmers (42.8- 64.1%) had access to these 
irrigation inputs insufficiently and untimely. The problem of inaccessibility of irrigation inputs to 
farmers in sufficient quantity and at the right has a great contribution for the low adoption of 
irrigation technologies as a package and thereby low productivity. Additionally the majority of 
farmers (80%) rated the degree of their linkage with input suppliers as very weak and weak. This 
suggests that the existence of information gap and weak linkage between farmers and input 
suppliers.  
The result of this study showed that 60% of farmers have faced water shortage during planting 
time and February to April. The vast majority of farmers (100%) have also faced marketing 
problems for selling their products. Irrigation water shortage and marketing problems are the main 
factors that discourage farmers in investing their scarce capital on irrigation agriculture, thereby 
low adoption of available irrigation technologies and hence low productivity.  
The result of Mann-Whitney U test indicated that there was no significant difference between 
extension workers and research relationship with farmers. This implies that extension workers and 
research have equal degree of relationship with farmers in rendering their respective services to 
farmers. However the results of analysis of the relationship between research and extension 
workers indicate that the two parties have run individually for achieving their common goal. 
The results of analysis of the extension workers and research relationship with farmers indicated 
that there was significant difference in mean ranks between extension workers and researchers 
relationships with farmers and vice versa. Similarly, results of analysis of linkage mechanisms 
used by the extension workers and research and participation of farmers in the 8 prominent linkage 
mechanisms showed the same result. This all showed that extension workers and research have 
tried to establish strong relationship and linkage with farmers but less response from the farmers’ 
side. This can be emanated from the dissatisfaction of farmers in extension and research services 
or farmers have not got what they want from the two systems. The study also showed that 
extension system had mainly used farmer development groups, where as the research system had 
mainly used Farmer Research Extension Groups.  
Regarding the use of the eleven prominent mechanisms, the mean response of extension workers 
found never (39.3%), rarely (37.5%), occasionally (18.6%) and frequently (4.6%) with a median 
=2, whereas researchers found never (8.5%), rarely (19.9%), occasionally (35.2%) and frequently 
(36.4%) with a median =3 across all linkage mechanisms. This showed that research had made 
use of all linkage mechanisms more than extension. The result of Mann-Whitney U test confirmed 
that there was significant difference between the mean ranks of researchers and extension workers 
across linkage mechanisms. Therefore, it can be said that research has made more effort for linking 
its research and extension activities to the extension system than extension system. 
This study indicated that 19.8%, 55.2% and 25% of respondents (researchers and extension 
workers) scored on the degree of strength of linkage currently exists among research and extension 
and farmers as very weak, weak and moderate, respectively with a median score of 2. Therefore, 
research, extension and farmer linkage is weak.  
Regarding workshops and ADPLAC forum, when disaggregated the response of extension 
workers on make use of ADPLAC forum by different level, it was found 100% occasionally, 
100% (50% rarely, 50% occasionally) and 37.5% rarely used the forum at Regional, Zonal and 
woreda levels, respectively. This implies that ADPLAC is functional occasionally, rarely and 
hardly at Regional, Zonal and woreda levels, respectively. 
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4.2 Conclusions   
Agriculture is the main stay of Ethiopian economy and hence, improving productivity to assure 
food security, reduce poverty and in turn attain food self sufficiency; utilizing agricultural 
irrigation production plays a vital role. Among others, strength research extension farmer linkage 
took the lions share. Integration of research extension and farmer play an important role in 
appropriate technological development and transfer. It is necessary to facilitate cooperation 
between research institutes and extension organizations in order to make them more responsive to 
refined technological and management needs of the farming community. 
From the results of the study farmers’ awareness of improved irrigation technologies is low. Thus, 
further work is required to create awareness and improve their perceptions through joint 
participation in linkage activities for transfer, and adoptions of new agricultural irrigation 
production technologies. The influence and participation of farmers, researchers, and extension 
workers in the generation and transfer of agricultural irrigation production technologies have been 
minimal. The relationship between research, extension, and farmers is reduced to field days and 
demonstration. Similarly, their participation in setting both research and extension agenda such as 
joint problem identification, planning, implementation and monitoring and evaluation is 
minimum. Additionally, their mechanisms exchange of knowledge and information such as 
publications, trainings, workshops, technical reports and coordination of the overall activities are 
weak.  
The extension and research systems should work based on the need for integrating FREG approach 
in to the extension system and both systems should make use of farmer development groups for 
transferring the outputs of the FREG approach to the entire farming communities. Further, formal 
training of technology transfer extension workers and farmers by researchers, is not a wide spread 
practice in the study area. Thus, suggest the need to modify the current linkage approach that 
exists to encourage more active participation by farmers and extension workers in the process of 
developing agricultural irrigation production technologies with the needs of farmers.  
Moreover establishing  and strengthening  ADPLAC and make it practically functional  at 
regional, zonal and woreda levels worth important for achieving the overall objective of the 
ADPLAC as a platform is to establish an effective research-extension-farmer linkage mechanism, 
accelerate the technology generation and transfer process. In general, to create a responsible body, 
with a transparent, accountable, and agreed upon linkage policies and mechanisms, that monitors 
and evaluates the action of research and extension is needed for the region overall agricultural 
irrigation technology development and transfer strategy. 
 
4.3 Recommendations  
Based on findings of descriptive analysis and the Mann-Whitney U test results, the following 
recommendations are suggested for future research, policy and development intervention 
activities to strengthen/promote the research extension farmer linkage and make sustainable in 
order to enhance agricultural irrigation production and productivity so as to improve farmers’ 
income. Since research extension farmer linkage is extremely important towards improving 
irrigation technology transfer and improving irrigation production, those factors that determine 
linkage in irrigation production technology should be treated accordingly. Therefore, the 
following recommendations are formulated based on findings: 
Promoting and facilitating agricultural services: Promoting and facilitating access to credit, 
research, input suppliers and education services is found to be one of the key areas of intervention. 
Hence, research institutions, office of agriculture, input suppliers and NGOs should participate in 
these issues in a well coordinated manner so as to change attitudes and create awareness of farmers 
towards better way of doing agriculture through demonstration plots, field-days, experience 
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sharing, trainings, farmers training centers (FTC) and farmer research extension group FREG) 
approaches. 
Development of Irrigation production technologies and storage facilities: The koga irrigation 
products has poor quality and produce more cereal crops that results from its poor post harvest 
handling, spoiling during harvesting, hulling and threshing problems that all together reduce the 
quality of irrigation product. As it was discussed in problem of irrigation production part, problem 
of vegetable storage was farmers’ number one problem among others. Hence, special attention 
should be given to improve quality of vegetables and in addition to introduction commercial 
varieties of vegetable crops. 
Establish market linkage system: Market is one of the major problems of farmers at Koga 
irrigation area. Since there is no market channel in the area, this demands to design a good market 
linkage system at farmers’ level and facilitate farmer to trader relationship. Farmers of the study 
area needs local varieties and even not produce commercial crops for marketing purposes. All the 
farmers that produce high value horticultural crops have organized marketing strategies and 
structures. They hire transport collectively and go to the markets as a group. 

 Strengthening the existing research extension linkage approach:  
This thesis work empirically showed that the research extension farmer linkage is weak. The 
linkage between stakeholders (research, farmers, extension, NGOs) should be strengthened. 
Farmers and Agricultural experts (DAs and Woreda experts) should participate on the process of 
research proposal development from problem identification to the final stage. Farmers and 
Agricultural experts are appreciating the FREG approach. It is easy to assess farmers’ problems 
and design solution in that way as well as easy to get the impact of the irrigation technologies and 
feed back of farmers when farmers are addressed in organized groups. Establishing and 
strengthening ADPLAC and make it practically functional at regional, zonal and woreda levels. 
This could be achieved by employing more efficient linkage strategies at various levels, which 
will bring together all stakeholders in the entire process of technology generation, development, 
transfer, utilization and feedback (Belay, 2015). 
Enhance production and productivity of cash crops: Increasing agricultural irrigation 
production and productivity using modern and improved irrigation technologies play a vital role 
to assure food security by increasing farmers’ income. Hence, increasing production and 
productivity of irrigation crops per unit area of land is better alternative that should get attention 
by concerned bodies especially of research institutions and office of agriculture. Improved variety 
use, input applications, weed management techniques, water management and harvesting 
mechanisms of the irrigation farmers is still traditional and at its infant stage. Moreover, farmers 
use high seed rate per hectare, inappropriate plant spacing and water management, cereal crops 
dominantly planted and these needs modification that has implication on productivity. Hence, 
introduction, adaptation/evaluation and dissemination of improved crop varieties, agronomic 
practices and create awareness to produce cash crops for farmers is one key intervention point.  

Allocate enough manpower in horticulture and irrigation water management core 
processes: It is important to organize enough manpower at all level and update the skills and 
knowledge of experts based on training need assessment. Establish irrigation research at 
directorate level in ARARI and its centers with fulfilled man power and irrigation research 
facilities. 

The government and respective bodies are highly attention watershed management and 
rehabilitation activities: There is lack of attention for watershed management and rehabilitation 
activities in the upstream watershed are poor. This implies siltation problem of dams. Therefore 
the government and respective bodies are highly attention watershed management and 
rehabilitation activities to keep siltation problem. 
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Therefore, research, extension, and relevant actors must identify the systems linkage needs and 
choose agreed-up on mechanisms. That is, potential gaps need to be identified, alternative 
solutions need to be evaluated and designed, and selecting and implementing the best appropriate 
mechanisms and constant evaluation is needed. Accordingly, they must participate in planning 
and review; implementation of collaborative tasks; exchange of resources, knowledge and 
information; and joint evaluation and feedback of agricultural innovations. As a result, the 
improvement of quality and quantity of human, physical and financial resources coupled with 
better incentive mechanisms to research and extension in line with the mandate and mission should 
be emphasized. 
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Abstract 

The study was conducted to know the microbiological quality of dried student’s cafeteria leftover 
(DSCLO). Dried student’s cafeteria leftover collected from Bahir Dar University was dried and ground in 
mill house. The microbiological analyses were performed following standard microbiological guideline. 
Various microbes were detected and enumerated such as: Staphylococcus aureus, Yeasts and Molds, 
Coliforms, Fecal coliform and Escherichia coli, Salmonella and Enterobactreacea. Aerobic plate count 
yielded 2.36x106 CFU/g, enumeration of Coliforms, Enterobacteriaceae and Yeasts and Molds yielded 
2.15x103, 6.5x103 and 1.2x106 CFU/g of DSCLO, respectively. Fecal coliforms and E.coli were determined 
to be <1.8 MPN/g of DSCLO. S. aureus and Salmonella were not detected in the DSCLO samples. The 
microbiological quality assessment of the DSCLO indicated that it conformed to satisfactory limits of feed 
safety and therefore it fit for animal feeding. Moreover, as food leftover usually contain more moisture and 
is easily spoiled, guidelines should be develop on how to collect, transport, dry and store raw materials so 
as to ensure the safety of food leftover for animal feed. 

Keywords: Animal feed, dried student cafeteria leftover, food leftover, microbiological quality 
 

1. Introduction 

Feed scarcity is one of the major challenges facing livestock production in Ethiopia. Due to an 
alarmingly increasing human population, shortage of land for improved forages cultivation has 
become a limiting factor. The low performance of livestock in terms of live weight (LW) gain and 
carcass yield is mainly due to inadequate nutrition associated with reliance on sole natural pasture, 
crop residues and stubble grazing, which are inherently low in nutrients availability, being 
subjected to great seasonal variations (Solomon Bogale et al., 2008). Thus, among others, one of 
the options is to use unconventional feed resources such as food waste. 
Food waste is any edible waste from food production, transportation, distribution and consumption 
(Westendorf et al., 2000). Domestic waste in developing countries contains great deal of organic 
material ranging from 60 to 90 % (Lacoste and Chalmin, 2007). Some of this waste is routinely 
fed to animals, or decomposes in heaps in landfills or illegal dumps.  
Indeed animal feeds are exposed to various biological, chemical, physical agents. All these factors 
may adversely affect animal health and productivity and indirectly also human health. There is 
considerable evidence that animal feed is frequently contaminated with food borne bacterial 
pathogens (Mead et al., 1999). Feeding is considered as a fundamental factor, not only for the 
health and welfare of animals, but also for the human nutritional intake, due to the consumption 
of food products from these animals. The feeding of animals should not have a negative effect on 
animal and public health, but in some circumstances animal feeding has been associated with some 
food safety issues. Food-borne pathogens have been extensively incriminated worldwide as 
common causes of bacterial infections in humans since many of these animals serve as important 
reservoirs for those pathogens (Movassagh et al., 2010).  
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In Ethiopia studies have been done on many livestock feed sources, but the usefulness of student’s 
cafeteria leftover food has not yet been studied and exploited as alternative livestock feeds. Rather 
it is disposed as waste that is valueless. On the other hand, the expansion of higher learning 
institutions have been increasing in Ethiopia and due to this, the numbers of students joining 
higher learning institutions are also increasing from time to time. As a result, the leftover from 
student’s cafeteria could be huge and offer a potential alternative for livestock feed source. In 
Ethiopia, only limited information had been reported on the use of dried student’s cafeteria 
leftover as poultry feed (Asmamaw Yinnesu and Dinberu Mamuye, 2015; Negasa Tamasgen, 
2015) and for swine (Tesfaye Amene, 2013). However, there is no information regarding the use 
of dried student’s cafeteria leftover as feedstuff for ruminant animals. Therefore, the study was 
conducted to investigate the microbiological quality of dried student’s cafeteria leftover before 
providing to ruminant animals.  
 

2. Materials and Methods 

2.1 Description of the study area 
The experiment was conducted at the Zenzelma Campus of Bahir Dar University located at 11° 
37′ N and 37° 28′ E with an altitude of 1900 m.a.s.l. Annual average temperature is 29 °C and 
annual rain fall ranges from 1430 to 1520 mm. The main rainy season is from June to September. 
The soils are dominantly fine soils developed on basaltic bedrocks.     

 
Figure 1: Location of Zenzelma campus 
 
2.2 Feed preparation 
The main constituent of student’s cafeteria leftover was Enjera mainly made of teff (Era 
grostisftef), bread mainly made of wheat (Triticum aestivum) and sauce (wot in Amharic) mainly 
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made from onion, Berbere, lentil (Lens culinaris) and pea (Pisum sativum). However, the meat 
was excluded from the entire menu as feeds for ruminant animals should not contain meat or bone 
meal derived from ruminants (Rosie and David, 2007; FDA, 2008). Pasta also excluded by 
preliminary observation because it took too much time to dry and fear of fungus development in 
the drying process. The student’s cafeteria leftover was collected and sun-dried by sparsely 
spreading on canvas. Every day it was hand stirred to facilitate better drying, for removal of 
moisture and reduce molding. Every evening it was put indoors to minimize re-absorption of 
moisture. After drying the required amount for the entire experiment, the DSCLO was grounded 
in mill house to mix up properly. 
2.3. Microbiological Analysis 
The microbiological analyses were done at Bahir Dar University (BDU) food and chemical 
engineering laboratory. Microbiological analysis of the DSCLO was performed using three pooled 
samples. Samples were collected aseptically and transported to the food and chemical engineering 
laboratory. For the analysis 450g of pooled samples were tested for various microbial parameters 
including Aerobic plate count, Yeast and Mold counts, Staphylococcus aureus, Coliform count, 
Fecal coliforms, E.coli, Enterobacteriacea and islolation of Salmonella pathogen. All tests were 
determined in accordance with the ISO (2003), Mazizi et al. (2017) and Microbiological 
guidelines for ready to eat food (2014).  
2.3.1 Materials and equipments 
Weighing balance, Petri-dishes, Spatula, Measuring cylinder, Test tubes, Test tube rack, 
Aluminum foil, Autoclave, glass slide, Bunsen burner, Boiling water bath, homogenizer, 
homogenizer bag, Distilled water and different Medias. All glassware were washed very well in 
water using detergent, disinfectant and brushes and sterilized it by hot air oven at 160°C for 30 
min to achieve maximum sterilization. The incubator, hot air oven and other equipment used in 
this study were all thoroughly cleaned, disinfected and sterilized.            
2.3.2 Aerobic plate count  
Aerobic plate count of DSCLO was determined by using Molten plate count agar medium 
(MPCA) (Hi media). First 25g of DSCLO was mixed with 225 ml peptone water diluents in a 
homogenization bag and blended by using the homogenizer for 2 minutes. From this 1:10 dilution 
of the original sample, serial decimal dilutions (10-2-10-6) were prepared. Then 1 ml of respective 
dilutions (10-2-10-6) was inoculated on-agar plate. Then 20ml of MPCA in duplicated Petri-dish 
were prepared for each respective dilution. Molten plate count agar medium and the dilution were 
thoroughly mixed by back- and-forth motion on a flat level surface. After the agar had solidified, 
the Petri-dishes were incubated at 35 ± 1°C for 48 h in inverted position (Larry and James, 2001). 
2.3.3 Detection and enumeration of Staphylococcus  
Staphylococcus was detected and enumerated by using Mannitol salt agar (MSA) (Hi media). First 
20g of DSCLO samples were mixed with 180 ml of maximum recovery diluents in a sterilized 
homogenizer bag and then homogenized to yield 1:10 dilution (10-1). The samples were further 
serially diluted in order to achieve 10-2-10-6 dilutions. Mannitol salt agar was prepared according 
to the instructions, and cooled to 480C before use. Then 15-20ml of the tempered MSA was poured 
into Petri-dish and allowed to solidify. Then 0.1ml sample from each dilution were inoculated on 
the corresponding MSA plates in duplicate using a glass spreader. The plates were incubated 35-
37ºC for 48hr. After incubation the plates were examined the presence of yellow colonies (Aryal, 
2016). 
2.3.4 Isolation of Yeasts and Molds 
Yeasts and molds were isolated on Potato Dextrose Agar with tartaric acid to pH 3.5 (PDA) (Hi 
media). First 25g of DSCLO was mixed with 225ml peptone water diluents in a homogenizer bag, 
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blended by using the homogenizer for 2 minutes to yield 1:10 dilution. From this sample, serial 
dilutions (10-2-10-5) were prepared. Potato Dextrose Agar was prepared according to instructions 
and 0.1 ml of respective dilutions was inoculated on pre-poured solidified PDA plates and was 
spread evenly with a sterile glass spreader in duplicate. After the plates were dry they were 
incubated it at 22-25ºC for 5 days. After incubation, colonies with a filamentous, cotton-like/ 
powdery appearance (characteristic of Molds) were scored as Molds, and the remaining colonies 
as yeasts or bacteria. Microscopic observation of simple stained smears was also performed in 
order to distinguish Yeasts colonies from bacterial colonies. Cells that appeared in oval shape were 
confirmed as Yeasts (Isenberg, 2004). 
2.3.5 Detection and enumeration of Coliforms  
Coliforms were detected and enumerated using violet red bile agar (VRBA) (Hi media). First 20g 
of DSCLO sample was homogenized in 180 ml of maximum recovery diluents in order to yield 
1: 10 dilution. To obtain (10-2-10-6) dilutions 0.1ml of the original dilution was serially diluted. 
Then 1ml of respective dilutions was inoculated on to VRBA plates using the pour plate technique. 
And the plates were incubated at 35°C for 24hr. Colonies that appeared red-purple in color with a 
size of 0.5mm or larger in diameter with reddish zone were scored as Coliforms (Peter et al., 
2002). 
2.3.6 The MPN method for fecal coliforms and E. coli  
For isolation and identification of Fecal coliforms and E.coli 10g of DSCLO was mixed with 90ml 
of maximum recovery diluents solution and homogenized to yield a 1:10 dilution. Further 
dilutions (10-2-10-4) supplemented with lactose were prepared by using the serial dilution 
technique in triplicate. Durham tubes were inserted into all the serially diluted tubes in an inverted 
position and incubated at 37°C for 24-48 hrs. Gas formations in the inverted Durham tube at the 
end of incubation were indicative of presumptive Coliforms. For the confirmation of Fecal 
coliforms, a loopful of each suspected samples were transferred to tubes containing 2% Brilliant 
Green Agar (BGA) Broth and E. coli Broth (EC), supplemented with lactose. Observation of 
growth with the production of gas in the BGA tubes, after 24–48 hr incubation at 35°C, was 
considered confirmative of Fecal coliforms. Growth with gas production in the EC tubes, after 
2hr incubation at 45.5°C was considered confirmative of E.coli (ISO, 2003). 
2.3.7 Detection of Salmonella 
Salmonella was detected using Xylose-Lysine-Dexychlate (XLD) Agar (Hi media). First 25g of 
DSCLO was mixed with 225ml of Buffered Peptone Water (BPW) and incubated at 37ºC for 24hr. 
Then 0.1ml of this sample was inoculated into 10ml of Rappaport Vasilidas Broth then incubated 
at 41.5ºC for 24 hrs. At the end of incubation, the RV culture tubes were mixed by vortexing and 
a loopful of the sample was inoculated and spread plated into XLD and BGA medias, separately. 
Then the plates were incubated at 37°C for 24hr in an inverted position. The presence of Pink/red 
colonies with or without black centers was indicative of Salmonella Pink/ (red) colonies 
surrounded with a reddish zone were also indicative of Salmonella (Global Salm-Surv, 2003). 
2.3.8 Detection and enumeration of Enterobacteriacea 
Enterobacteriacea were detected and enumerated using Violet Red Bile Glucose Agar without 
Lactose (VRBGA) (Hi media). First 20g of DSCLO sample was mixed with 180 ml of maximum 
recovery diluents and homogenized thus yielding 1:10 dilution (10-1) and serially diluted to obtain 
(10-2-10-6). Then, 1 ml from each respective dilution was pour-plated onto VRBGA without 
lactose medium by gently swirling the plates on the bench surface to assure even mixing. After 
setting, the plates were overlaid with molten VRBGA without lactose and incubated at 35 ºC for 
24hrs in an inverted position. Colonies that appear pink red, light pink and pink red with bile 
precipitate are indicative of Enterobacteriacea (Elzbieta, 2005). 
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2.4 Statistical analysis 
The data collected for Aerobic plate count, detection and enumeration of Coliforms, 
Enterobacteriaceae, Fecal coliforms and E. coli, S. aureus, Salmonella and Yeast and Molds were 
presented using descriptive statistics. 
 

3. Results and Discussion 

The microbiological analysis of the feed from dried student’s cafeteria leftover (Aerobic plate 
count, number of Yeast and Mold, Coliforms and Enterobacteriaceae in CFU/g, Staphylococcus 
(S. aureus), Fecal coliforms and E. coli expressed in MPN/g and detection of Salmonella species 
are presented in Table 1. The Aerobic plate count (APC) for the DSCLO was found to be 2.36 x 
106 CFU/g. The count obtained in this study was found to be 2.5- fold lower than the count 
previously reported (Cabarkapa et al., 2009).  
According to the Microbiological guidelines for ready to eat food (2014), the satisfactory level for 
S. aureus is < 20CFU/g. However, in this study, Coagulase+ve S. aureus count was not detected. 
However, pink colonies indicative of Coagulase-ve S. aureus were detected. This could be 
indicative of Staphylococcus sp. such as S. epidermidis which are normal bacteria commonly 
present in human nasal passage, throat, hair and skin without causing any discomfort. The 
occurrence of S. epidermidis may be due to contact with food handler’s hands especially in the 
cases where the food is handled subsequent to cooking, during consumption by the students as 
well during drying.   
The Yeasts and Molds count for DSCLO was estimated to be 1.2 x 106 /g. This was ~ 10-fold 
lower when compared to the maximum permissible level of 107 CFU/g (FSAI, 2016).  
Coliform bacteria are lactose fermenting bacteria belonging to the family Entrobacteriacea 
including Escherichia coli and Entrobacter species. They are a marker indicator for fecal 
contamination. Coliform counts obtained was (2.15x103) which was found to be ~100-fold lower 
than Coliform counts reported by (Michael et al., 2005) 
The Fecal coliforms and E. coli were less than 1.8 MPN/g which was significantly lower than the 
limit considered by guidelines (Microbiological guidelines for ready to eat food, 2014).  
Salmonella and Staphylococcus aureus are capable of producing acute and chronic infections in 
all or most types of animals (Mallinson, 1984). However, the study showed that Salmonella was 
not detected in the DSCLO, which also corresponds well to the guideline which indicates 
Salmonella should be absent in 25g of feed (Microbiological guidelines for ready to eat food, 
2014; FSAI, 2016). 
The number of Enterobacteriaceae was enumerated to be 6.5 x 103 CFU/g. considering the 
unsatisfactory limit of > 104 CFU/g for ready to eat food for human consumption, DSCLO was 
deemed to be suitable for feeding lambs as a supplement. 
In general, microbiological analyses indicated that the DSCLO sample fulfilled the established 
criteria for microbiological quality and food safety. The microbiological analysis of DSCLO 
indicated that it conformed to satisfactory limits of feed safety and therefore it fit for ruminant 
animal feeding. 
 
Table 1: Microbiological analysis of dried student’s cafeteria leftover feed  
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Specific 
Microorganisms  

Result of 
detection 
/enumeration 
of various 
Microbes in 
DSCLO ( 
CFU/g)/ 
MPN/g   

Guidelines for Microbiological 
quality for ready to eat food for human 
consumption*/animal feed  

        References 

Unsatisfactory Border 
line 

Satisfactory  

Aerobic plate count  2.36 x 106 - - 6x106 (Cabarkapa et 
al., 2009) 

S. aureus ND > 104 20 - 
<104 

< 20 (Microbiological 
guideline for 
ready to eat 
food, 2014) * 

Yeast and molds 1.2 x 106 - - 107 (FSAI, 2016) * 

Coliforms  2.15 x 103 - - >1.96x105 (Michael et al., 
2005)  

Fecal coliforms and 
E.coli 

<1.8 MPN/g - - 700 
MPN/100g 

(Microbiological 
Guidelines for 
ready to eat 
food, 2014) * 

Salmonella  ND D - ND (Microbiological 
Guidelines for 
ready to eat 
food, 2014) * 
and (FSAI, 
2016) * 

Enterobacteriaceae 6.5 x 103 > 104 - - (Microbiological 
Guidelines for 
ready to eat 
food, 2014) * 

ND-not detected; D-detected; MPN = most probable number: CFU= colony forming unit; 
DSCLO=dried student’s cafeteria leftover  
 

4. Conclusion  

This is the first study that evaluates the microbiological quality of dried student’s cafeteria leftover 
before feeding ruminant animal in Ethiopia context. The microbiological analysis of DSCLO that 
included: Aerobic plate count, detection and enumeration of Coliforms, Enterobacteriaceae, 
Fecal coliforms and E. coli, S. aureus, Salmonella and Yeast and Molds analysis indicated 
satisfactory limits which fit for ruminant animal feeding. During the course of this study, drying 
and processing of the whole student cafeteria leftover imposed due to sun drying of laxative food 
leftover such as pasta. Thus, future study is needed to explore technological options to dry properly 
laxative food leftover such as pasta so that such food leftover could be used for ruminant animal 
feed. Moreover, as food leftover usually contain more moisture and is easily spoiled, guidelines 
should be develop on how to collect, transport, dry and store raw materials so as to ensure the 
safety of food leftover for ruminant animal feed. 
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Abstract  

Antimicrobial residues are the parent compounds, their metabolites and associated impurities of veterinary 
drugs in any edible portion of an animal product. It can result in severe consequences in human, if it is 
consumed concentration level higher than the standard residue limits. The aims of this study were to 
determine the prevalence and its public health risk of antimicrobial residue in fresh beef meat at Bahir 
Dar and Debre Tabor towns, Northwest Ethiopia. A Cross-sectional study was conducted from June to 
November 2017. The data were collected through interview questionnaire survey and laboratory 
experiment using premi®Test Kit. Data were entered; analyzed using SPSS version 20.0. The result of this 
study showed that almost all beef farms 42 (97.67%) were using tetracycline (oxytetracycline). In addition 
to ß-lactams, (pinstripe) 21 (48.84%) and sulfonamides drugs including sulfadimidine and diminazene 
aceturate each 4 (9.30%). No one beef farm has respected drug withdrawal period and lack of awareness 
about antimicrobial side effects in 37(86.05%) farms. Of 250 beef cattle slaughtered, antimicrobial residue 
positivity were 191 (76.4%) giving a 95% confidence interval of 71.10-81.70%. Origin of beef farm system 
was not significantly associated (P>0.05) with antimicrobial residue positivity. Prevalence of 
antimicrobial residue in beef meat in Bahir Dar and Debre Tabor towns were high. And also the drug 
residue detected was higher than the standard level. it implies that; it has the public health hazard. 
 
Key word: Antimicrobial Residue; Beef; Ethiopia; with drawl time 
 
1. Introduction 

The beef fattening industry is the fastest means of ameliorating the protein deficiency in Ethiopia. 
The high turn-over rate, job opportunity for youth, considered as respected gust meat in the 
country culture and one that solves the malnutrition problem have given more credence to beef 
fattening among livestock farming. Due to these reasons, the need to meet up the demand for beef 
meat has necessitated the large-scale production of beef subsequent use of veterinary drugs, 
especially antimicrobials [1].These antimicrobials /the parent compounds and/or their metabolites 
are tending to accumulate in tissues to form residues at different concentrations [2, 3]. 
Antimicrobial residues; are unwanted chemicals which have persistence ability through the food 
web and potential negative impacts on humans [2, 3].Antimicrobial drugs are used widely to 
improve health, growth promotion, feed efficiency and to reduce the incidence of diseases. But 
they are implemented improperly due to the lack of appropriate knowledge about their dose, 
withdrawal time and side effects; when used without veterinarian supervision [3, 4].Although 
antimicrobial benefit most of its uses, the illegal and frequent use of these drugs has led to the 
accumulation of hazardous antimicrobial residues in edible animal origin foods destined for 
human consumption then lead result the public health hazard. 
Human acquires the risk by ingesting antimicrobial residue in meat, milk, eggs those have residue 
level higher than maximum residue limits and acceptable daily intake [4, 5]. The immediate effect 
of antimicrobial residue is allergenicity and toxicity in human through the food chain [3, 4]. The 
Long-term health adverse effects such as increased likelihood include disruption of normal human 
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flora in the intestine (microbiological effects), carcinogenicity and teratogenicity [3,5].Other drug 
residue problems are the development of antibiotic-resistant microbes and drug misuse [3,4,6,7]. 
The presence of antimicrobials is detected in animal products by screening methods and chromato-
graphic techniques. The screening method is generally performed by microbiological, enzymatic 
and immunological methods [8, 9]. Premi®Test kit is one of a rapid microbiological screening 
test. It is a commercially available agar diffusion test based on the principle of growth inhibition 
of microorganisms [10]. The Premi®test is convenient, easy to use and suitable as an initial 
screening test for antimicrobial residues. It has also high specificity (95.3%) and very satisfactory 
sensitivity (72.5%) compared to the gold standard [10, 11]. Hence it is used in remote areas in 
developing countries [11]. 
Level of drug residue have the limit, but in developing countries has not yet respect this level in 
foods of animal origin [12]. In Ethiopian; currently beef fattening farms use drugs irrationally to 
fatten.  In spite of this frequent and overdose use of drugs; studies about residue burden is limited. 
Nevertheless, its public health risk and the occurrence of beef meat are unknown adequately. 
According to our knowledge, very few studies have yet been conducted in Ethiopia in order to 
assess the antimicrobial residue in beef meat; none has been conducted in our study areas.  
Therefore, the aims of this study were to identify the antimicrobial residues burden and its public 
health risk of beef meat in Bahir Dar and Debre Tabor towns, Northwest Ethiopia. 

2. Materials and Methods 

2.1. Description of Study Area 
This study was conducted in Debre Tabor and Bahir Dar towns of Northwest region of Ethiopia; 
from June 2017 to November 2017. Debre Tabor is located at 653 km Northwest of Addis Ababa 
and at a latitude of 11.85000 North; longitude 38.01670 East and an altitude of 2706 meters above 
sea level. The mean annual rainfall of the town is 866 mm. The mean annual temperature ranges 
from 150c to 18.50c, respectively and a relative humidity of 61.3%.  Bahir Dar is located at 556 
Km Northwest of Addis Ababa at a latitude of 11.60000 North; longitude 37.38330 East and an 
altitude of 1788 meters above sea level.  It has a temperature range of 20.2°C to 26.9 °C [13].  
2.2. Source Population  
The source populations were all beef cattle found in and around Debre Tabor and Bahir Dar towns. 
The study population includes all beef products those are present in these towns during the study 
period. The sampling units were those beef cattle’s that included in the study by chance and the 
investigator takes the sample on it. 
2.3. Sample Size and Sampling  
Forty-three beef farm owners and/attendants were selected randomly in Bahir Dar and Debre 
Tabor towns for questioner survey. The required sample size for the laboratory were determined 
by using the following assumptions; the previous study conducted in Debrezite, Ethiopia showed 
antimicrobial residue occurrence of 82 % [14], with 95% confidence level, an error of 5% and 
10% add for expected uncertain reaction. So the minimum sample size calculated with single 
population proportion formula Daniel [15] gives 250 beef cattle. Systematic random sampling 
technique was carried out to select beef meat in slaughterhouses. The samples were taken in the 
two study areas proportionally to the number of cattle slaughtered during the study period. 
2.4. Study Design and Methodology 
The cross-sectional study design was carried out from June 2017 to November 2017. The 
antimicrobials include in this study were commonly used antibiotics and antiprotozoal drugs in 
Ethiopia as depicted by Beyene [16]. Antibiotics, mainly tetracycline and ß-lactam groups; the 
antiprotozoal drugs; sulfonamide drugs (sulfadimidine, diminazene aceturate) were commonly 
used in beef farms [16]. 
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2.5. Data Collection Procedures 
The data were collected through interview questionnaire survey and laboratory experiment.  
2.5.1 Questioner Survey 
A structured questionnaire was developed and informants (farm owners and attendants) were 
interviewed. Antimicrobial drugs used as treatment and prophylactic improvement of the health 
of their animals in farms and the awareness level of the farmers about drug withdrawal period 
and drug residues were assessed. The questioner also includes information about: the presence 
of nearby industries, the way of waste disposal, feed and chemical stores and/or other possible 
conditions that were thought to be the risk of antimicrobial contaminations. 
2.5.2 Beef Meat Sampling 
Two hundred fifty beef cattle’s were sampled at municipal slaughterhouses. Meat samples of 
uniform size were collected in order to avoid the possible error due to size differences. The 
samples were labeled with an identification number and origin of that beef farm system. The 
required part and size were collected and stored using 4% formalin, in ice box then sending for 
inhibition test and analysis. Samples of meat of beef were transported to Amhara regional 
diagnostic laboratory center then processed. 
2.5.3 Equipment and Reagents 
The Premi®Test is a microbial screening test for the detection of antibiotic residues in food. It is 
based on the growth inhibition of Bacillus stearothermophilus, a thermophilic bacterium that is 
highly sensitive to many antibiotics and sulphonamide compounds. Assay results are available 
within 4 hours and the use of spores instead of vegetative cells allows prolonged shelf life of the 
kit, making its commercial distribution feasible [11].  
Premi®test kit detects when the presence of drug residue is greater than the drug specific quantity. 
For instance in the common drugs used in our study area were oxytetracycline, pinstripe and 
sulfonamide drugs detects at  100 µg/kg, 5 µg/kg and 100 µg/kg concentrations in fresh beef meat 
samples respectively Annex 1.  
2.5.4 Operational Definition 
The maximum residue limits; is the maximum amount of the drug residue which is found in food 
substances that will not cause any health effect or hazard [17]. Acceptable daily intake: is the 
amount of a substance that can be ingested daily over a lifetime without appreciable health risk. 
Antimicrobials; are natural products of a microorganism or identical synthetic products or similar 
semi-synthetic products that inhibit the growth of or destroy microorganisms [18]. 
2.5.6 Quality Control and Quality Assurance 
A standard operational procedure was strictly followed for sample collection, transport, and 
storage. Special emphasis was given to coding the sample. All reagents that use for testing were 
checked for their shelf life and being an appropriate temperature before using them. Test 
procedures were followed according to the manufacturer’s instruction [11]. 
2.5.7 Data Management and Analysis  
Data obtained from the laboratory tests and questioners were entered and analyzed using the 
statistical software SPSS version 20. Descriptive analysis of the collected data was done for most 
variables in the study using statistical parameters like percentage and mean. The association was 
identified on the basis of 95% confidence interval and p-value. The p-value less than 0.05 were 
taken as the cut point of significant.    
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2.5.8 Ethical Clearance  
The study protocol was reviewed and approved by the Institution Review Board of Debre Tabor 
University. Official permission was also obtained from the respective bodies at Amhara National 
Regional state livestock resources development promotion Agency (Ref.No እን/ምክ/173/21A). 
Verbal informed consent was obtained from each study participant /farm owner/ after being 
informed about the study for questioner survey.  
 

3. Results 

4.1. Antimicrobial Drugs Used in Selected Beef Farms  
A total of 43 beef farms were interviewed and shown that all beef farms use three or more 
antimicrobial drugs. This research result revealed that almost all beef farms 42 (97.67%) were 
using tetracycline (oxytetracycline). In addition to ß-lactams, (pinstripe) 21 (48.84%) and 
sulfonamides drugs including sulfadimidine and diminazene aceturate each 4 (9.30%) (Table 1). 
 
Table 2. Antimicrobial drugs used in selected beef farms  
No Name of chemicals and drugs Beef farm use of drugs 
 Antibacterial agents Frequency  Percent (%) 
 Tetracyclines   
1 Oxytetracycline   
 Yes 42 97.67 
 No 1 2.33 
               ß-lactams     
2 Penstripe    
 Yes  21 48.84 
 No 22 51.16 
 Sulfone amides   
3 sulfadimidine    
 Yes 4 9.30 
 No 39 90.70 
4 Diaminazine Aceturate   
 Yes 4 9.30 
 No 39 90.70 

 
4.2. Antimicrobial Residue Risk Factors Associated with Poor Practice 
In these study areas almost half 21 (48.84%) of the selected beef farms were using non-
professionals to manage drugs for their beef cattle but the remaining 22 (51.16%) beef farms were 
using animal health workers to administer drugs. No one beef farm has respected drug withdrawal 
period due to lack of awareness about antimicrobial side effects 37(86.05%) (Table 2).  
 
Table 3. Antimicrobial residue risk factors associated with poor practice 

Variables   Frequency  Percent (%) 
Professional  Veterinarian  7 16.28 
 Animal health assistance  15 34.88 
 Non-professional  21 48.84 
Awareness  Aware  6 13.95 
 Non aware  37 86.05 
Respecting withdrawal period  Yes 0  
 No 43 100 
Drug choice  Cost  3 6.98 



Proceedings of the 5th Annual National Conference, CAES 

163 

 Availability  39 90.69 
 *Other  1 2.33 

Other: indicates user friendly, antimicrobial effect, cellular activity, margin of safety  
 
4.3. Drug Residue Positivity in Premi®test Kit 
Out of 250 slaughtered cattle; tested for the presence of antimicrobial residue under Premi®test 
kit; 191 (76.4%) of giving a 95% confidence interval of (71.10-81.70%) showed a positive result. 
Premi®test kit positivity of antimicrobial drug residues in different organs of beef meat in the 
study areas were varying. The highest frequencies of these residues were recorded in the liver and 
kidney 191(76.4%) in both organs while minimum frequency detected in fat 105(42%), (Figure 
1). 

 
4.4. Origin of Beef Cattle and Residue Positivity  
The origin of beef cattle system is recorded during taking the sample from which 115 beef cattle 
originated from smallholder farmers and 135 beef cattle are from the semi-intensive farm system. 
The test positivity was 86 (74.78%) in the small holder and 105 (77.78%) in semi-intensive farms.  
The farm system was not significantly associated (P > 0.05) with antimicrobial residue positivity 
in beef meat. Antimicrobial residues occurrence and origin of beef farm system P-value was 0.241 
when subjected to Chi-square analysis. 

 
4. Discussion  

Results from this study showed that highest prevalence 191 (76.4%) of giving a 95% confidence 
interval of (71.10-81.70%) antimicrobial residue in beef meat detected by Premi®test kit in Bahir 
Dar and Debre Tabor towns. Of those 250 beef cattle slaughtered and sampled, 191 (76.4%) were 
from liver and kidney in both, 109 (43.6%) from thigh muscle, and 105 (42%) from fat. This study 
finding was much higher than other African countries antimicrobial residue records in beef meat 
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like Nigeria 54.44%, Kenya 45.6%, Ghana 30.8% and Sudan 17.33% [19, 20, 21, 22]. This study 
has the similar high result with studies that conducted on antimicrobial residue test on the beef 
meat samples in central parts of Ethiopia; Addis Ababa, Debre Zeit, and Nazareth slaughterhouses, 
(93.8%), (37.5%), and (82.1%) were tested positive for oxytetracycline [14]. 
This high prevalence antimicrobial residue in these study areas might be due to the irrational 
utilization of large amount of drugs by farmers. Besides that withdrawal period of the 
antimicrobial was not respected, use of antimicrobials was not as the prescribed and incorrect 
route of administration. All of these factors may lead to the contamination of meat by drug residue 
[3, 4]. The questioner survey finding of this study also strengths that 43(100%) of beef cattle 
farmers were not respected drug with-drawl period and drugs were given by nonprofessionals 
21(48.84%); due to lack of awareness 37 (86.05%) and remain might be by negligence. Similar 
questioner based study on chemicals and drugs residue in dairy farms in Bishoftu and Modjo, 
Central Ethiopia showed that 23 (67.6%) have no awareness about drug with-drawl period [16].  
 In this study origin of beef cattle, the farm system was not significantly associated (P>0.05) with 
antimicrobial residue positivity. This might be due to in both farm systems were using 
antimicrobials in a similar way. That is due to lack of awareness and regulation on drug and 
chemicals residues, lack of clear regulation on controlling antibiotic contamination of the country 
and clear lack of with drawl time information about antimicrobial residues in animal-derived foods 
[23].  
The most commonly used antimicrobial agents in the beef farms were oxytetracycline injection, 
which is used in 97.67% of farms. This high prevalence was in agreement with other studies for 
instance in Algeria; that has been reported tetracyclines 89.09% the most predominantly 
prescribed antibiotics [24]. In Ethiopia study conducted in Addis Ababa slaughterhouse shows 
93.8% positive for oxytetracycline and other questionaries’ based study in dairy farms report’s 
oxytetracycline injection in 85.7% of farms at Beshoftu central part of the country[21,14].Our 
study finding was dissimilarly higher than average African country tetracycline’s use reports those 
represent 41% prescribed antimicrobial [23]. This largely used in our study area may be due to 
their affordability and accessibility 90.69%, a wide margin of safety and broad-spectrum 
(Mycoplasma, Gram-positive, and Gram-negative bacteria) and intracellular activity of 
oxytetracycline [25]. 
Sulfonamides and ß-lactams were used to treat both protozoal and bacterial infections and used in 
9.30% and 48.84% of beef farms as an antibacterial and antiprotozoal agent, respectively. This 
finding is higher than other African country findings; for instance, in Nigeria [19] penicillin use 
was (14%) and an average African country of 18% was reported [23]. So, these drugs in our study 
area have possible to have residue which might be as depicted above due to, failure to observe 
withdrawal periods of each drug, extra-label dosages for animals and contamination of animal 
feed with the excreta of treated animals [3,4,26]. 
 
The public health importance of antimicrobial residues in beef meat  
The commonly used antimicrobials in the study area are tetracyclines (oxytetracycline), ß-lactams 
(pinstripe) and sulfonamides (sulfadimidine and diminazene aceturate). Premi®test kit detects the 
antimicrobial residue concentration level higher than the standard acceptable daily intake. As 
Codex alimentary international food standards [17] maximum residue limits (MRLs); up to 200 
µg/kg, 50 µg/kg and 100 µg/kg and also acceptable daily intake of  up to 30 µg/kg, 30 µg/kg and 
50 µg/kg for oxytetracycline, pinstripe and sulfonamide drugs respectively.  
In this study, Premi®test kit detection limit were greater than 100 µg/kg, 5 µg/kg and 100 µg/kg 
concentrations of oxytetracycline, pinstripe and sulfonamide drugs in fresh beef meat samples 
respectively Annex1.[11]. These shows that except sulfonamides others were detected lower 
residue than the maximum residue limits but higher than the acceptable daily intake stated by 
FAO/WHO standard [17, 27]. Even though the test did not exactly quantify the level of residue; 
it detected higher than acceptable daily intake and higher prevalence in this study areas shows the 
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probability of public health risk. This high contamination rate of beef meat in the study areas is 
likely that consumers experience a high risk of exposure to drug residues [16, 23, 27, 28]. 

5. Conclusion and Recommendations   

The presence of antimicrobial residue percentages in beef meat was high. The only antimicrobials 
used in these areas were oxytetracycline, pinstripe, sulfadimidine and diminazene aceturate. The 
highest frequently used drug was oxytetracycline. Indiscriminate and irrational use of antibiotics 
in beef cattle without following withdrawal period may result in unexpected residues in beef meat 
and could cause serious health hazards to consumers. All efforts including education of beef farm 
owners about the proper utilization of antimicrobials, side effect of the irrational use of drugs, 
observance of the withdrawal period, effective surveillance, monitoring and control on the use of 
veterinary drugs to prevent drug residues in beef meat were recommended. 
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Abstract 

African indigenous cattle breeds have been reared within the continent for millennia. Due to the harsh 
tropical environmental conditions (e.g., high disease and parasite prevalence, high temperature, feed and 
water scarcity) in which they evolved, they have developed various levels of tropical environment 
adaptation attributes. In order to explore the genomic signatures of tropical environment adaptation in 
African cattle, we compared the whole genomes of East African Indicus cattle breeds with European-Asian 
Taurine cattle breeds using XP-EHH and XP-CLR population statistical methods. Several genes involved 
in various biological processes and pathways related to domestication and behavior (dopaminergic, and 
glutamatergic synapse), feeding and metabolism (gastric acid secretion, metabolic pathways), 
thermotolerance (sphingolipid, and Wnt signaling), immune system response (T cell receptor signaling), 
and growth and reproduction (osteoblast differentiation, fibroblast migration) were identified from our 
genome analysis. Genes associated with tick and parasite resistance traits such as keratin genes, collagen 
genes, calcium signaling, and tumor necrosis factor proteins were also identified. The genes and pathways 
identified in this study improve our understanding of the biological mechanisms of tropical environment 
adaptation of African Indicus cattle breeds, which may allow us to use them for genomic selection 
programs. This result presents a basis for further study and may help to develop vaccines for tick and 
gastrointestinal parasite challenge. 

Keywords: Indicus cattle; positive selection signature; thermotolerance; tick resistance; XP-
CLR; XP-EHH 
 

Introduction 

Sub-Saharan Africa is endowed with diverse (>145 cattle breeds) and a large number of cattle 
(Rege, 1999). The genetic makeup of African cattle breeds is comprised primarily of genetic 
information originating from two subspecies: the humpless B. taurus (taurine) and the humped B. 
indicus (indicine). The contribution of the North African subspecies of wild cattle or aurochs B. 
primigenius to the genome of some African cattle populations are a possibility as well (Decker et 
al., 2014). Taurine cattle, known to have been domesticated in the near east and introduced to 
Africa, are the earliest African cattle which are, nowadays, inhabiting mainly the humid and sub-
humid areas in West and Central Africa. Indicine cattle, domesticated in the Indus valley, were 
introduced to Africa later most likely after 700 AD, during Arabic migrations into north and east 
Africa (Rege, 1999; Hanotte et al., 2002; Ajmone‐Marsan et al., 2010). African cattle breeds are 
the result of human and natural selection forces, and introgression between the subspecies has 
shaped their genetic diversity resulting in breeds of diverse morphological and physiological 
characteristics, as well as adaptation to different agro-ecological and sociocultural conditions 
(Rege, 1999; Hanotte et al., 2010; Bahbahani et al., 2015; Mwai et al., 2015). 
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Environmental adaptation attributes including disease and parasite resistance as well as heat 
tolerance are important traits for cattle survival and production in tropical and subtropical regions 
(Neto et al., 2011; Shyma et al., 2015). High prevalence of disease and parasites exert a significant 
effect on cattle production in Africa causing death and production losses (Mwai et al., 2015). 
External parasites such as ticks which feed on blood and transmit various types of diseases impact 
livestock production and productivity. The estimated economic cost of tick infestation control is 
high (Neto et al., 2011; Mapholi et al., 2014). Similarly, high environmental temperature 
compromises animal production and productivity through its effect on growth, reproduction, and 
feed intake (Hansen, 2004). Moreover, the stringency of available environmental resources in 
tropical regions make the introduction of productive European breeds difficult (Wang et al., 2007). 
Humped zebu cattle are Indicus cattle which are abundantly distributed throughout East Africa 
and the drier parts of West Africa. These cattle breeds are easily identified by their characteristic 
hump and pendulous dewlap and are thought to have descended from the secondary cattle 
introduction which occurred in the arid regions of Africa. Zebu cattle are known for their superior 
adaptation to harsh environments, including resistance to various types of diseases and parasites 
as well as thermotolerance (Rege, 1999; Chan et al., 2010; Kongsuwan et al., 2010; Bahbahani et 
al., 2015).  
Characterizing the genome of indigenous cattle populations and identifying genomic regions 
contributing to tropical environment adaptation is an important step in developing a breeding 
strategy for increased meat and milk production (Chan et al., 2010; Bahbahani et al., 2015). 
Exploring signatures of positive selection has been used to identify genomic regions affected by 
natural and artificial selection that are associated with the phenotypes of specific populations. 
Previously, several authors have reported the positive selection of genes associated with tick 
resistance and other environmental adaptation traits in tropical cattle breeds. For example, Chan 
et al. reported genes directly and/or indirectly associated with tropical adaptation attributes such 
as keratins, heat shock proteins, and heat tolerance genes Chan et al. (2010). By comparing the 
differential expression of genes in resistant and susceptible cattle, several candidate genes 
responsible for tick resistance were identified (Wang et al., 2007; Piper et al., 2008; Kongsuwan 
et al., 2010). The major histocompatibility complex genes have been the center of focus for genetic 
variation of disease resistance studies in cattle (Martinez et al., 2006; Neto et al., 2011). Gautier 
et al. reported genes involved in the immune system, nervous system, and skin and hair properties 
in West African cattle breeds (Gautier et al., 2009). Several genes involved in various biological 
pathways such as immunity, reproduction, development and heat tolerance have also been 
reported for East African Shorthorn Zebu cattle (Bahbahani et al., 2015). However, studies on 
East African cattle breeds based on whole genome next-generation sequencing (NGS) data are 
very scarce. 
Several studies reported the positive selection signature of genes in various cattle breeds using 
different methods (Gautier et al., 2009; Noyes et al., 2011; Lee et al., 2014; Bahbahani et al., 
2015). Here, we used a cross-population extended haplotype homozygosity (XP-EHH) and cross-
population composite likelihood ratio (XP-CLR) statistical methods. The XP-EHH statistic 
assesses haplotype differences between two populations. It is designed to detect alleles that have 
increased in frequency to the point of fixation or near fixation in one of the populations being 
compared (Sabeti et al., 2007; Pickrell et al., 2009). XP-CLR is a likelihood method for detecting 
selective sweeps that involve jointly modeling the multilocus allele frequency differentiation 
between two populations (Chen et al., 2010). Using these two statistics, we compared the whole 
genomes of three East African Indicine cattle breeds with four European-Asian Taurine cattle 
breeds in order to identify positively selected genomic regions in African cattle breeds that are 
associated with tropical environmental adaptation traits. 
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Materials and methods 

Data description and preparation 
This study is based on previously published data; detailed information about sampling and re-
sequencing of DNA samples can be found within the manuscript (Kim et al., 2017). DNA samples 
extracted from whole blood samples of three East African Indicus cattle breeds (9 Boran, 9 
Ogaden, and 10 Kenana) were individually sequenced using the Illumina HiSeq 2000 platform. 
Additionally, previously published genomic data of four European-Asian Taurine cattle breeds 
(10 Holstein, 10 Angus, 10 Jersey and 11 Hanwoo) was used. Together, a per-base sequence 
quality check was performed using the FastQC software (Andrews, 2010). Bowtie2 (Langmead 
& Salzberg, 2012) was used to map pair-end sequence reads to the reference bovine genome 
(UMD 3.1). There was an overall alignment rate of 98.5% and average read depth of 10.8x. Picard 
tools (http://picard.sourceforge.net) to filter potential PCR duplicates, and SAMtools was used to 
create index files for reference and bam files (Li et al., 2009). Genome analysis toolkit 1.4 (GATK) 
performed local realignment of reads (McKenna et al., 2010). The “UnifiedGenotyper” and 
“SelectVariants” arguments of GATK were used to call candidate SNPs. In order to filter variants 
and avoid possible false positives, the “VariantFiltration” argument of the same software was 
adopted using the following options: 1) SNPs with a phred-scaled quality score of less than 30 
were filtered; 2) SNPs with MQ0 (mapping quality zero; total count across all samples of mapping 
quality zero reads) > 4 and quality depth (unfiltered depth of non-reference samples; low scores 
are indicative of false positives and artifacts) < 5 were filtered; and 3) SNPs with FS (Phred-scaled 
P-value using Fisher’s exact test) > 200 were filtered since FS represents variation on either the 
forward or the reverse strand, which is indicative of false positive calls. BEAGLE (Browning & 
Browning, 2007) was used to infer the haplotype phase and impute missing alleles for the entire 
set of cattle populations simultaneously. After performing all the filtering processes, a total of ~37 
million SNPs were retained and used for further analysis in this study. The sequences used in this 
study are available from GenBank with the Bioproject accession number of African cattle breeds 
(PRJNA312138), Holstein (PRJNA210521), Jersey (PRJNA318089), Angus (PRJNA318087), 
and Hanwoo (PRJNA210523). 
Phylogenetic tree and population structure 
In order to infer the evolutionary relationship between the breeds considered, we constructed a 
phylogenetic tree using genome-wide autosomal SNPs from 69 individual sequences. We used 
the SNPhylo pipeline (Lee et al., 2014) to construct the phylogenetic tree with a sub sample of 
17,243 SNPs and options of MAF >0.05 and number of bootstrap samples of 1000. FigTree 
(http://tree.bio.ed.ac.uk/software/figtree/) was used to visualize the tree. Additionally, we used 
STRUCTURE software which implements Bayesian algorithms in order to detect the true number 
of clusters, K (the number of ancestral populations), to identify groups of individuals 
corresponding to the uppermost hierarchical levels (Evanno et al., 2005). A total number of 16,181 
loci were used for the structure analysis, using the following options of Length of Burnin Period 
of 2000, Number of MCMC Reps after Burnin of 100000 and maf of 0.05. We used VCFtools 
(Price et al., 2006) and PLINK (Purcell et al., 2007) with thin option (0.000675) to prepare input 
data used by STRUCTURE. 
Detection of signature of positive selection 
In order to detect the positive selective sweep regions in East African Indicus cattle, the whole 
genomes of three East African Indicus cattle breeds- Boran (Kenya), Ogaden (Ethiopia), and 
Kenana (Sudan)- grouped together as a test population were compared with four European-Asian 
Taurine cattle breeds- Holstein, Angus, Jersey and Hanwoo- grouped together as a reference 
population. East African Indicus cattle breeds are the result of the second introduction of Zebu 
cattle to Africa and have been bred for millennia under the harsh African conditions. Therefore, 
comparing the genomes of these breeds with European breeds and detecting recent positive 
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selection signatures might give an insight into the selective forces shaping the genomes that help 
the African cattle adapting to the harsh environmental conditions. 
We used the XP-EHH statistical method to assesses haplotype differences between the test and 
reference populations (Sabeti et al., 2007). XP-EHH compares haplotype lengths between 
populations to control for local variation in recombination rates. It detects alleles that have 
increased in frequency to the point of fixation or near fixation in one of the populations (Sabeti et 
al., 2007; Pickrell et al., 2009). XP-EHH is directional, meaning that the direction of selection is 
determined by the sign of the values; positive values indicate selective sweep in the test 
populations, whereas a negative value indicates selection in the reference populations. We 
followed previously published procedures (Pickrell et al., 2009; Kim et al., 2015). XP-EHH values 
were calculated using the XP-EHH software, which can be accessed through the following link: 
(http://hgdp.uchicago.edu/Software/). In order to compare the genomic regions across 
populations, the genome was split into non-overlapping segments of 50 kb and the maximum XP-
EHH value was computed for each segment. In order to define the empirical P-value, segments 
were grouped into three clusters according to the number of SNPs. In each cluster, the regions 
with P-values less than 0.01 (1%) were considered as strong signals of selection in the African 
cattle populations. 
Additionally, we performed an XP-CLR statistical test in order to identify potential regions 
differentially selected between the two populations compared (Chen et al., 2010). XP-CLR is a 
likelihood method for detecting selective sweep regions based on allele frequency differentiation. 
The script available at (http://genepath.med.harvard.edu/reich) was used to calculate XP-CLR 
scores. Non-overlapping sliding windows of 50 kb and a maximum number of 600 SNPs within 
each window were used. The correlation level from which the SNPs contribution to XP-CLR 
result was down-weighted to 0.95. The top 1% (0.01) of the empirical distributions were 
designated as candidate sweeps and genes that span the window regions were defined as candidate 
genes (Kim et al., 2015). Significant genomic regions identified from the XP-EHH and XP-CLR 
tests were annotated based on UMD 3.1. 
Characterization of candidate genes under selection 
The genes identified from XP-EHH and XP-CLR statistics were submitted to the Database for 
Annotation, Visualization, and Integrated Discovery (DAVID) gene ontology and annotation tool 
for gene enrichment analysis (Huang et al., 2009). Gene Ontology (GO) Biological Process (BP) 
terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of the DAVID tool 
were used to cluster the genes of similar biological functions and pathways. All genes identified 
from XP-EHH and XP-CLR were submitted together.  
We used SNPEff, a genetic variants (amino acid changes) annotation and effect prediction tool, 
for the candidate genes (Cingolani et al., 2012). Missense variants of candidate genes were 
extracted and carried on for the logistic and association analysis. By employing the Chi-squared 
test and logistic model employed in PLINK V1.07 software, significant SNPs that are specific for 
African Indicus cattle were identified and highly significant variants are reported.  
The gene names and descriptions used in this manuscript are based on genecards 
(http://www.genecards.org/). The Manhattan plots of the –log10 transformed XP-EHH values and 
XP-CLR scores were drawn using R software. 
 

Result and discussion 

Phylogenetic tree and population structure  
In order to assess the historical relationship among the cattle breeds considered, we constructed a 
non-rooted phylogenetic tree of 69 individual cattle using autosomal SNPs. As expected, the 
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phylogenetic tree revealed that African Indicus cattle breeds are clustered together separately from 
European-Asian Taurine cattle breeds (Figure 1a). Additionally, we performed population 
structure (Evanno et al., 2005) at different population assumptions, K (Figure 1b; Additional file 
2: Figure S1). When K is 2, consistent with the phylogenetic tree, African Indicine and European-
Asian Taurine cattle breeds showed clear differences, but at K 3, African Indicus breeds showed 
an admixture of each other. At K ≥ 4 population assumptions, except Jersey cattle, European-
Asian Taurine cattle breeds showed some admixture level. In general, our result is consistent with 
previous reports which indicated that Indicine cattle are divergent from Taurine cattle breeds 
(Decker et al., 2014).  
 

 
Figure 1. Population structure and relationship of cattle breeds considered. (a) Phylogenetic tree, 
(b) Population structure at 2-4 and 7 population assumptions, (c) Number of genes identified from 
XP-CLR and XP-EHH statistics. 
Signature of positive selection in African indicus cattle populations 
In order to detect positive selection sweep regions in East African Indicus cattle populations, we 
used XP-EHH (Sabeti et al., 2007; Pickrell et al., 2009) and XP-CLR (Chen et al., 2010) 
population statistical methods. We compared the genomes of three East African Indicus cattle 
breeds (grouped together as a test population) with the genomes of four European-Asian Taurine 
cattle breeds (grouped together as a reference population). The Manhattan plot of the -log10 
transformed XP-CLR and XP-EHH P-values is presented in Figure 2. Annotation of the outlier 
selective sweep regions (1%) resulted in a total of 765 (XP-EHH = 338; and XP-CLR = 499) 
genes (Figure 1c).  
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Figure 2. Manhattan plot of the –log10 transformed XP-EHH (a), and XP-CLR (b) p-values. The 
y-axis shows the –log10 (P-value) of XP-EHH and XP-CLR p-value, and x-axis shows 
chromosomal positions. The horizontal dotted lines represent the 1% outlier regions in both of the 
statistical methods. 
Next, we performed DAVID gene enrichment analysis to identify enriched GO BP terms and 
KEGG pathways (Huang et al., 2009) using all the genes (765) identified from both statistics, and 
fifteen significant (p<0.05) BP terms and nineteen KEGG pathways were found enriched. We 
clustered significantly enriched BP terms based on genes involved in the terms (Figure 3). These 
BP terms are involved in various biological functions including immune response (NFAT 
signaling cascade), growth and development (cell proliferation, cell shape, myoblast 
differentiation, neural tube closure, canonical Wnt signaling pathway), and behavior (walking 
behavior). 
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Figure 3. Functional clustering of Gene Ontology Biological Process terms. The BP terms are 
associated with genes located in outlier loci (regions) detected by XP-CLR and XP-EHH statistics 
in East African Indicus cattle breeds. The gene list of each GO term in the cluster was compared 
to calculate the distance between the GO terms. For a distance of >0.8 – 0.9, GO terms were re-
clustered. The representative GO terms in a group were manually selected, and are shown in red 
font. The numbers of genes in the GO terms are in brackets, along with their corresponding p-
value. 
Enriched KEGG pathways are presented in Figure 4. Dopaminergic synapse was among the 
KEGG pathways enriched. Dopamine is an organic chemical of the catecholamine and 
phenethylamine families that mediates a wide range of brain functions. It is involved in the 
domestication process of animals (Nikulina, 1990). Glutamatergic synapse pathway plays an 
important role in the behavioral adaptation of stress and fear responses (Kamprath et al., 2009). 
These pathways might also be related to domestication, which effects tameness and fear response 
in domestic animals (Mirkena et al., 2010; Zeder, 2012). Dopamine and glutamate modulate 
foraging and feeding-related behaviors of animals (Hills, 2006). The dopaminergic system aids 
free-ranging animals in identifying grass/forage species that are nutritious and non-poisonous 
(Jensen, 2002; Berthoud, 2007). The pastoral mode of livestock production in Africa might 
contribute for the positive selection of the gene regions involved in these pathways. African 
pastoralists move from place to place with their cattle in search of feed and water, which forces 
cattle to adapt to new vegetation and feed types (Hanotte et al., 2002; Mwai et al., 2015).  
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Figure 4. KEGG pathways enriched from positively selected identified genes. The y-axis is the 
pathways and the numbers in the x axis are number of genes that are included in the KEGG 
pathway enriched and the log10 transformed adjusted p-values. 
The KEGG pathways of gastric acid secretion, and fructose and mannose metabolism enriched 
are related to feeding digestion and metabolism. Gastric acid is vital for normal upper 
gastrointestinal functions, including protein digestion, and calcium and iron absorption, as well as 
providing some protection against bacterial infections. The physical and chemical nature of 
livestock feed affects gastric function to which coarse textured feeds result in higher gastric acid 
secretion (Low, 1990). The poor nutritional quality and seasonal availability of livestock feed in 
tropical Africa can act as a selective pressure which contributes to the adaptation and efficient 
utilization of low-quality feed by indigenous African cattle breeds. Lower metabolic requirements 
or reducing metabolism and higher digestive efficiency, and ability to utilize poor quality feed are 
adaptations of tropical cattle to feed scarcity (Mirkena et al., 2010). The higher efficiency of 
Indicus cattle to ferment nitrogen deficient poor quality feed and capture energy has been reviewed 
(Warwick & COBB, 1975; Hegarty, 2004). 
The mammalian heat shock response involves the sphingolipid signaling pathway, which activates 
sphingomyelin hydrolysis and/or the de novo biosynthesis of sphingolipids (Jenkins, 2003). The 
sphingolipid signaling pathway has two main metabolites: the ceramide and sphingosine-1-
phosphate, which are important for heat stress response. Ceramides signals cells to undergo 
apoptosis during a severe heat stress (Jenkins, 2003). Sphingosine-1-phosphate has been found to 
protect oocytes from physiologically relevant heat shock and affect oocyte maturation (Roth & 
Hansen, 2004). Wnt signaling is also required for sweat gland development and sweating (Cui et 
al., 2014). Evaporative cooling through the involvement of sweat glands and other skin 
components is an important mechanism of heat tolerance (Jian et al., 2014). The genes in these 
pathways (PLCB1, MAPK12, and SGPL1) have been found to be involved in different aspects of 
thermotolerance. PLCB1 is associated with heat tolerance in catfish (Jin et al., 2017) and has been 
taken as an adaptation to hot arid environments in sheep and goats (Kim et al., 2016). Mitogen-
activated protein kinases (MAPKs) elicit cellular response favoring survival or apoptosis 
(Sugimoto et al., 2012). Renin secretion, enriched in the KEGG pathways, is associated with 
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adaptation to heat stress (Ali et al., 2012). It regulates the body’s water balance through the 
secretion of aldosterone and animals adapted to hot arid environments display lower overall water 
intake and turnover (Warwick & COBB, 1975; Mirkena et al., 2010). Additionally, heat shock 
protein families (DNAJC11, DNAJC8), heat shock factor proteins (HSF5) and genes associated 
with heat stress response (PPP2R5E) identified in this study might contribute to the superior heat 
tolerance ability of African Indicus cattle breeds (Bahbahani et al., 2015; Wang et al., 2015). The 
BP term temperature homeostasis, a strategy by the animal to cope with climate variability, was 
also enriched. 
Renin is found in high concentrations in reproductive tissues indicating its role in reproduction 
function. It affects ovulation, angiogenesis, and steroidogenesis (Yoshimura, 1997). Hedgehog 
signaling is an important pathway for proper development of the reproductive system (Franco & 
Yao, 2012). It is implicated in male germ cell development and differentiation in chicken (Chen 
et al., 2016). In addition to pathways, genes involved in reproduction function such as IGF-1, 
ESR2, and FGFR2 were identified (Table 1). IGF-1 affects follicular development and oocyte 
maturation and also enhances ovarian angiogestin II production (Yoshimura, 1997). ESR2 is a 
protein-coding gene that controls many cellular processes including growth, differentiation, and 
function of the reproductive system. A polymorphism in ESR2 gene has been shown to be 
associated with sperm quality and boar fertility traits (Gunawan et al., 2012). FGFR2 is among 
the mitogenic signaling molecules with an essential role in the regulation of embryonic 
development. It is involved in postnatal development and function of the uterus (Filant et al., 
2013). The significant effect of high temperature on reproductive function of livestock species has 
been previously observed (Hansen, 2009). The pathways and genes identified here might 
contribute to the better reproductive efficiency of African Indicus cattle breeds to produce and 
reproduce in the tropical harsh environmental conditions of the continent (Hansen, 2009; Makina 
et al., 2015). 
The T cell receptor signaling pathway, an important pathway for immune system development, 
was identified in this study. T cell receptors play a key role in the functioning of T cells and 
formation of an immunological synapse between T cells and the antigen-presenting cells. They 
initiate activation of T cells which in turn causes clonal expansion, differentiation, cytotoxic 
killing, or induction of programmed cell death (Bromley et al., 2001). The positive selection of 
genes involved in gene ontologies and pathways related to immune response have been previously 
reported for African cattle (Makina et al., 2015; Wang et al., 2015). Under tropical environments, 
indigenous African cattle breeds tend to better resist disease and parasite challenge as compared 
to European cattle breeds (Wang et al., 2015). The high and diverse disease and parasite 
prevalence in tropical Africa (Mirkena et al., 2010) where these breeds have evolved might be the 
selective pressure for the genes involved in pathways and BP terms related to immune responses.  
Additionally, genes that contribute to the superior tick and parasite resistance mechanisms in 
African Indicus cattle were identified (Table 1). Host tick resistance is defined as the ability of the 
host to reduce damage caused by the parasite through diverse immune and non-immune structural 
components (Neto et al., 2011). Immune response genes identified in relation to tick resistance 
include BoLA, TNFAIP8L3, and SLC25A48. BoLA, also known as the bovine major 
histocompatibility complex, has a major role in antigen processing and presentation. It plays a 
vital role in host resistance to an ecto- and endoparasite infestation (Martinez et al., 2006; Shyma 
et al., 2015). BoLA is highly polymorphic; several scholars reported the association of different 
alleles to tick resistance (Martinez et al., 2006; Neto et al., 2011). TNFAIP8L3 and SLC25A48 
genes are involved in antigen recognition and have been previously identified to be under selection 
in African cattle breeds in relation to tick resistance (Makina et al., 2015).  
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Table 1. Candidate genes identified as positively selected in African cattle breeds affecting 
different traits in relation to tropical environment adaptation. 

Gene Chr. Gene position (kbp) XP-CLR 
score 

XP-EHH 
value 

XP-EHH  
p-value 

MLPH 3 117600.0 - 117650.0 221.32 1.30 0.0042 
IGF-I 5 66525.6 - 66575.6 120.11 - - 
SLC25A48 7 48850.0 - 48900.0 - 2.25 0.0001 
TGM1 10 20750.0 - 20800.0 - 1.45 0.0052 
ESR2 10 76676.2 - 76726.2 187.69 1.19 0.0070 
PLCB1 13 850.0 - 900.0 - 1.20 0.0068 
TGM3 13 53300.0 - 53350.0 - 1.15 0.0088 
PRG3 15 81900.0 - 81950.0 - 1.66 0.0009 
ATP2A2 17 56477.0 - 56527.0 157.57 - - 
KRT33A 19 42150.0 - 42200.0 - 1.45 0.0022 
SLC45A2  20 39850.0 - 39900.0 - 1.34 0.0037 
BoLA 23 27850.0 - 27900.0 110.91 - - 
MC5R 24 43975.7 - 44025.7 121.10 - - 
FGFR2 26 41925.6 - 41975.6 121.62 - - 
DMBT1  26 42750.0 - 42800.0 - 1.54 0.0015 

Chr.: Chromosome; XP-CLR: cross-population composite likelihood ratio; XP-EHH: cross-
population extended haplotype homozygosity 
 
Table 2. Significant missense variants identified in candidate gene regions. 

Gene  Chr
. 

SNP ID aa change Logistic p-
value 

X2 P-value 

MLPH 3 

rs136185632 p.Ser131Arg 1.78E-05 7.93E-18 
3:117616155 p.Ala301Thr 2.62E-05 8.77E-20 
3:117632216 p.Pro518Ser 0.000105 7.83E-19 
rs209852661 p.Leu519Ser 9.51E-06 6.49E-16 
rs209010309 p.Thr571Ala 9.51E-06 6.49E-16 

TGM1 10 10:20736590 p.Arg103Gln 0.003422 0.00017 
10:20739046 p.Val349Ile 3.64E-05 6.62E-18 

TGM3 13 
rs41695720 p.Tyr420His 0.000498 2.69E-13 
rs136283113 p.Ala412Ser 0.006084 0.00247 
rs211468449 p.Ser239Asn 3.90E-06 5.50E-13 

SLC45A2 20 rs134604394 p.Phe182Tyr 0.002168 3.23E-05 
rs378039235 p.Ala240Thr 4.30E-05 1.65E-07 

MC5R 24 rs134437472 p.Ala171Thr 8.98E-05 1.28E-23 
24:43984677 p.His266Gln 8.98E-05 1.28E-23 

 

The physical structure of the epidermal layers of cattle skin represents the first line of defense 
against ectoparasite invasion (Gautier et al., 2009; Kongsuwan et al., 2010). In relation to this, 
keratin and keratin associated genes (KRT33A, KRTAP27-1, and KRTAP9-1) were identified 
under selection. Keratin genes are heteropolymeric structural proteins that form the structural 
framework of the skin and hair cells contributing to tick resistance via their action as a barrier to 
the external environment (Nakamura et al., 2013). KRT33A gene was previously found 
overrepresented in highly tick resistant cattle (Kongsuwan et al., 2010). Keratinocytes in the 
epidermis also have an immune response function- they secrete cytokines that initiate local 
inflammatory responses (Nakamura et al., 2013). Tick resistance in African cattle has been 
understood to be due to superior skin immunity (Marufu et al., 2011). The positive selection of 
keratin related genes has been previously reported in African cattle (Chan et al., 2010; Bahbahani 
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et al., 2015; Makina et al., 2015). Collagens (COL12A1, COL8A1) provide structural integrity to 
the skin (Wang et al., 2007). Structural integrity was found overrepresented from genes 
differentially expressed in tick resistant Brahman cattle (Kongsuwan et al., 2008). Extracellular 
matrix proteins (PRG3, VWA2, and ATRN) form a protective barrier producing an unfriendly 
environment for tick attachment and feeding (Kongsuwan et al., 2008). PRG3 stimulates 
neutrophil superoxide production and histamine release from basophils. It is involved in histamine 
biosynthetic process and activates basophils that are important effectors of tick rejection and a 
major component of acquired resistance of the host (Wikel, 1996; Falcone et al., 2001). 
The contribution of light coat color to cattle tick resistance has been previously reported (Marufu 
et al., 2011; Ibelli et al., 2012; Mapholi et al., 2014). This might be due to the fact that on light 
colored animals ticks can be easily seen by predator birds and picked up easily (Marufu et al., 
2011; Ibelli et al., 2012; Mapholi et al., 2014). Melanogenesis, defined as the production of 
melanin pigments, plays a role in the pigmentation of skin and hair (Cieslak et al., 2011). Several 
genes (SLC45A2, MLPH, RAB17, RAB37, RAB42, RAB7A, and ATRN), which are involved at 
different stages of melanocyte biology (Guibert et al., 2004), were detected in this study. 
Mutations in these genes cause dilution of phenotypes (Cieslak et al., 2011), which might result 
in light coat color of African Indicine cattle breeds (Marufu et al., 2011). Mutations in MLPH 
gene have been found to cause dilution of coat color (Philipp et al., 2005). In addition to color, 
cattle hairs are coated with an emulsion of sweat and sebum, which prevents tick attachment 
(Kongsuwan et al., 2010). Searching for non-synonymous mutations, we identified five (three 
known - rs136185632, rs209852661, rs209010309 and two novel – 3:117616155, 3:117632216), 
and two known (rs134604394, rs378039235) significant missense variants on MLPH and 
SLC45A2 gene regions, respectively (Table 2). MC5R controls the secretion of sebum (Zhang et 
al., 2006), a complex mixture of lipid that contributes to skin integrity and inflammatory 
processes, transport antioxidants to the skin surface, and has innate antimicrobial activity (Zhang 
et al., 2011). In this gene region, one novel (24:43984677) and one known (rs134437472) 
significant missense variants were identified (Table 2). The smoother coat and shorter hair of 
indigenous African cattle breeds have been reported to contribute to their superior tick resistance 
(Marufu et al., 2011). 
Genes involved in calcium signaling (ATP2A2, TGM3, and TGM1) have also been found to play 
an important role in host response to tick challenge (Kongsuwan et al., 2008; Bagnall et al., 2009; 
Kongsuwan et al., 2010). The ATP2A2 gene, which encodes Ca2+ dependent ATPase, is reported 
to be highly expressed in highly tick resistant cattle (Bagnall et al., 2009). Transglutaminases 
(TGM3, TGM1) are Ca2+ dependent enzymes expressed in terminally differentiating 
keratinocytes that are involved in the apoptosis and cornification of the epidermis. TGMs are 
required for crosslinking the main component of the epidermal cornified envelope in the epidermis 
(Candi et al., 2005) and provide a defense function against ectoparasites (Kongsuwan et al., 2010). 
In TGM1 and TGM3 gene regions, we identified two novel (10:20736590, 10:20739046) and three 
known (rs41695720, rs136283113, rs211468449) significant missense variants, respectively 
(Table 2). 
Gastrointestinal (GI) parasites are economically significant livestock health problems causing 
production losses (McManus et al., 2014; Benavides et al., 2016). Gastric acid secretion, one of 
the identified enriched KEGG pathways, has a role in protecting the host against several parasitic 
diseases in humans (Martinsen et al., 2005). Genes involved in GI parasite resistance identified in 
this study include TNFAIP3, TNFAIP8L3, and DMBT1. TNF proteins encode a multifunctional 
pro-inflammatory cytokine related to nematode resistance (Araujo et al., 2009). DMBT1 is a 
protein-coding gene that plays a crucial role in mucosal defense, cellular immune defense, and 
epithelial differentiation. It has been found highly expressed in the mesenteric lymph node of 
intestinal nematode resistant animals (Araujo et al., 2009). Through observation of the genetic 
variation relating to gastrointestinal parasite resistance between and within breeds, it is evident 
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(McManus et al., 2014) that Indicus cattle have evolved for superior parasite resistance as 
compared to Taurine cattle and their crosses (Frisch et al., 2000). 
Limitation of this study 
As false positive results are not uncommon in these kinds of studies, additional validation 
procedures are important. Additionally, although the statistical methods used are robust enough 
to identify recent signatures due to natural and artificial selection, the genes identified here might 
be due to the divergence between the two species which occurred millions of years ago. 

Conclusion 

Results of our analysis identified important putative genes and pathways that are positively 
selected in East African Indicus cattle in response to different selection pressures of the African 
tropical environment. The interaction of African cattle breeds with the high disease and parasite 
prevalence, high temperature, and seasonal feed and water scarcity prevailing in the region might 
be the main selective pressure underlying the selection signature of genes. Identification of these 
genes allows us to better understand the biological process and mechanisms of tropical 
environmental adaptation in African cattle and can be used in future genomic selection programs. 
The genes identified in relation to tick and parasite resistance can be used for the development of 
tick and parasite control methods such as designing selection programs and development of 
vaccines. 
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Abstract 

KOI Herpes Virus disease is caused by a dsDNA virus named Cyprinid herpes virus 3 (Cy-HV3 or KHV). 
A few studies reported on differential susceptibility to the disease among carp strains and in our lab, in 
Israel, we have susceptible and resistant groups as well as a developed disease model. If and what 
differences in viral infection exist between resistant and susceptible is yet unknown. The objective of the 
study was to adopt and develop a protocol for quantifying KHV DNA in common carp tissue, and to use it 
for characterization of virus progression in infected fish from susceptible and resistant strains. In this 
study, phenol- and salt –based protocols were tested for extraction of DNA and suitability for KHV 
detection PCR. Salt-based extraction was better in terms of nucleic acid yield, quality and PCR product 
amplification. To test the viral infection dynamics, fish from resistance and susceptible families were 
exposed to the virus and tissues from three fish of each group were sampled at days, 0, 4 and 8 post 
infection.  Regular PCR assay yielded strong and consistent amplification with fish-specific primers and 
no amplification with virus-specific primers.  However, at TP8, different virus-specific primers gave 
consistent amplification in samples from all tissues. This result was corroborated by quantitative PCR, 
indicating that between days 4 and 8 the virus replicated considerably and spread in the fish body. Despite 
the considerable levels of viral infection, there was no statistically significant difference among tissues or 
between resistant and susceptible fish. The difficulty in getting statistical significance stemmed from one 
replicate susceptible fish that had orders of magnitude more viral DNA than other susceptible or resistant 
fish, suggesting that this fish could no longer control the viral replication and spread. This finding 
suggested that viral infection levels in the host tissues are still manageable until day 8 post infection, but 
susceptible fish are more prone to lose control over viral infection and hence die from this disease.  

Keywords: Common carp, KOI Herpes virus, KHV DNA, Regular PCR, quantitative PCR 
 

1. Introduction 

1.1. Aquaculture of Common carp 
The common carp [Cyprinus carpio Linnaeus (1758)] has been one of the oldest domesticated 
species of food fish and ever since, it is cultured as an important source of food throughout Asia 
and Europe (Balon, 2004). In 2012, global production of farmed edible common carp was 7% 
(3,630,577 MT) of the total freshwater aquaculture production (FAO, 2012). Belonging to the 
same species, the Japanese ornamental carp 'Koi' is highly valued for its color patterns, with 
specimens sold as pets at prices reaching thousands of US dollars. 
1.2. CyHV-3 and CyHV-3 resistance in common carp 
A major threat to aquaculture of common carp is a viral disease, caused by Cyprinus herpes virus 
3 (CyHV-3, also named KHV/CNGV), a highly contagious and extremely virulent dsDNA virus. 
Since 1998, carp industries worldwide have suffered enormous economic damage due to CyHV-
3 outbreaks. Susceptible fish exposed to CyHV-3 in permissive temperatures (18-26 °C) die 6-21 
days post infection (dpi) from hemorrhaging and tissue destruction and the losses are typically 60 
to 100% of fish (Hedrick et al., 2000, Gilad et al., 2003, Perelberg et al., 2003, Ilouze et al., 2006). 
Commercial edible carp of many strains around the world and especially ornamental Koi are 
highly susceptible to CyHV-3 disease. However, a natural source for resistance was found and 
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introduced to Israel from the wild 'Sassan' strain (Shapira et al., 2005). Several studies implied a 
genetic basis for differences in susceptibility of strains to CyHV-3 (Shapira et al., 2005, Rakus et 
al., 2009, Odegard et al., 2010, Kongchum et al., 2011), although neither the genetic components 
related with resistance nor the mechanism for resistance are known to date. Previous work in our 
lab has established a disease model by which naïve fish are exposed to the disease by cohabitation 
with sick fish, allowing to identify fish families that are on average more or less resistant to the 
disease. Indeed, we have in our hands several fish families with a varying degree of resistance to 
the disease that can be used to identify what the differences between susceptible and resistant fish 
are. 
Understanding the genetic and mechanistic differences between susceptible and resistant fish will 
facilitate development of resistant carp strains as well as development of improved vaccines. 
Possibly, understanding viral disease resistance in carp will also implicate on our understanding 
of resistance to other infectious diseases in carp and other fish species. 

2. Research objectives 

Towards understanding resistance mechanisms, the overall objective of this study was to develop 
a protocol for quantifying of KHV DNA levels in common carp tissues, and use it for 
characterization of virus progression in infected fish from susceptible and resistant strains. 

3. Material and Methods 

3.1. Exposure of fish to KHV  
A disease model has been previously established in the lab to expose naïve fish to the virus and 
follow the disease dynamics. In these experiments, fish from susceptible and resistant families are 
infected with the virus by cohabitation and the mortality curves are measured. In order to measure 
viral progression across each tissue and to compare the dynamics between susceptible and 
resistance fish, naïve fish from susceptible and resistant groups were exposed to viral infection. 
Three fish from each group were sampled at days 4 and 8 post exposure. As controls, three non-
exposed naïve fish from each group were used. Tissues were sampled from the fish for detection 
of viral DNA. 
3.2. DNA isolation by salt method 
Tissue samples such as gill, kidney, head kidney, hindgut, foregut, brain, liver, spleen and muscle 
were taken from each fish and stored in 1mL of 100% Ethanol at -20 °C. DNA was extracted using 
modified protein salting-out method (Martinez et al., 1998). In brief, 20-30 mg of a tissue sample 
was placed in 550 µL of cell lysis solution (50 mMTris- HCl, pH 8.0, 50 mM EDTA, 100 
mMNaCl). SDS solution was added to a concentration of 1% and cells were further lysed by 
incubation with 1 µLProteinase K solution (20 mg/mL) for 2 hours at 50°C. Three hundred µL of 
5M NaCl were added to the lysate and the sample was vortexed and centrifuged (13,000 rpm, 10 
minutes) to precipitate the proteins. The supernatant liquid phase was mixed with 900 µL of ice 
cold 100% isopropanol, incubated for 2 hours at -20°C and centrifuged (13,000 rpm, 5 minutes). 
The resulting DNA pellet was washed with 700 µL of 70% ethanol dried for 15 minutes and 
dissolved overnight in 100 µL of double distilled water at 4°C. DNA concentration and quality 
(Optical Density OD260/OD280 ratio) were measured using NanoDrop ND-1000 (NanoDrop 
Technologies). DNA samples were diluted to a concentration of 25 ng/µLand stored at -20°C for 
further analysis. 
3.3. DNA isolation by Phenol method       
Tissue samples such as gill, kidney, head kidney, hindgut, foregut, brain, liver, spleen and muscle 
were taken from the fish and stored in 1mL 100% Ethanol at -20°C. Twenty to thirty mg of a 
tissue sample was placed into 2mL micro centrifuge tubes containing 600µL extraction buffer of 

 



Proceedings of the 5th Annual National Conference, CAES 

184 

50mL(50mM Tris pH=8-2.5mL of 1M stock, 0.1M EDTA-10mL of 0.5M stock, 0.5%SDS-
2.5mLof 10% stock, ddw H2O-35mL). Cells were lysed by incubation with 3 μL of Proteinase K 
solution (20 mg/mL) for 2 hours at 50°C. 600 μL of Phenol-chloroform was added to each tube 
and mixed well by pipetting up and down several times. The tubes were centrifuged for 5 minutes 
at 13000rpm. The entire supernatant, were pippeted into a new 2 mL centrifuge tube. 500 μL 
Phenol-chloroform was added to each tube and mixed by pipetting up and down several times. 
The tubes were centrifuged for 5 minutes at 13000rpm. The supernatant was carefully pipetted 
into a new 2 mL centrifuge tube). Salt (40 μL that equals 0.1 volume of 3M NaAc) and 900 μL of 
ice-cold 100% EtOH (stored at -20°C) were added to each tube. Tubes were repeatedly turned 
upside down to mix and then incubated at -20°C for 2 hrs. Tubes were centrifuged at 13,000-
16,000 rpm for 5 min in a tabletop centrifuge. The DNA pellet appeared at the bottom of the tube. 
The liquid was carefully removed and the pellet was dried completely by leaving the lid of the 
tube open in room temperature. The pellet was washed by 700µL of 70% EtOH (stored at -20°C).  
The EtOH was carefully removed and the pellet was dried completely by leaving the lid of the 
tube open in room temperature. The pellet was dissolved overnight in 100 µL of double distilled 
water at 4°C. DNA concentration and quality (Optical Density OD260/OD280 ratio) were measured 
using NanoDrop ND-1000 (NanoDrop Technologies). DNA samples were diluted to a 
concentration of 25 ng/µLand stored at -20°Cfor further analysis. 
3.4. Regular and Quantitative PCR primers 
The details of the primers that were designed and used in this study are given in Table 1. 

 
Table 1. Primers used in this study. 

Primer name                  sequence((5' -> 3') Used for  
CCA27-F 5′-CAGGCCAGATCTATCATCATCAA-3′ Regular PCR 
CCA27-R 5′-CTGCTGTTGGATATGCACTACATC-3′ Regular PCR 
EF1α-F 5′ -CAAGGTCACGAAGTCTGCAC-3′ Regular PCR 
EF1α-R 5′-CACGAGGTTGGGAAGAACAT-3′ Regular PCR 
β-ACTIN-F 5′-ACTGCTGCTTCCTCCTCCTC-3′ Regular PCR 
β-ACTIN-R 5′-CATTGTGCTCGGGGCCAGGG-3′ Regular PCR 
SSeq11-L 5′-AACAAACCTCCATGCACACA-3′ Regular PCR 
SSeq11-R 5′-GCAGCAGAGGACTGGAAAAC3′ Regular PCR 
MCP-F 5′-GGATCCCCAGGCGTACTTCATGTCCT-3′ RT qPCR 
MCP-R 5′-GGATCCACGATGGGCACCAACTTTAG-3′ RT qPCR 
NHRT- RTF 5′-CCAGATCCACCAGCTCCTGT-3′ RT qPCR 
NHRT- RTR 5′-AAGATGGGAGCTCTCGGAGG-3′ RT qPCR 
ORF10-RTF 5′-CCTCCCCTCAACACCTA-3′ RT qPCR 
ORF10-RTR 5′-GGTACTCTGGCTGCGAGTTC-3′ RT qPCR 
ORF17-RTF 5′-CAGCAGCAGCTCAACAAGAG-3′ RT qPCR 
ORF17-RTR 5′-ATGTCGGGCTGGATGTAGAC-3′ RT qPCR 

 
3.5. Regular PCR Assay 
To detect the presence of viral DNA in infected fish tissues, a method based on fish specific and 
virus specific PCR primers was calibrated. Primers suitable for regular and quantitative PCR, 
specific to common carp or KHV DNA were designed and tested for amplification efficiency. For 
fish DNA, the tested primers were CCA27, β-Actin, SSeq11and EF1α. For virus DNA, MCP and 
NHRT were tested. These primers were tested on diluted DNA extracted from uninfected (naïve) 
and infected fish. Two µL (50 ng) of the diluted DNA sample was added to the 18 µL of the 
following reaction master mix respective to each primer: 10 µL of water, 2 µL of 25mM MgCl2, 
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2 µL of 10XTaqpolymerase buffer, 1.5 µL of 6.6 mMdNTP mix, 2 µL of25 pMmixed forward 
and reverse primers, 0.5 µL of Taq polymerase. The following PCR program was used: Initial 
denaturation for 2min at 94°C followed by 35 cycles of 30sec denaturation at 94°C, 1 min of 
annealing at 60°C and 1 min of elongation at 72°C, followed by 10 min of final elongation at 
72°C. PCR product were separated by size on 1.5% agarose gel and stained by EtBr for 
visualization using UV light imager using 100bp ladder to estimate size. 
3.6. qPCR analysis 
To do quantitative measurements of KHV DNA levels in tissues of resistance and susceptible fish, 
qPCR primers were designed and tested for amplification efficiency. For the fish DNA, EF1α and 
for the KHV DNA, NHRT, MCP, ORF10 and ORF17 were tested using naïve fish DNA and KHV 
DNA samples. To generate calibration curve for the tested primers, separate pools of naïve fish 
DNA and KHV infected fish DNA samples were created and serially diluted to concentrations of 
200, 50, 12.5, 3.12 and 0.78ng/μl.  
RT-qPCR analysis was carried out on an LightCycler® 96 Real-Time PCR with the following 
reaction master mix for  day 4 virus exposure, using  LP, W, SEMISK, 96 Well plate (0.1ml) 
(Bioplastic BV, Rotscherweg 61.6374 XW Landgraaf, The Netherlands): 2 μl water, 2 μl primer 
mix(forward + reverse, 2uM) and 10 μl Platinum SYBR green qPCRSuperMix-UDG (Invitrogen).  
14 μl of the master mix were placed in to each well of LP, W, SEMISK, 96 Well plate (0.1ml) 
(Bioplastic BV, Rotscherweg 61.6374 XW Landgraaf, The Netherlands) and complemented by 6 
μl of the DNA sample as PCR template. For day 8 of virus exposure :6 μl water, 2 μl primer mix( 
forward + reverse, 2uM) and 10 μl Platinum SYBR green qPCRSuperMix-UDG(Invitrogen). 18 
μl of the master mix were placed in to each well of LP, W, SEMISK, 96 Well plate (0.1ml) 
(Bioplastic BV, Rotscherweg 61.6374 XW Landgraaf, The Netherlands) and complemented by 2 
μl of the DNA sample as PCR template. The plate was covered with Opti-seal disposable adhesive 
(Bioplastic BV, Rotscherweg 61.6374 XW Landgraaf, The Netherlands), centrifuged and placed 
in the LightCycler® 96 Real-Time PCR. The following LightCycler® 96 Real-Time experimental 
protocol was used: pre-amplification hot start segment (500C for 2 minutes, 950C for 2 minutes), 
amplification segment (950C for 30 seconds, 620C for 1 minute with a single fluorescence 
measurement), repeated for 40 cycles and a dissociation curve segment (950C, with increment of 
0.010C per second and continues fluorescence measurement). Ct values were measured at 
fluorescence threshold of 500dR. Thermo cycler fluorescence results were analyzed with 
LightCycler(R) 96 SW1.1 software on the machine 
3.7. Data Analysis 
The analysis of Regular PCR was based on band intensity as explained in the result section 4.3. 
The data analysis regarding the qPCR experiment: Cycle threshold values (Ct) from qPCR 
experiments were calculated by LightCycler(R) 96 SW1.1 software on the machine. Ct values of 
TP8 for both primers (NHRT and EF1α) that were above the background level of 33 were excluded 
from the analysis. The two technical replicate Ct values of each primer were averaged. To estimate 
the relative viral level, Ct values from the viral DNA NHRT primers were normalized relative to 
the values from the fish DNA EF1α primer using the formula 2-ΔCt  (ΔCt = Ctnhrt– CtEF1a).   The 
normalized relative values were analyzed by a two-way ANOVA model using JMP8.0 (SAS 
institute) software. The model tested the differences among tissues, the difference between 
resistant and susceptible groups and the interaction between these two factors.  

4. Results 

4.1. Primer test by regular PCR 
To detect the presence of viral DNA in infected fish tissues, a method based on fish specific and 
virus specific PCR primers was calibrated. Primers suitable for regular and quantitative PCR, 
specific to common carp and KHV DNA were designed and tested for amplification efficiency. 
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For fish DNA, the tested primers were CCA27, β-Actin, SSeq11 and EF1α. For virus DNA, MCP 
and NHRT were tested. These primers were tested on DNA extracted from infected fish. For fish 
specific primers EF1α gave consistent and strong amplification while for virus-specific primers 
MCP gave the best results (Figure1).  

 

Figure 1.Testing fish or virus specific primers by regular PCR. Five DNA samples from infected 
fish and water no template control were used for testing the PCR amplification of six primer pairs.  
M stands for DNA ladder Marker. 
 
4.2. DNA extraction by phenol and salt protocols 
Phenol and salt-based methods were compared to evaluate the suitability of the DNA extracted by 
each method for PCR-based detection of the KHV DNA in common carp. Both methods were 
suitable for DNA extraction from kidney and head kidney but the salt-based extraction was better 
when further tissues were included such as hindgut, foregut, gill, brain, liver, spleen and muscle. 
Furthermore, salt-based extraction yielded considerably more DNA than the phenol-based method 
(Table 2). Therefore, the salt-based method was chosen and further calibrated to yield enough 
DNA from all tested tissues by comparing the regular protocol with an up-scaled protocol using 
five times more tissue. The up-scaled protocol yielded sufficient DNA from all tissues.  

 
Table2.  Nucleic acid yield and quality of DNA extracted from pooled kidney and intestine 
samples by salt and phenol protocols.  

 N 
Samples 

Average yield 
(µg/µL) 

StDev of yield 260/280 nM 
ratio 

260/230 nM 
ratio 

Salt-based 5 3.3 0.7 1.9 1.8 
Phenol-based 5 0.9 0.3 1.9 1.8 

 
Next, the suitability of the DNA extracted by the two extraction protocols for PCR amplification 
was tested. For the PCR, the CCA27 fish-specific and the MCP virus-specific primers were used. 
The specificity of the primers was verified by positive amplification of infected fish DNA by both 
primers. All 10 DNA samples were amplified by the fish primers while different amplification 
level were observed for different fish using the virus primers, suggesting different levels of 
infection (Figure 2). Comparing the intensity of the PCR product signals, DNA samples extracted 
by the salt-based protocol yielded better amplification (Figure 2). Taken together, for both the 
yield and the suitability for PCR amplification, salt-based extraction was selected as the preferred 
method for extracting DNA from further samples. 
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Figure 2.Suitability of DNA extracted by two methods for virus DNA detection by regular PCR. 
Each of the five samples extracted by either protocol was amplified by CCA27 (fish specific) and 
MCP (virus specific primers). As controls, DNA samples from known infected and naïve fish 
were used as well as a non-template (water) control. M – DNA ladder, PF – phenol extracted, SF 
– salt extracted, + - infected fish control, - - naïve fish control and ddw – water control. On the 
left are CCA27 PCR products and on the right MCP products. All samples were amplified by the 
CCA27 fish-specific primer. The naïve fish control DNA was not amplified by the MCP virus-
specific primers while the other samples were amplified to different degrees. For most samples, 
the salt extracted samples gave stronger amplification than the phenol extracted ones.   
 
4.3. Infection of resistant and susceptible fish to KHV 
To study if resistant and susceptible fish are different in KHV infection level and dynamics, we 
conducted an infection experiment. Based on previous infection experiments, we knew which fish 
families were resistant and which were susceptible. About 12 naïve fish (that were never exposed 
to KHV) from each resistant and susceptible families were selected and infected with KHV by 
cohabitation with sick fish. Three fish from each group (resistant and susceptible) were sacrificed 
at each time point, 0 (before infection), 4 and 8 days post infection for sampling of tissues (gill, 
kidney, head kidney, hindgut, foregut, brain, liver, spleen and muscle). DNA was extracted from 
each tissue by the salt-based protocol. Based on the yield quantification, each sample was diluted 
to a concentration of 25 ng/µL for the PCR assay. Altogether, the diluted DNA samples from eight 
tissues were organized in duplicates in three 96-wells plates, one per each time-point (TP0, TP4 
and TP8). 
4.4. Qualitative detection of virus by regular PCR 
To test for the presence of the virus, the DNA samples from TP4 and TP8 were used as templates 
in PCR using two fish-specific primers (CCA27 and β-Actin) and two virus-specific primers 
(MCP and ORF10). While for TP4, all samples gave strong and consistent amplification with the 
fish-specific primers, almost no PCR products were visible from the virus-specific primers. 
However, at TP8 of virus exposure, there was clear amplification of both virus-specific primers 
in all eight tissues, indicating that at TP4, little or even no infection could be detected in the fish 
but by TP8, the virus was already spread in the fish body. 
To compare the infection levels among tissues at TP8, the PCR band intensity on the Agarose gel 
was categorized as either strong, faint or none and assigned with a score of 2, 1 or 0, respectively. 
The score of each sample was determined based on its two replicates. Then, the score was summed 
across the three replicate fish representing each resistant and susceptible group. First, I compared 
the results of the two virus-specific primers. The correlation coefficient between scores of eight 
tissues and two fish groups (altogether 16 points) obtained from MCP and ORF10 primers was 
high and significantly different from zero (r = 0.74, P< 0.001). Since we found a high correlation 
between the primers, we averaged their scores and analyzed the signal levels among tissues 
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(Figure 3). Virus was detected in all tissues but there was no significant difference in average 
score between resistant and susceptible groups or among tissues. 
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Figure 3. Comparison of PCR band intensity score among tissues of resistance and sucesptable 
fish.  
4.5. Calibration of quantitative PCR for virus detection 
Since the regular PCR gave us a rough qualitative result, we went further to develop a quantitative 
PCR assay for relative viral DNA quantification. DNA from each infected and naïve fish was 
serially diluted by a factor of four to test the specificity and linear range of amplification using 
various fish and virus primers. For the no-template water control, large Ct values or non-detectable 
amplification was observed for all primers (Figure 4A). For the naïve fish DNA, the EF1α fish-
specific primers gave a good concentration dependent amplification level (Figure 4A). While the 
Ct values of the EF1α positive amplification were below 30 for the lowest concentration of 0.78 
ng/µL, the values for all virus-specific primers were above a Ct value of 33 (Figure 4A). In 
contrast, for all primers, good concentration-dependent amplification levels were observed for the 
infected fish DNA (Figure 4B). 
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Figure 4. Ct values of EF1α, MCP, NHRT, ORF10 and ORF17 primers for: A) negative no-
template water control and for serial dilutions of a naïve fish DNA, and B) for serial dilutions of 
an infected fish DNA. 
Based on the serial dilutions test, regression analysis of all the tested primers yielded a slope 
around 2, as expected for four fold serial dilutions, high R2 values and good amplification 
efficiencies (Figure 5 and Table 3). These good parameters indicated good PCR amplification 
properties and specificity for all virus primers as well as for EF1α for DNA from both naïve and 
infected fish. Given these results, EF1α (fish-specific) and NHRT (virus-specific) were selected 
to analyze the virus infection in different tissues of resistant and susceptible fish. 

 

 
Figure 5.Regression analysis for quantitative PCR primers. Note, the higher the DNA quantity is 
(X-axis) the lower the Ct values are (Y-axis). 
 

Table 3. Parameters estimated for quantitative PCR primers 

 ORF10 ORF17 MCP NHRT EF1α (no virus) EF1α (with virus) 

Regression 
coefficient 

-2.29 -2.27 -2.27 -1.99 -2.08 -3.22 

R2 0.93 0.93 0.94 0.88 0.92 1 
Efficiency 2.74 2.76 2.76 3.17 3.03 2.05 

 
4.6. Analysis of relative viral DNA levels by quantitative PCR 
The same TP4 and TP8 diluted DNA plates that were used for regular PCR analysis were used for 
quantitative PCR analysis. Each plate was analyzed twice using EF1α and NHRT primers. The Ct 
values of each qPCR run were used for further analyses. First, since every DNA sample was 
represented in duplicates, a correlation analysis was used to estimate the repeatability and 
reliability of the method. The pairwise correlation coefficients between Ct values of replicates 
obtained from EF1α at TP4 and TP8 as well as from NHRT at TP8 were above 0.98 and highly 
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significantly different from zero (P< 1 x 10-32). The coefficient for NHRT at TP4 was significantly 
lower (r = 0.65, P < 1 x 10-6). Initially, we have included all Ct values in the analysis. However, 
since we were not pleased with the repeatability of the virus Ct values at TP4, we excluded all Ct 
values above 33 in accordance to the background level obtained for the serial dilution calibration 
assay. Following this step, all the NHRT Ct values of TP4 were excluded while all were remained 
for TP8. Analyzing only Ct values below the 33 threshold confirmed the absence of significant 
viral infection at TP4 in all tissues of both resistant and susceptible groups.  
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Figure 6. Normalized Ctvalue of resistance and sucesptable fish at TP8.A) average ratio across 
replicates of viral to fish DNA in different tissues of susceptible and resistant fish.  B) average 
ratio across tissues of viral to fish DNA for each of the resistant and susceptible three replicate 
fish. note the logarithmic scale.  
 
Left with the values of TP8, we have normalized the Ct values of the viral DNA (NHRT primers) 
to the corresponding Ct values of the fish DNA (EF1α primers) to obtain a relative measurement 
of viral infection levels. After averaging the normalized values across three replicate fish per 
group, we found that in all tissues, the viral infection level was higher in susceptible than in 
resistant fish (Figure 6A). The only exceptions were gills where viral infection levels were lower. 
Exceptionally high infection levels were found in the foregut and liver of susceptible fish. 
Nevertheless, despite the large differences in average, none of these values were significantly 
different (neither among tissues nor between resistant and susceptible fish). Lack of significance 
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indicated significant variation existed among replicate fish. Indeed, analyzing the average 
infection level across tissues of replicate fish indicated that fish number 3 from the susceptible 
group had two to five orders of magnitude higher infection levels compared to resistant fish and 
to the other two susceptible replicate fish (Figure 6B). Although three replicates is a small sample 
size, this finding suggested that viral infection levels in the host tissues are still manageable until 
day 8 post infection, but susceptible fish are more prone to lose control over viral infection and 
develop severe viremia leading to mortality. This hypothesis is supported by the finding in our lab 
that mortalities are centered around days 8-12 post infection and the difference between 
susceptible and resistant fish is in the proportion of fish rather than in the days post infection at 
which they die (Figure 7).   
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Figure 7.Cumulative survival during KHV infection experiment involving several fish families 
with various levels of viral resistance. 
 

5. Discussion  

Since the initial isolation of KHV in 1998, a number of new and improved methods have been 
developed to detect the virus. That isolation of the virus was difficult was shown early and thus 
other detection methods have been rigorously pursued. The PCR method has proven to be an 
effective mean to detect viral DNA in a number of fish tissues during the acute disease and for the 
following recovery period (Hedrick et al., 2005). 
In this study, regular and qPCR methods have been used for analyzing the viral dynamics in 
various tissues of resistance and susceptible fish. In order to establish a reliable viral detection 
method, we have tested the more suitable DNA extraction method and selected the salt-based 
method over the phenol-based one. Then, we have designed and tested fish-specific and virus-
specific primers and selected several suitable pairs for further analysis. Some of these primers 
were also suitable for quantitative analysis using qPCR. 
By a regular PCR assay, we did not detect viral DNA in tissues of fish sampled four days post 
infection but we did detect viral DNA in all the tissues after eight days. This result was later 
confirmed by qPCR, a method with higher sensitivity and specificity. This finding is not supported 
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by the study of Pikarsky et al., (2004) who conducted semi-quantitative PCR experiments and 
found that Viral DNA was detected in the kidney and blood as early as 3 and 5 days post 
cohabitation, respectively. Shapira et al., (2005) also found that the amount of viral protein 
produced by the infected kidney cells, as detected by immunofluorescence, begins to increase on 
day 3, and proceed to accumulate for 7 days post-exposure to the virus. These differences might 
be due to the dynamics of the infection that is heavily dependent on the conditions of the 
experiment and most notably on the temperature. Our previous experience indicated that an 
increase of two degrees in the experimental temperature (22 °C vs. 24 °C) could shorten the time 
of disease development and mortalities by 2 - 4 days. The sensitivity of disease development was 
reported earlier by Gilad et al., (2004) that found mortalities started 5 days post exposure at a 
water temperature of 28°C, 8 days at 23°C and 14 d at 18°C. Future work will have to analyze the 
infection between days 4 and 8 and after day 8 post infection in order to understand better the 
dynamics of infection. 
Based on the finding that virus DNA was found in all tissues at day 8 post infection, we analyzed 
the differences between tissues and although considerable differences were found between tissues, 
these differences were not statistically significant. Similarly, no statistically significant differences 
were found between susceptible and resistant fish. The reason for not getting a significant result 
was the variation found among replicate fish. Most notably were the several orders of magnitude 
higher virus levels in one of the susceptible fish we sampled. Therefore, future studies will have 
to analyze more fish per time point to obtain a more reliable result. Nevertheless, from this 
preliminary study we can hypothesize that disease symptoms and mortality are associated with 
uncontrolled replication of the virus that is reflected in such extremely high virus to fish DNA 
ratio as we found for that one fish. This particular fish was from the susceptible group suggesting 
that susceptible fish are more likely to lose control over the virus replication. This hypothesis is 
supported by the finding in our lab that mortalities are centered around days 8-12 post infection 
and the difference between susceptible and resistant fish is in the proportion of fish rather than in 
the days post infection at which they die. 

 

6. Conclusion 

In conclusion, we have developed a method to analyze the relative viral DNA of KHV in tissues 
of infected fish. Our preliminary results placed a time frame between days 4 and 8 time of the 
infection as the time during which the virus spreads in the fish body under our experimental 
conditions. Furthermore, time point 8 and onwards seemed to be the correct time to analyze the 
difference in viral load between susceptible and resistant fish in order to test the hypothesis that 
susceptible fish are more likely to lose control over virus replication and consequently to die. 
Although this research exercise did not yield a solid answer to the research question, its methods 
and preliminary results will enable a more precise research in the future to address these questions. 
Understanding the difference in viral infection levels between susceptible and resistant fish will 
contribute to development of resistant strains suitable for aquaculture and to development of more 
efficacious vaccines.  
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Abstract 

The purpose of study was to investigate diversity and some biological aspects of fishes at Aveya River 
during wet (October 2011) and dry seasons (April 2012). Seven sampling sites were selected purposively 
by considering velocity of the flowing river, accessibility, fishing activity and other factors. Fishes were 
collected by using gillnets of stretched mesh size 6, 8, 10, 12 and 14 cm, and monofilaments of different 
mesh sizes. Basic biological data was collected from all sampling sites in both seasons. Identification of 
fishes was made at species level by using standard taxonomic keys. Eight hundred six fish specimens were 
collected during the study period in both seasons. Only one order (Cypriniformes), one family 
(Cyprinidae), three genera and four species were investigated from Aveya River. Aveya River and its 
tributaries seem to be dominated by one family only. Gumara River (site 3) had the highest diversity 
(average H'=3.47) in both seasons. Varicorhinus beso, Labeobarbus nedgia and L. intermedius were the 
most important species in most of the sampling sites. Length-weight relationships were curvinliear, 
significant and isometric for L. nedgia, L. intermedius and Labeo forskahlii. Fulton’s condition was 
significantly higher during the dry season than wet season for L. nedgia, L. intermedius and L. forskahlii. 
The overall sex ratio significantly varied between seasons for L. intermedius and L. forsakahli but not for 
L. nedgia.  The absolute fecundity of L. nedgia, and L. intermedius was related curvilinearly and linearly 
to fork length and body weight, and gonad weight, respectively. In this river system, it is possible to produce 
28 tons of fish per year. To use the aquatic resources in a sustainable way, it is important to consider 
catchment rehabilitation and minimize the massive seasonal fishing by the local communities.  

Key words: Aveya River, condition factor, diversity, fecundity, fish potential, sex ratio  

 
1. Introduction  

Studies on species diversity and biology are very important to obtaining information on the quality 
and quantity of the available habitat as well as for wise use of the aquatic resources. Since the 20th 
century, many fish species have suffered continuing declines in abundance and distribution, some 
at alarming rate. As in many parts of the world population growth, agricultural development and 
industrialization contribute to the loss of species diversity of inland water fishes (Abebe Getahun 
and Stiassny, 1998). Widespread deforestation and degradation of the pristine environment and 
other human induced factors might have left many Ethiopian streams, especially the northern ones, 
devoid of fish but the apparently resilient cyprinids (Abebe Getahun and Stiassny, 1998). The 
declines in abundance is commonly attributed to factors such as general habitat degradation 
(Llewellyn, 1983), introduction of alien fish and diseases (Koehn and Òconnor, 1990), illegal 
fishing and commercial overfishing (Brown, 1992), reduced water quality and  pollution (Mallen-
Cooper and Harris, 1993), modified patterns of stream flow (Gehrke et al., 1995), interrupted 
migratory pathways (Mallen-Cooper et al., 1995), change in energy fluxes (Harris, 1996) and 
altered biotic interaction (Schiller et al., 1997).  
Knowledge on diversity and detailed productive and reproductive capacity of the Ethiopian 
ichthyofuna has been poorly known; relatively a large number of small, medium and even some 
large rivers have not been well studied and explored including the ones to be explored in this study 
(Abebe Getahun, 2005). Aveya (also known as ‘Abaya’) River, a tributary of Blue Nile River, 
originates from the central Gojjam highlands particularly at Mt. Choke. It has a number of 
tributary rivers such as Ginbara, Gumara and Yeka. The Aveya River system occupies a large 
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catchment area shared by Hulet Eju Enesie and Bibugn Woredas of East Gojjam Admnistrative 
Zone and Dega-Damot, Quarit and Gonji-Kolela Woredas of West Gojjam Administrative Zone.  
Physical observations and some reports indicated that all these rivers have had substantial fish 
resources three decades ago. However, many local residents are claiming for the loss of the fish 
resources. In Aveya River and its tributaries, in so far as we know, no research reports have been 
made with regard to diversity and biology of the fish fauna. This is due to harshness and undulating 
landscapes, inaccessibility for transportation, security and logistic problems. Therefore, the 
absence of fishery data on this river triggers the necessity to conduct this study.  

2. Objectives 

The main objective of the study were 
 To identify composition and abundance of fishes at Aveya River and its tributaries 
 To determine the biology of the existing fish species  
 To estimate the river’s fish potential 

3. Materials and Methods  

3.1. Description of the study area 
Blue Nile River basin lies in the west of Ethiopia between latitude 7°45' and 12°45' N, and 
longitude 34°05' and 39°45' E (MoWR, 2010). It shares common boundaries with the Tekeze 
basin to the north, the Awash basin to the east and southeast, the Omo-Gibe basin to the south, 
and Baro-Akobo basin to the west (MoWR, 2002). The total area of the basin is 199,812 km2 
where 46, 31 and 23% of it falls in Amhara, Oromiya and Benishangul-Gumuz Regional States, 
respectively (MoWR, 2002). The River basin’s elevation ranges from 500 m to 4261 m with the 
mean annual flow of 54.8 billion m3 (Seleshi Bekele et al., 2007). 
Blue Nile River, draining the southwestern parts of the western highlands of Ethiopia, consists 
of Didessa, Dabus, Beles, Gilgel Beles, Beshilo, Dura and Ardi Rivers as major tributaries 
(Abebe Getahun and Stiassny, 1998). The Beshilo arises near Magdala and drains eastern 
Amhara; the Jemma arises near Ankober village and drains northern Showa; Muger arises near 
Addis Ababa and drains south-western Showa; the Didessa River arises from the Kaffa hills, the 
largest of the Blue Nile effluents, and it has a generally south-to-north course; the Dabus River 
runs near the western edge of the plateau escarpment. Blue Nile River in its longest course in 
Ethiopia, has a number of other medium sized tributary rivers. Most of these medium sized 
tributary rivers arise from Gojjam, Gondar and Showa highlands. 
The study was conducted in the middle part of Aveya River (Figure 1). Aveya and its tributaries 
arise from Eastern side of Gojjam highlands; join the main Blue Nile River after the TissIsat Fall, 
enters to Blue Nile at about 30 km North of Motta town, East Gojjam Administrative zone 
(personal observation).  
In central Gojjam highlands, there is higher volume of water discharge to the north side as 
compared to the south side of a chain of mountains (personal observation). The Aveya River 
system shares a number of Kebeles of the five Woredas (Hulet Eju Enesie, Bibugn, Dega Damot, 
Quarit and Gonji-Kolela) (Figure 1). Aveya and its tributaries arise from networks of streams at 
peak hills of Gojjam highlands, flowing to the north and finally it enters to Blue Nile River.  
In terms of water volume, Aveya River contributes the largest share (personal observation) since 
it is formed from a large array of spring waters being discharged from the Choke and Wa-Birr 
peaks. The Aveya River sourced from Choke mounts to the Sihede side of Hulet Eju Enese 
Woreda, and Wa-Birr mount and Kuchit Bahitay hills of Bibugn Woreda in East Gojjam 
Administrative Zone. Except the upper catchments of the river, the river has slow course and wide 
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river banks. At the lower catchment of the river, deep gorges, big rocks and rock beds, and deep 
caves are common (personal observation).    
Ginbara and Gumara, are the tributaries of Aveya River, originate from a number of springs 
coming out from the continuum of central Gojjam highlands.  Ginbara River joins the main Aveya 
River at about 15 km away (site 2) from the Aveya Bridge the way to Motta town from Bahir Dar. 
Gumara River enters to Aveya at about 10 km away from the Bridge. On the other hand, Yeka 
River joins Gumara River at about 35 km from the Bridge. At the entrance of Ginbara and Gumara 
Rivers, it is full of weathered and sediment transported rocks. 
   

 
Figure 1. Map of study area and sampling sites. 
3.2. Field sampling  
Seven sampling sites were selected by considering nature and velocity of the flowing river, 
accessibility, interference by human beings and other farm animals and substrate type of the 
sediments and suitability for setting gillnets, previous experience of traditional fishing and 
availability of fishes and the sampling sites were fixed using GPS (Figure 1 and Table 1).   
Data was collected both in dry and wet seasons. During the wet season data was taken in October 
2011 and dry season in April 2012 at sampling sites. Gillnet of mesh size of 6, 8, 10, 12 and 14 
cm stretched bar mesh, having a length of 25 m and depth of 1.5 m was used to sample fish by an 
overnight setting of gillnets. Monofilament with mesh size of 5 mm - 55 mm were also used to 
sample fish. 
Immediately after capture, a gentle pressure was applied on the abdomen to check whether 
spermiation or ovulation has occurred or not. Fish were identified to the species level using the 
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keys developed by Nagelkerke (1997). Fork length (TL), fork length (FL), and total weight (TW) 
of all specimens of fish were measured on field.  
Pictures of fish specimen were taken for each specie. After dissection, gonad maturities of each 
fish specimen were identified using a seven-point maturity scale (Nagelkerke, 1997; Tesfaye 
Wudneh, 1998). Gonad weights were measured to the nearest 0.1 g using sensitive beam balance. 
Samples of eggs from some matured female fish (stage VI) were preserved in 5% alcohol for 
fecundity estimation (Bagenal, 1978).  
Table 1. Sample sites and there codes, estimated distance from the old bridge, habitat, width of 
the river and coordinates.  

Sites Rivers Distance 
(km) 

Elevation 
(m) Habitat Width 

(m) 
Coordinates 
(GPS) 

Site 1 Aveya only 16 1548 
Clear water and rocky, 
sandy, forest cover at the 
right bank 

250 
39P0364298 

1224807 

Site 2 Ginbara 15 1739 
Very rocky, turbid 
water, forest cover on 
both sides 

200 
37p0363561 

1224740 

Site 3 Gumara 11 1730 Very rocky, Clear water 
and forest covered 150 

37p0362659 

1226062 

Site 4 Shatit 10 1709 Clear water, forest cover 150 
37p0362782 

1226438 

Site 5 Konnen 8.5 1718 Clear water, trees and 
small shrubs 70 

37p0363448 

1226575 

Site 6 Old Bridge 0 1669 Clear water, rocky 160 
37p0366300 

1228837 

Site 7 Shenbeko 
Bahir +1 1640 Clear water, rocky 110 

37p0365643 

1229480 

 
3.3. Shannon index of diversity (H')   
H' is a measure of species weighted by the relative abundance (Begon et al., 1990)  
H' is calculated using the formula below:  
H'   =   ∑ pi ln pi   
Where, pi - the proportion of individuals in the ith species. Shannon index is used to indicate 
diversity of fishes at different sampling sites or rivers. 
3.4. Length-weight relationship   
The relationship between total length and total weight of most dominant fish was calculated using 
power function as in Bagenal and Tesch (1978) procedures.  

TW= aTLb   or  ln TW =ln (aTWLb) 
ln (W) = ln (a) +ln (b) 
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Where: TW–total weight (g); TL- total length (cm); a-intercept of regression line; b-slope 
of regression line  

3.5. Condition factor (Fulton factor) 
The well-being of each dominant species was studied by using Fulton condition factor (Lecren, 
1951; Bagenal and Tesch, 1978). 
Fulton condition factor (%) was calculated as:    

FCF =  Tw
TL3

  100 

Where, TW- total weight (g); TL- total length (cm) 
3.6. Sex ratio 
Sex ratio was determined using the formula  

sex ratio =  
  number of females

number of males
 

Chi-square (χ2) was used to test if there is a significant difference among the male and female 
species. 
 

3.7. Fecundity  
Fecundity is the number of eggs in ovary prior to spawning. Fecundity was determined gravimetric 
method (MacGregor, 1957). Three sub-samples of 1 g eggs was taken from different parts of ovary 
and counted and the average was calculated.  Then, the total number of eggs per ovary was 
calculated by extrapolation. The relative fecundity was calculated by dividing the number of eggs 
with the total body weight. The relationships between fecundity with total length, total weight and 
ovary weight was also made.  
 

3.8. Data analysis  
For normally distributed data, ANOVA was used to analyze the data. For non-normally distributed 
data, non-parametric methods were used or the data was transformed. SPSS version 16 was used 
to analyze the ANOVA, regression and some descriptive statistics. 
 

4. Results and Discussion 

4.1. Species composition  
In our study, 806 specimens of fish collected, belonging to four species, namely: Varicorhinus 
beso, Laebeobarbus intermedius, L. nedgia and Labeo forskalii (Table 2 and Figure 2). The local 
fishers also confirmed that there are four species only in the sampled rivers. The four species are 
represented by a single class Actinopeterygii (ray-finned fishes), order cyprinformes and family 
cyprinidae (Table 2). In Aveya River system, the family cyprinidae was the only dominant family. 
The freshwater fish fauna of the river contained a mixture of Nilo-Sudanic (L. forskalii) and 
highland East African (e.g., V. beso, L. intermedius and L. nedgia). Whereas V. beso, L. 
intermedius, L. nedgia and L. forskalii were found in most of the sampling sites, L. nedgia and L. 
forskalii were not found at the upper most site (site 1) of the Aveya River (Table 3). Thus, 
Varicorhinus beso and L. intermedius were common in all the sampling sites in both seasons. The 
number of fish species was lowest at site 1 and lower at site 2 (Table 3). Four, three and two 
species were recorded from sites 3-7, 2 and 1, respectively (Table 3). The Aveya River and its 
tributaries was dominated by the only Family Cyprinidae and mainly by the genus Labeobarbus.  
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Table 2. Fish species composition and their local names at Aveya River. 

Species name Local name Family Order 

Varicorhinus beso Gumit Cyprinidae Cypriniformes 
Labeobarus intermedius Nechi Asa ″ ″ 
Labeobarbus nedgia Motte ″ ″ 
Labeoforskalii Teyimate ″ ″ 

 

a)          

b)  

c)    

d)   
 Figure 2. Lateral view V. beso (a), L. nedgia (b), L. intermedius (c), L. forskalii (d) at Aveya 
River. 
Table 3. Fish species presence in sampling sites (+ present, - absent). 
Species Sampling sites 
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Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

V. beso + + + + + + + 
L. intermedius + + + + + + + 
L. nedgia - - + + + + + 
L. forskalii - + + + + + + 

In the current study, fish species composition (4 species) at all sampling sites seemed low (Table 
4)  as compared to results reported by other workers in the upper Blue Nile, Lake Tana sub-basin 
and Tekeze drainage basins.  Mohammed Omer (2010) reported 17 species from head of Blue 
Nile River (Lake Tana to Tisisat Fall), Tadlo Awoke (2011) also reported 8 species below the Fall 
of Blue Nile River. Genanaw Tesfaye (2006) identified 10 species from Sanja and Angereb Rivers, 
Moges Beletew (2007) reported 17 species from Beshilo, Dura and Ardi Rivers, Zeleke Berie 
(2007) 23 species from Beles and Gelegel  Beles, Dereje Tewabe (2008) 27 species in Guang, 
Ayima, Gendwuha and Shinfa  Rivers, Tesfaye Melak (2009) 59 species from Baro and Tekeze 
Basins. The low species diversity may be related to the size and productivity of the river. It may 
also be related to habitat degradation or ecological filters.  
The presence of few fish species and dominance of one family only in this study seemed that these 
cyprinid fishes, being riverine origin, are specifically segregated or adapted in the tributaries of 
Blue Nile River. The presence of bed rocks might favor for the large population of V. beso found 
in this study. Flow variability might also have an effect on fish assemblages, for example, high 
flows could destroy fish habitat and wash away the already laid fish eggs.  
Table 4. Comparison of fishes species composition (Lake Tana, above the Blue Nile Fall, below 
the Blue Nile Fall and the present study (+, present and -, absent). 
____________________________________________________________________________ 
Species               Lake Tana                Head of Blue Nile                 Below the Fall                
Aveya River 
                           (Nagelkerke, 1997)  (Mohammed Omer, 2010)    (Tadlo Awoke, 2011)   (Current, 
2012) 

L. intermedius + + + + 
L. nedgia + + + + 
L. crassibarbis + + + - 
L. surkis + + - - 
L. longissimus + + - - 
L. platydorsus + + - - 
L. gorgorensis + + - - 
L. brevicephales + + - - 
L .tsanansis + + - - 
L. acutirostris + + - - 
L. megastoma + + - - 
L. gorguri + + - - 
L. daineillii + + - - 
L. macroptalmus + - - - 
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The species composition of the present study was very much less and different from Lake Tana, 
above the Tisisat fall of Blue Nile River but more or less similar to the fish species below the 
Tisisat fall of Blue Nile River as seen from Table 4. This might be due to the isolation the lake’s 
ichthyofauna from the lower Nile basin (de Graaf, 2003) and special adaption of the riverine 
cyprinids. In this study, L. forskalii was identified which was not recorded from de Graaf (2003) 
in Lake Tana and Mohammed Omer (2010) in head of Blue Nile River but it was reported below 
the Fall by Tadlo Awoke (2011) (Table 4).  As it was in the other parts of the Ethiopian rivers and 
Lakes, V. beso was found in our study sites but not it was not found in Blue Nile River below the 
Fall (Tadlo Awoke, 2011). So, some kind of ecological niching might have occurred in these 
species even with same river system. The super dominance of cyprinids especially V. beso in this 
study indicates the ecological importance of these rivers for conservation of the genetic resource.  
Whereas L. intermedius was common in most of the Ethiopian inland water bodies, L. nedgia was 
previously reported only in Lake Tana (de Graaf, 2003) but latter reports by Dereje Tewabe et al. 
(2008), Wassie Anteneh (2005), Mohammed Omer (2010), (Shewit Gebremedhin (2011), 
Dagnew Mekuaninnet (2012) and recently Tadlo Awoke (2011) in the same river system below 
the Fall indicated the presence of this specie. So like L. intermedius, L. nedgia is found in most of 
the river systems in Ethiopia.  
The preliminary survey done by Golubstov and Mina (2003), about 4-5 km downstream from Tis 
Issat falls recorded the four typical Nilotic species: Morymurs hasslequistii, L. forskalii, Raiamas 
senegalensis and Bagrus docmak. Except L. forskalii, none of them was found in the present study. 
As mentioned above, this may be due to some kind of ecological niching among the existing fishes 
in the same river system. Differences in sampling habitats (river width, substrate type, source 
distance and depth), fishing effort, type of gear and gillnet efficiency, sampling seasons and 
altitude might have contributed to the variation in the catch rates and species diversity. 
4.2. Species diversity  
Shannon diversity index (H') was used to evaluate species diversity in all sampling sites. Shannon 
diversity index explains both variety and the relative abundance of fish species (Naesje et al., 
2004). Site 3 showed the highest species diversity as compared to other sites in both seasons 
(Tables 5 and 6). The H' was highest in sampling site 3 with the values of (H' = 3.34) followed by 
site 2 (H' = 2.83), site 6 (H' = 2.81), site 7 (H' = 2.75), site 5 (H' = 2.64), site 4 (H' = 2.29) and site 
1 (H' = 1.33) during wet season (Table 5). The H' was highest in site 3 with the values of (H' = 
3.6) followed by site 7 (H' = 3.45) and site 6 (H' = 3.15) during the dry season sampling period 
(Table 6). In both seasons, site 6 was the least in species diversity. There was no significant 
variation (P > 0.05) in H' and N among all the sampling sites in both seasons.  The number of fish 
species was similar in both seasons. However, Shannon diversity index (H') value was generally 
higher in dry season than wet season in all the sampling sites except sampling sites 1 and 2 (Tables 
5 and 6). Generally, the Shannon diversity index indicates that there was no species segregation 

L. triuttiforms + - - - 
G.. dembecha + + - - 
V. beso + + - + 
C. gariepinus + + + - 
O. niloticus + + + - 
Small Barbus + - - - 
B. docmak - - + - 
L.  forskalii - - + + 
M. kannume - - + - 
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among the sampling sites and months, indicating all the four cyprinid fishes are adapted to live in 
all tributaries of this catchment.   
 

Table 5. Shannon diversity index (H') and number of fish species (N) in wet season. 

H′/N 
Sampling sites 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

H′ 1.33 2.83 3.34 2.29 2.64 2.81 2.75 
N 2 3 4 4 4 3 3 

 
Table 6. Shannon diversity index (H') and number of fish species (N) in dry season. 

H′/N 
Sampling sites 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

H′ 1.15 1.93 3.6 2.87 3.13 3.15 3.45 
N 2 3 4 4 4 4 4 

 
4.3. Abundance of fish during wet and dry seasons 
All fish specimens showed very highly significant variation in number of catch between dry and 
wet seasons (P<0.001) (Table 7). There was a highly significant difference in fish specimen 
abundance between dry and wet seasons for all specimens collected (Table 7). In this study, V. 
beso was the most abundant specie, constituting of 55.46% in the total number of catch. 
Labeobarbus nedgia, L. intermedius and L. forskalii were found in relative abundance of 17.25%, 
16% and 11.29%, respectively (Table 7). There might be several reasons for variation in 
abundance between wet and dry seasons. Variation in available nutrients and habitats, 
temperature, fishing effort, fish behavior, size and life history stages of fishes and others might 
have contributed to the variation in abundance of the catches. Moreover, water level (Karenge and 
Kolding, 1995) and turbidity of water may also affect abundance.  
 

Table 7. Abundance of fish species in dry and wet seasons (t-test). 

                              Seasons 

Fish species Wet Dry Total Percentage 
Composition Significance 

V. beso 105 342 447 55.46 0.000*** 
L. intermedius 38 92 129 16.00 0.000*** 
L. nedgia 41 98 139 17.25 0.000*** 
L. forskalii 9 82 91 

11.29 
0.000*** 

Note  *** (P<0.001) (very highly significant) 
4.4. Catch biomass  
During the study period, 44455.7 kg and 92750.8 kg total biomass of specimens were collected 
during wet and dry seasons, respectively (Table 8). Dry season showed higher values than wet 
season in terms of weight (kg) and number of specimens of fishes. In all sampling sites except site 
2, the weight and number of fishes was high during the dry season than wet (Table 9). The reason 
for such variations could be probably due to the high turbidity of the river water, velocity of the 
water and low temperature during wet season may have attributed to the less number of fish caught 
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in that season. During wet season, there was also higher water discharge; fishes could have highly 
dispersed in the large volume of water in this season as compared to the dry season and it became 
difficult to catch them. In addition to the variation in catches between wet and dry seasons might 
be due to the variation gillnet efficiency and time of setting of gillnet. Wood logs, leaves, roots 
and grasses which were brought by flooding, could have decreased the efficiency of gillnets during 
the wet season.  
Table 8. Total weight (kg) and number of fishes in both seasons. 

Season Total weight (kg) Total number 

Wet 44455.7 193 
Dry 92750.8 617 

 
Table 9. Total weight and number of fishes in wet and dry seasons at Aveya River. 

Sites Season Total weight Total number 

1 Dry 3513.2 33 

2 
Wet 476.6 8 
Dry 468.1 14 

3 
Wet 1359.1 13 
Dry 2787.8 28 

4 
Wet 9201.6 53 
Dry 21192.2 158 

5 
Wet 16127.2 64 
Dry 38281 233 

6 
Wet 9526.5 31 
Dry 12488.5 93 

7 
Wet 6279.2 12 
Dry 14020 58 

 
4.5. Some biological aspects of the dominant fish species 
Length-weight relationship 
The relationship between fork length and total weight for L. nedgia, L. intermedius and L. forskalii 
was curvilinear and showed significant variation (P<0.001) (Figure 3).  In fishes, if the regression 
coefficient (b) is about 3, it indicates isometric growth. When this value becomes exactly 3, fishes 
retain the same shape and their specific gravity remains unchanged during their life time (Ricker, 
1975). If the weight increased according to the fish length, it is said to be isometric growth 
(Mansor, 2001). However, fishes may have ‘b’ value greater or less than 3, a condition of 
allometric growth (Bagenal and Tesch, 1978). A value less than 3 shows that the fish becomes 
lighter (-ve allometric) or greater than 3.0 indicates that the fish become heavier (+ve allometric) 
for a particular length as it increases in size (Wootton, 1998; Zafar et al., 2003). When we see the 
‘b’ values for all fish specimens examined, it was about 3. That means V. beso, L. nedgia, L. 
intermedius and L. forskalii in Aveya Rivers and its tributaries was nearly isometric growth, which 
means the weight of these fishes increases as the cube of length because the b value is nearly 3 for 
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these fish species in the river systems (Figure 3). This value is close to the values reported for 
some freshwater fish species by Wassie Anteneh (2005) in Dirma and Megech Rivers, Dereje 
Tewabe (2008) in Gendewuha, Guang, Shinfa and Ayima Rivers, Genanew Tesfaye (2006) in 
Angereb and Sanja Rivers, Abebe Getahun et al. (2008) in Ribb River, Zeleke Berie (2007) from 
Gelegel Beles River, Assefa Tessema (2010) in Borkena and Mille Rivers and Mohammed Omer 
(2010) in head of Blue Nile River and Tadlo Awoke (2011) in Blue Nile River below the Fall.  
        a)         

 
b)                        c)  

    
Figure 3. Length-weight relationship of L. nedgia (a), L. intermedius (b) and L. forskalii (c). 
Note: P < 0.001.  
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Fulton’s Condition Factor (FCF) 
The mean Fulton condition factor of L. intermedius and L. nedgia showed significant variation in 
season (Table 10). The mean Fulton condition factors of L. forskalii did not show significant 
variation (P > 0.05) in seasons but values were higher in wet season for both sexes. All specimens 
showed higher values of FCF or better conditions in wet season.  
Table 10. Fulton condition factor of sampled fishes by season (Mann-Whitney U test).   

Species Season N FCF (Mean ±SE) Sign. 

L. intermedius 
Wet 38 1.21±0.024 

0.000*** 
Dry 91 1.05±0.014 

L. nedgia 
Wet 41 1.19±0.018 

0.000*** 
Dry 98 1.07±0.009 

L. forskalii 
Wet 9 1.13±0.087 

0.149ns 
Dry 82 1.00±0.028 

Note: ***very highly significant (P<0.001), ns not significant (P>0.05)  
The mean Fulton condition factor value obtained in the present study for L. intermedius in Aveya 
River was 1.14, which was greater than the values reported by Tadlo Awoke (2011) from Blue 
Nile River with a value of 0.99, by Mohammed Omer (2010) with value of 0.87 in a head of Blue 
Nile River, by Genanaw Tesfaye (2006) from Angereb and Sanja Rivers with a value of 1.06, by 
Dereje Tewabe (2008) from Gendwuha, Guang and Shinfa Rivers with a value of 1.12, by Zeleke 
Berie (2007) from Gelegel Beles River but it was less than from those values reported Assefa 
Tessema (2010) with a values of 1.23 and 1.31 in Borkena and Mille Rivers.  
The measurement of fish condition can be linked to the general health, fat and lipid content prey 
or food availability, reproductive potential, environmental condition and water level fluctuation. 
In general, higher condition is associated with higher energy (fat) content, increasing food base, 
reproduction potential or more favorable environmental condition (Paukert and Coot, 2004).  
The results for L. forskalii were not in line with Tadlo Awoke (2011) and Genanaw Tesfaye (2006) 
that reported significant variation (P < 0.05) for L. forskalii between dry and wet seasons in Blue 
Nile River, and Sanja and Angereb Rivers, respectively.  
4.6. Some aspects of reproductive biology 
Sex ratio 
From total number of 806 specimens of fish collected from the present study, 88(11%) specimens 
were unsexed, hence excluded from sex ratio study. Totally, 718(89%) specimens were sexed of 
which 432(60%) were females and 286(40%) were males. In general, females were more 
numerous than males. The chi-square test showed that there were significant variations (χ², P < 
0.05) between number of females and males of L. intermedius and L. forskalii (Table 11). 
However, L. nedgia did not show significant variation between males and females. There was also 
a significant variation in sex ratio during the two seasons, too (Table 11). The sex ratio results in 
this study are in agreement with the reports by Tadlo Awoke (2011) from the main Blue Nile 
River below the TissIsat Fall.  
The sex ratio deviates from unity. This variation might be probably related to different biological 
mechanisms such as differential maturity rates, mortality rates and migratory rates between the 
males and females (Sandovy and Shapiro, 1987; Matsuyama et al., 1988). This kind of 
phenom1ena is also common in other cyprinids. However, there should be further study on the 
potential effects of one sex dominance in the whole population.    
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Table 11. Number of males and females and the corresponding sex ratios (pooled from all sites). 

Species Season F M Ratio χ² Sign. 

L. intermedius 
Wet 19 15 1.27:1 0.47 0.493ns 
Dry 24 51 0.47:1 9.72 0.002** 

Total 43 66 0.65:1 4.85 0.028* 

L. nedgia 
Wet 21 19 1.11:1 0.1 0.752ns 
Dry 37 57 0.65:1 4.26 0.039* 

Total 58 76 0.76:1 2.42 0.120ns 

L. forskalii 
Wet 2 2 1:1 0.00 1ns 
Dry 7 20 0.44:1 6.26 0.012* 

Total 9 22 0.5:1 5.45 0.020* 

Note: *significant (P<0.05), **highly significant (P<0.01),  ns not significant (P>0.05)  
 

Fecundity 
Absolute fecundities (AF) of L. nedgia and L. intermeduis was determined based on number of 
eggs per gram egg or gonad weight (Figures 4 and 5). Seven specimens of L. intermedius with 
fork length ranging from 37 to 48 cm, mean and standard error of 41.6 and 3.8 had mean absolute 
fecundity (AF) of 17668 and ranged from 11634 to 29469 eggs. On the other hand, seven 
specimens of L. nedgia with fork length ranging from 38.7 to 46 cm, mean and standard error of 
40.8 and 2.75 had mean absolute fecundity (AF) of 10186 and ranged from 6934 to 14881 eggs 
(Figure 4).  
The relationship between AF with TL for L. nedgia and L. intermedius was curvilinear (Figures 4 
and 5). The relationship between AF with TW and Gonad Weight for L. nedgia and L. intermedius 
was linear. In general, absolute fecundity of L. nedgia and L. intermedius was strongly positively 
correlated with TL, TW and GW. There was significant relation of AF with TL, TW and GW for 
L. nedgia and L. intermedius ANOVA (P<0.05). 
Absolute fecundities of L. intermedius was 3705, ranging from 1345 to 7235 eggs in Blue Nile 
River below the Fall (Tado Awoke, 2011). When we see our results it seems that absolute 
fecundity is by 4-5 times greater than the one at the main Blue Nile River. The curvilinear 
relationship between AF and TL for L. intermedius was not in line with Tadlo Awoke’s report in 
the Blue Nile River. However, it is in line with TW and GW and AF relationship.   
Estimation of the absolute fecundity will help us know the potential productive and reproductive 
capacity of a given stock. The information on fecundity of large Barbus fish species in Africa is 
scarce (Marshall, 1995). There was few data on the fecundity of Ethiopian large Barbus. 
Alekseyev et al. (1996), Wassie Anteneh (2005) and Shewit Gebremedhin (2011) studied 
fecundity of large Barbus in Lake Tana and its tributaries. Compared to Lake Tana Labeobarbus 
species a similar sized female L. intermedius in Aveya, Ginbara and Gumara Rivers had higher 
number of eggs. The absolute fecundity of L. intermedius reported by Dereje Tewabe (2008) 
ranged from 542 to 13769 in Gendewuha, Guang, Shinfa and Ayima Rivers. The absolute 
fecundity of L. intermedius ranged from 2736-12124 in Borkena and Mille Rivers (Assefa 
Tessema, 2010).  
In the present study, the absolute fecundity in the respective species seemed higher and in good 
status. This is probably due to the suitability of the environment or else fishes became more fecund 
to increase their survival in harsh conditions. 
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a)       b) 

      
c)  

 
Figure 4 The relationship between absolute fecundity with fork length (a), total weight (b) and 
gonad weight (c) for L. nedgia (n = 7; P < 0.001). 
a)        b) 

      
c)  

 
Figure 5. The relationship between absolute fecundity with fork length (a), total weight (b) and 
gonad weight (c) for L. intermedius (n = 7; P < 0.001). 
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5. Fish Production Potential 

Fish production potential in rivers could be estimated by using morphometric characteristics. 
According to Welcome (1985) fish yield in rivers can be calculated using yield models for rivers 
as stated below.  
Catch (tons/year) = 0.048*drainage Area, (r = 0.95) 
However, for our study it was hard to estimate the catchment area of each river assessed. So, we 
used the following formula to estimate the Ethiopia rivers fish potential.  
C = 0.003L1.98 (r = 0.90) or  
C = L2/300 
Where, C is catch (tons/year), and L is river length in km (Welcomme, 1983). 
Thus, Aveya, Ginbara, Gumara Rivers with estimated lengths of 70 km (Bureau of Finance and 
Economic Development of ANRS, 2006 as cited in Bezabih Emana, 2009), 35 km, and 50 km 
(personal estimation) could potentially produce 16, 4, 8 tons of fish annually. The total fish 
production potential from the studied river was 28 tons of fish per year.  
From the informal discussion with local residents, we have learnt that the communities living 
around the studied rivers have a long tradition of fishing practice in the late wet season and dry 
season. In these periods, a lot of people (youths and experienced adults) went out for fishing in 
the rivers on weekly basis by carrying enough rations (personal communication with Abebaw 
Misganaw, local resident and fisher). In those periods, these people stay at the rivers. It seemed 
that there is high impact of local residents on the aquatic resources as there is massive chasing and 
disturbance of the fish stocks.  

6. Conclusion 

• Four species of fishes (L. intermedius, L. nedgia, and L. forsakalii) included under one family 
(cyprinidae) were investigated from Aveya and its tributaries. .   

• Diversity of the fish fauna of the assessed rivers was dominated by only cyprinid species. L. 
nedgia and L. intermedius were the most dominant fish species in number and total biomass 
during the study periods.  

• In all sampling sites, there was no significant difference in species diversity, indicating no 
spatial segregation of fishes.  

• The Shannon diversity index indicates that site 3 had the highest fish diversity in both seasons 
with H' values 3.34 and 3.6 in wet season and dry season, respectively.  

• All the four sampled fish species showed significant differences in fish abundance between 
seasons with 55.46%, 17.25%, 16% and 11.29% in catches for V. beso, L. nedgia, L. 
intermedius and L. forskalii, respectively.    

• The relationship between fork length and total weight for L. nedgia, L. intermedius and L. 
forskalii was curvilinear and significant with isometric growth.  

• The mean Fulton condition values were found to be high during wet season for both sexes, 
indicating better conditions of fishes in this season. The mean Fulton condition factor of L. 
intermedius and L. nedgia showed significant variation between seasons but L. forskalii did 
not show significant variation. 

• A total of 806 fish specimens were collected from the present study. From the sexed 718(89%) 
specimens, 432(60%) were females and the rest 286(40%) were males. The chi-square test 
analysis showed that there was a significance variation (χ², P < 0.001) in sex ratio for L. 
intermedius and L. forskalii. 

• The absolute fecundities for L. nedgia and L. intermeduis ranged from 11634 to 29469 eggs 
(mean = 17668) and 6934 to 14881 eggs (mean = 10186), respectively.  



Proceedings of the 5th Annual National Conference, CAES 

209 

• The relationship between AF with TL for L. nedgia and L. intermedius was significant and 
curvilinear. On the other hand, the relationship between AF with TW and Gonad Weight for 
L. nedgia and L. intermedius was significant and linearly related. 

• Potentially, it is possible to produce 28 tons of fish annually, using empirical estimates. 
• The local communities have long tradition of fishing and fish feeding habit.  

 

7. Recommendations 

• Year-round study should be conducted to get comprehensive information on the abundance 
and biology of the existing fish species. 

• Intensive upstream and downstream sampling with different sites and fishing gears should be 
carried to explore for more species along the rivers basin.  

• Food and feeding habits of the existing fishes should be studied.  
• The impact of massive fishing by local youths within specific period should be studied.  
• Catchment degradation is the major threat of the existing resources. Further research and 

development works should be conducted on this issue. 
• Further socio-economic study of the fishery is needed. 
• Awareness creation and tailored made trainings should be given for local communities on 

wise use of the aquatic resources. 
• Proper extension service should be provided for local communities regarding to this sector.    
• Local fishers should be incentivized through training and provision of appropriate fishing 

gears. It is also good to form fisher’s cooperatives in the locality. 
• Integrated watershed management should be done in the river basins. 
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Abstract 

Cabbage (Brassica oleracea L.) is an important smallholder subsistence crop in Ethiopia. It has medicinal, 
economical and nutritional value, though its production is hampered by insect pests’. Diamondback moth 
and cabbage aphids are among the devastating pests.  Hence, an experiment was conducted under field 
conditions close to Gumsalasa micro-dam using irrigation in 2017 with the main objective of screening 
some bio-pesticides for their efficacy against diamondback moth and aphids and their effects on yield and 
yield components of cabbage. The design of the experiment was RCBD with seven treatments and 
replicated thrice. The treatments were five bio-pesticidal extracts vis., Nicotiana glauca G., Rumex 
obtusifolius L., Phytolacca dodecandra L., Azadirachta indica L. Tagetes minuta L., Karate 5% EC 
(standard check) and Control (only water).  The results indicated that significant differences (P < 0.05) 
were observed between the treatments on Diamondback moth larvae and cabbage aphid, plant height, head 
diameter and total fresh yield. P. dodecandra leaf extract showed the most promising bio-pesticide by 
lowering Diamondback moth larvae to 0.133 and aphid colonies to 0.16 after fourth spray 48 hours post 
treatment applications, and the fresh cabbage yield was recorded  40.28 t ha-1 followed by A. indica leaf 
extract which had reduced the infestation of Diamondback moth larvae and aphid colonies to 0.20 and 
0.40, respectively and the fresh cabbage yield was recorded 27.69 t ha-1 when  compared to the control 
which had 2.46 and  5.53 population of Diamondback moth larvae and aphid colonies, respectively and 
the fresh yield was recorded 23.86t ha-1 . The present study was concluded that the leaf spray extracts from 
P. dodecandra and A. indica  used as an alternative management options to replace synthetic chemicals, 
thereby to sustain food security by controlling high outbreak of the cabbage insect pests. 

Keywords: Bio-pesticides, Cabbage aphid, Diamondback moth, Phytolacca dodecandra, Yield 

1. Introduction 

In Ethiopia, vegetable crops make significant contributions to household and national economy 
(Fikadu and Dandena, 2006). Brassicas are an important as they are a key components of the local 
diet and nutritionally very important for people who cannot afford alternative vegetables (Oruku 
and Ndun’gu, 2001). Cabbage (Brassica oleracea L.)  is an important smallholder subsistence 
crop in Ethiopia, Kenya, Zimbabwe and Mozambique (Lo¨ hr and Kfir, 2004). The nutrition 
capacity of 100g of cabbage provides 5.8g of carbohydrates, 2.5g dietary fiber, 1.3g protein, 36.6 
mg vitamin C (44% of daily requirement), 76 mg vitamin K (72% of daily requirements) (USFDA, 
2006). It is an excellent source of minerals, vitamins, foliates dietary fiber and medicinal 
properties (USDA, 2009). The simplicity of cabbage production and its nutrition capacity make it 
vitally important vegetable in poverty-prone countries like Ethiopia.  
In spite of the medicinal, economical and nutritional value of cabbage, its production is hampered 
by insect pests’ infestation (Tanzubil, 2011). Diamondback moth (Plutella xylostella), cabbage 
aphids (Brevicoryne brassicae), cabbage looper (Tricoplusia ni), cutworm (Agrotis sp) and 
cabbage flea beetle (Phyllotreta cruciderae are among the major insect pests (Talaker, 2000). 
Diamondback moth (DBM) and cabbage aphids are important and multicultural insect pest that 
feeds exclusively on crucifers particularly cabbage crop throughout all the cabbage-growing areas 
of the world (Munthali, 2009). In tropics and subtropics regions they become major obstacles in 
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cruciferous vegetables. Crucifers’ grown-up in extensively hot and humid areas, where DBM and 
cabbage aphids continues to cause severe loss of the crop (Kibata, 1996).  
Diamondback moth is the greatest threat to crucifer production causing more than 90% crop loss 
(Iqbal et.al., 1996). The destructiveness of DBM, it has the capacity to develop resistance for 
chemicals very rapidly (Glare and Gallagham, 2000). They laid yellow eggs singly underside of 
the leaves near the veins. After hatching the larvae feeds under the leaf epidermis first and later 
feed on the outer layer of the plant (leaves, buds, flowers and the stems). The amount of damage 
varies greatly, depending on plant growth stage, larval densities and size. When larvae are small, 
damage is evident as small irregular holes of “shot hole” in the leaves. If larvae are numerous, 
they eat the entire leaf, leaving only the veins (Serafinchon, 2001).  
Cabbage aphid is also one of the important pests (Jankowska and Wiech, 2004) particularly in 
Ethiopia their damage potential affects the quality and market value of the cabbage crop (Birhanu 
et al., 2011). Daebeler (1981) studied the harmfulness of the aphid to winter rape showed 20- 30% 
loss if plants were attacked early in the autumn at least 100 aphids/ plant, while, infestation in 
spring at flowering resulted in complete failure of the crop. It feed by sucking sap from plants and 
reproduce very rapidly to produce heavy infestations, in young plants, cause leaves to curl inward 
and become chlorotic, resulting in stunted growth (McKinley, 1992). Heavy infestations on 
mature plants reduce the market value not only due to the aphid presence but also the 
accumulations of their exuviae, honeydew and the sooty mould that grows on honeydew (Ellis et 
al., 1998). Cabbage aphids has also the  ability to vector viruses, like Tulip Mosaic Virus, that 
cause many diseases in crucifers (Chivasa et al., 2002).  
Pest control particularly in cabbage by small-scale farmers is still heavily dependent on chemical 
insecticides even though their use is associated with many undesirable and sometimes lethal 
consequences. Improper and wide- spread use of chemical insecticides can cause underground and 
surface water pollution (Dalvie et al., 2003). Excessive use of insecticides also induces resistance 
development in target pests as well as killing beneficial organisms and natural enemies (Pedigo 
and Rice, 2006). The greatest concern with the use of chemical insecticides in vegetable 
production is their residual effects on human health through dietary exposure (Lu et al., 2008, 
2010; Łozowicka et al., 2012). According to Rauf et al. (2005), 70% of farmers growing cabbage 
crop spend 25-30% of total production input cost to purchase pesticides. These problems have 
increased the interest in alternative control methods, such as Integrated Pest Management (IPM) 
through combination of various control mechanisms.   The use of plant extract pesticides, are said 
to be a safe and a good option to overcome the problem of resistance of insects against chemical 
insecticides. Therefore, there is an urgent need to develop safe alternatives to conventional 
insecticides for the protection of DBM and cabbage aphids. Many bio-pesticides derived from 
commonly available plants effectively meet these criteria of affordability and accessibility to 
small-scale farmers as well as human and environmental safety (Isman, 2006, 2008). Bio-
pesticides are generally considered to have low toxicity to mammals; like A. indica L., and 
Nicotiana glauca G. being non-toxic to mammals, fish and pollinators (Isman, 2006). The 
promising repellent activity of aqueous extract was reported against cabbage aphid under 
laboratory (Birhanu et al., 2011) and DBM in the field (Kibrom et al., 2012). Hence, due to the 
accessibility of botanical plants in the study area and sufficient earlier evidences, the present study 
was carried out to screen some bio-pesticides for their efficacy against DBM and aphids, and their 
effects on yield and yield components of cabbage. 
 

2. Materials and Methods 

2.1 Description of study area  
The experiment was conducted under field conditions close to Gumsalasa micro-dam with 
irrigation during the off-season of 2017 in Hintalo Wajerat District, North Ethiopia. 
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Geographically the study area is located in the south-eastern administrative zone of Tigray, 
13o14`N and 39o 32`E at an altitude of 2100 m.a.s.l. Mean annual minimum and maximum 
temperatures are 22° C and 30° C, respectively. The texture of the soil at 0-50 cm depth is vertisol 
with pH of 8.03. The area has a total of 295 ha irrigable land. Major vegetables grown in the area 
are onion, cabbage, tomato and garlic.  
2.2 Experimental Design and Treatments  
The experiment was laid out in Randomized Complete Block Design (RCBD) with seven 
treatments and replicated thrice. The experiment contains five botanicals: tree tobacco (Nicotiana 
glauca G.), bitter dock (Rumex obtusifolius L.), endod (Phytolacca dodecandra L.), Neem 
(Azadirachta indica L.) and African marigold (Tagetes minuta L.), chemical (Karate 5% EC) as a 
standard check and none treated control (only water) (Table 1).  
Table 1.  Description of the treatments indetail 
No Treat. 

code 
Botanical name Common 

name  
Local 
name  

Family name Parts used Rate  

1 RLE Rumex obtusifolius bitter dock   shembata Polygonaceae Leaf extract 50g/l 
2 ELE Phytolacca 

dodecandra 
Endod Shibti Phytolaccaceae Leaf extract 50g/l 

3 TTLE Nicotiana glauca Tree tobacco Chergid Solanaceae Leaf extract 50g/l 
4 TMLE Tagetes minuta African 

marigold 
Etsefarse Asteraceae Leaf extract 50g/l 

5 NLE Azadirachta indica Neem Tree Limo Meliaceae Leaf extract 50g/l 
6 Kar Karate (5%EC) - - - - 1l/ha 
7 Con Control (tap water) - - - - - 

 

2.3 Experimental Procedures  
Seeds of cabbage (Holand variety) were planted at the end of November in the nursery site and 
transplanted into the experimental field after 40 days. The experimental plots were 6m2 (2*3m) 
and was contained twenty one total plots. The distance between plants, rows and blocks was 30, 
50 and 100 cm respectively.  All cultural practices were followed as recommended for the 
commercial production of cabbage.  
Botanical plants (bio-pesticides) used for the study were collected from predominantly growing 
areas like true neem from Tanqua abergele district whereas the other mature leaves of the plants 
were collected from around the study site. All collected leaves were washed, chopped and shade 
dried with no access of sunlight for seven days (Ibrahim et .al., 2016). The dried leaves were put 
into juice grinder machine to make powder and then sieved. Each sieved sample powder was 
soaked in distilled water for 24 hours with the ratio of fifty gram per liter of water as (Sharma 
et.al., 1997, Shiberu et.al., 2013). Water extraction was performed by mixing and stirring the 
samples. Then, for all bio-pesticide extracts, the mixture was filtered with a filtering cloth (i.e. 
muslin cloth) and was considered as stock solution. Fifteen ml of soap was added for emulsifying 
purpose for the herbal treatments and the stock solution was ready for spraying application @ 12.5 
gram per liter of water (Shiberu et. al., 2013, Ibrahim et. al., 2016). The chemical (Karate 5% EC) 
and the soap used was the highest purity available and purchased from the local market.  
2.3 Data Collection and Analysis 
Data were collected from 10 randomly sampled plants’ at 10 days interval before spraying, 24 and 
48 hours after spraying. A total of four times of spray application was done. Diamondback moth 
and aphid colonies during the period of study were recorded as indicator to the effectiveness of 
the used treatments. The following data were collected.  
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 Mortality rate (percentage of reduction): was calculated as the formula of Hinderson and 
Tilton formula (1955) as percent (%) of insect reduction: - No of insects in specific trt/No 
of insect population in control *100 and for DBM count (larvae) and Aphid count 
(nymphs) was done starting from three weeks after transplanting. Ten sample plants were 
selected randomly from the middle rows of individual plots.  

 Plant height (cm):- was measured by using cm starting from ground level to the tip of the 
outer longest leaf of individual plant and the mean of ten selected plants from a plot was 
recorded. 

 Head diameter (cm):- at harvest, ten samples of cabbage heads were randomly taken from 
the central rows of a plot and measured using caliper (model LEG ilex- 250 mm, US 
patent) and was expressed in centimeter. 

 Total yield (tha-1): - was determined after harvesting of the head cabbage plant from the 
middle rows of the plots after separating by hand from the straw.  

Generated data were analyzed using the GenStat 18th Edition statistical software (GenStat, 2009.). 
ANOVA was used wherever significant difference (P< 0.05) occurred and Fisher’s multiple 
comparison tests were applied for mean separation (Araya et. al., 2014). 

3. Results 

3.1 Mortality of DBM and Cabbage Aphid  
The results  of the experiment showed statistically significant differences among treatments at 5% 
level  except at first spray (before first spray for cabbage aphid, before first spray, 24 and 48hrs 
after first spray for DBM) and 48hrs after third spray for cabbage aphid in which non-significant 
difference was recorded. Population number of the test organisms was influenced by most of the 
treatments applied (Tables 2-6).  
Table 2. Mean number of aphid colony and DBM larvae per plant before first spray, 24 and 48 
hours post applications with bio-pesticides on cabbage under field conditions. 

Aphid colony/plant DBM/plant 
No Treatments Before 1st 

spray 
24 hours 
after 
spray 

48 hours 
after spray 

Before 1st 
spray 

24 hours 
after spray 

48 hours 
after spray 

1 Con 1.00a 2.66c 2.82b 0.67a  a 0.40a 0.47a 
2 RLE 0.93a 2.53c 2.80b 1.00a 0.80a 0.53a 
3 NLE 0.96a 0.90b 0.53a 1.06a 0.60a 0.40a 
4 TMLE 1.26a 0.93b 0.60a 1.33ba 0.13a 0.13a 
5 TTLE 0.63a 0.53ab 0.36a 1.20ba 0.66a 0.60a 
6 ELE 0.83a 0.34a 0.26a 0.76a 0.20a 0.13a 
7 Kar 1.07a 0.33a 0.27a 0.86a 0.20a 0.13a 
Grand mean 
LSD (0.05) 
CV (%) 

0.95 1.18 1.09 0.98 0.43 0.34 
0.36 0.42 0.67 0.45 0.50 0.38 
21.3 20.1 34.7 25.3 17.6 22 

    Means followed by the same letter(s) in the same column are not statistically significantly at 
5% probability level. 
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Table 3. Mean number of aphid colony and DBM larvae per plant before second spray, 24 and 
48 hours post applications with bio-pesticides on cabbage under field conditions. 

Aphid colony/plant DBM/plant 
No Treatments  Before 

2nd spray 
24 hours 
after spray 

48 hours 
after spray 

Before 
2nd spray 

24 hours 
after spray 

48 hours 
after spray 

1 Con 2.13c 2.26d 2.27c 2.40c 2.43c 2.50c 
2 RLE 2.73d 2.06d 2.00c 1.46b 1.13b 0.80b 
3 NLE 1.66bc 1.26c 0.86b 1.00ab 1.07b 0.73b 
4 TMLE 1.67bc 1.10bc 0.83b 1.26ab 0.87ab 0.83b 
5 TTLE 1.13ab 0.70ab 0.46a 2.60c 1.12b 0.60b 
6 ELE 0.76a 0.53a 0.40a 0.86a 0.53a 0.33a 
7 Kar 0.73a 0.5a 0.36a 0.80a 0.46a 0.17a 
Grand mean 
LSD (0.05) 
CV (%) 

1.55 1.2 1.03 1.48 1.09 0.85 
0.57 0.41 0.36 0.50 0.4 0.26 
20.7 19 19.6 18.9 21.2 17.6 

Means followed by the same letter(s) in the same column are not statistically significantly at 5% 
probability level. 
 

Table 4. Mean number of aphid colony and DBM larvae per plant before third spray, 24 and 48 
hours post applications with bio-pesticides on cabbage under field conditions. 

Aphid colony/plant Diamondback moth/plant 
No Treatments Before 3rd   

spray 
24 hours 
after spray 

48 hours 
after spray 

Before 3rd   
spray 

24 hours 
after spray 

48 hours 
after spray 

1 Con 5.93c 6.20d 10.60a 1.66c 1.77b 1.76 
2 RLE 6.27c 5.07c 6.10a 1.07c 0.66a 0.66b 
3 NLE 2.00b 1.70b 1.26a 0.40a 0.33a 0.26ab 
4 TMLE 1.27a 1.00ab 0.60a 0.77ab 0.60a 0.53ab 
5 TTLE 1.40ab 0.80a 0.66a 0.60ab 0.47a 0.33ab 
6 ELE 1.00a 0.76a 0.26a 0.46a 0.26a 0.20a 
7 Kar 1.26a 0.66a 0.27a 0.26a 0.17a 0.13a 
Grand mean 
LSD (0.05) 
CV (%) 

2.73 2.3 2.8 0.75 0.61 0.54 
0.64 0.79 11.3 0.55 0.56 0.45 
13.1 19.2 24.9 23.1 32.8 27 

    Means followed by the same letter(s) in the same column are not statistically significantly at 
5% probability level. 
 

Table 5. Mean number of aphid colony and DBM larvae per plant before fourth spray, 24 and 
48 hours post applications with bio-pesticides on cabbage under field conditions. 

Aphid colony/plant Diamondback moth/plant 
No Treatments Before 4th    

spray 
24 hours 
after spray 

48 hours 
after spray 

Before 4th    
spray 

24 hours 
after spray 

48 hours 
after spray 

1 Con 5.20c 5.27b 5.53b 2.50c 2.37d 2.466d 
2 RLE 9.00d 9.63c 9.63c 1.56b 0.94c 0.80c 
3 NLE 2.13b 1.00a 0.40a 0.80a 0.33ab 0.20ab 
4 TMLE 1.32ab 0.70a 0.53a 1.93b 0.90c 0.667c 
5 TTLE 1.65ab 1.06 0.43a 0.81a 0.46b 0.40b 
6 ELE 0.73a 0.30a 0.16a 0.60a 0.26ab 0.133a 
7 Kar 0.73a 0.20a 0.07a 0.50a 0.13a 0.067a 
Grand mean 
LSD (0.05) 
CV (%) 

2.97 2.6 2.3 1.24 0.77 0.67 
0.97 0.87 0.73 0.42 0.26 0.21 
18.4 18.8 17.6 19.2 19 17.4 

Means followed by the same letter(s) in the same column are not statistically significantly at 5% 
probability level. 
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3.2 Effect of Bio-pesticides on Cabbage Yield and Some Yield Related Traits 
Table 6. Mean value of plant height, head diameter, head weight and total fresh head weight 
treated with different bio-pesticides on cabbage under field conditions. 
No Treatments Plant height 

(cm) 
Head diameter 
(cm) 

Head wt/p 
(kg) 

Total fresh head 
wt (t ha-1) 

1 Con 14.67a 12.77a  0.47a  23.86a 
2 RLE 19.3b 14.89b 0.69ab 25.01a 
3 NLE 20.41b  16.51bc 0.94bc 27.69a 
4 TMLE 20.50bc 16.05bc 0.93bc  26.33a 
5 TTLE 19.66bc 16.76cd  0.91bc  26.72a 
6 ELE 20.64bc 18.81e 1.19c  40.28b 
7 Kar 22.61c 18.45de 1.17c  37.52b 
Grand mean 
LSD (0.05) 
CV (%) 

19.68 16.17 0.89 29.49  
2.93 1.82 0.41 5.46 
8.4 6.3 25.4 10.4 

Means followed by the same letter(s) in the same column are not statistically significantly at 5% 
probability level. 
 

4. Discussions 

4.1 Effect of bio-pesticides on DBM and Cabbage Aphid Mortality 
Across all the spraying intervals significant differences (P < 0.05) were observed on population 
of DBM larvae and aphid colonies per plant among treatments following foliar applications 
(Tables 3,4,5) except the first week of first spray (Table 2). The highest number of DBM larvae 
and aphid colony per plant were recorded from control plots and treated with Rumex obtusifolius 
leaf extract whereas the least number of both DBM and aphids colony were recorded from plots 
treated with Karate (insecticide) and P. dodecandra followed by A. indica and N. glauca leaf 
extracts after 24 and 48 hours post treatment applications. Magallona (1985) reported that the 
insecticides are generally considered the most effective means of protecting crops against insect 
damage as they provide rapid control of wide pest complex of major crucifer’s pests, and growers 
concerned about leaf damage, even of a few holes, tend to spray insecticides. In this study the bio-
pesticides in all the four times of spraying P. dodecandra leaf extracts significantly reduced both 
DBM and aphid colonies followed by A. indica and N. glauca leaf extracts. So, the bio-pesticides 
gave acceptable level of DBM and aphid reduction. Similarly Alemu et.al., (2017) reported that 
P. dodecandra leaf extract was effective than  neem leaf extracts to control tomato leaf minor. 
Hegde (2004) registered minimum number of larvae per plant by application of neem 5% in Okra, 
while Ibrahim et.al., (2015) confirmed that application of N. glauca and A. indica reduced the 
thrips population from 6.4 to 23.13 and 2.57 to 25.5 as compared to control, respectively. Nayem 
and Rokib (2013) found vigorous okra growth by treating with neem extracts to control DBM. 
Gaby (1988) also indicated that botanicals like neem extracts play an important role in altering 
the attractive properties of crucifer plants to P. xylostella. Shivanand and Sachinkumar (2009) 
reported bio-pesticides like L. camara and A. indica were effective against Plutella xylostella, 
Helicoverpa armigera and higher impact on cabbage infestations. These plant extracts are 
applicable to cabbage pest management through reduction in use of synthetic insecticides spray 
as an important component of integrated pest management programme. Botanical insecticides can 
influence the behavior and development of the herbivorous insect, which uses the plant for their 
reproduction as they have antifeedent, non-neuro toxic modes of action, and low environmental 
persistence (Arnason et.al., 1992).  
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4.2 Effect of bio-pesticides on some agronomic characteristics and yield of cabbage  
There was a significant difference (P < 0.05) among treatments in affecting height of the plants 
(Table 6). Plots sprayed with P. dodecandra (22.64) produced the tallest plants. Medium plant 
height was measured from Karate (insecticide), A. indica and N. glauca treated plots. However, 
control cabbage plots had the shortest plants (14.67). This is consistent with the findings of Asare 
Bedioko et. al., (2010) who indicated that treating cabbage with insecticide reduced the insect 
population on cabbage and hence better growth of the crop. Nayem and Rokib (2013) also reported 
that Okra plants grow vigorously when treated with botanical insecticides. Head diameter was 
significantly (P<0.01) affected with the application of bio-pesticides (Table 6). The highest head 
diameter (18.81cm) was obtained from P. dodecandra treated plots while the lowest head diameter 
(12.77cm) was obtained from control plots. Medium head diameter was recorded from plots 
treated with Karate (5% EC), N. glauca, A. indica and T. minuta.There were highly significant 
differences (P< 0.001) among treatments in the yield of cabbage (Table 6). The highest cabbage 
yield 40.28 and 37.52t ha-1 was obtained from plots sprayed with P. dodecandra and Karate (5% 
EC), respectively. Moreover, cabbage plots treated with A. indica, N. glauca, and T. minuta gave 
comparable yields. The untreated plot had the lowest (23.86) yields. This indicates that controlling 
DBM and cabbage aphids with botanicals can double the yield of head cabbage production, though 
bio-pesticides were equally as effective as the chemical insecticide in reducing the tested pest 
population and reducing the losses. Similar results were  reported by Jawad et.al., (2013) 
maximum yield (7540 kg ha-1) was recorded from neem extract at (2.5%) and percent infestation 
of larvae of tomato fruit worm was minimum (0.40). In another study Solangi et. al., (2014) also 
showed that the efficacy of tobacco based bio-pesticides against whitefly was 70.88%, against 
thrips 57.27% and against aphid 60.4 %. Hasheela et al. (2010) reported that as compared to 
unsprayed cabbage, highest number of marketable cabbage heads was obtained from sprayed 
cabbage while the highest number of unmarketable cabbage heads was noted on unsprayed one. 
The plant extracts were highly effective in controlling DBM as compared to control. This could 
be due to the pungent smell given out by the soaked plant extract which deter animals from eating 
the plant (Sivapragasam and Aziz, 1990). 

5. Conclusions 

Bio-pesticides could be used as alternatives to chemical pesticides for the management of cabbage 
insect pests. One of the most promising plants with bio-pesticidal potency against DBM and 
aphids is Phytolacca dodecandra plant leaf extracts. Azadirachta indica and Nicotiana glauca leaf 
extracts could also be used as the second and third important extracts to control both the above 
mentioned insect pests of cabbage plant. Therefore it is possible to recommend that, growers can 
use Phytolacca dodecandra leaf extract for their cabbage field to reduce the infestation of cabbage 
insect pests and to save the yield loss due to these insect pests.  
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Abstract     

For better and effective protection, conservation, management and restoration of Lake Abaya papyrus, 
good understanding of its within-lake regeneration and clonal diversity is vigorous. The existing study 
targeted at ascertaining clonal and genetic diversities and structure of two genetic clusters (seven pre 
assumed papyrus subpopulations) within Lake Abaya via ten microsatellite loci. A total of 39 repeated and 
45 unique multilocus genotypes (MLGs) were witnessed from 180 papyrus ramets. Moreover, 84 distinct 
clones having 45 unique MLGs (including 6 private alleles in 4 clones) were exhibited in the current overall 
population. Papyrus revealed a moderate mean clonal diversity (R = 0.46), Pareto distribution of 1.44 to 
2.04 and low average (He = 0.151 to 0.223) and grand mean (He = 0.19) genetic diversity attributed to the 
mixed recruitment systems. A total of 23 alleles with grand mean allelic richness of 1.49 were observed. 
Partitioning of genetic diversity revealed same variations (40%) including duplicated genotypes both 
within and between individuals and little genetic variation between individuals (47%) excluding repeated 
alleles. Moderate genetic differentiation including duplicated genotypes (AMOVA-FST = 0.201) and 
excluding repeated alleles (AMOVA-FST = 0.124) were detected with gene flow restricted (Nm = 1) and 
intermediate (Nm = 1.8) respectively. These outputs were maintained with STRUCTURE analysis (K = 2) 
and PCoA. Mantel test (r =0.282, P = 0.122) revealed no significant isolation-by-distance thereby 
suggesting that Nm was not limited to nearby spatial distances. 

Keywords: Cyperus papyrus, genetic differentiation, Lake Abaya, microsatellite, multilocus 
genotypes 
 

1. Introduction  

Wetlands are one the most biologically productive and imperative natural ecosystems on earth 
[20].While they occupy about 6% of the world’s land surface and 1% of African land surface, they 
contribute up to 40% of the annual globe’s ecosystem services [4, 6]. They have been designated 
as ‘kidneys’ of the landscapes and usually as the foundation of human civilization [24, 25]. They 
provide grazing areas, food, store carbon, control floods, are a source of fuel, control erosion, 
recreational value,  protect shore area, generate rich and fertile soil, recycle nutrients, supply water 
for domestic use and irrigation, have high biodiversity as they support many endemic flora and 
fauna species [15].  
Ethiopia has a variety of aquatic ecosystems, especially a number of lakes that are of great 
scientific interest and economic importance. The majority of the Ethiopian lakes are confined 
within the rift valley that exceeds from the Kenyan border in the South to the Afar Depression in 
the North. Lake Abaya is the largest among these lakes and the lakes of the rift valley basin. 
Studies of papyrus wetlands are soliciting renewed attention from ecologists, economists, and 
social scientists owing to their key role in maintaining the health of aquatic ecosystems and 
supporting the livelihoods of people living close to them [16, 24, 25]. The emergent macrophyte 
papyrus is a giant member of the sedge family Cyperaceae, which typically out-competes 
coexisting wetland species, forming vast monotypic swathes of swamp in parts of central, eastern, 
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and southern Africa [28]. It is a highly productive fresh water macrophyte that is widely used 
throughout tropical and subtropical Africa. 
Despite the fact that many scientific studies highlight the importance of wetlands for ecosystem 
services, most wetlands worldwide have suffered from extensive exploitation in the past century 
[30]. The recent increase in human population density which is associated to change in life styles 
together with difference in socioeconomic status of the surrounding communities have triggered 
pressures that have led to the alteration of wetlands into agricultural, pasture lands, and residential 
sites [5, 15, 16]. 
So far, in Ethiopia, to the best of my knowledge, there are no previous studies on C. papyrus socio-
economic values conducted in the present local study area. However, the plant serves as a source 
of income (papyrus mats sold), used for thatching of houses, household furniture, as raw materials 
for crafting (mat, broom, basket, traditional water transporters, etc.), used during important 
ceremonies (floor covering during festivals), as fuel for mulching in nursery, compost making, 
and livestock fodders during dry season (personal observation). All the aforementioned 
rudimentary services supported the nearby local communities livelihood in the form of shelter, 
food, energy and economic empowerments. Papyrus livelihood uses are consistent with the UN 
millennium development goals (MDG: United Nations 2000) at a lowest level of human society 
particularly on issues relating to abolition of extreme poverty (MDG 1) and environmental 
sustainability (MDG 7). Moreover, some studies have been conducted on the socio-economic 
values of the plant in communities living around papyrus swamps in east African countries (e.g. 
Kenya) [24, 25].  
C. papyrus offer many biodiversity services. Preceding studies on papyrus have paid attention 
mainly on its ecosystem functioning, ecology, and human utilization. Detailed ecological roles of 
papyrus have been well discussed [10, 17]. There is little information on papyrus genetic diversity 
despite it being harvested in large amounts, and its habitat converted to other uses. Yet currently, 
in Ethiopia, there is an escalation of some natural and human-induced disturbance regimes (biotic 
and a biotic drawdowns lead to short and long-distance dispersals) for the plant along the existing 
local study area (in and surrounding Lake Abaya). Seasonal variation (rainy and dry seasons), 
heavy flash floods, drought, strong wind direction patterns and tides (papyrus floating and wind), 
local cattle grazing (cattle feeding pressures), intensification of agriculture (unsustainable private 
and government farmlands in the adjacent lake), and local inhabitants’ unsustainable utilization 
of the species are few among others. Meanwhile to the best of my knowledge still nowadays locals 
have no wetland papyrus management practices. Consequently, in the present day, small papyrus 
patches are found along the lake and the surrounding wetlands (personal observation and referred 
to in literature). In unindustrialized countries, especially in Africa, the growing human populations 
and poverty levels have led to overexploitation of macrophytes (e.g. Cyperus papyrus etc.) to 
sustain livelihoods [14]. Conversely, these small papyrus populations may experience increased 
levels of inbreeding, high homozygosity and ultimately lower levels of genetic diversity and 
fitness. Losses in genetic diversity are probably ging to significantly intensify the threat of 
extinction [12]. All these factors together, highly reduce hereditary resources essential for the 
plant capacity to acclimatize, changing environmental conditions and long-term persistence in 
response to swift dynamic environmental changes [9]. So far also, to the best of my knowledge, 
there are no microsatellite markers in papyrus population studies carried out in the existing local 
study area so as to allow for precise scientific data on papyrus swamps related to its clonal and 
genetic diversities and structure from the lake and adjacent wetlands. Hence, it is vital to study 
and understand all the aforementioned natural and human-induced disturbance regimes through 
the clonal and genetic diversities and structure of the species. As a result, the finding will permit 
timely remedial action for the plant to prevent deterioration in and surrounding the lake. 
Papyrus populations offer important biodiversity services such as trapping sediments and 
pollutants from numerous sources entering water bodies, and act as carbon sinks [2]. Investigating 
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the genetic and clonal diversities, structure, and connectivity of papyrus species will support the 
development of environmentally friendly strategies to overcome pollution through conservation 
and sustainable utilization. In this regard, the existing study will contribute to conquer one of the 
millennium development goals (MDGs): ensuring environmental sustainability (MDG7). 
Exploring the genetic diversity of papyrus populations will be imperative for maintaining diverse 
biodiversity services derived from papyrus swamps and possibly, will play a part in overcoming 
climate change and eradicating extreme poverty and hunger (MDG1) through enhancing food 
security and increasing fishing yields and other socio-economic benefits.  
Furthermore, clonal and genetic studies are increasingly part of natural resource management and 
subsequently they can both directly or indirectly, estimate key parameters and offer information 
on the population size, current levels of genetic diversity, gene flow and other crucial factors 
contributing to the fitness of papyrus populations. Awareness of the level of genetic diversity and 
the proper management of genetic resources are correspondingly important issues in a modern 
scenario. Additionally, the existing study will aid to explore the recent situation of papyrus in and 
surrounding, the lake, to come up with a relevant baseline of information and scientific knowledge 
on the species that will help with protection, conservation, management, restoration and 
sustainable utilization of the species along the lake with active participation of the local peoples, 
and different nearby government and non-government stakeholders including Arba Minch 
University. At the same time, the existence of well-organized and advanced genetic information 
on papyrus species makes a profound contribution to the successful achievement of conservation, 
management, and sustainable use of the plant populations, and wetland management in, and 
surrounding, Lake Abaya, Ethiopia [21, 29]. 

 

2. Materials and Methods 

2.1 Study area and sampling design  
The study was carried out on C. papyrus swamps from wetlands in and surrounding Lake Abaya, 
which is located in a north-east-south-west direction along the axis of the Main Ethiopian Rift in 
the southern part of Ethiopia. Lake Abaya is the longest and the second largest Ethiopian Rift 
Lake (60 km long and 30 km wide with surface area of 1162 km2).  
The sampling design includes a total of 210 stem shoots (culms) in seven C. papyrus sites along 
two parts of the Lake (northeast and north) from Lake Abaya, along transects of 3m distances 
between culms to minimize sampling clonal replicates. From each site, several rays of 
inflorescence from 30 mature culms were collected. 
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Fig.1: Sampling location of seven C. papyrus populations (sites) currently investigated at Lake 
Abaya, Ethiopia (Pop Population, GL Gelana, GD Gidabo). 
2.2. Methods 
Genomic DNA extraction were performed on dry material and stored on dry silica gel (20-30 mg) 
using the E.Z.N.A® SP plant DNA Miniprep Kit (Omega bio-tek). Ten polymorphic 
microsatellite loci [26, 27], were used to amplify the extracted genomic DNA by Polymerase 
Chain Reaction (PCR) with fluorescently labelled forward and reverse primers, followed by 
capillary electrophoresis. PCR were performed using a Bio-Rad Thermal Cycler machine in a 
volume of 25 µL containing 5 µL of RNAse free water, 12.5 µL of multiplex PCR Master Mix, 
2.5 µL of primer mix and 5 µL of genomic DNA. PCR amplification conditions were: 477 µL of 
RNAse free water, 212 µL of PCR buffer, 21.2 µL of dNTP (10), 63.6 µL of MgCl2 (25 
additional), 53 µL of forward primer, 53 µL of reverse primer, 10.6 µL of bovine serum albumin 
(BSA), and 10.6 µL of Taq DNA polymerase. The PCR reactions were started at 95°C for 5 
minutes, 1 minute at an annealing temperature of 54°C and then extension at 72°C for 1 minute 
followed by 30 cycles at 95°C for 40 seconds, then 72°C for 10 minutes and finally 12°C for an 
unbounded hold time. During the whole process, the cover lid was maintained at 105 °C. 
Genotyping of amplified products and allele length assessment were run on an ABI371x1 genetic 
analyzer in Macrogen (Geumchen-gu, Seoul). Allele scoring, determination of heterozygosity and 
homozygosity, null alleles, stuttering and large allele dropouts, were done using a 
GeneMarkerV2.4.0 demo version. 
2.3. Clonal and genetic diversities 
Clonal diversity (R) was assessed using GenClone 2.0 [1]. The parameter R was calculated using 
the equation R= (G-1)/ (N-1). After excluding 72-repeated multilocus genotypes (MLGs) from 
the data set, we calculated genetic diversity measures on 108 individuals using both FSTAT [8] 
and GenAlEx 6.5, 3b [18]. 
At population level and total lake level, the number of alleles (A), effective number of alleles (Ae), 
observed heterozygosity (Ho), expected heterozygosity (He) and unique MLGs for each site and 
the whole lake were obtained from GenAlEx, the within site inbreeding coefficient (FIS) for all 10 
loci, average allelic richness (Ave), total inbreeding values (FIT) for the whole lake populations 
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via the overall ten microsatellites were obtained from FSTAT. At individual level, a principal 
coordinate analysis (PCoA) of all sites and a transect was done based on pair-wise genotypic 
distances (GenAlEx). 
2.4 Genetic structure 
The genetic structure was assessed using analysis of molecular variance (AMOVA) [13] with and 
without considering repeated genotypes using allelic distance at a 999 permutations (GenAlEx). 
Isolation by distance among the C.papyrus individuals and their geographic distances was tested 
with a Mantel test using 999 permutations. A Bayesian clustering method [19] was carried out 
using STRUCTURE version 2.3.4. We tested genetic groups (K) in 10 independent runs from 1 
to 8 (10,000 burn-in periods and 100,000 Markov Chain Monte Carlo replicates in each run). Runs 
were carried out assuming admixture and independent allele frequencies. The number of clusters 
was determined from the saturation value of mean log-likelihood [19] and by the maximum value 
of delta k (ΔK) using the web based python program, STRUCTURE HARVESTER.  
 

3. Results 

3.1. Clonal and genetic diversities 
Average clonal diversity (R) was moderate (R = 0.29 to 0.56). Heterozygosity of clones as given 
by the Beta () Pareto distribution is varied from 1.44 to 2.04. Simpson’s diversity (D = 0.81 to 
0.94) and Simpson’s evenness (E = 0.61 to 0.87) indices were detected (Table 1). The grand mean 
Ho (0.11) was higher than He (0.19) with a fixation index (F) of positive values for all populations 
(except one population) with grand mean (F = 0.4) were observed for the whole populations within 
the lake. A total of 23 alleles with grand mean allelic richness (Ave = 1.49) were revealed for the 
whole population within the lake (Table 1). 45 unique MLGs containing 6 private genotypes in 4 
clones within the 84 distinct alleles were observed for the whole population within the lake. 
3.2. Genetic structure 
A PCoA revealed a grouping of all papyrus culms (Fig. 2a, first two axes, 48% explained) thereby 
indicating little genotypic variation. Analysis of AMOVA revealed that the same variations within 
and between individuals (40%) (including repeated clones), but little variations between 
individuals (47%) (excluding duplicated genotypes) was observed. The genetic differentiation 
(FST) was moderate in both, with and without considering repeated clones (FST = 0.201 and 0.124) 
respectively. Similarly, the restricted (including repeated clones) and intermediate (excluding 
duplicated genotypes) gene flow (Nm = 1 and 1.8) was detected respectively. The total inbreeding 
including and excluding repeated clones (FIT = 0.603 and 0.595) was observed respectively. This 
finding indicated that no isolation by distance [(r = 0.282, P = 0.122, Mantel test 999 permutations) 
(Fig. 2b)]. To examine how well the predefined seven papyrus subpopulations and locations 
corresponded to genetic groups (K), the structure analysis was done using STRUCTURE version 
2.3.4 (Pritchard et al., 1010). The Bayesian model based clustering algorithm as employed in 
STRUCTURE revealed two distinct genetic groups with the highest value at K = 2 partitioning. 
The pre assumed seven subpopulations of papyrus thus maximum represent two populations (Fig. 
2c).  
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Table 1: Clonal and genetic diversity measures and AMOVA results of seven Cyperus papyrus 
subpopulations (K = 2) from Lake Abaya. 

Source Full data set (180 culms) Reduced data set (108 culms) 

 df SS MS Est. Var. % df SS MS Est. Var. % 
Among populations 6 92.539 15.421 0.269 20% 6 42.37 7.06 0.170 12% 
Among individuals 173 279.128 1.613 0.540 40% 101 186.47 1.85 0.645 47% 
Within individuals 180 96.000 0.533 0.533 40% 108 60.00 0.56 0.556 41% 
F-statistics   Value P-value    Value P-value  
FST   0.201 0.001    0.124 0.001  
FIS   0.503 0.001    0.537 0.001  
FIT   0.603 0.001    0.595 0.001  
Nm   1     1.8   
        Gm   
Ho        0.107   
He        0.188   
F        0.403   
A        1.600   
Ae        1.327   
Ave        1.49   

   Mean        
R   0.46        
D   0.89        
E   0.55        

df degree of freedom, SS sum of square, MS mean of square, Est. Var. estimated variance, FST 
subpopulation differentiation, FIS within subpopulation inbreeding coefficient, FIT total 
inbreeding, Nm gene flow, Gm grand mean, Ho observed heterozygosity, He expected 
heterozygosity, F fixation index, Ave average allelic richness, A number of alleles, Ae effective 
number of alleles, R clonal diversity, D Simpson diversity index, E Simpson evenness index, P-
value significance level after randomization, K papyrus genetic cluste
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Fig. 2: PCoA of Cyperus papyrus individuals grouping for seven subpopulations from Lake 
Abaya (a); Relationship between pairwise genetic and geographical distances between 
subpopulations of C. papyrus (b); and Bayesian assignment of 108 individuals of C. papyrus from 
seven subpopulations into two genetic clusters (K = 2) from Lake Abaya (c). 

4. Discussions  

4.1. Moderate clonal and low genetic diversities in Lake Abaya 
Knowledge on diversity and distribution of clones of clonal plants are crucial for adequate 
understanding of their clonal diversity, evolutionary processes, and ecological adaptation [11]. 
The current Simple Sequence Repeats (SSRs) microsatellite markers based study on two C. 
papyrus populations or genetic clusters (pre-assumed seven papyrus subpopulations) within Lake 
Abaya, demonstrated low to moderate levels of clonal diversity (R = 0.29 to 0.56) with high levels 
of Simpson diversity (D = 0.81 to 0.94) and evenness (E = 0.61 to 0.0.87) indices. Thus, our 
current results revealed that the genotypic richness of papyrus populations depend on mainly the 
balance between sexual and asexual reproduction, although each contributed to the survival of the 
plant. Nevertheless, the present clonal diversity of pre-assumed papyrus subpopulations within 
Lake Abaya (R = 0.29 to 0.56) was lower than clonal diversity of papyrus populations in Kenyan 
lakes (R = 0.63 to 0.98) [23]. Further, the current mean (R = 0.46) value within Lake Abaya 
papyrus was very similar to the recent investigation of papyrus swamps in Ethiopia (Lake Tana) 
(6 pre assumed papyrus subpopulations or 3 genetic clusters) using microsatellite markers (mean 
R = 0.40, [7]). 
The current AMOVA-FIS values, we obtained for the pre-assumed seven papyrus subpopulations 
using both the full and reduced data sets were much higher compared to some other recent 
investigations on C.papyrus such as: papyrus swamps in Ethiopia (Lake Tana) (6 pre assumed 
papyrussubpopulations or 3 genetic clusters) using microsatellite markers (FIS = 0.23, P = 0.001, 
[7]); papyrus swamps in Tanzania (Malagarasi-Muyovozi wetland) (10 pre- assumed papyrus 
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subpopulations or 2 genetic clusters with the possibility of 3 genetic clusters) using microsatellite 
markers (FIS = 0.246, P = 0.001, [3]). Also, lower AMOVA-FIT noticed in some other clonal plants 
such as recent investigation of 13 pre assumed Potamogetonpectinatus subpopulations (two 
genetic clusters) in Europe (Brussel) using microsatellite markers (FIT = 0.252, P = 0.001, [22]). 
The present findings on gene diversities (Ho and He) (excluding duplicated genotypes) were low 
in contrast to many previous genetic studies of papyrus populations using microsatellite markers 
such as nine papyrus populations (mean Ho = 0.607, mean He = 0.645, [23]). The genetic 
structuring among the pre-assumed seven papyrus subpopulations in the current study was also 
supported by the PCoA and STRUCTURE analysis, which partitioned the pre assumed seven 
papyrus subpopulations into two genetic clusters. 
4.2. Implication to conservation of C. papyrus 
The various roles of C. papyrus in wetland functioning, habitat for fauna, genetic plant resources 
and socio-economic uses also makes it imperative to be sustainably managed and conserved, 
besides supporting UN Millennium Development Goals (MDG: United Nations 2000) on poverty 
eradication (MDG 1) and promotion of environmental sustainability (MDG 7). Knowledge on 
genetic diversity of C. papyrus could be applied in policy implementation, local community 
advocacy and informed decision making processes for protection, conservation, and management 
of papyrus swamps in, and surrounding, Lake Abaya, in addition to arousing scientific curiosity 
for further studies on the species in the study area. Furthermore the findings could serve as a 
benchmark in decision making and for protection, conservation, management, and restoration of 
papyrus species in, and surrounding the lake, especially to various anthropogenic-related activities 
(e.g. over-harvesting, wetland ecosystem degradation etc.) and natural-human induced events (e.g. 
climate change etc.) as also evident and supported with the aforementioned different biotic and 
abiotic stresses in the existing study area, particularly related to the papyrus swamps on the 
shoreline of the lake. The scientific information on the genetic status of papyrus revealing both 
the clonal and sexual recruitments will contribute vastly to the desirable genetic information on 
aquatic clonal plants essential for protection, conservation, management, and restoration purposes. 

5. Conclusions 

Ten polymorphic diploid microsatellite loci were employed to study the clonal and genetic 
diversities and structure of the pre-assumed seven C. papyrus subpopulations (two genetic 
clusters) at Lake Abaya. We obtained moderate clonal and low genetic diversities [expected 
heterozygosity (He) > observed heterozygosity (Ho)] in the analysis. Thus, all the recent employed 
ten diploid polymorphic microsatellite loci were independent and displayed no linkage. The 
moderate clonal and low genetic diversities perceived within the studied papyrus subpopulations 
suggested high vegetative propagation, strong levels of inbreeding, rare sexual recruitment 
strategies, little genetic divergence, and a high number of shared clones within, and between, 
papyrus subpopulations within the lake. The observed within lake differentiation further offers 
perspective for studies at large scale geographical distances of papyrus populations unlike the 
current studied small papyrus populations. 
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Abstract   

Developing N use efficient potato varieties requires exploring the genetic basis of nitrogen use efficiency 
(NUE) and associated agronomic and physiological traits. In order to identify QTLs for NUE and NUE-
related traits, and to determine the relationships between the traits and QTLs in potato, a diploid potato 
mapping population (CxE) was evaluated in the field in Ethiopia under low and high N fertilizer levels. 
QTL detection was performed using interval mapping and multiple QTL mapping (MQM). A total of 52 
putative QTLs were identified for ten traits, of which 28 QTLs were detected under low N availability while 
the remaining 24 QTLs were detected under high N conditions. Several QTLs were location and N level 
specific, suggesting the presence of QTL x environment interaction. The significant positive phenotypic 
correlations between different traits and co-localisation of QTLs at specific regions in the genome 
demonstrated genetic and functional relations between these traits. A region on linkage group V (21-38cM) 
accumulated the largest number of QTLs. This region coincides with the earliness locus encoded by the 
CDF1 gene, suggesting that earliness had a profound influence on NUE. A putative second QTL region on 
linkage group V located 20cM from the earliness locus (38-56cM) that may be separate from the earliness 
locus, and a region on linkage group IV (60-72cM) might be useful regions to focus on for NUE 
improvement in potato. To verify the stability of the identified QTLs and to use these for further 
investigation and detection of possible candidate genes, further multi-environment trials with larger 
population size may be required. 

Keywords: Potato, NUE, QTL, nitrogen  
 

Introduction  

Crop productivity is greatly affected by nutrient availability and nutrient use efficiency. Nitrogen 
Use Efficiency (NUE) has become the second priority production constraint after drought in crop 
abiotic stress improvement programs (Hirel et al.,2011). Indeed, improving agronomic NUE is 
relevant for the majority of crops currently cultivated; Less than 50% of the applied nitrogen is 
typically used by most crops and a large amount of N fertilizer is required to reach maximum yield 
(Zhang et al., 2007). The N that is not utilized by the plant is lost due to nitrate leaching, 
denitrification and loss of ammonia to the atmosphere which has a harmful effect on the 
environment as well as on the economy (Glass, 2003).  
N availability affects many developmental processes, depending on the plant species (Zheng, 
2009). In potato, N availability affects rate of canopy development and leaf appearance, final leaf 
size, rate photosynthesis, onset of tuberization, final tuber yield and harvest index (Vos and 
Biemond, 1992, Ewing & Struik, 1992; Vos, 1995; Vos & MacKerron, 2000; Ospina et al., 2014).  
Deficiencies or variation in availability of nitrogen and other soluble nutrients cause poor 
vegetative growth and health, reduced pathogen and insect resistance, decreased tuber yields, and 
these affect tuber quality as well (Ojala et al., 1990, Olsen et al., 2003, Stark et al., 2004). In 
general, potato requires high amounts of N fertilizer to give maximum tuber yield, however the 
crop is relatively poor in agronomic NUE (yield produced per nitrogen applied). The high nitrogen 
requirement and low use efficiency is not only because of low N utilization by the plant, but also 
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because of inefficient uptake due to its shallow inefficient root system (Munoz et al., 2005; Pack 
et al., 2006). 
In potato, a wide range of variation in NUE has been reported in cultivated potato clonal 
selections, and accessions of wild potato species (Errebhi et al.,1998, 1999; Zebarth et al., 2004; 
Zvomuya et al., 2002; Sharifi et al., 2007), suggesting the possibility of improving NUE through 
breeding. Various traits related to NUE and contributing to NUE were used to increase the 
efficiency of the selection process and support the development of cultivars that give reasonable 
yield under low N availability (Errebhi et al., 1998). Among these traits, nitrogen uptake 
efficiency, yield and its components, Leaf Area Index (LAI) and period for maximum soil 
covering showed significant variation at low N conditions (Tiemens-Hulscher et al., 2012). 
However, the genetic basis of NUE is still poorly understood, and the complexity of many 
phenotypic traits involved in adaptation to stress conditions is likely to arise from a number of 
quantitative trait loci (QTL) (Bulmer et al., 1985; Falconer and Mackay, 1996). To dissect the 
complexity of such quantitative traits into component loci and identify the genetic factors that 
influence quantitative traits, QTL analysis/genetic mapping is a powerful tool (Doerge, 2002). For 
instance, a QTL approach offers an opportunity to dissect physiological and genetic components 
that affect the source-sink relationship under abiotic stress conditions (Pelleschi et al., 2006; 
Welcker et al., 2007; Miralles and Slafer, 2007), which is likely to be a major component for 
potato yield. 
QTL analysis also provides opportunities for the analysis of the relationships between traits 
(Lebreton et al., 1995; Simko et al., 1997). Co-localization of QTLs for two traits that are 
phenotypically correlated is good evidence that the two traits are functionally and genetically 
linked (Quarrie, 1996; Thumma et al., 2001). Simko et al. (1997) used QTL analysis to evaluate 
the causal relationship between tuber dormancy and abscisic acid (ABA) content. In maize, the 
relationship between ABA as a major stress hormone with yield and other drought related traits 
was analysed using QTL approach (Lebreton et al., 1995; Quarrie, 1996). However, QTLs can be 
affected by environmental variation. Some QTLs exist consistently over environments 
(constitutive QTLs), while other QTL are identified only in specific environments, or modulate 
their effect with changing environmental conditions (adaptive QTLs) (Tuberosa et al., 2008). 
Studies of QTLs affecting traits related to NUE have been reported in maize (Agrama et al., 1999; 
Hirel et al., 2001), Arabidopsis (Loudet et al., 2003) and rice (Cho et al., 2007), and many of these 
QTLs were dependent on N levels. 
 In the last two decades many QTL analysis studies have been published on different traits of 
potato, such as flower colour, foliage maturity, tuber skin texture, dry matter content, specific 
gravity and yield (McCord et al., 2011), yield, agronomic and quality traits (Bradshaw et al., 
2008), tuber yield and starch content (Schafer-Pregl et al., 1998), tuber dormancy (van den Berg 
et al., 1996), tuber shape (Van Eck et al., 1994), tuber skin colour (Gebhardt et al., 1989), tuber 
flesh colour (Bonierbale et al., 1988) and drought related traits (Anithakumari et al., 2011, 2012; 
Khan et al., 2014) .The number of QTL studies for NUE are still very limited. Only recently QTLs 
affecting traits related to NUE under contrasting N regimes were reported in potato (Ospina, 
2016). The aims of the present study were: (1) To determine the chromosomal location and genetic 
effect of QTLs for NUE and traits associated with NUE in potato under low and high N conditions 
in Ethiopia, and (2) Deliver basic genetic and physiological information of NUE and related traits 
for future candidate gene identification and marker assisted selection studies.   
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Materials and Methods 

Plant materials 
One hundred individuals of a diploid backcross population (CxE) including the parents were used 
in this study. The population was obtained from the original cross between the female parent, C 
(USW5337.3) (Hanneman and Peloquin, 1967) and the male parent, E (77.2102.37) (Jacobsen, 
1980). Clone C is a hybrid of S. phureja (PI225696.1) and S. tuberosum dihaploid USW42. Clone 
E is the result of a cross between clone C and the S. vernei-S. tuberosum backcross clone VH34211 
(Jacobsen, 1980). Absence of dormancy, early maturity and short day tuberization are some of the 
characteristics of S. phureja. On the contrary, Solanum tuberosum is characterized by long 
dormancy, long day tuberization and variable maturity (Hawkes 1990; Ewing and Struik 1992). 
Field studies 
The field studies were conducted in Ethiopia at Koga from January to May 2014 and at Injibara 
and Debre-Tabor from July to October 2014 under irrigation and rainfed conditions, respectively. 
In Ethiopia, the rainfed production season is from June to October, and is fully dependent on rain 
water. The irrigation production season is from Nov-April and is fully dependent on irrigation 
water from rivers and streams. The experiment was laid out in a split plot arrangement with two 
replications, with the low and high N levels (40kg/ha and 120kg/ha) assigned as main plots and 
the genotypes as sub plots. Each replication consisted of 10 plants, planted at a recommended 
inter- and intra-row spacing of 0.75m and 0.30m respectively and each genotype replication was 
bordered by a plant from reference cultivar. Soil available nutrients and externally applied urea, 
Di-ammonium phosphate (DAP) and tri-superphosphate (TSP) were used as source of N and P. 
Composite soil samples were collected at five different locations in the experimental field and at 
a soil depths of 0-20cm and 20-40cm before planting to estimate the available residual nitrogen 
in the form of NO3

- and NH4
+ using a KCl extraction method. The whole P source was applied at 

planting while N application was split in two: a week after emergence and at early flowering. Pest 
and disease management, weeding and ridging and other cultivation practices were conducted as 
per recommendation and when required. 
Phenotypic measurements  
The phenotypic measurements were carried out in similar manner at all experimental locations 
(Koga, Debre-Tabor and Injibara). Plant height (PH), Chlorophyll content (CC) at lower and upper 
part leaf using SPAD-502 chlorophyll meter (Minolta Co., Ltd. Japan) were measured when 50% 
of the genotypes were flowering. The readings for chlorophyll content were taken on the third or 
fourth leaf from the top of the plant for upper leaf chlorophyll content (UCC), and the second or 
the third leaf from the base of the plant for lower leaf chlorophyll content (LCC). Stem number 
per plant (SNPP) was counted before the plant foliage declined. Canopy cover dynamics or soil 
cover (SC) was assessed every five days starting from date of emergence to the declining phase 
of the crop growth using a 0.6m x 0.75m frame with 100 grid squares, positioned over the same 
middle plants in a plot for each measurement, and the canopy measurements were carried out from 
date of emergence to the end of the declining phase of the crop growth. The beta thermal time for 
canopy cover assessment was calculated from the date of emergence for each experimental unit, 
using the sigmoid part of the beta function for determinate growth (Yin et al., 2003), and an 
estimated cardinal temperature (5.50C as a base temperature, 23.370C as optimum, and 34.580C 
as ceiling temperature that determines the vegetative growth of potato (Khan 2012, Khan et al., 
2013). Hourly temperature data was collected from the nearest weather station for each location. 
The model for canopy development was fitted using the soil cover data, beta thermal time for each 
assessment, and the canopy cover measurements, and the following model parameters were 
estimated: the inflection point in the build-up phase of the growth curve (tm1), time at which 
canopy cover reaches its maximum (t1), the maximum canopy cover value with percentage of soil 
cover as unit (Vmax), time for onset of canopy decline (t2), time when canopy cover reaches zero 
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(te), and area under the curve for the entire crop growth cycle ( AUC ) in %.td, were estimated 
using the NOLIN procedure of SAS, SAS Institute Inc, 2004 (Khan et al., 2013). Days to maturity 
(DTM), determined as the number of the days from emergence to the day at which more than 90 
percent of the plants in a plot attained physiological maturity (90% of the haulm tissues brown) 
was assessed every day starting from the time that early varieties showed the first signs of leaf 
yellowing.  
Tuber traits: tuber number per plant (TNPP), average tuber weight (ATW), tuber yield per plant 
(TYPP), Specific gravity (SG), tuber dry matter percentage (TDM%) and Nitrogen Use Efficiency 
(NUE; defined as dry tuber weight per unit N available (N applied + N available in the soil) were 
measured and estimated at harvest. Specific gravity (SG) was determined using the tuber specific 
gravity procedure of weight in air and under water (Murphy and Goven, 1959). In evaluating the 
SG of each variety, healthy and marketable-sized grade (20 mm and above) tubers were selected 
randomly from each variety harvest. Then, tubers were cleaned, and weighed both in air and water 
following the procedure of Murphy and Goven (1959). Specific gravity values were computed 
using the following formula: 
    

where SG= specific gravity of the material, W1= weight in air of the sample tuber, in g and W2= 
Weight of the sample completely immersed in water, in g. Tuber dry matter content (TDM%) 
normally is determined as a ratio of dry tuber weight to fresh weight expressed in percentage; we 

determined TDM% indirectly from SG using empirical conversion factors following the equation 

of Kleinkopf et al., (1987): solid (Dry matter %) = -214.9206 + (218.1852 x SG). Tuber dry weight 
(TDW) was estimated indirectly from specific gravity and tuber dry matter content in percent, 
using the following formula: 

  

Where DWt = dry weight of the tuber in g, TDM = Tuber dry matter (%), FWt = fresh weight of 
the tuber in g. Nitrogen use efficiency (NUE) is calculated as the yield per unit of N resource 
available to the plant (Moll et al., 1982). In this study, NUE was determined as the tuber dry matter 
production, or dry weight of the tubers/ha , per unit of N supplied/ha (N in the soil + applied N).  
Statistical analyses 
Analyses of variance (ANOVA) of the different traits, correlation and principal component 
analysis (PCA) were done with GenStat software 17th edition. Restricted maximum likelihood 
(REML) variance component  analysis, genotypic variance (σ2g), environmental variance (σ2e) 
and broad sense heritability (H2) were estimated using Breeding View, the IBP Breeding 
Management system (BMS) version 3.0.9 (https://www.integratedbreeding.net/breeding-
management-system), with a model broad sense heritability (H2) =σ2g / (σ2g+ σ2e/r), where (σ2g) 
is the genotypic variance, (σ2e) is the environmental variance and r is the number of replications. 
To generate phenotypic values for QTL mapping, the genotype was modelled as a fixed effect and 
all other effects were random, and the best linear unbiased  estimates (BLUE) means were 
computed with BMS-breeding view software.  
Genetic map construction 
Details of the genetic map and markers employed like Simple Sequence Repeats (SSR), Amplified 
Fragment Length Polymorphism (AFLP), Cleavage Amplified Polymorphism (CAP) and Single 
Nucleotide Polymorphism (SNPs) can be found in Anithakumari et al., (2011). The integrated CE 

https://www.integratedbreeding.net/breeding-management-system
https://www.integratedbreeding.net/breeding-management-system
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map constructed using JoinMap 4.0 (Kyazma, Van Ooijen 2006) was utilized for the QTL 
analysis. 
QTL analyses  
MapQTL6 (Kyazma, Van Ooijen 2009) was used for the QTL analysis. Each trait was analysed 
using interval mapping. For this analysis, a map with 12 linkage groups and 534 SNP markers 
with a total genetic map distance of 1326 cM were employed, equivalent to an average distance 
between markers of 2.5 cM assuming that these are equally distributed. Significance for QTL 
detection was determined by permutation tests (1000 permutations) and a genome wide scan was 
used as a QTL detection threshold at 5%  significant level. Subsequently, Multiple QTL Mapping 
(MQM) was performed with the markers nearest to the QTLs detected by interval mapping 
selected as cofactors.  

Results 

Phenotypic variation, heritability and variance components  
The C x E diploid potato backcross population was grown at three different locations in two 
different production seasons (rainfed and irrigation) under low and high N fertilizer regimes to 
evaluate potato genotypes for NUE. NUE is defined in different ways, depending on the objective 
of the study and the crop under study (Good et al., 2004). In this study NUE is defined as the dry 
tuber yield per unit of nitrogen resource available to the plant. The combined analysis of variance 
over location showed that the genotypic variation was highly significant for all of the traits 
measured (supplementary Table 1), indicating that sufficient variation is present in the population 
for genetic analysis. In addition to the genotype, significant effects were observed for location, 
the interaction of location with N levels and genotype x location interaction for most agronomic 
and physiological traits. These results indicate that the genotype x location interaction often had 
a larger effect than the genotype x N level interaction, suggesting that genotype x location 
interaction contributed more to the total genotype x environment interaction.  
Mean values of different yield and yield related traits of the parents C and E, minimum and 
maximum performance of progeny and genetic variance components under low and high nitrogen 
condition across locations are presented in supplementary Table 2. The two parents (C and E) 
performed differently in tuber yield and foliage traits (canopy cover parameters) under both N 
conditions. Parameters describing different aspects of canopy growth and development were 
derived from the canopy cover dynamics of potato as quantified by the grid method, and modelled 
using beta thermal time as described in the material and methods section (Khan et al. 2013). 
Among the canopy cover parameters, the maximum value of the canopy cover (Vmax), and the 
total area under the canopy (AUC), which reflects the capacity of the crop to intercept solar 
radiation during the whole growing period, were the predominant traits that were considerably 
different between the two parents. Parent C showed higher mean performance compared to parent 
E in tuber yield related traits as well as foliage traits under low and high N conditions in all 
locations except for maximum canopy cover (Vmax) and total area under the canopy cover (AUC) 
at Debre-Tabor, for which parent E performed better than parent C. The mean performance of the 
parents for most of the traits was a bit higher than the mean of the progeny.  
The effect of N levels was significant (according to a student’s T-test) for most agronomic and 
physiological NUE related traits considered in this study. Significant phenotypic variation (P ≤ 
0.001) was observed for N level in the CE population and between the two parents for most traits 
measured in this study except stem number per plant (SNPP), the inflection point in the build-up 
phase of the growth curve (tm1), time for onset of canopy decline (t2), and time when canopy is 
completely senesced (te). Low N application substantially affected agronomic and physiological 
traits of the parents, with stronger performance reductions for parent E than for parent C. The 
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overall differences for selected traits between parent C and parent E, and the progeny are presented 
in Table 1.  
Table 1. Mean performance, Difference due to N level and difference of parent C and parent E, 
and the progeny for some selected traits under low N (LN) and high N (HN) conditions 

Traits Parent C Parent E Progeny 
Mean Reduction 

(%) at LN 
compared 
to HN 

Mean Reduction 
(%) at LN 
compared 
to HN  

Mean Reduction 
(%) at LN 
Compared 
to HN   

LN HN 
 

LN HN 
 

LN HN 
 

PH 31 37 17 36 43 16.7 28 35 20 
LCC 46 49 6 46 49 4.8 47 52 10 
DTM 88 85 2.5 87 85 1.7 86 84 2 
TNPP 8 13 36.9 6 9 38.7 7 10 30 
ATW 35.2 35.4 0.5 28.7 34 15.7 24 29 17 
TYPP 300 430 31.5 170 320 46.4 170 287 41 
NUE 57.8 26.6 117.3 37.76 22.85 65.3 34 18 89 
Vmax 40.5 50.9 20.5 31.75 46.43 31.6 27 40 33 
AUC 1138.23 1174 3.05 750.57 1139.4 34.13 649 953 32 

PH= Plant height, LCC= lower leaf chlorophyll content, DTM= Days to maturity, TNPP= Tuber 
number per plant, ATW= Average tuber weight, TYPP= Tuber yield per plant, NUE= Nitrogen 
use efficiency, Vmax= maximum canopy cover, AUC= Area under the canopy curve  
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Figure 1.  Effect of N levels on the phenotypic distributions of some selected traits for parent C, 
E and the C xE potato genotypes. PH= plant height, Vmax = maximum canopy cover, AUC = area 
under the canopy curve, ATW = average tuber weight, TYPP = tuber yield per plant. a) plant 
height at low N, b) plant height at high N, c) maximum canopy cover at low N, d) maximum 
canopy cover at high N, e) area under the canopy curve at low N, f) area under the canopy curve 
at high N, g) average tuber weight at low N, h) average tuber weight at high N, i) tuber yield per 
plant at low N, j) tuber yield per plant at high N 
Significant differences (P ≤ 0.05) in days to maturity (DTM) were found due to the effect of N 
levels, and of genotype. The genotypes matured on average between 75 and 95 days at both N 
levels. Based on the total number of days to reach maturity, genotypes were grouped as early 
(between 75 and 82 days), intermediate (between 83-89 days) and late maturing ones (90 days and 
above). Large differences were found between late and early maturing genotypes for Vmax, AUC, 
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TYPP, and NUE at the same N level. Late maturing cultivars showed higher canopy cover 
compared to early ones under low N conditions (see example for some genotypes in Figure 2).  

 

 
Figure 2. Difference in canopy development process of some CE genotypes selected randomly 
based on maturity group using raw canopy cover data and maturity data under low N condition, 
a) early maturing, b) late maturing. 

 
The heritability of the traits varied from 0 to 0.83 under low N and from 0.37 to 0.86 under high 
N conditions (supplementary Table 2). For most traits, the highest heritability was recorded at 
high N level compared to low N. However, the heritability estimate difference between high and 
low N conditions was negligible. The highest heritability value difference (0.43) between high 
and low N conditions was observed for the trait AUC followed by LCC (0.40) at Debre-Tabor and 
Injibara respectively. Among the locations, Koga showed higher heritability estimates for most 
traits compared to Debre-Tabor and Injibara. Except tuber dry matter and chlorophyll content, for 
most traits the genotypic variance value is higher than that of environmental variance 
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(supplementary Table 2), indicating that the contribution of the genetic factor to the total 
phenotypic variation was large compared to the environmental factor.   
Correlation and Principal Component Analysis (PCA) 
The phenotypic correlation coefficients of traits under low and high N condition are presented in 
Table 2. The correlation between NUE and most agronomic and physiological traits was positive 
and significant both under low and high N conditions. However, depending on the traits, some 
differences in correlations were observed between low and high N levels. LCC and UCC are traits 
that correlate negatively with most traits at both N levels.  
The two tuber yield component traits (TNPP and ATW) were significantly negatively correlated 
under low and high N conditions (-0.36 and -0.37 respectively), which reflects a trade-off between 
the two traits both under low and high N availability. 
 Principal component analysis (PCA) is one of the main statistical tools widely used to categorise 
phenotypic traits into groups based on similarities. The principal component analysis biplots in 
Figure 3 and 4 depict the distribution and similarities of 100 CE potato progeny genotypes 
including their parents under low (Figure 3) and high N conditions (Figure 4) over all locations 
combined. In the PCA 52.81% and 53.87% of the total variance was explained by PC1 and PC2 
together under low and high N conditions, respectively. The angles between vectors in the biplot 
indicate the level of association between traits. An angle less than 90˚ (acute angle) suggests 
presence of strong positive correlation, an angle greater than 90˚ (obtuse angle) suggests a weak 
correlation. Thus, the biplots point out the genetic relationship between traits.  As showed in the 
biplots a strong correlation was observed between tuber number per plant (TNPP) and days to 
maturity (DTM); and NUE and tuber yield per plant (TYPP) under low N condition. Under high 
N there was strong correlation between average tuber weight (ATW), plant height (PH), and days 
to maturity (DTM); between maximum canopy cover (Vmax), Tuber yield per plant (TYPP), tuber 
number per plant (TNPP) and time at which canopy cover reaches its maximum (t1).   
QTL detection 
The QTL analysis was done separately for each N level at each location. We have done QTL 
analysis for all measured traits, and we found QTL for ten traits at three experimental locations 
(Debre-Tabor, Injibara, and Koga) under low and high N conditions (summarized in Table 3). A 
total of 52 QTLs were identified for the ten traits distributed over 13 QTL regions on seven of the 
12 linkage groups, of which 28 QTLs were detected under low N while 24 QTLs were detected 
under high N conditions. Among the experimental locations, the highest number of QTLs under 
low and high N conditions together, were detected in Debre-Tabor and Koga (19 QTLs). The 
identified QTLs accounted for a 11.9 to 37.1% of the total phenotypic variation for low N, and 
15.3 to 38.4% for high N conditions.  
Many QTLs were detected repeatedly across locations and N levels (Table 4). We considered 
QTLs detected in at least two of the three experimental locations under both low N and high N 
conditions to be constitutive and N-level independent QTLs, and QTLs that were exclusively 
detected in at least two of the three experimental locations under either high N or low N conditions 
as high N-specific or low-N specific QTLs. Four QTLs were low N specific and 4 QTLs were 
high N specific, suggesting the presence of QTL x N interaction. The remaining 3 QTLs were 
detected under both N conditions.  DTM, NUE and TYPP were some of the traits that had low N 
specific QTLs, while high N specific QTLs were detected for LCC, Vmax and AUC (Table 4).  
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Tabel 2.  Coefficients of correlations (r) between various physiological and agronomic traits, of 
the mapping population under low N and high N conditions 

Treatments  High N 

 Traits PH SNPP LCC UCC tm1 t1 t2 te Vmax AUC DTM      

Low N PH 0.88 0.13 0.01 -0.09 0.22 0.40 0.19 0.02 0.78 0.60 0.41      

 SNPP 0.08 0.51 -0.26 -0.22 0.42 0.41 0.24 -0.02 0.41 0.29 0.23      

 LCC -0.02 -0.08 0.68 0.83 -0.05 -0.10 -0.25 -0.17 -0.16 -0.19 0.00      

 UCC -0.16 -0.19 0.82 0.75 -0.07 -0.15 -0.20 -0.14 -0.21 -0.24 -0.05      

 tm1 0.17 0.50 -0.21 -0.15 0.52 0.52 0.24 0.03 0.44 0.32 0.63      

 t1 0.21 0.51 -0.09 -0.16 0.65 0.56 0.57 0.00 0.62 0.47 0.57      

 t2 -0.06 0.46 -0.12 -0.12 0.47 0.38 0.21 0.24 0.31 0.34 0.37      

 te 0.06 0.23 -0.03 -0.08 0.11 -0.06 0.32 0.69 0.07 0.14 0.12      

 Vmax 0.65 0.22 -0.12 -0.30 0.26 0.35 0.01 0.03 0.77 0.73 0.55      

 AUC 0.60 0.27 -0.15 -0.30 0.32 0.31 0.11 0.25 0.94 0.75 0.43      

 DTM 0.23 0.53 -0.14 -0.28 0.59 0.52 0.28 0.06 0.39 0.41 0.73      

 TNPP 0.23 0.54 -0.13 -0.26 0.40 0.39 0.38 0.16 0.52 0.53 0.53      

 TYPP 0.55 0.44 -0.22 -0.36 0.39 0.38 0.24 0.17 0.73 0.73 0.57      

 ATW 0.46 -0.11 -0.11 -0.15 0.05 0.10 -0.18 0.01 0.27 0.25 0.10      

 TDM% -0.06 -0.13 0.19 0.18 0.03 0.12 -0.06 -0.03 -0.21 -0.18 0.11      

 NUE 0.55 0.41 -0.17 -0.32 0.40 0.41 0.23 0.18 0.67 0.68 0.62      

 
Ph=Plant Height, SNPP=stem number per 
plant, LCC= Lower leaves chlorophyll content, UCC= upper leaf chlorophyll content tm1= 
inflection point in canopy building phase, t1= canopy stabilized, t2= on set of canopy decline, te= 
time canopy cover zero, Vmax=  maximum canopy cover in percent, AUC= total area under the 
canopy, DTM= days to maturity, TNPP=Tuber Number Per Plant,  TYPP= Tuber Yield Per Plant,  
ATW= Average Tuber Weight,  TDM%=Tuber Dry Matter in percent, NUE= Nitrogen use 
efficiency  

Color Key -1 0 1 
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Figure 3. a) Bi-plot of PC1 viz. PC2 from principal component analysis showing the distribution 
and similarities among 100 CE potato genotypes under low N, b) Bi-plot of PC1 viz. PC2 from 
principal component analysis showing distribution and similarities among 100 CE potato 
genotypes under high N. 
The CxE population is a backcross population with three alleles. Thus, we treated it as a CP 
population type (population resulting from a cross between heterogeneous, heterozygous and 
homozygous diploid parents) in the MapQTL model, because all other models in MapQTL assume 

a) 

b) 
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a maximum of two alleles. Consequently, the genotypes were coded with “ab x cd”, where a and 
b represent the alleles of parent C and c and d represent the alleles of parent E with possible 
genotypes ac, ad, bc, and bd. In our backcross population, one of the alleles derived from the C 
parent is in fact identical to one of the E-derived alleles, but haplotype information is not available, 
so it was not possible to distinguish which allele is which. For the QTLs identified for days to 
maturity (DTM) on linkage group IX under low and on linkage group V under  high N conditions 
at Debre-Tabor the ‘c’ allele from the E-parent most likely contributes to late maturity type in this 
population (Figure 4a and b). The QTL identified on chromosome V with peak marker SPAD237 
for tuber number per plant detected under both N conditions showed a similar positive contribution 
of the E parent-derived allele (Figure 4c and d). For tuber yield per plant, however, a specific 
combination of C- and E-derived alleles was linked to high tuber yields (Figure 4e and f) for each 
of the QTLs. 

 
Figure 4. Expected mean of CE offspring for some selected trait QTLs in different genomic 
locations under high and low N condition in Debre-Tabor.a)  DTM_D_HN2 for marker E32M51-
1c9 on linkage group IX, b)  DTM_D_LN2 for marker PotSNP43 on linkage group V, c)  
TNPP_D_HN for marker SPUD237 on linkage group V, d)  TNPP_D_LN for marker SPUD237 
on linkage group V, e)  TYPP_D_HN for marker PotSNP788 on linkage group VII, f)  
TYPP_D_LN for marker SPUD237on linkage group V 
The identification of similar QTLs for tuber number per plant with similar allele contributor under 
both N conditions suggests that the same gene effect is responsible for these QTLs. However, the 
QTLs identified for tuber yield per plant had different allele contributors for low and high N levels. 
Overall, as shown above, the CE progeny that had the alleles corresponding to ‘a’ from the female 
parent C and allele ‘c’ from the male parent E showed a high score, and allele ‘c’ was responsible 
for the high value in most listed traits under low and high N conditions.   
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Of the 13 QTL regions, four genomic regions, i.e. on linkage group V between 21-38cM, 38-
56cM, and 58-70cM, and on linkage group IV between 60-72cM contained QTL regions 
accumulating QTLs for more than one trait under different N conditions and locations. The peak 
markers for the QTL regions on chromosome V were more than 20cM apart, which might indicate 
these are indeed independent QTL regions. However, we do not have sufficient marker 
information and recombinants to confirm this. The QTLs for AUC, PH, Vmax, DTM, TNPP, 
TYPP and NUE co-localized between 21 and 38cM on linkage group V. QTLs for DTM and PH 
under both N conditions, and Vmax, AUC and TYPP under high N conditions co-located between 
38 and 56cM on linkage group V. This co-localization of QTLs of different traits in the same 
chromosomal regions suggests the existence of physiological and/or genetic relationships between 
these traits. NUE and DTM under low N conditions shared the same QTL region (60-72cM) on 
linkage group IV, explaining 23.2% and 21.7% of the total phenotypic variation of NUE and DTM 
respectively. In total, 77% of the detected QTLs were located on linkage group V, grouped into 4 
cluster regions. From these 4 QTL cluster regions, the region between 21 and 38 cM accumulated 
most QTLs for NUE and related traits. Environments are described in Table 5, QTL names are 
given as  trait name followed by location and the N-levels e.g AUC_I_LN: Area under  canopy 
(AUC);  Location, Injibara (I); N-Level (LN), low N 
Table 3. QTLs detected for ten agronomic and physiological traits under low and high N 
conditions in the CxE mapping population  

Traits  Envir-
onment 

QTL name Linkage 
Group 

Peak Marker LOD Peak 
position 

Interval 
(cM) 

explained. 
variation in% 

Area under 
Canopy (AUC) 

  

IBLN AUC_I_LN V GP21_2007 6.14 24.7 21-26 26.2 

IBHN AUC_I_HN V Mando 6.06 26.13 24-38 25.9 

KOHN AUC_K_HN1 V Mando 5 26.13 24-38 17.5 

DTHN AUC_D_HN V PotSNP1146 5.3 43.5 38-47 23 

KOHN AUC_K_HN2 V PotSNP1143 4.5 47 43-50 20.1 

Days to 
maturity 
(DTM) 

DTLN DTM_D_LN1 IV PotSNP51 4.9 65.7 60-72 21.7 

IBLN DTM_I_LN1 V Mando 4.6 26.13 24-38 14.3 

IBHN DTM_I_HN V SPUD237 5.6 31.1 26-38 24.1 

IBLN DTM_I_LN2 V PotSNP1143 7 47 43-50 29.2 

DTHN DTM_D_HN1 V Myb_t10 4.7 49.6 46-54 16.7 

DTLN DTM_D_LN2 V PotSNP43 4.8 51.6 46-56 16.6 

DTHN DTM_D_HN2 IX E32M51-1c9 4.5 54.6 51-57 15.2 

Lower leaf 
chlorophyll 
(LCC) 

KOLN LCC_K_LN I PotSNP1037 4.9 44.5 42-47 21.4 

DTLN LCC_D_LN1 I E32M61-
18e13 

5.8 45.34 42-48 22 

DTLN LCC_D_LN2 II PotSNP1 4 51.14 46-57 15.8 

DTHN LCC_D_HN II PotSNP807 5.09 51.6 46-57 22.3 

KOHN LCC_K_HN II PotSNP807 9.4 51.6 49-57 37.1 

DTLN LCC_D_LN3 VIII E32M51-
15h8 

5.2 81.34 77-84 20.1 

Nitrogen use 
efficiency 
(NUE) 

DTLN NUE_D_LN1 IV PotSNP51 5.34 65.7 60-72 23.2 

KOHN NUE_K_HN V PotSNP573 5.5 15.5 0-21 23.7 

DTLN NUE_D_LN2 V Mando 4.9 26.13 24-38 16.4 

KOLN NUE_K_LN V SPUD237 8.11 31.1 26-38 33.1 
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Plant height 
(PH) 

IBLN PH_I_LN1 V PBSQ 5.4 24.4 21-26 18.7 

IBHN PH_I_HN1 V GP21_2007 6.24 24.7 21-26 20.5 

KOLN PH_K_LN1 V GP21_2007 7.14 24.7 21-27 22.5 

KOHN PH_K_HN1 V GP21_2007 5.7 24.7 24-38 16.6 

IBLN PH_I_LN2 V Myb_t10 4.6 49.6 46-54 20.4 

IBHN PH_I_HN2 V Myb_t10 5.2 49.6 46-54 22.8 

KOHN PH_K_HN2 V E32M61-9h5 5.3 61.3 58-70 15.3 

KOLN PH_K_LN2 V E32M61-9h5 6.2 61.3 58-70 26.5 

Stem 
number/plant 
(SNPP) 

KOLN SNPP_K_LN V E32M61-9h5 4.6 61.3 58-70 20.5 

Tuber 
number/plant 
(TNPP) 

DTHN TNPP_D_HN V SPUD237 5.4 31.1 26-38 23.3 

DTLN TNPP_D_LN V SPUD237 6.9 31.1 26-38 28.9 

IBHN TNPP_I_HN V SPUD237 5.8 31.1 26-38 24.9 

KOHN TNPP_K_HN V SPUD237 5.3 31.1 26-38 23.1 

KOLN TNPP_K_LN V SPUD237 6 31.1 26-38 25.7 

Tuber 
yield/plant 
(TYPP) 

KOHN TYPP_K_HN V PBSQ 7.4 24.4 21-26 30.5 

KOLN TYPP_K_LN1 V Mando 6.3 26.13 24-38 21.5 

DTLN TYPP_D_LN V SPUD237 8.2 31.1 26-38 33.2 

IBLN TYPP_I_LN V SPUD237 4.7 31.1 26-38 20.7 

IBHN TYPP_I_HN V PotSNP1143 5.3 47 43-50 22.9 

KOLN TYPP_K_LN2 V E32M61-9h5 4.6 61.3 58-70 20.2 

DTHN TYPP_D_HN VII PotSNP788 7.4 42.1 39-49 26.6 

Upper leaf 
chlorophyll 
(UCC) 

DTLN UCC_D_LN1 I STM5136 4.5 23 18-27 16.5 

DTLN UCC_D_LN2 II PotSNP1111 4.6 112.5 106-
115 

16.7 

DTLN UCC_D_LN3 V potSNP90 6 51.6 46-56 13.2 

DTLN UCC_D_LN4 VII potSNP542 5.5 89.2 86-91 11.9 

Maximum 
canopy cover 
(Vmax) 

IBLN Vmax_I_LN V Mando 5.9 26.13 24-28 25.2 

IBHN Vmax_I_HN V Mando 5.4 26.13 24-38 23.4 

KOHN Vmax_K_HN1 V Mando 4.5 26.13 24-38 15.8 

KOLN Vmax_K_LN V GP21_2007 9.8 24.7 21-27 38.4 

DTHN Vmax_D_HN V PotSNP1146 5.3 43.5 38-47 23.2 

KOHN Vmax_K_HN2 V PotSNP1143 4.7 47 43-49 20.9 

DTLN = Debre-Tabor low N, DTHN = Debre-Tabor high N, IBLN = Injibara low N, IBHN = 
Injibara high N, KOLN = Koga low N, KOHN = Koga high N 
  



Proceedings of the 5th Annual National Conference, CAES 

245 

Table 4. List of agronomic and physiological traits for which QTLs were found in more than one 
location under low or high N specific conditions and under both N level conditions 
Traits High N 

 specific QTLs 

Low N 

 specific QTLs 

Low and 

 high N  

conditions 

Linkage 

 group 

Interval(cM) Locations 

PH 
  

 V 21-27 DT and  Injibara 

LCC  
  

II 46-57 DT and Koga 

LCC 
 

 
 

I 42-48 Koga and Injibara 

AUC  
  

V 24-38 DT and Injibara 

AUC  
  

V 38-50 DT and Koga 

Vmax  
  

V 38-49 DT and Koga 

Vmax 
  

 V 24-38 Koga and Injibara 

DTM 
 

 
 

V 43-56 DT and Injibara 

TNPP 
  

 V 26-38 DT and Koga 

TYPP 
 

 
 

V 24-38 DT, IB and Koga 

NUE 
 

 
 

V 24-38 DT and Koga 

PH = Plant height, LCC = lower leaf chlorophyll content, AUC = Area under the canopy curve, 
Vmax = Maximum canopy cover, DTM= Days to maturity, TNPP = Tuber number per plant, 
TYPP = Tuber yield per plant, NUE = Nitrogen use efficiency. DT= Debre-Tabor, IB= Injibara 
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Figure. 5 Locations of the QTLs on the CE integerated map. Only chromosomes (linkage groups) 
with QTL are presented. The numbers on the left side are genetic distances in centimorgans (cM); 
marker names and locations are given on the right side. QTLs are presented at the right side as 
vertical bars with trait names in different colors for different locations (red: Debre-Tabor; 
green:Injibara; Purple: Koga). QTL names are given as trait name followed by locations and N-
levels. e.g AUC_I_LN (Area under  canopy curve (AUC);  Location, Injibara (I); N-Level(LN) or 
low N .Abbreviations for trait names: Area under  canopy(AUC), Days to maturity  (DTM), Lower 
leaf chlorophyll (LCC), Nitrogen use efficiency (NUE), Plant Height (PH), stem number(SNPP) 
,Tuber number (TNPP), Tuber yield (TYPP), Upper leaf chlorophyll (UCC), Maximum canopy 
cover (Vmax).  
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Discussion     

Breeding for higher yields in crops can be successful via the monitoring and selection for the 
component physiological traits that determine biomass partitioning and production, and the 
identification of QTLs that control the heritable variation of these traits (Tuberosa et al., 2008). 
This is especially true for improving yields under stressful conditions, like low nutrient 
availability. In the present study, the CxE backcross diploid potato population was evaluated under 
field conditions to identify QTLs that contribute to NUE and related traits under low and high N 
availability in potato.  
The pooled analysis of variance showed significant differences between genotypes, locations, N 
levels, and their interaction for most measured traits. Nitrogen availability affects various 
physiological processes and morphological traits of the potato crop. TYPP, TNPP, and Vmax were 
among the traits that were strongly affected by N level in our study. Vos and Biemond (1992) 
reported that N availability affects the rate of canopy development, leaf appearance, final leaf size 
and rate of photosynthesis. N supply was also suggested to affect onset of tuberisation, final tuber 
yield and harvest index (Ewing & Struik, 1992; Vos, 1995; Vos & MacKerron, 2000; Ospina et 
al, 2014). In our study, area under the canopy curve (AUC) was significantly affected by the level 
of applied N. Similarly, Grindlay (1997) and Ospina et al. (2014) reported that limitation in N 
supply affects canopy cover negatively, resulting in reduction in the amount of solar radiation 
intercepted and the overall photosynthetic capacity.  
QTL identification  
To date, only a few studies report QTLs regulating potato responses to abiotic stress 
(Anithakumari et al., 2011 2012; Khan et al., 2014; Ospina, 2016). Our study detected multi-
location as well as multi-treatment QTLs for NUE and NUE-related traits. Most of the 52 
identified QTLs explained more than 15% of the total phenotypic variation of the trait.  
Four genomic regions which harbor QTLs affecting more than one trait were identified on linkage 
group V and on linkage group IV under different N levels and locations. AUC, PH, Vmax, DTM, 
TNPP, TYPP and NUE QTLs co-localized on linkage group V between 21-38cM and most of the 
QTLs had the same peak markers, indicating that a single gene with pleiotropic effects may 
contribute to this cluster of traits or that the measured traits are physiologically and/or 
morphologically linked (El-Soda et al., 2014). These traits had a strong positive correlation with 
NUE and with each other under both N conditions. The colocalization of yield and canopy traits 
is in line with Haverkort et al. (1991) and Vos (2009) who reported a strong correlation of canopy 
cover with intercepted photosynthetically active radiation and tuber yield. The strong positive 
association of traits with NUE and co-localization in the same QTL region make the traits 
interesting for breeders to consider them as a selection criterion to improve NUE in the potato 
breeding programs. This region was found previously to harbour QTLs for multiple traits under 
different abiotic stresses and normal growing conditions. Anithakumari et al., (2012) in their 
drought tolerance study found that the same region was associated with shoot fresh weight, tuber 
number, tuber weight and root length under drought stress and recovery conditions. QTLs 
associated with foliage maturity and late blight resistance were also identified in this region under 
normal potato growing conditions (Visker et al., 2005; McCord et al., 2011). Khan et al. (2014) 
in their drought tolerance study also reported that this QTL region harboured QTLs for plant 
height, chlorophyll content, tuber number and tuber weight under drought and well-watered 
conditions, indicating that the region is a potential QTL region for most important agronomic and 
physiological traits of potato.  This region of linkage group V in the potato genome is strongly 
linked to early maturity and initiation of tuberization, for which the CDF1 gene was shown to be 
responsible (Kloosterman et al., 2013). In our study, earliness has a profound influence on NUE 
regardless of N level, and our results are in line with the findings of Zebarth et al. (2004) and 
Ospina et al. (2014). For the most effective use of the QTLs in this region for NUE improvement 
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programs in potato, it may be necessary to see whether the NUE QTL effects are not caused by 
variation in the CDF1 gene, and to identify the genes that regulate the NUE related traits. If the 
genes are different from CDF1 gene but linked with it, disentangling the earliness gene from the 
genes that regulate NUE and other NUE related traits may be helpful or even required to improve 
these traits.  
Additional QTLs for DTM and PH under both N conditions, Vmax, AUC and TYPP under high 
N conditions, and UCC under low N condition (in total about 11 QTLs) were co-located between 
38-56cM on linkage group V.   Previously QTLs associated with foliage traits were also identified 
in this region: QTLs for fresh biomass (Anithakumari et al., 2011), plant height, shoot fresh weight 
and shoot dry weight under drought stress and recovery condition (Anithakumari et al., 2012), for 
fresh and dry harvest index and stem diameter under drought and well-watered condition (Khan 
et al., 2014) were identified in this region. Most of the QTLs detected in this region are more than 
20cM downstream of the CDF1 gene, and may constitute different loci, independent of the 
earliness locus. This region may be used as a potential source of genes for NUE improvement.  
The QTL region at 58-70cM on linkage group V harbored 4 QTLs for PH, SNPP and TYPP 
particularly under low N conditions in Koga. Similarly, Anithakumari et al. (2012) detected QTLs 
for plant height, stem number, shoot fresh weight and shoot dry weight in this region under 
drought stress conditions. These QTLs related to growth and yield under both drought stress and 
N deficiency conditions are more likely to be independent of maturity, and are potential targets 
for improving growth under marginal conditions like the test-sites of our trials in Ethiopia. 
In addition to the multi-QTL locus on chromosome V, NUE and DTM also shared the same QTL 
region on linkage group IV under low N conditions. The strong phenotypic correlation between 
NUE and DTM and the colocalization of their QTLs at several regions indicates that NUE and 
DTM are genetically strongly related.  
In general, the strong positive correlation of TYPP and  NUE  with DTM, Vmax, AUC, PH and their 
coinciding QTLs as reported in this study highlight the genetic and physiological relationship 
between these traits.  Notably, the clustered QTLs had a similar additive effect: Parent E 
contributed the responsible allele for high performance values for the above- 
mentioned traits under low and high N conditions. The traits may be causally related and thus 
could be simultaneously improved in potato breeding. Especially linkage group V may be enriched 
with the N metabolism genes. Coincidence of QTL for traits with QTL effects in the same 
direction may not provide conclusive evidence, but it offers additional evidence that the two traits 
are functionally associated (Thumma et.al., 2001). The ultimate evidence that two correlated traits 
are causally correlated may require identification of the putative candidate genes underlying the 
traits.  
QTL x Environment interaction 
Quantitative traits are influenced by the environment and have a tendency to express variable 
degrees of Genotype × Environment Interaction (GEI). The analysis of variance in this study 
indicated presence of GEI. However, the G x N level interaction was low as compared G x location 
interaction. Gallais and Coque (2005) in their maize NUE genetic variation study reported that 
although the genotype by N level interaction was low, different traits and genes may underlie the 
genetic variation in NUE at high N and low N level; the variation at high N was mainly due to 
variation in N uptake while at low N level both components of NUE had a significant contribution 
to the total NUE variation. This implies that the genes that control NUE at low N may be different 
from those at high N conditions. This may be reflected in QTL x Environment interaction (QEI). 
GEI is determined by all the trait-underlying genes of all QTLs combined, while QEI indicates 
the interaction of a single QTL with the environment. The presence of highly significant GEI 
typically may or may not indicate the presence of QEI (Wei et al., 2012).  Most of the identified 
QTLs were present only under low N or high N conditions, and only some of them under both N 
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conditions, at least over two experimental locations. QTLs identified at either low N or high N 
condition are N level dependent, adaptive QTLs, while QTLs identified under both N condition 
are N level independent, constitutive QTLs. The occurrence of adaptive QTLs specific for N level  
suggests the presence of QTL x N interaction.  Our study was conducted in three different 
locations, and two production seasons (rainfed and irrigation production) which are different in 
several environmental factors (altitude, temperature, soil type and water availability) under low 
and high N conditions. This difference in environmental factors will have contributed to QEI. 
However, the QTLs identified for TNPP, TYPP, NUE, Vmax, and AUC were shared in both rain-
fed and irrigation production seasons, suggesting that these QTLs are not production season 
specific. The difference in number of QTLs between location was almost similar to the difference 
in number of QTL between N levels, indicating QTL x location and QTL x N level interaction 
had similar contribution to the total QEI.   
Implications for breeding 
In our study, most measured physiological and agronomic traits had a strong correlation with NUE 
and co-localized in the same QTL regions. This coincidence of QTLs for NUE with other NUE 
related traits would suggest the NUE related traits played a role in the NUE performance of potato 
genotypes (have a causal relationship with NUE). However, to have evidence for causal 
relationship, identification of the genes that regulate the expression of these correlated traits 
should be considered in the future study. Moreover, the result suggested that when we 
simultaneously improve NUE and NUE related traits undesirable genetic linkage and pleiotropy 
should be considered in the future breeding. Fine mapping and identification of candidate genes 
is also required to obtain more information about the above mentioned QTL regions 
simultaneously controlling NUE and related traits. This study can be considered as a first 
exploratory work on the genetic relation of NUE and related traits under low and high N condition 
in potato.  Most of the QTLs identified in this study were different across environments, suggesting 
the use of these QTLs would be difficult in breeding or general stability.  As a result, to verify the 
identified QTLs in this study are stably expressed in different environments and to use in breeding 
for general stability, multiple field trials will be required in different environments. 
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Abstract 

Faba bean (ViciaFabaeL.) is an important legume crop grown in different agro ecological zones in 
Ethiopia. It has a vital role in the Ethiopia national dietary and is consumed in various forms. However, 
the average yield of its production under small-holder farmers is very low due to biotic and a-biotic factors. 
Faba bean gall (Olpidiumviciae) disease is one of the newly emerging disease threatening faba bean 
production and productivity in small scale farmers in the study site. Thus, the study was conducted to 
evaluate the reaction of  faba bean varieties against faba bean gall disease at three main fababean 
production woredas farmers’ fields during 2015 main cropping season. The field experiment consisted of 
seventeen fababean varieties (sixteen released and one local check). The experiment was laid out in a 
Randomized Complete Block Design (RCBD) with three replications. The evaluated seventeen varieties 
varied significantly (p<0.001) in disease severity, AUDPC, yield and yield components. The tested 
varieties had varying reactions to the disease, on the basis of which two groups were identified, viz. 
Resistant (fourteen varieties) and Moderately Resistant (three varieties). The highest and least percent 
disease severityindex and AUDPC was recorded from local check and Dosha varieties, respectively in all 
locations. Yield and yield parameters were also significantly (p<0.001) different in all locations.  In 
general Dosha, Tumsa, Hachalu and Wolki varieties were high yielder and resistant to faba bean gall in 
all study sites compared with other varieties. In the future, resistance and high yielder varieties 
combination with other alternative management options research will be conducted in the potential faba 
bean growing areas in Ethiopia. 
Keywords: Faba bean gall disease, disease severity, AUDPC, Dosha, Tumsa, Wolki 

Introduction 

Faba bean (Viciafaba L.) also referred to as broad bean, horse bean and sometimes field bean 
occupies nearly 3.2 million hectares worldwide (Torres et al., 2006).The production of faba bean 
in the world is concentrated in nine major agro-ecological regions such as, Mediterranean Basin, 
Nile Valley, Ethiopia, Central Asia, East Asia, Oceania, Latin America, Northern Europe and 
North America (Bond et al.,1985).  In 2003, the worldwide production was 2.6 million metric tons 
(Mt); China leads the world in faba bean production in both area coverage and production. Other 
major production areas are Ethiopia (0.37 million ha, 0.45 Mt), Egypt (0.14 million ha, 0.44 Mt) 
and Australia (0.16 million ha, 0.27 Mt)). Ethiopia is the world’s second largest producer of faba 
bean next to China; its share is only 6.96% of world production and 40.5% within Africa 
(FOASTAT, 2016). 
In East Africa, Ethiopia is the major consumer and producer of faba bean. Area under faba bean 
grains has increased from 348,400 ha in 1993-95 to 471,700 ha in 2011-14 with yield increase 
from 1 t/ha to 1.9 t/ha, respectively. Productivity of improved varieties is very high (3.5 t/ha) 
compared to the country average yield (1.8 t/ha). Moreover, Ethiopia exported 0.04 Mt of faba 
bean with total 25 million USD in 2013 (FAOSTAT, 2016). In Ethiopia, faba bean is the leading 
protein source for the rural people and used to make various traditional dishes.  Moreover, it 
provides large cash for producers and foreign exchange for the country (Tafere et 
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al.,2012).However, the average yield of faba bean under small-holder farmers is not more than 
1.6 t ha-1 (CSA; 2013), despite the availability of high yielding varieties (> 2 t/ha) (MoA. 
2011).The low productivity of the crop is attributed to susceptibility to many biotic and abiotic 
stresses (Sahileet al; 2008 and Mussa et al; 2008). From the biotic category, diseases are important 
factors limiting the production of food-legume crops as a whole and faba bean specifically in 
Ethiopia (Nigussie et al, 2008). More diseases are affecting faba bean, but only a few of them 
have either major or intermediate economic significance. Among these, fungi are the largest and 
perhaps the most important groups affecting all parts of the plant at all stages of growth, and of 
great importance to faba bean (Nigussieet al 2008). The newly emerging disease known as “faba 
bean gall” inflicted by the pathogen Olpidium  viciae Kusano infection leads to complete crop 
failure over wide areas within short period of time and aggravates the diminution of maximum 
yield nationwide.  Moreover, the crops threatened by this disease showed the symptom of green 
and sunken on the upper side of the leaf and bulged to the back side of the leaf, and finally develops 
light brownish color lesions, and chlorotic galls that progressively broaden to become circular or 
elliptical uneven spots (Dereje et al; 2012). Currently, different attempts have been made for 
control of complex faba bean disease including fungicide sprays. But due to high cost of 
fungicides, social and health related and environmental impacts it is better to seek other alternative 
means of disease control methods. Thus, the use of resistant cultivars is widely recognized as the 
safest, most economical and most effective method for protecting crops from gall disease. 
However, in Ethiopia particularly in Amhara region scanty information is available or no attempts 
have been made in the past to identify useful resistance in faba bean genotypes against the faba 
bean gall diseases. Therefore, the present study was designed to evaluate different faba bean 
varieties against gall diseases at farmer fields in a major faba bean growing area of East Gojjam  
zone Ethiopia. 

Material and Methods 

Description of the Study Areas 
The experiment was conducted during 2015 main cropping season in three woredas in east Gojjam 
Zone i.e DebayTelatgen (Asendabo keble) , Gozamen (Enerata Kebele) and Senan (Gedamawit 
kebele). Geographically, Gozamen woreda  is found at an altitude of 2450 meter above sea level.  
Its annual maximum and minimum temperature and rain fall is 250c-110c and 1628 mm,  
respectively Whereas, Senan and DebayTelatgen woreda are found at an altitude of 3000 and 2400 
meters above sea level,respectively; and annual maximum and minimum rain fall is 1200-900 mm 
and  800-1050 mm, respectively. Annual maximum and minimum temperature of DebayTelatgen  
woreda is 10-15 oC (Gasheet al, 2017). 
Treatments and Experimental Design 
The experiment consisted of 16 faba bean varieties with  one local check,a total of 17 varieties. 
The sixteen faba bean varieties were collected from Holetta Agricultural Research Center Ethiopia 
and evaluated for their reaction to faba bean gall disease under natural conditions. Whereas, the 
local check was collected from each kebele at the time of planting. The experiment was laid out 
in a randomized complete block design (RCBD) with three replications. Three local checks were 
used in one experimental fields in which each block has one  local check. To reduce the inter plot 
effect, the spacing between plots and blocks were adjusted at 1meter and 1.5 meter, respectively. 
The spacing between plots  and plants were  0.1 meters and 0.4 meters respectively . The size of 
each plot was 2 meters long and 2 meters wide;and total area was 4 m2. Disease, yield and yield 
component data were taken from 3 central rows. At the time of planting, all plots received a basal 
application of DAP 100kg/ha. The best agronomic practices were applied as recommended on the 
package of the faba bean crop. 
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Data collected 
Disease Data 
 Disease severity: The severity of the disease was assessed at ten days interval from twelve 

faba bean plants per plot, four plants per row were randomly tagged for data collection. The 
disease severity index was recorded using a 0–9 scale to determine area of affected plant part 
according to Ding et al. (1993) 

 Percent  severity Index (% si) =  100 (V+3w + 5x + 7y + 9z)
9 (highest rating value) (v + w+ x + y + z)

 

Where, v= number of plants in class 1, w= number of plants in class 3, x= number of plants in 
class 5, y= number of plants in class 9, z = number of plants in class 9.   
The response of theeachvariety was expressed as the PSI values according to Ding et al. 
(1993). Six resistance levels were used: HR (highly Resistant), PSI ranging between 0 and 2.0; 
R (Resistant), PSI =2.1–15.0; MR(Moderately Resistant), PSI =15.1–40.0; MS (Moderately 
Susceptible), PSI =40.1–60.0; S (susceptible), PSI =60.1–80.0; HS (Highly Susceptible), PSI 
=80.1–100. 

 The area under the disease progress curve (AUDPC) was calculated from disease severity 
index using the following formula. 
 

 
Where: Xi=the cumulative disease severity expressed as a proportion at the ith observation 
ti= time of the ith assessment, n= the total number of observations. 
Crop Data 
Plant height, number of pods per plant and number of seeds per pod were determined from the 
three central  rows of 12, pre-tagged plants and seed yield per plotwas recorded from three  middle 
harvested rows, and yield per plot were converted in to yield quintal per hectare. 
Data analysis 
The collected data were subjected to ANOVA to determine the treatment effects. AUDPC for each 
treatment was evaluated from disease severity values. The severity grades were converted into 
percentage severity index using the formula stated above.  Duncan’s multiple range test(DMRT) 
was used to determine the significance of the differences in the treatment means. 

Results and Discussion 

Result  

Faba bean Gall disease development on faba bean  varieties: 
Faba bean gall disease development is here presented as disease severity indexes. After analysis, 
the reaction was found to fall into two resistance levels, i.e resistant and moderately resistant 
(Table 2). The difference in reaction among varieties might be due to the genetic makeup of the 
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varieties and disease intensity level across locations. 

 
Figure 1:- Abnormal Growth of Faba bean leaf due to faba bean gall disease (A) and resistant faba 
bean varieties  with full potential of pod setting (B) 
Faba bean gall disease percent severity index 
The result of the present study indicated that the reaction of 16 faba been varieties and one local 
check to faba bean gall disease was significantly (p<0.001) different at Gozamen, Senan and 
DebayTelatgen woredas. In Gozamen woreda experimental  field the average mean least faba bean 
gall percent severity index on faba bean was recorded from Dosha,Tumsa, Hachalu and Walki 
varieties with 3.52%, 10.85%,12.89% and 15.91.32% respectively. On the other hand, the highest 
average mean faba bean gall percent severity index in the Gozamen woreda  experimental field 
was revealed from local check, NC-58,  Tesfa and Gebelecho varieties with  21.52%, 20.74%, 
18.42% and 17.52%, respectively (Table 2).  Similarly,  in Senan and DebayTelatgen woreda 
experimental field the average mean least faba bean gall percent severity index was recorded from 
Dosha (3.06% and 3.32), Tumsa (3.16 and4.03%), Hachalu (3.89% and 5.71%) and Walki (7.26% 
and 5.27%) respectively (Table 2).  In the contrary, in Senan and DebayTelatgen woreda 
experimental field the highest mean average percent severity index was found from Local check 
(29.87% and 16.86%), Gebelecho (20.97% and 11.73%), CS20DK 918.89% and 11.72%) and 
Bulga70 (15.06% and 11.72%), respectively (Table 2). In the three experimental fields, the least 
and highest combined faba bean gall percent severity index was encountered  from Dosha and 
local check varieties with 3.3% and 22.75%, respectively (Table 2). Further comparisons with 
respect to locations showed the highest and least  percent severity index was observed in senan 
woreda experimental field. Moreover, the result revealed that there were no statically faba bean 
gall percent severity index mean differences among Adet Hana (16.09%) Walki (15.91% and 
CS20DK (15.91%), and between  Moti (16.62%) and Degaga (16.62%) varieties in the Gozamen 
woreda experimental field.  Likewise, there were no faba bean gall percent severity index mean 
differences among Bulga70(15.06%), Tesfa (15.37%) and Degaga (14.74%); and among CS20DK 
(11.72%), Gebelecho (11.73%) and Bulga70 (11.72%) in Senan and DebayTelatgen woreda 
experimental fields, respectively (Table 2).  
Area Under Disease Progress Curve (AUDPC) 
The Area Under Disease Progress Curve (AUDPC) is a very convenient summary of plant disease 
epidemics that incorporates the initial intensity, the rate parameter and the duration of the 
epidemic, which determines the final disease intensity (Madden et al., 2008). 
The result showed that there were highly significant differences (p<0.001) among varieties in their 
AUDPC values within the experimental field and across locations(Table 2). The highest AUDPC 
(351.94%) was obtained from the local check and the second highest AUDPC (348.18%) was 
estimated from the variety Gebelecho; whereas, the lowest AUDPC (137.97%) was calculated 
from Dosha variety in Gozamen woreda experimental fields (Table 2). This trend also observed 
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in Senan and DebayTelatgen woreda experimental fields. The present study revealed that there 
were no AUDPC value significant difference among NC-58 (323.19%), Messay (327.15%), Gora 
(329.78%) and Moti (328.2%) in Gozamen woreda experimental field (Table 2).  Likewise, there 
were no significant difference in their AUDPC values between NC-58 (165.57%) and tesfa 
165.10%) varieties in Senan woreda(Table 2). The AUDPC value of NC-58 (133.37%), Kassa 
(135.05%) and Tesfa (133.37%)  were not significantly  different in DebayTelatgen woreda. 
Furthermore, comparisons based on location showed the highest AUDPC value was found from 
the local check in Gozamen woreda experimental field and the least AUDPC value was calculated 
from variety Dosha at DebayTelatgenworeda experimental field (Table 2). Generally across the 
location Dosha, Tumsa, Hachalu and Walki varieties comparably showed  lower AUDPC value 
and categorized as Resistant(Table 2). 
Table 2:-  Level of mean disease severity index (DSI), and area under disease progress curve 
(AUDPC) of faba bean gall, on Faba bean varieties during 2015 main cropping season 

Variety 
name  

Percent severity index mean Area Under Disease Progress Curve 
(AUDPC%) 

Gozamen Senan Debay 

Telatgen 

combined 
Mean  

Gozamen Senan Debay 

Telatgen 

Disease 
Reaction 

Adethana 16.09d 10.45f 6.1hi 10.88 320.15bc 123.95g 134.38e R 

Gebelecho 17.52bc 20.97b 11.73b 16.74 348.18a 181.61b 189.73b MR 

Tesfa 18.42b 15.37d 10.12cd 14.64 294.95ef 165.1d 133.37e R 

Walki 15.91d 7.26i 5.71hi 9.63 239.63h 82.46l 94.99h R 

Dosha 3.52g 3.06j 3.32k 3.30 137.97i 72.88m 49.38i R 

Obse 16.88cd 9.21gh 6.89gh 10.99 284.03g 114.29h 151.25d R 

Bulga70 16.48cd 15.06d 11.72b 14.42 291.00fg 98.23j 123.41f R 

NC-58 20.74a 8.55h 10.8bc 13.36 323.19b 165.57d 133.37e R 

Kasa 16.89cd 9.89fg 7.63fg 11.47 305.91d 92.24k 135.05e R 

Mesay 17.33c 8.08hi 9.15de 11.52 327.15b 106.053i 122.93f R 

Gora  17.40bc 8.54h 8.58ef 11.51 329.78b 172.38c 167.39c R 

Local 
check 

21.52a 29.87a 16.86a 
22.75 

351.94a 261.56a 218.69a MR 

CS20DK 15.91d 18.89c 11.72b 15.51 311.30cd 147.07e 168.37c MR 

Moti 16.62cd 12.62e 10.12cd 13.12 328.20b 124.14g 129.41ef R 

Degaga 16.62cd 14.74d 7.62fg 12.99 303.71ed 129.51f 170.36c R 

Tumsa 10.85f 3.16j 4.03kj 6.01 283.53g 84.40l 99.99h R 

Hachalu 12.89e 3.89j 5.27ij 7.35 283.82g 85.92l 110.18g R 

CV 3.74 5.65 9.36 6.25 1.83 2.27 3.42  

Means followed with the same letter(s) in the same column are not significantly different at the 
probability level of (p < 0.05) according to Dunken Multiple Range Test. CV= Coefficient of 
variation, R= Resistant MR= Moderately Resistant, MS = Moderately Susceptible. 
Yield and yield components 
The results revealed that there is a highly significant (p<0.001) difference in yield and yield 
component parameters among the varieties. The number of seeds per pod was significantly 
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different (p<0.05) in DebayTelatgen woreda experimental field but not among the varieties in both 
Gozamen and Senan locations (Table 3). The statistical analysis showed that a significant (p<0.05) 
difference was observed on grain yield of faba bean in the three locations. The actual highest mean 
least yield of faba bean was harvested from Dosha variety (40.94Qt/ha and 40.25 Qt/ha) and local 
check(19.65 Qt/ha and 21.38 Qt/ha) at Gozamen and Senan woreda experimental fields, 
respectively (Table 3). In addition, followed to Dosha variety, the comparable highest grain yield 
of faba bean was harvested from Tumsa (35.26Qt/ha and 38.53Qt/ha) Hachalu (34.6 Qt/ha and 
33.25 Qt/ ha) and walki (34.1 Qt/ha and 32.58 Qt/ha) varieties in Gozamen and Senan woreda 
experimental fields, respectively. However the least faba bean grain yield was obtained from 
Gebelecho (6.1Qt/ha) varieties at DebayTelatgen woreda experimental field (Table 3). Compared 
with the location wise the highest and the least grain yield was harvested from Senan and 
DebayTelatgen woreda experimental field. The low gain yield harvested from DebayTelatgen 
woreda compared with other experimental fields  might be the existent of  an erratic rain fall 
during the experimental period. 
The study revealed that  there were significant (p<0.05) difference among varieties in terms of 
pods per plant in all experimental locations. The maximum and minimum number of pods per 
plant were recorded from Dosha  and obse, Dosha and Moti,  Dosha and Degaga, 15.11 and 7.05, 
20.0 and 8.36, 14.26 and 11.52, at Gozamen, Senan and DebayTelatgen woreda experimental 
field, respectively (Table 3). In the case of seed per pod, in contradiction to other parameters, there 
was no statistically justifiable variation among treatments at Gozamen and Senan woreda 
experimental fields.  Across the experimental fields, the highest plant height was measured from 
Tumsa (144.89 cm) variety in Gozamen woreda experimental field and the shortest plant height 
was measured from  NC-58 (69.11cm) variety in DebayTelatgen woreda experimental fields 
(Table 3). In all experimental fields, yield and yield component data were confirmed that number 
of pods per plant is positively and directly correlated with grain yield quintal per hectare. 
Generally, the variation of yield among varieties across the locations might be due to the erratic 
rain fall that occurred, and different soil fertility status of the experimental fields. 
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Table 3.  Mean yield and yield components of Faba bean crop affected by faba bean gall diseases 
at Gozamen, Senan and DebayTelatgen woreda during 2015 main cropping season  

eties Yield and yield components 
Gozamen Senan DebayTelatgen 

Qt/ha Ph NPPP NSPP Qt/ha ph NPPP NSPP Qt/ha Ph NPPP  
ha 40.94a* 144.33a 15.11a 3.05a 40.25a 145.05a 20.00a 3.05a 15.33a 73.72f 14.26a  
sa 35.26b 144.89a 14.00ab 3.16a 38.53b 141.16c 15.61b 3.16a 15.25a 82.35a-c 11.52g  
ki 34.12b 143.72a 11.83bd 2.88a 32.58ef 144.89a 12.31ef 2.88a 12.92c  79.67c-e 13.27c-e  
 32.65c 142.17a 12.11bd 3.05a 25.50h 144.45a 11.86fg 3.05a 6.55jk 84.95ab 14.16a-b  
a70 30.92d 130.06c 10.67de 2.94a 19.00k 130.39h 10.66g 2.94a 7.21j 85.55a 12.29f  
 27.68e 145.22a 8.22f 3.05a 35.75d 144.33a 8.72h 3.05a 10.70g 75.39ef 12.56ef  

aga 26.04f 137.33b 13.94ab 2.72a 30.17g 131.46h 14.33bc 2.72a 11.52ef 67.50h 11.51g  
ay 25.75f 138.28b 11.33cd 3.00a 25.33h 137.94e 12.02fg 3.00a 10.92fg 81.88a-c 13.65a-c  
 25.45gf 143.44a 7.05f 3.05a 25.58h 144.83a 8.36h 3.05a 8.26i 79.26c-e 13.21c-e  

elecho 25.41gf 138.77b 8.75ef 2.88a 22.92i 136.09fg 12.45d-f 2.88a 6.10k 72.16fg 12.03fg  
halu 34.60b 142.47a 10.99c-e 2.94a 33.25e 145.11a 12.73c-f 2.94a 14.08b 81.70a-c 13.61a-c  
dk 25.00gf 136.11b 13.45a-c 3.00a 34.75d 136.52fg 13.78c-e 3.00a 11.92de 81.27a-c 13.54a-c  
 24.95gf 138.27b 12.44b-d 2.83a 31.58f 139.16d 13.66c-e 2.83a 12.46cd 76.11d-f 12.68d-f  
hana 24.33g 142.95a 8.00f 3.05a 37.12c 142.94b 8.89h 3.056a 9.00hi 81.943a-c 13.65a-c  
8 19.72h 122.26 d 12.27b-d 2.67a 31.92f 135.50g 13.00c-f 2.67a 8.42hi 69.11hg 13.40b-d 2  
a 19.65h 137.95b 13.26a-c 3.00a 23.08i 137.05ef 13.08c-f 3.00a 12.70cd 80.44b-d 13.72a-c  
l 18.40i 110.97e 12.66a-d 2.67a 21.38je 107.44i 14.05cd 2.66a 9.12h 80.83a-c 13.47a-c  

 2.74 1.33 11.37 8.60 2.23 0.50 6.84 8.601 4.27 3.18 3.24  
* Means followed with the same letter(s) in the same column are not significantly different at the 
probability level of (p > 0.05) according to Dunken Multiple Range Test. CV=  coefficient of 
variation, Qt/ha=yield quintal per hectare, NPPP = No.of pods per plant, NSPP= No.of seeds per 
pod, Ph= plant height.
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Discussion  

The severity of gall disease on faba bean was certainly varied within experimental fields and 
across experimental locations. The observed differences in the severity of this disease in the 
experimental areas could be attributed to the nature of the pathogen, which might not have uniform 
distribution within the field. The reaction differences also were observed due to variations in the 
genetic makeup of faba bean varieties (nature of resistance) and aggressiveness of the pathogen 
among varieties and locations. Moreover, environmental conditions such as temperature and 
altitude might have varied across locations, which could affect the growth and spread of conidia. 
The present study certainly in line with Dereje et al.(2012) finding that the disease is highly 
distributed in wider areas of Ethiopia at an altitude ranging from 2500 to 3000 meters above sea 
level. Moreover, the disease intensity difference across locations might be attributed to the 
cropping history of the experimental field that contributes enough inoculums for infection 
development and progress. The present study was comparable with Endal et al.(2014) finding that 
Faba bean gall was prevalent,and one of the most challenging diseases threatening faba bean 
production in the country. On the other hand, the present study was in slight contradiction with  
Samuel et al. (2008) findings  that most local faba bean landraces are highly susceptible to the 
disease and low yielding. According to Endal et al. (2014),among the three regions surveyed, the 
faba bean disease was more severe in Amhara region followed by Tigray and Oromiya regions. 
The mean disease severity of 22.2%, 11.3% and 7.8% were recorded in Amhara, Oromiya and 
Tigray regions, respectively. During the study period unfortunately there were not any highly 
resistant varieties that were found for this newly emerged faba bean gall disease in all experimental 
locations.  

Conclusions and Recommendations 

Faba bean is a legume crop grown in different agro ecological zones of Ethiopia, and are used for 
different purposes. However, its production and productivity is constrained by biotic and a biotic 
factors. Thus, faba bean gall disease is one of the newly emerged biotic diseases, which curbed 
the production and productivity of the crops widely in Ethiopia.  The present study determined 
the distribution of faba bean gall disease and the associations of disease with the varieties across 
locations and within the experimental fields.  Hence, significant variations were observed in 
disease parameters, yield and yield components among the varieties in the experimental fields. 
The evaluated faba bean varieties against faba bean gall diseases showed highly significant (p< 
0.001) differences in percent disease severity index and AUDPC values in all experimental 
locations. Dosha, Tumsa, Walki and Hachalu varieties were demonstrated to exhibit lower disease 
severity and AUDPC values compared with the remainder of the varieties. As a result, these 
varieties were shown to have high yield and resistance to faba bean gall diseases compared to the 
local check, Gebelecho and CS20DK in all experimental fields. In DebayTelatgen woreda 
experimental field, Gora (6.55Qt/ha)  and Gebelecho (6.50Qt/ha) varieties were shown to produce 
low yield compared with other varieties. From this study, it can be concluded that resistance and 
high yielding varieties can be used in combination with other control measures wherever the 
disease is a pervasive and pressing problem to maximize the yield of the crop. Generally, faba 
bean gall disease has become an important disease that calls for due attention in the study area for 
effective and efficient management with host plant resistance and other alternative management 
tactics in the future.  Therefore, in the future, resistance and high yielding varieties, in combination 
with other alternative management options, will be one of the research objectives to be conducted 
in the potential faba bean growing areas in  Ethiopia. 
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Abstract 

Postharvest loss assessment of tropical fruits Avocado (Persia americana), Banana (Musa spp.), Guava 
(Psidium guajava), Mango (Managifera indica), Papaya (Carica papaya) and Tomato (Solanum 
lycopersicum) were surveyed using data collected from 180 fruit producers and 80 traders. The estimated 
postharvest loss of tropical fruits as replied by the producer ranged from 18% to 28 % at producer level 
and the highest postharvest handling loss was occurred during harvesting followed by storage and then 
transportation at farmers level and also a total loss from18% to 25 % was recorded at trader level and the 
postharvest handling loss during storage is higher than both transport and marketing at trader level. The 
highest postharvest loss was on Avocado, Tomato, and Mango at producer level and March, April and 
May are the highest loss months of the year for these fruit at producer level. The loss at trader level was 
similar for all the six fruits studied. The major causes of postharvest losses of fruits at producer level at 
harvest as replied by the respondents are harvesting injury caused by dropping of fruits from tall height 
varieties, finger damage during harvesting, sun burning, harvesting container damage and harvesting 
immature fruits; At storage; mechanical injury, postharvest insect, disease and physiological disorder; 
transportation media, sun burning and loading and unloading damage during transport and marketing.  
At trader level the major loss contributing factors include mechanical damage, postharvest disease, 
physiological disorder and postharvest insects accordingly at storage and overloading, loading and 
unloading damage, high temperature and sun burning at transport and marketing. Thus, more research 
that can reduce postharvest loss of fruits, maintain fresh quality and processing need to be conducted. 

Keywords:  Postharvest, Climacteric fruit, losses, Market chain, Agroprocessing 
 

Introduction 

Despite the remarkable progress made in increased food production at the global level 
approximately half of the population in the third world does not have access to adequate food 
supplies. There are many reasons for this one of which food losses occurring in the postharvest 
and marketing system. Postharvest losses of fruits and vegetables are estimated 5-20% in 
developed countries and 20-50 % in developing countries (Mashav, 2010). On the other hand, 
FAO (2011) estimated it 32 percent globally and 37 percent in Africa south of Sahara where 
hunger and food insecurity remains highest. This huge loss is contributed through different 
biological and human made factors starting from the point of harvesting up to the point of 
consumption (Anon, 1969). They include onfarm losses such as when it is harvested, dried, 
threshed, as well as losses along the chain during storage and transportation.  On farm losses occur 
during storage, when the crop is being stored for auto-consumption or while the farmer awaits a 
selling opportunity or arise in prices (shepherd, 2012). 
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Agriculture is the mainstay of Ethiopia's economy and it provides all the necessary dietary foods, 
raw materials for food industries and quality products for export market. The country's agricultural 
potential for food production is known to be immense and over 90 percent of its export earnings 
come from this sector. Coffee, oil seeds, spices, fresh fruit and vegetables contribute the largest 
portion of the export earnings. From a total of 39.7 million tonnes of total crops produced in 
Ethiopia, 23.1 million tonnes are not highly perishable whereas 6.6 million tonnes are highly 
perishable. From the highly perishable 0.5 million tons are tropical fruits including Tomato, 
Banana, Mango, Papaya, Avocado, Guava and Pinapple (CSA, 2012). 
Tropical fruits have relatively high and fast post harvest loss because of their inherent biological 
behavior. On the other hand these fruits have high productivity; Tomato (29.5 Q/ha), Papaya 
(170.5 Q/ha), Avocado (81.0 Q/ha), Banana (81.2 Q/ha), Mango (90.3 Q/ha) as compared national 
average crop productivity (20.0 Q/ha) (CSA, 2012). Tropical and subtropical fruits will have high 
economic and environmental contribution if they are produced in large amount and managed 
appropriately in the postharvest and also Ethiopia has suitable environment to expand production 
and increase productivity of these fruits. Moreover, expanding fruit production improve the 
natural resource degradation,  check climate change challenges,  increase  fresh export to 
international markets and trigger emergence and development of fruit processing industries.  
According to the study made in South Wollo by Seid, et al (2013) the postharvest loss of banana 
(1.5 %, 1.2% and 4.5 %); tomato (2.5 %, 2.5% and 5.9 %); mango (1.6 %, 1 % and 3.7 %) and 
papaya (1.5 %, 1% and 3.3 %) at farmers level, transportation and storage respectively and the 
major causes are pre harvest infection and injury. Furthermore, the handling and packaging 
material they are using are sacks in which there is no palletizing and large mass of commodity is 
tightly packed. The kind of transportation system is the use of pack animals and on the back of 
man and woman which leads to bruising during loading and unloading. In terms of market 
condition, most of the farmers sell their products on nearby markets and a few sell both on farm 
and in nearby markets. The marketing condition is unsatisfactory, discouraging mainly because 
higher supply of the product and middle man exploitation and the nature of the crop that makes to 
deteriorate fast and absence of storage structure. In other study of tomato postharvest loss, the 
farmer harvest when they have buyer, harvest at fully ripe stage and most still use traditional 
basket and sacks as their packaging material in conveying produce in to massive postharvest losses 
(62.5 %) (Olayemi F. et al., 2012). So far a number of researches have been done on these fruit in 
different countries and regions; however no more research was done on Northwestern production 
and marketing chain.  Therefore the research was designed with the objectives to survey 
postharvest loss of tropical fruits at different level of handling in the market chain of northwestern 
Ethiopia and assesses the major contributing factors responsible for post harvest losses at producer 
and trader level. 

Material and Method 

i) Area description 
The research was conducted in 2014/15 at West Gojam and South Gonder Zone of North western 
Ethiopia. Both of them are potential for tropical fruit production, marketing and processing. The 
research gathered information regarding postharvest losses and factors responsible for postharvest 
losses in fruit  producing districts of Burie, Bahirdar Zuria, Zegie, Woreta, Dangla, and 
Finoteselam and whole sellers and retailers involved in fruit trade at  Bahirdar, Finoteselam, Burie, 
Woreta, Dangla towns  were included.  The researchers collected both quantitative and qualitative 
data on Avocado (Persia americana), Banana (Musa spp.), Guava (Psidium guajava), Mango 
(Managifera indica), Papaya (Carica papaya) and Tomato (Solanum lycopersicum) 
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Sampling Procedure and data collection 
Purposive sampling method was used to select fruit production and trading areas in the region and 
random sampling to choose respondents farmers and traders in the region. Six fruit producing 
districts from the two administrative Zones were identified.  Thirty tropical fruit producing 
farmers were selected from each district randomly. A total of 180 sample farmers was sampled 
from the six fruit producing districts. The research samples included a total of 80 traders (20 whole 
sellers, 60 retailers) from Bahirdar, Burie, Finote selam, Dangila, Woreta towns that were selected 
randomly. Semi-structured questionnaire was prepared both for farmers and traders. Questioner, 
observation and key informant interview were applied for data collection.  
Method of data analysis 
Data analysis was made using statistical software (SPSS version 22). Descriptive data analysis; 
mean, minimum, maximum values, standard deviation and percentages were computed. 
Correlation analysis was made to check the existence of relationship between estimated 
postharvest loss and other socio-economic and technological variables. Tables, graphs and charts 
were used to display results of the research findings.  

 
Result  

3.1 Socioeconomic status of fruit producers and fruit production  
As shown in Table (1) below the average age, family size and number of working person in a 
family at producer level is 45.6, 5.5 and 3.94 respectively. Age of the respondents in the sample 
ranged from 24 to 73 years.  The average area of cultivated land and fruit land was 1.38 and 0.29 
respectively; that means on average 20% of the land was allocated for fruit production. Sampled 
households do have nine years of experience on fruit production. The storage duration for fruits 
ranges from zero to 15 days indicating that farmers consume or market their produce in less than 
a month time. Given that usually all farmers harvest their crops at the same time this will have its 
own implication in the price of the fruits farmers are receiving. 
Table 1: Socio-economic and demographic variables of tropical fruit producers in northwestern 

Ethiopia 

Variable Mean Std.Dev. Min Max 
Age (Years) 45.9 9.41 24 73 
Family size 5.5 2.12 1 12 
Working person 3.94 1.55 1 8 
Distance to market (Hrs on foot) 8.34 5.97 0.5 30 
Total crop land (Hectar) 1.38 0.94 0.25 7 
Total fruit land (Hectar) 0.29 0.18 0.01 1.5 
Experience in fruit production (Years) 9.09 5.15 2 30 
Storage duration (days) 3.98 3.17 0 15 

 
As indicated in figure 1 below the major tropical fruits produced in Ethiopia include Banana, 
Tomato, Mango, Papaya, Avocado, and Guava. As the fruit production data obtained from CSA 
(1997 -2005) showed banana is the top produced fruit with increasing trend followed by Mango 
and Tomato. Avocado and Papaya ranked fourth and fifth but the production of Guava looked low 
and constant across the years. 
Figure 1. Trend of tropical fruit production (Tomato, Banana, Mango, Avocado, Papaya and 

Guava) in Ethiopia (1997-2005) G.C. 
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3.3 Postharvest handlings losses at producer level  
The result of the assessment showed that the mean percentage of fruit loss at producers’ level in 
north western Ethiopia estimated between 15% to 30%.  The average loss was high for Avocado 
(28%), Tomato (22%), Mango (21%), Papaya (19%), Banana (18%) and Guava (160%).  The fruit 
loss was found to vary in different postharvest handlings at farmers’ level and 83% of the 
producers perceived and estimated loss during harvesting but 17% said that there was no loss at 
harvest. From the respondents 48%, 34% and 18% estimated 1-5 %, 6-10% and 11-35% loss 
respectively during harvesting. At farmers storage; 71 % perceive loss and the remaining 29 % 
said no loss and 68%, 18% and 14 % estimated 1-5 %, 6-10% and 11-40 % accordingly.  65%, 
22% and 13% of fruit producers estimated 1-5 %, 6-10% and 11-30% fruit loss during 
transportation and marketing.  
 

Figure 2. Fruit loss estimation of different tropical fruits at farmers level 

 
As it is shown in figure 3 there is high fruit loss in the months March, April and May and these 
months’ surplus fruit production and supply to the market exist. There is high supply, low price 
in and high postharvest loss in the peak production season and high demand and high price in the 
low production months. As these fruits are needed throughout the year by consumers, effort should 
be important to have constant supply throughout the year in the country.  
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Figure 3. Graph indicating months of high loss 

 
Fruit postharvest loss varies across the different postharvest handling and the largest loss occurred 
during harvesting (picking) followed by storage and then transportation and marketing (figure 4). 
According to the respondents, the major factors contributed to fruit loss during harvesting 
(picking) are dropping of fruits on the ground from tall varieties, harvesting stick injury, high 
temperature, and sun burning in temporary field storages and harvesting immature fruits together. 
 
Figure 4. Fruit loss estimation at different postharvest handlings at farmers level. 
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Most of the varieties being grown by farmers are tall and there is no improved harvesting 
technology as a result long sticks are used to kick matured fruit from tall trees and fruits detached 
and dropped to the ground and harvested in to a container and this creates fruit injury that leads to 
fast postharvest decay. Moreover, harvesting should be made when the temperature drops. But 
harvesting is practiced during the day time when there is high sun shine and temperature.  These 
brought sun burning, fast respiration and moisture loss (wilting) and during harvesting there is no 
cool temporary field storage.       
Figure 5. Factors responsible for postharvest loss of tropical fruits during harvesting 

 
 

At farmers storage condition, high storage loss is caused by mechanical injury followed by 
postharvest insect, physiological disorder and postharvest diseases (Figure 6). 
Figure 6. Rated factors responsible for fruit loss at farmers storage 
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The causes of postharvest loss that brought mechanical injury at farmers storage include damage 
caused by vertebrate and invertebrate pests (rats, ants, termites, domestic animals), compaction, 
overcrowding and roughness of container. Fruits are transported to farmers house and temporally 
stored in the house till fruit ripening and transported to the market. There is no cool, well aerated 
and protected storage structure and liable to mechanical injury caused by rodents and domestic 
animals. The second important cause of postharvest loss include postharvest insect pests (worm, 
fly and thrimps) and diseases (rust, anthracnose, powdery mildew and microbial decay). Tomato 
worm and Guava worm damage existed in high rate and control measure should devise to reduce 
the postharvest loss. Anthracnose and microbial decay also cause high loss at farmers’ storage. 
Fruits are perishable commodities and required optimum temperature and relative humidity in the 
postharvest handlings. If the temperature and relative humidity is not optimum, it brings 
physiological disorder and the major cause of postharvest physiological disorder ranked included 
chilling injury, cracking, shrinking, high temperature injury and sun burning.  
 
Table 2: Ranking of factors responsible for postharvest loss at farmers’ storage 
Rank Mechanical injury Postharvest 

diseases 
Insect 
pests 

Physiological disorders 

1 st Animal damage (rats, ants, termites, 
domestic animals) 

Rust Worms Chilling injury 

2 nd Over crowding Microbial decay Fly Fruit cracking 
3 rd Compaction Anthracnosis thrimph High temepature injury 
4 th Roughness of container Powdery mildew 

 
Shrinking  

5 th Roughness of container 
  

Fruit hardness 
6 th Fast ripening and decay 

  
Fruit curling 

7 th Fall on the ground 
   

8 th Over ripened damage 
   

9 th Falling immature fruits 
   

 
After temporary storage at farmers home, fruit then transported to the nearest market. During fruit 
transportation and sell in the market,  the major causes of loss assessed ranked were over piling 
during transportation, scratching by consumer hand and fingers, inappropriate transportation 
means (on the back of animals and woman), poor road, no fruit packing/waxing, fast ripening, 
damage injury during loading and unloading, poor marker infrastructure (high temperature and 
sun burning), market price failure, long distance transport, mixing different fruit during transport 
and no sorting (ripe/unripe fruit and diseased/disease free).   
igure 7. Ranked factors responsible for postharvest loss of tropical fruits during transportation  
             and marketing  
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3.3 Postharvest handlings losses at trader level  
The mean percentage loss of fruits ranged from (5% to 25 %) at traders level and maximum loss 
occurred during storage followed by transportation and marketing both at wholesaler (local 
collector) and retailer.  As it is indicated in figure 7 high estimated fruit loss up to 25% existed at 
traders level in Mango and the estimated fruit loss for the remaining fruits were similar. The 
unique high loss of mango occurred during transportation and marketing.   
Figure 8. Fruit loss estimation of different tropical fruits at traders level 

 
At wholesale level the first cause of postharvest fruit loss was mechanical damage followed by 
postharvest diseases, physiological disorder and postharvest insects. From the mechanical 
damages; damage caused by rodent like rat, overcrowding, compaction and container edge ranked 
top. Worms are common postharvest insect pests found in most fruits at trader storage. Detailed 
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study on biology and management of these worms on fruits require due attention. Rots, Mould 
and Decay of mechanically and microbial infected fruits indicated as common postharvest 
diseases. Further identification and management of these microbial postharvest diseases is 
important and also presence and level of mycotoxin and aflatoxin need to be surveyed further.   
High temperature injury, sun burning, shrinking and fast ripening are common causes of 
physiological disorder.  
Table 3: Ranking of factors responsible for postharvest loss at wholesaler storage 

Priority 
(rank) Mechanical injury 

Postharvest 
disease 

Postharvest 
insect 

Physiological 
disorder 

1 st Overcrowded storage Decay Worm High temperature 
2 nd Container edge Rot Rat Sun burning 
3 rd Compaction Mould   Fast (over ripening) 
4 th Hand touching     Low temperature 
5 th Overloading     Shrinking 

 

The major causes of loss included high temperature, sun burning, overcrowding and overloaded 
transportation, falling to the ground, road problem, fast ripening, bad (improper) container and 
container damage, improper transportation, damage during loading and unloading and poor and 
unstable market price at whole seller level during transportation and marketing. Improved storage 
and transportation infrastructure as well as packing required at this level and local collectors and 
wholesellers need training on post harvest handling, maintaining quality and marketing of fruit  
Figure 9. Rated factors responsible for fruit loss at retail level 
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involved in this business. Banana fruit is the most common business commodity. Retailers buy 
treated fruit at lower price and take to the market to sell for consumers at higher price. High fruit 
loss found at retail level. As presented in the table below mechanical damage, postharvest diseases, 
physiological disorder and postharvest insects are prioritized as the major cause of losses. The 
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causes of postharvest loss that brought mechanical injury at retail include damage caused by 
Animal damage (rats, ants, termites, domestic animals), overcrowding, compaction, container 
damage; postharvest disease at retailer included microbial rot, decay and molds. The major cause 
of postharvest physiological disorder included high temperature injury, sun burning  
 
Figure 10. Rated factors responsible for fruit loss at retail level 

 
 
Table 4: Ranking of factors responsible for postharvest loss at retailer temporary storage 
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(rank) Mechanical injury 

Postharvest 
disease 

Postharvest 
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Physiological 
disorder  
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High temperature 
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2 nd Over crowding and overloading Decay  Chilling injury 
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Container damage (roughness of 
container) Wilting  Sun burning 

4 th Compaction   Blackening 
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 9 th Children damage    
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Figure 11. Rated factors responsible for fruit loss at retail level during transportation and  
                marketing 

 
 

Discussion 

Agriculture is the mainstay of Ethiopia's economy and it provides all the necessary dietary foods, 
raw materials for food industries and quality products for export market. Coffee, oil seeds, spices, 
fresh fruit and vegetables contribute the largest portion of the export earnings. Tomato, Papaya, 
Avocado, Banana, Mango and Guava are the common perishable tropical and subtropical fruits 
produced for domestic and export fresh market however estimated postharvest loss of (20-25%) 
of these commodities found in production and market chain. In similar studies postharvest loss of 
fruits is estimated at 5-20% in developed country and 20-50 % in developing countries (Mashav, 
2010). According to the result of this study high post harvest loss occurred at producers’ level 
during harvesting. Mechanical damage, postharvest insect pest and diseases and physiological 
disorders contributed to loss in different magnitude and the extent of loss caused by mechanical 
injury/damage in the production and marketing chain was high at producers level. The extent of 
fruit loss showed difference between the six agroecologies (production environment). As the 
varieties with farmers hand are tall and no improved harvesting and collection technology and 
during harvesting fruits dropped from long height and liable to scratch and bruising damage. 
Introduction of short varieties or top working along with least cost harvesting and collection 
technology is vital to reduce the loss at this point and the time of fruit harvesting should be done 
when the temperature is low and similarly field temporary storage are required to collect the 
harvested fruits in the field. High loss occur at farmers storage and transport to the market and sell 
and the first contributing factors found no low temperature appropriate storage place and container 
and also no sorting and grading work before storage. Postharvest decay caused by fungal disease 
and fungal disease with fruit mechanical injury brought loss. During transportation to the market 
inappropriate media (packing), means of transport, good road, high temperature, sun burning, long 
distance to the market and market failure cause loss. Improved low cost fruit storage and 
transportation technology should be introduced and market and transport infrastructure that are 
available requires upgrading and these fruits should be handled in the postharvest in the 
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appropriate cool chain. Postharvest education and training of experts and producers is vital as the 
area demands considerate knowledge, experience and skill.  
 
In line with Olayemi. et al., 2012 investigated in a study done in Nigeria that the 
handling/packaging materials producers are using are sacks (82.7%) in which there is no 
palletizing and large mass of commodity is tightly packed, with low gas exchange between 
commodities. In addition, the kind of transportation system is the use of pack animals (64.5%) 
and on back of man and women. These have a problem of bruising during loading and unloading. 
The farmer harvest mostly when they have buyer, harvest at full ripe stage (90%) and most still 
use the traditional basket and sacks as their packaging material in conveying produce resulting 
into postharvest losses (62.5%). 
Postharvest loss at traders level occur both at wholesaler/local collectors/ and retailers. The 
estimated postharvest fruit loss according to traders perception found to be similar. Unavailability 
of well established market structure, cold storage, packing material, transportation means 
contributed to loss at traders level. As these fruits have very short storage and shelf life, the high 
temperature and sun burning found in local markets brought loss. Mechanical damage like 
cracking, bruising, blemish from different living and non living causes found to bring loss.  The 
marketing condition is unsatisfactory and discouraging mainly because of higher supply of the 
product at a pick production especially in march, april and may. The nature/physiology of the 
crop, which makes it to deteriorate very fast and the absence of storage facilities makes the 
problem very sever.  
Postharvest handling procedures and conditions have profound effect on quality and postharvest 
life of fruits. Keeping fruits within their optimum ranges of temperature and relative humidity is 
the most important factors maintaining their quality and minimum postharvest losses. Above the 
freezing point, (for non-chilling sensitive commodities) and the minimum safe temperature (for 
chilling sensitive commodities), every 10oC increase in temperature accelerates deterioration and 
the rate of loss in nutritional quality by 2-to 3-fold.  Delays between harvesting and cooling or 
processing can result in direct losses (due to water loss and decay) and indirect losses (losses in 
flavor and nutritional quality). The extent of these losses depends upon the commodities condition 
at harvest and its temperature, which can be several degrees higher than ambient temperatures, 
especially when exposed to direct sun light. The distribution chain rarely has the facilities to store 
each commodity under ideal conditions and requires handlers to make compromises as the choice 
of temperature and relative humidity. These choices can lead to physiological stress and loss of 
shelf life and quality (Paull, 1999). The weakest link in the postharvest handling chain of fresh 
fruits is the home handling system; greatest potential for improvement includes development of 
more sophisticated home handling equipment and transfer of handling knowledge to the consumer 
(Shewfelt, et al., 2000).  
Supplementary treatments include cleaning, sorting to eliminate defects, procuring, sorting by 
maturity/ripeness stage, sizing, waxing, treatment with fumigation for insect control, and exposure 
of fruits to ethylene for fast and uniform ripening. In most cases, these treatments are useful in 
maintaining quality and extending postharvest life of the produce. Ethylene treatment shortens the 
time between harvest and consumption which can result in maintaining a higher concentration of 
ascorbic acid in tomatoes (Kadar, 1988).  However, supplementary treatments are not done in the 
postharvest handling chain. Further research and development effort is required.  
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Abstract 

In Ethiopia ripped tillage has been one of the causes of s soil degradation leading to reduced crop 
production. An experiment on conservation agriculture (CA) based maize legume cropping system 
(CAMLCS) was conducted in Jabitenane and South Achefer districts for four consecutive years (2012-
2015). The objective of the experiment was to test the effect of CA based maize- legume cropping system 
on yield of maize and some soil properties. Three demonstration plots were installed on-farm in each of 
the district with each demonstration being a replicate. The treatments were: Conventional practice (CP) 
with sole maize, Conservation tillage (CT) with sole maize, Conservation agriculture (CA+HB) with 
Maize-legume (haricot bean) intercropping, Conservation Agriculture (CA+CP) with Maize-forage 
intercrops (cowpea).No tillage, conservation agriculture (CA-CR) with legume-Maize-rotation. Soil bulk 
density, pH, Organic matter and infiltration rate, biomass and grain yield were measured and analysed. 
The results showed that at both locations bulk density was reduced across years and the lowest bulk density 
was recorded in the CA with maize legume cropping system. In all tillage practices soil pH increased 
across the years but the pH of the all CA practices were lower than the CP towards the end of the 
experiment. The highest organic matter and infiltration rate were recorded at CA-CR followed by CA+CP 
and CA+CP followed by CP+HB, respectively. At all sites the highest yield of maize was from the CA 
based maize legume cropping systems as compared to CP. In conclusion CA-based maize legume cropping 
system and conservation tillage were the best practices as shown by better soil fertility and improved maize 
yield. Thus, CA-based maize legume cropping systems are promising practices for smallholder farming 
systems of north western Ethiopia. However, future research could focus on the diverse locations with 
different agro-ecologies of the country and on the improvement of planting system. 

Key words: Conservation Agriculture, cropping system, soil fertility, maize yield 

 
Introduction 

In the world the change from complex agricultural systems to less complex systems with lower 
species numbers was a major feature of agricultural development in the 20

th 
century (Crews and 

Peoples, 2004). As a consequence of the fossilisation of African agriculture, most crops are today 
grown continually as a monoculture and sole cropping system under conventional tillage practice 
(Ito, et al., 2007; Lithourgidis et al., 2011; Zerihun, et al., 2014). The improvement of crop 
varieties and fertilizers under intensive land cultivation has resulted in a change from rotational 
cropping to the continuous cropping of high yielding crops (Crews and Peoples, 2004), allowing 
to a large extent, ignoring issues of soil fertility, crop pests (diseases, insect pests and weed 
infestation), yield stability and in general food and environmental security (Lithourgidis et al., 
2011). Thus, most present cultivation practices and cropping systems are relatively independent 
of internal ecological functions and are to a great degree based on the supply of inputs from the 
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outside. In Ethiopia little research and poor extension service on conservation tillage based 
cropping systems are also the main problems causing the use of sole cropping and monocropping 
under conventional tillage (Zerihun et al., 2014). This is clearly exemplified by Ethiopian current 
conditions in which a strong decrease in soil fertility (Tadesse  and  Belay, 2004), occurrence of 
new pests and diseases and, recurrent drought and long dry spells (FAO, 2014). Natural resource 
degradation and in turn slow crop productivity per hectare increment due to improper land 
cultivation and cropping system is the main environmental problem in Ethiopia (Gebru, 2015; 
Tadesse et al., 2012). As a result Ethiopia loses annually 1.5 billion metric tons of topsoil by 
erosion (Tadesse and Belay, 2004). This could have added about 1 to1.5 million metric tons of 
grain to the country’s harvest. Furthermore, at farmer’s field, Teff, Maize, Sorghum and wheat 
are the dominant grain crops in the country and gave about 64.42%, 69.41%, 66.57% and 57.81% 
less grain yield as compared to their potential yield for the last decades (CSA, 2013; EIAR, 2007).  
Restoring on-farm biodiversity and soil fertility through diversified farming systems that mimic 
nature is considered to be a key strategy for sustainable agriculture (Jackson et al., 2007). On-farm 
biodiversity, if correctly assembled in time and space, can lead to agro ecosystems capable of 
maintaining their own soil fertility, regulating natural protection against pests, and sustaining 
productivity (Thrupp, 2002; IIRR and ACT, 2005). Biodiversity in agro ecosystems can be 
enhanced in time through conservation tillage (crop rotations, cover crops and zero tillage) 
(Sheibani an  Ahangar, 2013), intercropping (Malézieux et al., 2009; Yayeh et al., 2015) or 
through integrating conservation tillage and cropping systems (Zerihun et al., 2014; Ito et al., 
2007; Ajayi, 2015 and Thierfelder et al., 2015). While conventional agriculture containing 
intensive land preparation and sole/monocropping has brought vast increases in productivity to 
the world’s farming systems for a short period of time, it is widely recognized that much of this 
may have come at the price of sustainability (Tilman et al., 2002; Lichtfouse et al., 2009). This is 
because this farming system implies the simplification of the structure of the environment over 
vast areas, replacing natural plant diversity with only a limited number of cultivated plants in 
extensive areas of arable monocultures and sole cropping system (Andersen et al., 2007). 
Moreover, perhaps the most universally applicable one, is that if one crop fails, or grows poorly, 
the other can compensate in an intercropping system under both tillage systems; such 
compensation clearly cannot occur if crops are grown separately in modern or monocropping 
system (Alene et al., 2006; Duivenboodew et al., 2000; Ouma, 2010). By contrast, conservation 
agriculture (CA) or the combination of two are characterized by their great degree of genetic 
diversity in the form of multiple cropping (Gebru, 2015; Lithourgidis et al., 2011) and 
conservation tillage (Ito et al., 2007) or an integration of the two (Zerihun et al., 2014), based on 
numerous varieties of domesticated crop species as well as their wild relatives (Gebru, 2015; 
Lithourgidis et al., 2011).These farming systems offer a means of improving soil fertility (Zerihun 
et al., 2014), promoting diversity of diet and income, stability of production (El-shamy et al., 2015; 
Preissel et al., 2015), reduced insect and disease incidence, efficient use of labor, intensification 
of production with limited resources (Lithourgidis et al., 2011; Zerihun et al., 2014), and also 
maximization of returns under low levels of technology (Malézieux et al., 2009)  and reduced 
climate change  (Hobbs et al., 2007; Kassam and Friedrich, 2010). 
There are different approaches to avoid use of repeated tillage that causes degradation of natural 
ecosystems, to get sustainable yield by reducing occurrence of pests (diseases, insects and weeds). 
Conservation tillage based cropping system is one of the leading approaches in which sustainable 
crop production is attend to fulfill the food needs of the current huge human population in 
developing countries. Thus, conservation tillage based cropping is a type of CA that focuses on 
the improvement of soil conditions in order to get high and sustainable crop yields lowering the 
production costs while, at the same time, contributing for the conservation of natural resources 
(soil, water, and air), and environmental protection (IIRR and ACT, 2005; FAO, 2001a, FAO, 
2008a; Hailemariam et al., 2013). Agriculture in Ethiopia began more than 7,000 years ago (Seyfu, 
1997). Today, it remains the only way of life for most Ethiopians who continue to use ancient 
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repeated tillage practices that have been in place for generation. The degradation of agricultural 
soils and the consequent loss in soil health and their productive capacity are the result of this 
intensive tillage‐based farming practices that pay inadequate or no attention to managing the soils 
and the landscapes as part of living biological and ecosystem resource base (Huggins and 
Reganold, 2008). Thus, most agricultural soils have low organic matter with poor soil aggregate 
structure, and there is little effort made by farmers to develop organic soil cover or mulch from 
crop residues, stubbles and green cover crops to feed the soil microorganisms, or to maximize 
rainfall infiltration, or to trap the snow from the rainy season precipitation, or to protect the soil 
from water and wind erosion. Conversely, conservation tillage based cropping system  provides a 
sustainable production system, not only conserving but also enhancing the natural resources and 
increasing the variety of soil biota, fauna and flora (including wild life) in agricultural production 
systems without sacrificing yields on high production levels (IIRR and ACT, 2005; Mesfine et al., 
2005; Quadros et al., 2012). As conservation tillage depends on biological processes to work, it 
enhances the biodiversity in an agricultural production system on a micro as well as macro level. 
No till fields act as a sink for CO2 and conservation farming applied on a global scale could 
provide a major contribution to control air pollution in general and global warming in particular. 
Thus, the objective of this research has to test the effect of CA based maize- legume cropping 
system on yield and on some soil properties. 

 2. Materials and methods 

2.1. Description of the study area 
An experiment on CA based maize-legume cropping systems was conducted in Jabitenah and 
South Achefer districts of Ethiopia. Jabitenah district is located at 10040.904’ longitude and 
037o21.012 latitude with an altitude of 1838 m.a.s.l. The area has an average rainfall of 4 mm to 
210mm and of 8oC to 17oC while the latter location is found in 11

0
22.564

’
longitude and 

036
0
56.552’ latitude with an altitude ranges from 1500 to 2500 masl (Molla et al, 2014). In both 

districts Nitosol is the dominant soil type. 
2.2. Experimental design and cultural practices 
Three demonstration plots were installed in each of the above selected district at on farm sites for 
four main cropping seasons, 2012-2015. The treatments are as follows: 
Treatments and their management: 

1. Conventional practices: sole maize. Traditional land preparation and maize management 
but with the same varieties and recommended fertilizer’s rate will be applied. Residues 
removed as per  the farmers practice 

2. Conservation Agriculture: sole maize. No tillage, no burning of crop residues. All residues 
retained.  

3. Conservation Agriculture:  Maize-legume (haricot bean) intercropping. No tillage, no 
burning. Residue retained. Haricot bean seeded between the maize rows  

4. Conservation Agriculture:  Maize-forage intercropping (cowpea). No tillage, no burning. 
Residue retained. Cowpea seeded between the maize rows  

5. Conservation Agriculture: legume-Maize-rotation. No tillage, no burning. Residue 
retained.  

The experimental plot size was 7.5 m x 15 m for each treatment with a total of 731 m2 on each 
demonstration field at each location. The experimental filed at the first, second and the following 
years received 3 litter/ha, 2 litter/ha and 0 litter/ha of glyphosate before planting to control weeds. 
Maize variety BH540, haricot bean variety Chorie and cowpea variety AccNo1996 were used as 
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a test crop in different cropping systems. One hand weeding as supplementary weeding was done 
at the vegetative stage of crops. Maize was planted with a plant spacing of 75cmx30cm while 
legume crops were planted equally between rows of maize. Depending on the cropping sequences, 
180 kg ha-1 N and 138 kg ha-1 p2o5 were applied for plots planted with maize. All phosphors and 
half nitrogen were applied at planting while the remaining half nitrogen was applied when maize 
was reached at knee height. 

 

 
Figure 1: Five year (2012-2016) mean monthly rainfall (mm), maximum and minimum 
temperature (oc) at Jabitenan district  

 
2.3. Data collection 
2.3.1. Soil sampling and laboratory analysis 
To assess the variation of soil properties due to different tillage based cropping systems across 
years, laboratory analysis was conducted. Soil sampling from each plot at 0-20 cm depth was done 
using a hand auger or core sampler. Composite soil sampling was done at pre-planting in the first 
year (2012) of the experiment while plot wise soil sampling was done soon after harvesting in 
2015 to determine pH (H2O) (1:2.5), organic carbon (OC) (%) and bulk density (BD) (g/cm3) in 
both experimental locations. The soil samples were taken at four different spots per plot then 
bulked to give one composite sample. Undisturbed core samples were also collected from the 
surface layers of each plot at 0-20 cm soil depth using a core sampler to determine the bulk density. 
Methods for soil analyses were derived from Sahlemedhin and Taye (2000). Soil pH was 
measured potentio-metrically in a 1:2.5 soil-water solution, using a combined glass electrode pH 
meter (Thomas, 1996). Soil organic carbon was determined by wet oxidation method (Walkley 
and Black, 1934). Bulk density was determined by core method (Blake, 1965) after drying a 
defined volume of soil in an oven at 105°C for 24 h. It was then calculated as the ratio of mass of 
oven dried soil to the volume of the sampling core. Soil infiltration capacity (cm/minute) was 
measured using simple device known as double ring infiltrometere. 
2.3.2. Biomass and grain yield 
In all years the above ground dry biomass (kg ha-1) of maize measured from the net plot area (3.8 
m x 15 m) and sun dried till constant dry weight was attained. Grain/seed yield (kg ha-1) of all 
crops involved in the experiment was separated from the total biomass and dried, cleaned and 
adjusted to their optimum respective moisture level.  
2.4. Data analysis 
All collected data were subjected to analysis of variance using JMP13 (SAS, 2006). When the 
analysis of variance showed significant differences at p value <0.05 among treatments, mean 
separation for all pairs were conducted using Tukey-Kramer HSD. 

http://scialert.net/fulltext/?doi=ijar.2011.840.847#24198_bc
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3. Result and Discussion 

3.1. Response of some soil parameters to CA-based maize-legume cropping system 
Bulk density: At both experimental locations bulk density decreased with time in each CA-based 
maize legume cropping system except conventional tillage practices (Table 3 and 4). The highest 
bulk density was recorded at conventional tillage practices (1.45-1.54 g/cm3) while the lowest 
bulk density was recorded in all conservation tillage based maize-legume intercropping system 
(1.27-1.4 g/cm3) followed by conservation tillage alone (1.33 g/cm3) (Table 3 and 4). The result 
was supported by Mazvimavi et al. (2009) and Thierfelder et al. (2012) who stated that bulk 
density under CA based maize-cowpea intercropping system was significantly lower in the top 
soil. Tripathi et al. (2005) found an increase in bulk density with conventional tillage in a silty 
loam soil as compared to conservation tillage systems. Similarly, Sharma et al., (2011) observed 
that intensive tillage condition increased the bulk density (4.7%) of a sandy loam soil as compared 
to the reduced tillage in rain fed condition. Based on 8 years studies Zhang et al. (2003) reported 
that the mean soil bulk density was 0.8-1.5% lower in conservation tillage treatments than in 
conventional tillage. Soils in conservation agriculture systems exhibit increased aggregation and 
higher numbers of root and worm channels than other tillage systems. These channels provide 
paths for root growth. If the channels are open to the soil surface, water infiltration increases (Lane 
et al., 2006; Joshi, 2011). In contrary, soils in conservation tillage systems generally have higher 
bulk densities than conventionally tilled soils (Lane et al., 2006; Małecka et al., 2012; Mohammad 
et al., 2012). Other studies showed that there is no conclusive trend on soil bulk density in relation 
to tillage (Anken et al., 2004; Lampurlanes and Cantero-Martinez, 2003; Hobbs et al., 2007; Jabro 
et al., 2009).  
pH: In both locations with all treatments involved in this experiment the pH of the soil was 
reduced across years (Table 3 and 4). However, the magnitude of the reduction in pH was highest 
in conservation tillage alone followed by conservation tillage based crop rotation (Table 3 and 
4).Contrarily,  Zerihun et al. (2014) conducted a four year research on conservation tillage based 
maize-legume intercropping system and they observed that the lowest pH was recorded when 
maize was continuously grown under conventional tillage. In addition maize and haricot bean in 
permanent plots showed significantly lower pH value as compared to bean-maize rotation and 
maize-bean intercropping and even to the initial soil pH value which were similar result to the 
present study. The latter result could be due to legume crops reduce soil pH since the crops absorb 
high concentration of base cations and available nitrogen in the form of nitrate by releasing H+ 
into rhizosphere, which leads to soil acidification (Crews and Peoples, 2003; Zerihun et al., 2014).  
Organic Matter Accumulation: The amount of organic matter in a soil is often used as an 
indicator of the potential sustainability of a system. Soil organic matter plays a key role in nutrient 
cycling and can help improve soil structure. The soil organic matter is the second biggest carbon 
pool of the planet after the oceans. The soil organic matter is essential to control erosion, water 
infiltration and conservation of nutrients, and is related with the soil quality. Moist, hot and well-
aerated conditions favour rapid decay of organic additions. In both experimental locations, the 
present experiment indicated that organic matter accumulation in the soil increased due to addition 
of enough crop residues (50-60% crop residues was applied) in conservation tillage based maize 
legume cropping system (Table 3 and 4). Similarly, organic matter accumulation had also 
increased across years in all conservation tillage based maize legume cropping system and 
conservation tillage alone (Table 3 and 4) owning to high decomposition of organic matter in the 
latter years. Similarly, Lal et al., (2003) stated that soil organic matter of 0-10, 10-20 and 20-30 
cm soil depth for CA (4.8, 4.2, and 3.8, respectively) was higher than conventional tillage (4.1, 
4.1 and 3.7, respectively). No-tillage and crop residues retention on soil surface enhanced the 
organic matter in cultivated soil and was more beneficial for dry land crop production because of 
moisture conservation (Lampurlanes et al., 2001) as compared to conventional tillage. This result 
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was also supported by Reicosky et al. (2002) who found that 30 years of fall moldboard plowing 
reduced the soil organic matter. Similarly, Walling (1990) reported that over the last 40 years the 
amount of organic matter being returned to the soil has declined, primarily as a consequence of 
more intensive soil cultivation, the removal of crop residues, the replacement of organic manures 
with inorganic fertilizer, and the loss of grass leys from rotations. Lower soil temperatures and 
increased soil moisture contribute to slower rates of organic matter oxidation. Increases in organic 
matter are normally observed within the surface 10 cm of soil (Walling (1990; Reicosky et al., 
2002). Higher organic matter levels stabilize soil aggregates, which increases soil tilth.  
Infiltration rate: Infiltration is one of the most immediate benefits of conservation tillage systems 
especially when measured on rotational plots (Nyamadzawo, 2008; Thierfelder and Wall, 2009) 
and reveals the potential of a soil to utilize water instead of losing it to run-off (Rockström et al., 
2001). The reduction or absence of soil tillage has an impact on water conductivity and the 
infiltration rate. The study conducted at the end of the experiment (2014/2015 cropping season) 
at Jabitenane district showed that infiltration rate at CT, CA+HB, CA+CP and CA-CR were 
increased by 23%, 73%, 77.5% and 69.5%, respectively as compared to CP (Table 3). Similar 
study conducted in the same yaer  at south Achefer district indicated that as compared to CT, the 
infiltration rate was increased by 63%, 71.3%, 84.9% and 68.9%  at CT, CA+HB, CA+CP and 
CA-CR, respectively (Table 4). High rate of infiltration rate at CA-based maize legume cropping 
systems could be due to buildup of organic matter causes increase in soil microorganism important 
for soil organic matter decomposition and reduction of bulk density result in increase in porosity. 
This result was supported by Rockström et al. (2001) who investigated that conservation tillage 
based intercropping and conservation tillage based sole cropping had significantly higher 
infiltration characteristics than intercropping and sole cropping under conventional tillage. 
Intercropped plot of conservation tillage (605 mm) had significantly higher infiltration 
characteristics compared with intercropped plot of conventional tillage (248 mm). Similarly, 
infiltration on three CA (direct seeding, Rip-line seeded-legume intercrop and Rip-line seeded in 
descending order) was 145–331% higher than one conventionally ploughed system measured on 
plots with continues maize monocropping and maize-sun hemp rotation (Thierfelder et al., 2012) 
and this reveals the potential of a soil to utilize water instead of losing it to run-off (Rockström et 
al., 2001). 
 

Table 3: Effect of CA-based maize-legume cropping system on some soil properties at 
Jabitenan district in 2012 and 2015 

Treatme
nt and 

statistics 

BD±SEM Mean 
over 
years 

pH±SEM Mean 
Over 
years 

OM±SEM Mean 
over 
years 

IR 
±SEM 
2015) 

2012/20
13 

2014/2
015 

2012/2
013 

2014/
2015 

2012/
2013 

2014/
2015 

CP 
1.41±0.
034 

1.45±0.
024 

1.43±0.
012 

5.37±0
.064 

5.85±
0.065 

5.61±0.
049 

2.50±
0.077 

2.74±
0.045 

2.62±0.0
58 

0.50±0.
058 

CT 
1.38±0.
023 

1.33±0.
020 

1.35±0.
010 

5.4±0.
011 

5.57±
0.16 

5.49±0.
088 

2.74±
0.060 

2.83±
0.056 

2.79±0.0
56 

0.65±0.
056 

CA+HB 
1.47±0.
039 

1.37±0.
012 

1.42±0.
000 

5.48±0
.000 

5.61±
0.033 

5.55±0.
017 

2.41±
0.027 

2.72±
0.001 

2.57±0.0
12 

1.87±0.
012 

CA+CP 
1.47±0.
044 

1.35±0.
038 

1.41±0.
010 

5.53±0
.066 

5.64±
0.033 

5.58±0.
048 

2.71±
0.033 

2.84±
0.029 

2.78±0.0
26 

2.22±0.
026 

CA-CR 
1.46±0.
030 

1.4±0.0
1 

1.43±0.
065 

5.47±0
.096 

5.6±0.
048 

5.53±0.
023 

2.66±
0.061 

2.92±
0.034 

2.79±0.0
47 

1.60±0.
047 

Mean 1.44 1.38 1.41 5.45 5.654 5.552 2.61 2.81 2.71 1.37 
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Table 4: Mean effect of CA-based maize-legume cropping system on some soil properties at 
South Achefer district in 2012 and 2015 

Treatme
nt and 

statistics 

BD±SEM Mean 
over 
years 

pH±SEM Mean 
Over 
years 

OM±SEM Mean 
over 
years 

IR 
±SEM 
(2015) 

2012/20
13 

2014/2
015 

2012/2
013 

2014/
2015 

2012/
2013 

2014/
2015 

CP 
1.48±0.
058 

1.54±0.
047 

1.51±0.
051 

4.85±0.
338 

5.64±
0.101 

5.24±0.
119 

2.61±
0.360 

3.11±
0.279 

2.86±0.3
17 

0.51±0.
044 

CT 
1.36±0.
070 

1.33±0.
069 

1.35±0.
069 

5.48±0.
123 

5.34±
0.049 

5.41±0.
082 

2.81±
0.389 

2.99±
0.299 

2.9±0.34
3 

1.38±0.
067 

CA+HB 
1.41±0.
05 

1.27±0.
031 

1.34±0.
032 

5.21±0.
125 

5.47±
0.031 

5.33±0.
078 

3.01±
0.390 

3.44±
0.316 

3.23±0.3
46 

1.78±0.
028 

CA+CP 
1.57±0.
040 

1.31±0.
1058 

1.44±0.
036 

5.33±0.
098 

5.45±
0.058 

5.39±0.
036 

3.12±
0.315 

3.45±
0.333 

3.32±0.3
24 

3.38±0.
015 

CA-CR 
1.36±0.
039 

1.34±0.
058 

1.35±0.
048 

5.25±0.
201 

5.37±
0.058 

5.31±0.
125 

3.25±
0.090 

4.23±
0.309 

3.74±0.1
37 

1.64±0.
058 

Mean 1.44 1.36 1.4 5.22 5.45 5.34 2.97 3.45 3.21 
1.73482
2 

Note: CP=Maize planted in conventional practice, CA= Maize planted in conservation Tillage, 
CA+HB= Maize planted in conservation Agriculture based haricot bean intercropping, CA+CP= 
Maize planted in conservation Agriculture based cow pea intercropping, CA-CR= Maize planted 
in conservation Agriculture based haricot bean crop rotation, BD=bulk density in gram/cm3, 
OM=organic matter in %, SEM= Standard Err Mean 
3.2. Response of maize Yield to CA-based maize-legume cropping system 
At South Achefer, in year 2012/2013, the highest maize straw and grain yields were obtained from 
CA based maize haricot bean intercropping and conservation tillage, respectively. The lowest 
yields were recorded when maize was planted in CA-based haricot bean rotation and conventional 
practice. At Jabitenan district, though the these tillage practices had no significantly different 
effect on biomass and grain yield, the highest grain yield was recorded in the CA-based legume 
cropping system as compared to the conventional tillage and conservation tillage. At both 
locations, the overall straw and grain yields in 2012/2013 were below the national average 
obtained in the previous years (Table 1 and Figure 1). This was because the amount of rainfall 
was below the optimum as indicated in Figure 1. However, the yield under the CA based legume 
intercropping was much higher than the yield obtained from conventional tillage alone (Figure2 
and 3), though at the beginning, CA practices give comparable yield with the conventional tillage. 
The highest maize or legume yield in CA-based maize legume intercropping during the first year 
of this experiment was due to reduction of soil water evaporation by the intercropped legume crop 
during serious lack of rain fall. Similar research has also shown that maize-haricot bean intercrops 
under CA ensure risk reduction in case of variable and short rainfall (West TO, 2002; Zerihun et 
al., 2014). Zerihun et al. (2014) confirmed that more than 38-41% in unfavorable season and 44-
47% during favorable season of additional yield were obtained without significant reduction of 
the main crop in conservation tillage based maize-haricot bean intercropping. Ajayi (2015) 
investigated that the yield of sole maize under conservation tillage was greater than yield under 
conservation tillage based intercropping less than conventional tillage based intercropping less 
than conventional tillage based sole maize. Similarly, for groundnut, the trend in grain yield was 
conservation tillage based groundnut less than conservation tillage based intercropped less than 
conventional tillage based sole groundnut less than conventional tillage based intercropped. 
In 2013/2014 cropping season, at both locations the highest grain yield was recorded in 
descending order CA+CP > CA+HB > CT > CP (Figure 1 and 2). About 5386-6065 kg ha-1 and 
3624-4349 kg/ha maize grain yield were obtained from conservation agriculture based cow pea 
intercropping and conventional tillage alone, respectively (Tillage 1 and 2).  In 2014/2015 
cropping season, the maximum yield (1094 kg ha-1) was recorded when maize was planted in CA 
based haricot bean crop rotation followed by all other tillage practices. In both cropping seasons, 
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the amount of biomass obtained from this experiment at both locations followed similar trend to 
the above result, though the treatments were statistically on par to each other (Table 1 and 2).  
Generally, the combined analysis across years at both experimental locations indicated that 
maximum maize yield was obtained when maize was planted in  CA based crop rotation followed 
by CA based intercropping system as compared to  both conventional and conservation tillage 
practices (Table 1 and 2). The highest yield in CA based maize legume intercropping was the 
improvement of organic matter causing reduction in bulk density and improvement of infiltration 
rate after three years of an experiment. Similar to this study, Thierfelder et al., (2012) showed that 
it is more advantageous to grow crops under CA based cropping system than conventional tillage: 
There are marked yield benefits in rotating crops (11–64% higher yield) or intercropping (10–
35% higher yield) compared with continuous maize cropping under conventional tillage in 
Zimbabwe. Zerihun et al. (2014) showed that crop rotations reduced labor by 15-27% as compared 
to continuous maize or legume production under conservation tillage practices. Similarly, as 
indicated by Milder et al., (2013) CA based crop rotation could have significant benefits for 
agricultural output, profitability, and environmental quality. Milder et al., (2013) observed that 
conservation tillage based legume crop rotation gave 80% higher yields than those from 
conventional farming. Yield differences have been reported in the range of 20–120 % between 
conservation tillage based legume  crop rotation and conventional tillage systems in Latin 
America, Africa and Asia (Rockstrom et al., 2009; Mohammad et al., 2012). Further, in Paraguay, 
yields under conventional tillage declined 5–15 % over a period of 10 years, while yields from 
conservation tillage increased 5–15 % (Kassam and Friedrich, 2010). 
 

 
Figure 2: Mean effect of CA- based maize-legume cropping system on grain yield of maize across 
three years at south achefer district  
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Figure 3: Mean effect of CA- based maize-legume cropping system on grain yield of maize across 
three years at Jabitenane   district  
Similar to the CA-based intercropping system of this study,  Zerihun et al. (2014), Ajayi (2015) 
and Thierfelder et al. (2015) showed that CA based intercropping system gave high grain yield, 
land use efficiency, growth return as compared to sole cropping and conventional tillage practices. 
Similarly, in the humid tropics, maize-groundnut intercropping is often practice under 
conservation tillage to produce food and obtain cash income from the same piece of land (Ishaq 
et al., 2001). The reason for using this practice is because the humid tropics are characterized by 
highly erosive, erratic and poorly distributed rains (Osunbitan et al., 2005; FAO, 2011). While 
many workers have advocated the use of no-tillage for the tropical soil management, the dependent 
of no tillage on mulch has made its adoption very slow among farmers. This is because; mulching 
is time consuming and requires planting, cutting, transportation and spreading to the cultivated 
land. Moreover, mulch availability is a challenge in the tropics due to rapid decomposition of plant 
left-over after cropping season due to their inclement climate. To reduce this large dependence on 
mulch, works in no till methods which earlier emphasized sole cropping should look into no till 
based intercropping (Patil et al., 2015). Similarly, longer term experiment (8 years)  on 
conservation tillage based-cropping system conducted at Malawi by CIMMYT showed that CA 
based maize-legume intercropping gave maximum yield next to conservation tillage based sole 
maize as compared to conventional tillage (Thierfelder et al., 2015). 
The present study also showed that both biomass (10-10898 kg ha-1) and grain yield (11-11, 126 
kg ha-1) were increased (Figure 1 and 2). Baker (2007) and Lahmar et al. (2012) pointed out that 
in the first years, CA-based cropping system produce crop yields at least comparable to those of 
conventional tillage. As time goes by, yields can probably be significantly better. 
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Table 1: Mean effect of CA- based maize-legume cropping system on Biomass and grain yield of 
maize at South Achefer district in 2012-2014 

Treatment 
and 
statistics 

Year Mean over years 

2012/2013 2013/2014 2014/2015 

SY (kg/ha) Gy (kg/ha) SY (kg/ha) Gy (kg/ha) SY (kg/ha) Gy (kg/ha) SY (kg/ha) Gy (kg/ha) 

CP 2177.78d 2258.88c 5392.59 4349.07b 8325.93 7919.7 8638.0 8476.9 

CT 2933.33b 2771.31a 5688.89 5319.81ab 6444.44 7474.7 9203.7 9143.8 

CA+HB 3055.56a 2739.94b 5262.22 5574.72ab 6637.04 7111.6 8379.5 8002.1 

CA+CP 2277.78c 2049.72d 5985.19 6065.15a 6800 7683.4 8800.0 8742.7 

CA-CR 1822.22e 1620.96e  -  - 7718.52 10942.2 10898.8 11125.9 

Mean 2453.33 2288.16 5582.22 5327.19 7185.19 8226.32 9184.00 9098.28 

Prob > F <.0001 <.0001 0.8395 0.01872 0.7705 0.0031 0.8469 0.7259 

CV% 2.8 4.37 24 22.6 33 14.8 38.8 38.5 

Note: CP=Maize planted in conventional practice, CA= Maize planted in conservation Tillage, 
CA+HB= Maize planted in conservation Agriculture based haricot bean intercropping, CA+CP= 
Maize planted in conservation Agriculture based cow pea intercropping and CA-CR= Maize 
planted in conservation Agriculture based haricot bean crop rotation 
 

Table 2: Mean effect of CA- based maize-legume cropping system on Biomass and grain yield of 
maize at Jabitenan district in 2012-2014 

Treatment 
and 
statistics 

  

Year Mean over years 

2012/2013 2013/2014 2014/2015  

SY 
(kg/ha) 

Gy (kg/ha) SY 
(kg/ha) 

Gy 
(kg/ha) 

SY 
(kg/ha) 

Gy 
(kg/ha) 

SY (kg/ha) Gy (kg/ha) 

CP 1298.89 1147.22b 6210.37 3624.29 7111.11 7850.01 8178.89 7090.75 

CA 1422.22 1524.74a 5694.81 4590.24 6074.07 7396.96 7095.31 6130.60 

CA+HB 1250 1445.26ab 5250.37 5230.62 6370.37 7794.52 7162.10 7335.06 

CA+CP 1074.44 1135.71b 5499.26 5386.54 5851.85 7933.5 6895.68 7296.44 

CA-CR 1067.78 1283.17ab - - 6740.74 8352.36 9742.52 9652.46 

Mean 1222.67 1307.22 5663.70 4707.92 6429.63 7865.47 7814.9 7501.062 

Prob > F 0.21 0.09 0.74 0.60 0.11 0.69 0.70 0.68 

CV% 22 19.4 24.7 47.4 10.5 11.6 43.13 47.7 

Note: CP=Maize planted in conventional practice, CA= Maize planted in conservation Tillage, 
CA+HB= Maize planted in conservation Agriculture based haricot bean intercropping, CA+CP= 
Maize planted in conservation Agriculture based cow pea intercropping and CA-CR= Maize 
planted in conservation Agriculture based haricot bean crop rotation 
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Conclusion and recommendation 

The results of the study showed that at both locations bulk density was reduced across years and 
the lowest bulk density was recorded at CA-based maize legume cropping system as compared to 
CP. In all tillage practices the pH of the soil increases across the year but the pH of the all CA 
practices were lower than the CP towards the end of the experiment. At both locations the highest 
organic matter and infiltration rate were recorded at CA-CR followed by CA+CP and CA+CP 
followed by CP+HB, respectively. Similarly, the highest mean yield was recorded at CA based 
maize legume cropping systems as compared to CP. In conclusion, in descending order, CA-based 
maize legume cropping system and conservation tillage were the best tillage practices as 
elucidated in better soil fertility and maize yield improvement. Thus, CA-based maize legume 
cropping systems are promising in the improvement of sustainable soil fertility and maize 
production under locally recommended use of external inputs. However, future research should 
be focused on diverse locations with different agro-ecologies and on the improvement of planting 
system. 
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Abstract 

Agricultural production remains the main source of food and income for most rural communities in 
Ethiopia. Scientific information is lacking on magnitude of variations and its impact on agricultural crops. 
This study is, therefore, initiated to analyze climate variability and its economic effect on agricultural crop 
productivity in Arsi Negele district, Central Rift Valley of Ethiopia. The study analyzed observed climate 
variability, downscaled future projection (2046–2065 periods) with reference to base line station data from 
1981-2009 using self-organizing maps downscaling (SOMD) technique. This study also employed 
Ricardian econometric model to analyze marginal effects of observed temperature and rainfall on 
agricultural crops based on farm data generated from 174 farmers. Annual crop net revenue was regressed 
on climate and socioeconomic variables. The result obtained from metrological data indicated that, in both 
stations, climate variability was observed and the minimum temperature was more variable than maximum 
temperature while rainfall pattern was more variable in Langano station than in Arsi Negele stations in 
the period of (1981-2009). The future simulated result indicated that climate variability will be observed 
both in Arsi Negele and Langano stations for the projection period of (2046–2065). The magnitude and 
variability of both maximum and minimum temperatures will be increased in magnitude than the rainfall 
patterns. Detailed analysis of rainfall projection showed that at Arsi Negele station, main rainy season 
(Jun, July, Augest and partly September) is expected to decrease while short rainy season (March, April 
and May) is expected to increase. In Langano station, the future simulated result indicated as main and 
short rainy season rainfall patterns are expected to decrease while autumn rainfall will increase to some 
extent. However, in both Arsi Negele and Langano stations, the month July is expected to have higher 
precipitation than other months. Regressing of net revenue on climate, socioeconomics and soil variables 
showed that these variables recorded as a significant impact on the farmers’ net revenue per hectare. The 
result from marginal analysis showed that a 1°C increase in temperature during main and dryseasons 
reduced the net revenue by 5179.65 and 704.19 ETB (Ethiopian Birr) per hectare respectively while a1°C 
increasing temperature marginally during the short rainy season and autumn seasons increase the net 
revenue per hectare by 1081.81 and 1542.65 ETB respectively. Increasing precipitation by 1mm during 
the main rainy season and dry season reduced net revenue per hectare by 1184.00 and 328.9ETB 
respectively. Household interview results showed that farmers were aware of climate variability and 
changes, and devised coping up strategies including soil and water conservation, tree planting and crop 
diversification. The findings suggested that the need to support farmers’ adaptation capacity and 
improving their crop production efficiency to overcome future scenarios of climate change and impacts.  

Keywords: Climate Variability, Marginal effect, Downscaling, Ricardian Model. 
 

1. Introduction           

Global warming is considered to be major threat for life on our planet. Observations show that 
global mean temperature at the earth’s surface has substantially increased over the twentieth 
century [IPCC, 2007].This global warming and its multifaceted impacts are affecting the whole 
world in various forms. Several scientific studies have suggested that developing countries in 
particular are suffering from the burden of the ever changing climatic conditions (UN-OHRLLS, 
2009). Many low income countries are located in tropical, sub-tropical region, or in semi-arid 
zones, that are particularly vulnerable to shifting weather patterns and rising temperature 
(Joachim, 2008). Widespread research findings have revealed that climate variability and change 
have significant impacts on global and regional food production systems particularly on the 
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performance of common staple food crops in the tropical sub-humid climatic zone (UN-OHRLLS, 
2009). Climate variability and change have been implicated to have significant impacts on global 
and regional food production particularly the common staple food crops performance in tropical 
sub-humid climatic zone. For example, the most food insecure regions and most climate change 
vulnerable regions in Ethiopia are those that experience both the lowest and most variable rainfall 
patterns (UN-OHRLLS, 2009). Many African countries are vulnerable to climate change because 
their economies largely depend on climate-sensitive agricultural production system (Temesgen, 
2000).This is particularly true in low-income countries like Ethiopia where adaptive capacity is 
low. 
Ethiopia is characterized by diverse topographic features that have led to the existence of a range 
of agro-climatic zones each with distinctly variant climatic conditions which in turn have resulted 
in the evolution of a wide variety of fauna and flora and agricultural production systems. Among 
these agro-climatic zones, the lowland (kola) that receives the lowest and most erratic rainfall 
rates notably the Central Rift Valley (CRV) region experiences frequent natural hazards such as 
sudden flooding, recurrent droughts and chronic water stress that are aggravated by climate change 
and its variability. Climate variability of erratic rainfall and its uneven sequential and spatial 
distribution is creating frequent flooding and drought in these areas (Lai et al., 1998). 
In the central rift valley of Ethiopia, fluctuations in precipitation and temperature rates are directly 
affecting the production and productivity of the agricultural systems (Deschenes & Greenstone, 
2006). Climate variability is indirectly affecting the agricultural production of the area through 
influencing the emergence and distribution of crop pests, livestock diseases, aggravating the 
frequency and distribution of adverse weather conditions, reducing water supplies and enhancing 
severity of soil erosion among other impacts (Watson et al, 1998). Climate variability and its 
associated impacts are inducing frequent crop failures, and declining livestock production and 
productivity leading to aggravated rural poverty in the region. Scientific evidences suggest that 
higher temperatures and changing precipitation levels as a result of the changing climate will 
further depress agricultural crop yields in many arid-and semi-arid parts of Ethiopia over the 
coming decades (Bezabih et. al; 2010).    
Therefore, scientific investigations and applied researches on climate variability and its economic 
impact on the production levels and productivity of agriculture is critical to develop effective and 
locally-adaptive agricultural production systems in the face of the increasing climate change and 
variability (Karim et. al., 1994). However, despite a handful of empirical studies, in-depth analysis 
and well-established scientific evidences on the nature and extent of climate variability, magnitude 
of climate change impact on agricultural crops and the likely socio-economic consequences on 
the livelihoods and food security of the rural poor in the area is virtually lacking. The study is 
designed to investigate climate variability and its economic impact on crop yield in the Arsi 
Negele area.  This study was therefore conducted analyzed the change of climate variability and 
assess its economic impact on crop productivity in the study area. 

2. Methodology  

 2.1. Description of the Study Area 
Arsi-Negele district is located in West Arsi zone of the Oromia Region State about 225 km south 
of the capital Addis Ababa.  Geographically, it is situated in the Ethiopian central rift valley system 
of 7 009’-7041’ N and 380 25’-38054’ E.  It is bordered in the south by Shashamene district, in the 
southwest by Bulbula woreda which separates it from Seraro, on the west from the Southern 
Nations, Nationalities and Peoples Region, on the north by Adami Tullu and Jido Kombolcha with 
which it shares the shores of Lakes Abijatta and Langano, and on the east by the Arsi Zone (ORS, 
2004).   
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Figure 6  Map of the study area 

2.1.2. Climate and Agro-ecology 
The study area covers three agro-ecological zones (low, mid and high land) based on temperature, 
rainfall, altitude and vegetation and that ranges from 1500-2300 m.a.s.l. (ICRA, 2002). The high 
altitude zone occupies the largest area followed by mid and low altitude climatic zones 
respectively. Average annual temperature varies from 10-25 Co while annual rainfall varies 
between 500-1000mm (ORS, 2004). 
2.2. Sampling Design and Sample Size 
In order to collect the robust data needed to achieve the objectives of the research, a multi-source 
data collection method through stratified random sampling (SRS) was employed. In the first stage, 
the Woreda was classified into three strata of Lowland (kola), Midland (woyna-dega) and 
Highland (dega) agro-ecological zones. From each agro-ecology one target kebele was selected 
in such a way that the kebeles represent the Woreda in biophysical, agricultural and socio-
economic aspects. Most importantly the kebeles were selected so that they represent the main 
farming practices, crop varieties, socio-economic status, climate problems and disasters besides 
topographic features. Accordingly, Hada Boso, Kersaylala and Meralo-hawilo kebeles were 
selected from the three zones respectively.   
In the second phase the number of households in each target kebeles was identified and sample 
size was determined for the random sampling. Accordingly, Hada Bosso kebele consisted of 580 
households, Kersa elala kebele consisted of 520 households and Meralo-hawlio kebele consisted 
of 640 households making a total of 1,740 target households. A 10% sampling intensity was used 
from each kebele accounting a total of 174 sample households. Proportionately distributing the 
sample size to the three kebeles; 58 households from the Hada Bosso, 52 households from the 
Kersaylala and 64 households from the Meralo-hawlio was sampled. Finally, the respective 
sample households from each kebele were identified and contacted for the socio-economic study. 
GPS points of farmlands of each household were also located for the interpolation of the cross-
section climate data at farm level.  
2.3. Data Source and Data Collection Method  
Three sets of primary data namely: climate and soil data (temperature and precipitation and soil 
characteristics), socio-economic and agricultural production data, and data on traditional climate 
change adaptation mechanisms were collected.  The first group of data (climate data) was obtained 
from the National Metrology Agency. The second group of data (socio-economic and climate 
adaptation) were collected from household survey. Additionally, valuable secondary data were 
also collected from various sources including previous scientific studies and reports from Woreda 
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level agricultural bureau and other concerned organizations. Detailed description of the data 
collection methods used for each group of data type are presented below. 
2.4. Econometric model Specification 
The empirical models employed for this study follow the works of Mendelsohn et al. (1994) and 
Ouedraogo et al. (2006). The models examine how long-term farm profitability varies with climate 
(temperature and precipitation) and soils while controlling for other factors. Relevant 
socioeconomic variables are also assessed to see the extent to which they control the impact of 
climate change on crop agriculture. Two main models are formulated: ‘without’ adaptation model 
and ‘with adaptation models. The former include only climate and soil variables, while the latter 
in addition to these variables include relevant socio-economic variables such as  cropland area, 
livestock ownership, distance to nearest market for obtaining inputs and selling products, access 
to  extension, access to  credit, household size, years of education of the household head and 
farming experience. These two models estimated for sample farms that represent central rift valley 
Ethiopia .The model without adaptation options includes only the physical variables (temperature, 
precipitation and soils): The model with adaptation includes the previous variables and farms 
characteristics(Kurukulasuriya & Mendelssohn, 2006). 
It is not obvious how to represent monthly temperature and precipitation data when Ricardian 
regression model is applied (Kurukulasuriya & Mendelssohn, 2006). The correlation between 
adjacent months is too high to include every month. This study explored several ways of defining 
three-month average seasons. Comparing the results, defining summer or main rainy season (the 
average for June, July and August), winter or dry season  (the average for December, January and 
February), spring or short rainy season (the average for March, April and May) and autumn  (the 
average for September, October and November).  
In my study the dependent variable (R) indicated in equation-1 is measured as crop net revenue 
per hectare of cropland. Crop net revenue is the gross crop revenue which is the product of total 
harvest and price of the crops (Maize, Wheat, Teff, wheat, Sorghum, Barley and Haricot been (the 
value of crop production) total associated cost of production calculated for each agricultural 
household. The independent variables include the linear and quadratic terms of temperature and 
precipitation and only linear terms of soils and farm characteristics  
2.5. Analysis of econometric Approach: The Ricardian cross sectional Model 
In the last few decades, few statistical and econometric models have been developed to analyze 
and establish a logical relationship between climate variability and revenue from agricultural crop 
production. For this study, a linear regression model was used to estimate the economic impact of 
changing climate variables on agricultural crops yield. The Richardian Econometric model 
statistically analyzes the relationship between farms inputs (climate) and outputs (agricultural 
production) through regressing a set of climate variables (rainfall and temperature) and other 
socioeconomic variables with revenue from agricultural productions. In doing so, the model 
measures the contribution of each independent factor to the outcome of agriculture production and 
impact of climate change on agriculture (Mendelssohn et al. 1994).  
The Ricardian approach is based on the observation of David Ricardo (1772–1823) that land rents 
reflect the net productivity of farmland and it examines the impact of climate and other variables 
on land values and farm revenues. This approach has been found attractive because it corrects the 
bias in the production function approach by using economic data on the value of land. So, the 
Ricardian approach accounts for the direct effects of climate on the yields of different crops 
(Mendelsohn et al. 1994). It is also attractive because it includes not only the direct effect of 
climate on productivity but also the adaptation response by farmers to local climate.  
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In essence the Ricardian approach is a cross-sectional model applied to agricultural production. It 
takes into account how variations in climate change affect net revenue or land value. Following 
Mendelsohn et al. (1994), the approach involves specifying the productivity function of the form. 

)1.........(),,,( XPGZFXQPR xii ∑∑ −=  

where R is  net revenue per hectare, Pi is the market price of crop i, Qi is output of crop i, X is a 
vector of purchased inputs (other than land), F is a vector of climate variables, Z is a set of soil 
variables, G is a set of economic variables such as market access and Px is a vector of input prices. 
The farmer is assumed to choose X to maximize revenues given the characteristics of the farm 
and market prices. The standard Ricardian model relies on a quadratic formulation of climate. 
R = Β0 + Β1F + Β2 F2+ Β3 Z + Β4 G + u………………….. (2) 
Where u is an error term, and F and F2 confine levels and quadratic terms for temperature and 
precipitation.  The introduction of quadratic terms for temperature and precipitation reflect the 
non-linear shape of the response function between revenues and climate. From the available 
literature, we expect that farm revenues will have a concave relationship with temperature. When 
the quadratic term is positive, the revenue function is U-shaped, but when the quadratic term is 
negative, the function is hill-shaped. For each crop there is a known temperature where that crop 
grows best across the seasons, though the optimal temperature varies by crops. Crops consistently 
exhibit a hill-shaped relationship with annual temperature, although the peak of that hill varies 
with each crop. The relationship of seasonal climate variables, however, is more complex and may 
include a mixture of positive and negative coefficients across seasons (Mendelsohn et al. 1994). 
From equation (2), we can derive the mean marginal effect of a climate variable on farm revenue. 
Thus, the expected marginal effect of climate variable on farm revenue evaluated at the mean is: 
E [dV/dfi] = b1, i + 2*b2, i *E[fi] ……………………………… (3)  
The original Ricardian studies used land value for the dependent variable. In many developing 
countries, however, land value is not available. Annual revenue per hectare can be used instead, 
since land value is the present value of future revenue (Dinar et al., 1998).  
2.6 Statistical analysis  
Appropriate statistical software’s such as STATA11 and Microsoft Excel  were used  to analyze 
the data from the household socio-economic survey in order to underlying socio-economic 
variables determining the perception and traditional knowledge of the local communities on 
climate change and its impacts as well as their adaptation measures. Finally, the results of the data 
analyzed were summarized and presented in various forms including: frequency tables, 
percentages, histograms, graphs, software outputs as well as narrative summaries as shown in the 
next section. 

3. Result and Discussions 

3.1. Estimated marginal effect of temperature and precipitation on crop net revenues 
The Ricardian approach estimates the importance of climate and other variables on the value of 
farmland. Net revenues were regressed on climatic and other control variables. This study explores 
two main sets of the Ricardian model indicated in model one and two. The first model includes 
only climate and soil variables and is referred to as without adaptation model. The second model 
includes climate, soil and relevant socio-economic variables and is referred to as with adaptation 
model. These additional variables are used to assess the extent to which these additional variables 
increase or decrease the effect of climate on crops. These socio-economic variables are good 
policy instruments for policy makers to explore as tools for controlling or taking advantage of 
climate effects. They are useful to see the importance how these variables explain crop net revenue 
(Benhin, 2006).  
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The regression results indicate that most of the climatic, household and soil variables have 
significant impacts on the net revenue per hectare (Table 4.1). This table shows that while the 
coefficients of dry season and main rainy season temperature are both negative, those of short 
rainy season and autumn season are positive. The coefficients of main rainy season are negative, 
whereas for dry season, short rainy season and autumn seasons are positive. The interpretations 
of the signs and magnitudes of impacts are further explained under the marginal analysis. 
The education level of the head of the household and the livestock ownership are positively related 
to the net revenue per hectare. The effect of distance to input market place is negative, as farmers 
incur more cost in terms of money and time as the market place becomes further from their farm 
plots. The household size is negatively related to the net revenue per hectare because there are 
many dependent and unproductive people in rural Ethiopia (such as children, elderly and sick). 
Access to extension service helps improve crop net revenue which is statistically significant. 
Access to credit also affects crop net revenue positively. The effect of black soils on crop 
production is positive which may be explained by the fertility level and water retention capacity 
of the soils. However; some of them have negative effects.  
Results from both models shown that there is a quadratic relationship between climate variables 
and net revenue per hectare. For example, the coefficient of short rainy season temperature in with 
adaptation model is negative but the coefficient of the short rainy season temperature squared is 
positive. In short rainy season temperature, climate variables have a U shaped relationship with 
net revenue. This suggests that short rainy season temperature has a negative effect on net revenue 
until a turning point is reached, beyond that value; it has a positive impact on net revenues whereas 
in without the adaptation model, the coefficient of spring temperature is positive and it has a hill-
shaped relationship with net revenue. This means, spring temperature has a positive effect on net 
revenue until a turning point is reached, beyond that value; temperature has a negative impact on 
the revenue. The coefficient of squared values tells both the direction and steepness of the 
curvature (a positive value indicates the curvature is upwards while a negative value indicates the 
curvature is downwards). 
The independent variables in this study included the linear and quadratic temperature and 
precipitation terms for the four seasons: main rainy season, dry season, short rainy season and 
autumn season.  As it shown from (table4.1and 4.2), one can see that the effects of the seasonal 
climate variables across the two models. Both linear and squared terms are significant in certain 
seasons, implying that climate has a nonlinear effect on crop net revenues. The effect of quadratic 
seasonal climate variables on crop net revenue is not obviously determined simply by looking at 
the coefficients, as both the linear and the squared terms play a role rather the climate coefficients 
will be interpreted based on the marginal effects of climate variables (Kurukulasuriya & 
Mendelssohn, 2006). 
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Table 4.19: Regression results of model with adaptation: climate, soil and socio-economic 
variables 

Independent variable                     coefficient                                  T-statistics         
Summer temperature                      -5525.09 *                              -1.711 
Summer temperature sq                 172.72 *                                   1.82 
Winter temperature                         -733.3                                     -0.68 
Winter temperature sq                     14.42                                       1.01 
Spring temperature                          -1190.57 **                           -2.47 
Spring temperature sq                      54.37 **                                 2.22 
Autumn  temperature                      1538.95**                               2.04 
Autumn temperature sq                   4.36 *                                     1.97 
Summer precipitation                       -1544.24  *                           -1.74 
Summer precipitation sq                   180.12  *                               1.54 
Winter precipitation                          -344.42                                 -0.83 
Winter precipitation sq                       7.76                                     1.07 
Spring precipitation                           229.46  *                              1.73 
Spring precipitation sq                     -1.087 **                              -2.11 
Autumn precipitation                        -473.64  *                            -1.65 
Autumn precipitation sq                     57.42  *                              1.55 
Clay soil                                             Reference  group 
Sandy soil                                         -216.87                                -0.70 
Black soil                                           5987.43 *                            1.63 
Red soil                                            3855.88                                1.24 
Land size                                           134.59                                 1.46 
Livestock ownership                         777.66 ***                          3.32 
Distance of input market                   -376.04                               -1.49 
Distance of output market                -43.58                                  -0.81 
Farming experience                            161.41                                1.02 
Access to credit                                  18839.42***                       4.71 
Access to extension                            6869.53 *                           1.66 
Family size                                        -565.46 *                            -1.8 
Year of educational  household head  533.00 *                            1.87 
Constant                                            -74442.76 *                        -1.88 
F                                                          6.73 
R squared                                             0.51 
      N                                                    174  

Note: * Significant at 10% level ** Significant at 5% level *** Significant at 1% level 

 The estimated marginal impact analysis was undertaken to observe the effect of change in 
temperature and rainfall on Arsi Negele farming. Table4.3 and 4.4 showed the marginal effects of 
a 1°C increase in temperature and 1mm increase in precipitation on crop net revenues for farmer 
in adaptation and without adaptation model respectively. For example, with adaptation model, a 
1°C increasing temperature during main rainy season and dry seasons significantly reduces the 
net revenue by 5179.65 and 704.19Birr per hectare respectively (table 4.3). How- ever, a 1°C 
increasing temperature marginally during the short rainy season and autumn seasons increase the 
net revenue per hectare by 1081.81and1542.67Birr respectively (table4.3). During short rainy 
season, a slightly higher temperature with the available level of precipitation enhances 
germination, as this is the planting period. During autumn, a higher temperature is beneficial for 
harvesting. It is important to notice that  most crops have finished their growing period by autumn, 
and a higher temperature quickly dries up the crops and facilitates its harvesting so, it has a 
positive effect on net revenue (Mendelsohn R & Dinar A, 2003). 
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Table4. 20: Regression results of model without adaptation: climate and soil variables 

Independent variable                     coefficient                                  T-statistics         
Summer temperature                       2134.72 *                            1.69 
Summer temperature sq                  -61.98  *                              -1.86 
Winter temperature                         -941.79*                              -1.50 
Winter temperature sq                     105.34*                                1.73 
Spring temperature                          300.75                                  1.39 
Spring temperature sq                     -22.16                                  -1.06 
Autumn  temperature                       5497.96 **                           2.40 
Autumn temperature sq                  -124.69 **                             -2.07 
Summer precipitation                     164.16                                    1.30 
Summer precipitation sq                 -10.32                                   -1.00 
Winter precipitation                        29.78                                     -1.07 
Winter precipitation sq                   -3.52                                       1.30 
Spring precipitation                      137.06                                     1.01 
Spring precipitation sq                -5.49                                        -1.40 
Autumn precipitation                 - 516.79 *                                 -1.57 
Autumn precipitation sq               55.02  *                                   1.70 
Clay soil                                       Reference group  
Sandy soil                                   -1884.35                                  -0.51 
Read soil                                     4737.23                                    1.25 
Black soil                                    4805.59 **                               2.34 
Constant                                     -106350.2                                  2.34 
F                                                      4.15                                              
R squared                                        0.22 
      N                                                  174  

Note: * Significant at 10% level ** Significant at 5% level  

Increasing precipitation by1mm during the main rainy season reduces net revenue per hectare by 
1184.00Birr but 1 mm increase winter precipitation reduces the net revenue by 328.9Birr. The 
reduction in net revenue per hectare during the main rainy season is due to the already high level 
of rainfall in the country particularly in central rift valley. During this season, increasing 
precipitation results in flooding and damage to field crops but in Ethiopia January and February 
are a dry season, so increasing precipitation slightly with the already dry season may encourage 
diseases and insect pests. During the period of (mid-September, October and November) a 1 mm 
increasing precipitation increases net revenue per hectare by 227.29Birr (table-4.3). As explained 
earlier, with slightly higher temperature and available precipitation (soil moisture level), crop 
germination is enhanced. Marginally 1mm increasing precipitation during the autumn also reduces 
net revenue per hectare by 358.80Birr (table-4.3). The reduction in net revenue per hectare with 
increasing precipitation during this season is due to the crops’ reduced water requirement because 
it is commonly known as harvesting season. More precipitation damages crops and may reinitiate 
growth during this season (Polsky C & Esterling W, 2001). 
Table 21:4 Marginal effects of climate variables on crop net revenue based on coefficients for model 
with adaptation (Birr) 

Climate variables         Main rainy 
season   

Dry 
season  

Short rainy 
season  

Autumn  
season  

Temperature     - 5179.65 -704.19 1081.81 1542.67 
Precipitation      -1184.00   -328.9  227.29 -358.80 

For the model without adaptation, a 1°C increasing temperature during main rainy season and dry 
season seasons significantly reduces the net revenue by 2010.76 and 731.11 respectively while 
1°C increasing temperature marginally during the short rainy season and autumn seasons increase 
the net revenue per hectare by 256.41 and 5248.54 Birr respectively (table-4.4). 
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Increasing precipitation by 1 mm during the main rainy season and dry season increase net revenue 
per hectare by 143.52and22.74 Birr respectively. During the short rainy season a 1mm increasing 
precipitation increases net revenue per hectare by 126.00Birr. Marginally a 1 mm increasing 
precipitation during the autumn also reduces net revenue per hectare, by 406.00Birr. As it is 
explained above, the reduction in net revenue per hectare with increasing precipitation during the 
autumn (mid-September, October and November) is due to the crops’ reduced water requirement 
during the harvesting season and more precipitation damages crops (Deressa et al., 2008). 
Table4. 22: Marginal effects of climate variables on crop net revenue based on coefficients for model 
without adaptation (Birr) 

Climate variables        Main rainy season   Dry season  Short rainy season  Autumn  season  

Temperature  -2010.76   -731.11 256.41 5248.54 

Precipitation  143.52 22.74 126.00 -406.00 

Adaptation has an advantage of the positive effects of climate change while reducing the negative 
ones. In table-4.3 one would expect that, inclusion of adaptation related variables (socio-
economic variables) will increase the relationship between climate variables and crop net revenues 
for positive values and reducing the negative values. Thus including adaptation variables may help 
reduce the negative effects and take advantage of the positive effects of high temperatures. For 
example, in adaptation model, the negative effects of the dry season temperature have decreased 
while without adaptation model the negative effect of temperature increase from-704.19 birr to -
731.11Birr respectively. However, for main rainy season temperature, the inclusion of adaptation 
related variables rather aggravates the negative effects of increased temperature, the estimated 
negative effect is -5179.65Birr whereas without adaptation model with the negative effects was 
estimated as -2010.76Birr reduced per hectare. According to (Dinar et al., 2008) findings, even 
though the adaptation related variables are important in helping to control climate effects, if they 
are not properly implemented they may rather aggravate the problem. One can see that how the 
inclusion of socio-economic variables improved the model, as is it indicated the R-squared values 
from without and with adaptation models as that indicated the relative higher R-squared for the 
two models ranging from 22% to 50%. This implies that the socio-economic variables are 
important in explaining better for crop revenues. 
3.2. Farmers’ perceptions and adaptation to climate change 
The survey instruments were designed to capture farmers’ perceptions and understanding of 
climate change as well as their approaches to adaptations. From the three kebeles, the farmers 
were asked about the trends of climate parameters of temperature and rainfall is shown below.  
Table 4.23: Households’ perceptions on climate change over the last two decade (Percentages). 

 Hadha Boso kebel (LL) (%) Kersa Ilala kebele (ML) (%) Meraro kebele (HL) (%) 

Directions  Rainfall Temperature Rainfall  Temperature Rainfall  Temperature 

Increasing 18.97 65.97 26.92 60.46 28.13 53.13 

Decreasing 70.69 17.69 61.54 29.62 46.88 34.38 

The same 10.34 16.34 11.54 9.92 24.99 12.49 

Total  100 100 100 100 100 100 

As one can see from (table 4.5), 77.59% of selected households have perceived as climate is 
changing while the corresponding response 22.41% of the rest didn’t perceived  for this climate 
change in the last two decades. According to Diggs (1991) findings, farmers living in drier 
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(lowland) areas with more frequent droughts are more likely to describe the climate change to be 
warmer and drier than farmers living in relatively highland areas with less frequent droughts. In 
Ethiopia, particularly central rift valley, lowland areas are drier with higher drought frequency 
than other areas (Bezabih et. al; 2010). Thus, it is hypothesized that farmers living in lowland 
areas are more likely to perceive climate change as compared to midland and highlands. In general, 
increased temperature and declined precipitation are the predominant perceptions in the study 
areas. 
3.3. Traditional adaptation mechanisms of climate change by local farmers  
The extended increasing temperature, combined with the declining of the rain fall and the 
frequency of the drought, as well as deforestation and land  degradation of the soils, have resulted 
in decline of  crop yields. According to Deressa et al. (2008) findings, crop yield was declined by 
32.8% as result of shocks such as drought and flood etc. Farmers therefore trying to develop their 
own strategies to cope climate change impacts. Maddison (2006) argued that adaptation to climate 
change is also a two-step process that involves perceiving that climate is changing, and then 
responding to changes through adaptation strategies.   
The adaptation methods most commonly cited in the literature include the use of new crop 
varieties irrigation, crop diversification, mixed crop, livestock farming systems, changes of 
planting dates, diversification from farm to nonfarm activities, increased use of water and soil 
conservation techniques, and trees planted for shade and shelter (Mukheibir and Ziervogel, 2007).  

 
Figure 4.7: Adaptation methods in the study site 

As shown in figure-2, most of the farmers did at least something in response to climate changes. 
This indicated that they are aware of the changing climatic conditions. Some farmers did not use 
any adaptation option.District farmers were asked about their perceptions of climate change and 
their actions to offset the negative effects of climate change. As responded by farmers one can 
deduce that farmers actions were driven by climatic actions and the result were similar to the 
findings of (Mukheibir and Ziervogel, 2007). The decision makers should integrate the strategies 
actually adopted by farmers to help in the improvement of agriculture. The development of 
research to create new varieties adapted to climate context should be given a high priorities. Given 
the high percentage of households without any adaptation, the government should develop a strong 
system for the provision of information and sensitization of farmers to show them the importance 
of having strategies for adaptation to climate change (Molla, 2009). 
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3.4. Major Barriers  of climate change adaptation in the study area  

 
Figure 4.8: Barriers to adaptations identified by local farmers 

 
3.5. Major effects of climate change on agriculture in Arsi Negele  
 From the figure-4.17 below, one can see that the summary statistics of the effect of climate change 
on agricultural practices in the three study kebeles based on the household interviewed results.  

 
Figure4. 9: Major effects of climate change on agricultural production in study area 

According to figure-4.17, the various effects faced by farmers due to climatic change are 
presented.  For example, respondents, 48.28% lowlands 53.85% of mid land and 50.00% in 
highlands were answered that crops were sometimes failing. On average 46.55% of low land 25.00 
% of mid land and 35.94% highland faced crops are totally failing, on average 79.31 %of lowland 
78.85%of mid land 57.81%of high land responded that due to climate change, production per 
hectare is decreasing. As interviewed farmers claimed that there were reductions of crop yields 
because due to changes in rainfall temperature patterns. From the interviewed households  as 
indicated in figure-4.17, the 15.52% 19.23% and 26.56% of respondents from low land, mid land 
and highland respectively answered  production per ha is increasing. Thisi might be because of 
using different adaptation mechanizes that can increase their production against temperature and 
rainfall variation 
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4. Conclusion and Recommendation  

4.1. Conclusion 
The estimated results indicated that climatic variables mainly temperature and precipitation are 
very relevant for agricultural activities, and to some extent, climate impact also found to have non-
linear relationship with net revenue. Climatic variables, especially temperature and precipitation, 
are useful to crop production but turning out to be negative beyond a certain limit. The estimated 
results obtained from analysis of marginal effect indicated that there is significant effect of climate 
change on the magnitude and fluctuation of crop productivity. Interpretations of results obtained 
from this study indicate that increasing temperature and decreasing rainfall generally have 
negative impact on crop productivity. However, at local level, some farmers experienced positive 
effects from increased precipitation while others experienced negative effects as results from 
interviewing farmers suggested. This is a reflection of the unclear impact of change in 
precipitation on crop activities in the area. It is also a reflection of the high degree of variability 
of the rainfall experienced in the recent past. 
The socio-economic and/or adaptation related variables in controlling climate effects play a 
crucial role for the betterment of agricultural practices. The size of cropland area is an important 
factor, especially for large family size households, since a larger area enable them to spread their 
risk from adverse climate effects and thereby to reduce the net effects from the change. Larger 
cropland area may provide better opportunities for efficient use of resources and the possibility of 
growing different crop types. Livestock rearing was also found to be a possible adaptation option 
especially in dry areas. Livestock farming is better practice in response to adverse climate effects 
because in most cases they have limited alternatives. Easy accessibility of markets relatively helps 
farmers get higher prices for their products. This helps them to cover additional costs caused by 
the adverse effects of climate change. Accesses to extension and credit services have positively 
influenced farming activities. 
The study also assessed farmers’ perceptions of climate change and the extent to which these 
perceptions have influenced their current practices with respect to adapting with changes in 
temperature and precipitation. Most of the interviewed farmers for the studied kebeles perceived 
that they have observed the changing temperature and precipitation, such as reduced amount of 
rainfall (59.7%), increasing temperature (60%), shift in the timing of rainfall and shortened period 
of raining days. They also stated that these changes have been affecting their farming activities. 
Given this perception and depending on the farming system, farmers have practiced several 
adaptation mechanisms.  
4.2. Recommendation  

• There is a need to support farmers’ adaptation capacity and improving their crop production 
efficiency to overcome future scenarios of climate change impacts.  

• Provision of training to farmers on various modern farming rearing becomes quite important. 
Proper and efficient extension services are also possible adaptation options. Hence, it is, 
therefore, important to revisit the extension services provided to farmers and improve their 
efficiency of crop production. 

• Irrigation activities should be implemented in the plain areas where rivers can be used best, as 
this helps to overcome the hazards created on agricultural sector in the periods of rain shortage 
particularly in low land part of the district. 

• The results in this study are based on general agricultural crops produced by farmers. Given 
that different crops have different climate requirements, future studies need to focus on 
specific crop responses and adaptations strategies. 
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• The full impact of climate change on crop production would be better assessed with time series 
climate data. Long term changes in agricultural production may better reflect the impact of 
long term climate change than one time estimates of production. So, continuous climate data 
collection and recording should be maintained. 
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Abstract  

This study sought to determine farmers’ willingness to pay (WTP) for 2-wheel tractor hiring services (THS) 
in Northwestern Ethiopia. Survey questionnaire related to contingent valuation method (CVM) were 
designed and face to face interview were made to collect the data. Moreover, focus group discussion was 
used to generate qualitative information on households' characteristics. Both purposive and stratified 
sampling techniques were used based on gender, wealth class and soil type of the sampled households. For 
the study, a total of 144 farm households  following CVM approach with an open-ended follow-up question 
used to select the sampling  . The study result indicated that the mean amount of money farmers are willing 
to pay was 1121.026 Ethiopian Birr  (56.05 USD) per hectare. Econometric results confirm that education 
level  and land size of households, male labor availability and soil type were the factors that affecting 
farmers' level of willingness to pay positively. However, age of households and tropical livestock unit 
(TLU) were the factors that affected the same negatively. About 80% of the sampled farmers were willing 
to use 2-wheel THS. The finding of this study showed that farmers demand for improved 2-wheel THS is 
high and  hence, there is a need to consider the above factors to introduce the THS  for cultivation practice 
in the study area. 

Keywords: Willingness to pay, 2-wheel tractor, Tractor hiring service, Contigent valuation 
methode. 
 

1. Background   

Agriculture is a means of livelihood for 85% of the Ethiopian population. It contributes about 40% 
of the GDP and generates over 80% of export earnings [1]. Ethiopian economy grows on average 
at a rate of 10.3% annually [2]. In the highlands, mixed farming (grain and livestock) system is 
prevalent. Nearly 80% of the population lives in only 37% of the total land mass, while the 
remaining 20% inhabits 63% of the total land mass [3]. 
Ethiopian agriculture is mainly rain fed with two rainy seasons: June–September (Meher season) 
and February–May (Belg season). The country’s total arable land is 74 Million hectares [4]. At 
present, only about 25 per cent of its arable land is cultivated, and the agricultural sector is 
dominated by subsistence rain fed farming method, using inputs and characterized by low 
productivity [5].  
The main sources of power to carry out agricultural operations are humans and animals. Oxen 
play an important role in meeting the farm power requirements of tillage practice. However, the 
ox ploughing system is currently under stress because of shrinking cultivated areas per household, 
reduced fodder availability and land degradation [6]. Hence, soils in Ethiopia are traditionally 
ploughed repeatedly with an oxen-drawn plough called Maresha before sowing [6]. Its simplicity, 
light-weight and the low cost of  Maresha  makes it popular by small scale farmers of Ethiopia 
[7].  
Farmers of Ethiopia are diverse. There are approximately 14.7 million households, of which, 
approximately 60% operate on less than 1 hectare of land while only 1% of farmers  possess a 
land greater than 4 hectares. Ethiopian farmers can generally be categoriesed as 1) Marginal 
farmers-farmers that won a farm size of less than 0.5 hectare and represent approximately 36% of 
the rural households; 2) Small farmers - farmers that own farm size between 0.5 and 1 hectare;  3) 
Semi-medium farmers - farmers that own farm size between 1 and 2 hectares; 4) Medium farmers 
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- farmers that own farm size between 2 and 10 hectares; and 5) Large farmers - farmers that own 
farm size that is  greater than 10 hectares [8]. 
Traditional tillage method with the maresha plough requires repeated plowing with two 
consecutive tillage operation carried out perpendicular to each other. This requires longer time for 
seedbed preparation and consumes high animal and human energy.  
Literatures indicted that about 29% of Ethiopian farmers have no oxen, 34% have one, 29% have 
two and 8% have two or more. Hence, more than 60% of the farmers have to rent in or borrow 
one or two animals for cultivation [5].  Small farmers who rely on oxen of others for land 
preparation cannot plough at the right time (due to short preparation time at the onset of the rainy 
season) and pay between one quarter and half of their output of cereals and pulses for hiring a pair 
of oxen. Delayed planting shortens the length of the growing period available for the crop and 
reduces crop productivity[9]. Moreover, the maresha ploughing system exposes the soil to erosion 
and can be expensive for farmers without oxen.  
Access to oxen can be seen to be more important than land size in the Ethiopian context, because 
without the oxen, the land cannot be cultivated. It is also more difficult for farmers without oxen 
to intensify production, as a part of the surplus is reserved for the oxen owner [6]. The results of 
this research explains that an increasing number of farmers are not able to maintain a pair of oxen. 
One of the main reasons is the reduced farm size, resulting in reduced fodder availability to feed 
oxen (and other livestock)[6]. A pair of oxen consumes about nine tonnes of forage per year and 
with increased land use, there is less communal land for grazing and raising livestock, especially 
in densely populated areas. Another reason why oxen are less available than earlier times could 
be due to the fact that farmers having oxen prefer to sell them after fattening.  
Improved equipment for animal traction has been pursued by research, but with little effects and 
this still has the disadvantage of oxen. Implements for row seeding as well as mechanical weeding 
are not available. Farm mechanization has progressed little in Ethiopian smallholder agriculture. 
Ethiopia has a long history of involvement with the introduction of tractors (especially four-wheel 
tractors). To nurture agricultural mechanization, both irrigated and rain fed state farms have 
played a very big role. During the second period of the previous socialist regime, large mechanized 
state farms were established (about 200,000 hectares) out of which about 47,000 hectares were 
irrigated [10]. In the 70s to 90s, government operated tractor hire schemes were introduced. These 
were later abandoned; partly due to heavy financial burden on the government as a result of 
subsidizing the service [11]. However, farm mechanization has progressed little in Ethiopian 
smallholder agriculture due to cost and fragmented land holding.  
Over the last four years particularly since 2011, the use of  various  types of tractors has shown a 
definite increased trend (for example, number of imported 4- Wheel tractors increased from 547 
in 2005  to 2940 in 2013 ,  and to 4375 in 2014. The reasons were mainly due to increased attention 
of the government for commercial farmers, availability of commercial financial support for 
investment and increased foreign direct investment. However, the demand for 2-wheel tractor is 
scant and only few farmers are using it [12]. 
In order to overcome these challenges of  the traditional ploughing system, looking for appropriate 
ploughing method is vital for improved  agricultural practices (soil fertility management, seedbed 
preparation, row seeding and planting,) and efficient use of agricultural inputs. Hence, introducing 
appropriate mechanization technology like 2-wheel tractor hiring services (THS) would benefit 
the farm household economy. The study therefore, tries to analyze the farmers' willingness to pay 
for THS and identify factors that affect price level to tractor hiring services. 
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2. Research Methodology 

2.1. Description of the study area 
The survey was conducted in selected three capacity building for scaling up of evidence based 
best practices in agricultural production in Ethiopia (CASCAPE) project intervention  Kebeles 
(lowest administrative unit in Ethiopia) including Jigna, Tagel wedefit  and Ahuri keltafa found 
in Dera, Mecha and South Achefer districts, respectively. These districts are located in the high  
crop producing region of the country where about one third of the national crop produce is coming 
from.  Mixed farming practice (crop production &l livestock rearing) is common and 
supplementary irrigation practice is used during the dry season. The common dominant crops 
grown in the area are maize (Zea mays), rice (Ariza sativa), onions (Allium cepa), finger millet 
Eleusine coracana L. Gaertn), teff (Eragrostis tef), chick pea (Cicer arietinum), potato (Solanum 
tubersum).   The dominant soil types in the areas are Nitisols and Vertisols. The lands mainly have 
flat to gentle slopes that are suitable for mechanized agriculture.  
 

2.2. Sampling techniques. 
Two stages sampling technique was used by selecting the districts first followed by selection of 
Kebeles. In the first step, 3-districts were selected purposively, because of two major reasons: 1) 
The districts areas are high producers of food crops in Amhara region (North West Ethiopia);  and 
2) The area has huge potential for irrigation due to the presence of Lake Tana, Koga irrigation 
scheme and several rivers. In the second stage, 3 kebeles were selected based on geographical 
location, soil type and accessibility to introduce 2-wheel tractors hiring services. The respondents 
were selected based on the pre-defined criteria  of wealth class (richer if the household owns two 
or more oxen and poor if households own one or no ox [13, soil type (black and red soil),  
accessibility and crop type (maize and rice potential districts). A total of 5,154 households are 
found in the three kebeles distributed in Tagele wedefit (1,558 HH), Ahuri keltafa (2,104 HH) & 
Jigna (1,492 HH). A proportional random sampling technique was used to identify the 
respondents and a total of 144 households were selected for the study. To estimate the sample 
yemane formula were used  [14]. 

)(1 2eN
Nn

+
= ,                                                                                                              

Where, n is the sample size, N is the population size and e (5%) is the level of precision.  
2.3. Type and source of data  
In the study, both primary and secondary data were collected using structured questionnaire. The 
data included household characteristics like demographic characteristics, livestock ownership, 
description of weeding and ploughing practices, past experience in mechanized agriculture, 
farmers' perception, labour and oxen challenges of ploughing, present situation and current 
ploughing and weeding practices and willingness to pay for 2-wheel tractor services. The 
questionnaire was pre-tested for the validity of the questionnaire before the actual survey was 
conducted. Moreover, focus group discussion (with 8-12 members) were conducted in the three 
districts to collect qualitative data about farmers' willingness to pay and information about 
problems of ploughing, weeding, THS services that will supplement the data obtained during the 
household survey. Depending on the result of preliminary survey, initial bids were determined 
using open-ended contingent valuation (CV) format [15, 16, 17, 18]. 
For the CV survey, face-to-face interviews technique was used.   Farmers were briefed about  the 
2-wheel tractor technology before they were interviewed. As a result, initial  open-ended questions 
were randomly assigned to 144 sampled households in the final survey. Finally, the cross-sectional 
data were collected through a well designed contingent valuation survey questionnaire. 
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2.4. Methods of data collection 
2.4. 1. The contingent valuation method  
Contingent Valuation Method (CVM) is among the stated preference valuation approaches (non-
market goods) and is based on direct opinions of individuals [19]  (Tang et al., 2013). Since the 
1960s economists have used CVM to value various environmental goods [20]. The theoretical 
foundations of CVM are in the random utility theory [21]. It is assumed that respondents know 
which choice maximizes their utility. The respondent households are initially asked whether or 
not they would be willing to pay a specific amount for the service received. When a respondent is 
asked one dichotomous choice question, where the response will be either “yes” or “no” depending 
on the individual’s willingness to pay (WTP)  and the proposed bid value. To improve the 
precision of the WTP estimates, in recent years, researchers have introduced follow up questions 
to the dichotomous choice payment question which can increase efficiency [22, 23 ]. 
The advantages of using the CVM is firstly, it is simple to understand. It also minimizes the 
possibility of strategic biases [24, 25, 26]. In addition, CVM is relatively information-rich in terms 
of the characteristics of the data of respondents and does not rely on secondary data. It is frequently 
used in developing countries where markets are more imperfect[27]. However, this method has 
some disadvantages. It is easy for the respondent to introduce a “strategic bias”, by stating a 
willing to pay or willing to accept lower or higher than the true one to influence the decision 
making process. It also used a sophisticated statistical and estimation method to analyze 
qualitative responses. Moreover, only limited information can be obtained from respondents and 
this method also requires appropriate ranges of values [28]. However, many scholars agreed that 
there is no other best method which is appropriate unlike this method to evaluate WTP for 
hypothetical market estimation over the past fifteen years [29].  In order to obtain the respondents’ 
WTP by CVM, different types of elicitation formats have been used. These include open-ended 
formats , the dichotomous and doubted bound choice approach [30, 31]. 
Open-ended or elicitation format is where the individual is asked to state a maximum WTP or 
minimum WTA for a described environmental change. In this case, descriptive statistics (such as 
means and medians) can be used to obtain rough indications about the respondents’ value 
judgments. For the open ended contingent valuation survey responses, the maximum figures for 
the willingness to pay reported by the respondents can simply be averaged to produce an estimate 
of mean willingness to pay (FAO, 2007). The main drawback of this approach is that it is easy for 
the respondent to introduce a “strategic bias” by stating a WTP/WTA lower or higher than the true 
one to influence the decision making process. This problem can be avoided by designing better 
CVM questionnaire and surveys [32] 
The dichotomous choice approach includes single-bounded and multiple bounded choices. It was 
developed to overcome the limitations of the elicitation formats that were used at the early stages 
of CVM studies [33]. In the single-bounded dichotomous choice approach, a randomly selected 
single amount of bid is offered to the respondent and the respondent provides an answer of “yes” 
or “no”. The “yes” or “no” answers from the respondents are converted to a variable and WTP is 
estimated from the statistical models based on the probability of “yes” or “no”, the bid amount 
and other socio-economic variables [33]. If the Initial bid value is significant and positive, there 
is a bias on the starting bid value; otherwise there is no bias (28). 
The double-bounded dichotomous approach, which is one of the multiple-bounded dichotomous 
approaches, is similar to the single-bounded dichotomous approach, but offers each respondent 
the bid twice. If the respondent answers “yes” when the initial bid is offered, a higher bid is offered 
and the respondent who answers “no” to the initial bid is offered a lower bid. Due to this reason,  
this approach generates more information from each respondent [33]. The double-bounded format 
has, however, been thought of to be the most efficient in minimising the tendency for the 
respondent to say “yes” continuously [34]. 
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Although the double-bound format for the discrete choice contingent valuation method has the 
benefit of higher efficiency in welfare benefit estimates than the single-bound discrete choice 
CVM, it has been subject to criticism due to evidence that some of the responses to the second bid 
may be inconsistent with the responses to the first bid. As a means to reduce the potential for 
response bias on the follow-up bid in multiple-bound discrete choice formats, introducing the one-
and-one-half-bound approach would present a real-world application [35]. Therefore, particularly 
for this study, double contingent valuation approach was employed based on pre-specified % or 
value that farmers are willing to pay [36]. 
2.4.2 Description of the technology (CV- scenario)  
a) RUMPTSTAND two wheel tractors is a multi-purpose plowing machine and it works like  

farmers' ploughing practice with a hand hoe which could make it successful in African 
markets (Figure 1a) The small size of the tractor  and the possibility of  making many of its 
parts locally makes it easily accessible by private investors, small holder farmers or 
cooperatives  in Ethiopia. 

b) Oxen plowing:  this is a locally available technology which is made of metal ploughing end 
called Marasha (Figure 1b). An ox ploughing in Ethiopia is common practice and was started 
3000 years ago in the highland parts of Ethiopia. 
 

  
Figure 1. Rumpstad two wheel tractor (a) and an oxen plough (b) 

2.4.3. Data analysis  
The choice of econometric model depends on the nature of the dependent variable. The farmers' 
expenditure for tractor hiring service was tried to be estimated  using CVM. This method used 
econometric approach called tobit model. For the analysis of willingness to pay, following CVM 
different approaches have been used by different authors. Probit model was used for estimation of 
willingness to pay for national parks [37], improved forage seeds [38], willingness to pay for 
potato seed tubers [28], and willingness to pay for agricultural services [39]. Other researchers 
also used tobit model to analyise tractor services price determinants in Oromaya region [40]. The 
double hurdle probit model in estimating consumers’ willingness to pay for the analysis of fresh 
apples and tomatoes in U.S.A [41]. For this research analysis, tobit model was applied to analyze 
farmers' maximum willingness to pay for THS in the study area. 
For model specification, the sampled household is either willing or not willing to pay for the initial 
bid value offered for 2-wheel THS service [42,43]. A tobit model is expressed by the formula: 

8 8 
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3. Result and Discussion  

3.1. Descriptive analysis 
Among the respondents, about 30 percent of them were female headed households (HH) and 70 
% were male headed. Male headed HH were more willing to use THS than female headed HH.  
About 36% of the respondents were illiterate and the rest were educated (grade one to nine). With 
regard to the wealth status of the respondents, 67% were rich (having two or more of oxen) and 
32% were poor (having one or no oxen). The chi-square test reveals that three discrete variables 
(sex of HH, modelness of farmers and tropical livestock unit) showed statistically significant 
differences between the two groups at, different probability levels, respectively to pay THS. 

Table 1 Descriptive statistics of categorical variables of the HH. 

Descriptive  characteris
tics 
  

  
  

Willingness  to pay  test  

No Yes Total Chi2 

1.Sex of household  
   Head 

Male 16 85 101 2.80* 
15.8% 84.2% 100.0% 

Female 12 31 43 
27.9% 72.1% 100.0% 

2.Model or none  
    model farmer 

Model  15 32 47 6.76** 
31.9% 68.1% 100.0% 

Non model  13 83 96 
13.9% 86.1% 100.0% 

 Poor  (HH owing one 
or no ox) 13 34 47  

3.Wealth  status of HH  27.7% 72.3% 100.0% 5.07* 
 Rich  (HH owing two 

or more oxen) 15 82 97  

  15.5% 84.5% 100.0%   

 and *** = significant at 5%, and 10% levels of significance, respectively 
The average age of the sampled household was 42.4, with standard deviation of  8.72. Older 
groups were less likely more willing to use THS than younger ones (p<0.48). The average land 
size was one hectare of land and the maximum was 3 hectares of land. Farmers having larger land 
size are willingness to use tractor hiring services than otherwise. On average, the average family 
members of the HH were 5, the maximum was 13 and the minimum was 1. Farmers having larger 
family size are not statistically different in on willingness to use THS ( p<0.37) from farmers 

0Y* if YY *
i >=
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having smaller family size. A common finding that emerged from various studies was that 
tractorization displaced mainly bullock labor, but its impact on man-power was much less. Other 
studies concluded that owing to this relatively low displacement of man power that was 
unavoidable, mechanization should not be viewed in isolation [44]. Similar study also confirmed 
that the two-wheel tractor saves time and energy; it ploughs twice faster than oxen [45]. 
Similarly, the average off farm income of the HH was about ETB 2854.50. Farm HH who have 
higher income are willing to use THS but there is no statistical association between  income and 
WTP. The average tropical livestock unit (TLU) was 5.07, with the maximum of 18.42 and the 
minimum of zero. Hence, farmers having higher TLU were willing to use THS than otherwise. 
There is a strong association between TLU and willingness to use THS  (P<0.08). 
Table 2 Descriptive Statistics of Continuous Variables 

Descriptive 
characteristics 

Willingness 
to pay Obs Mean Std. Err. 

Std. 
Dev. 

[95% Conf. 
Interval] t-value 

Age of HH 
 

No 27 43.48 1.94 10.07 39.5 47.47 0.713 
 Yes 115 42.15 0.78 8.41 40.59 43.70 

Land size 
 

No 28 0.92 0.09 0.45 0.75 1.1 -1.880* 
 Yes 116 1.14 0.05 0.57 1.03 1.25 

Off-farm income 

No 3 1462.67 776.78 1345.43 -1879.6 4804.9 -0.706 
 Yes 9 3100 1276.93 3830.8 155.39 6044.61 

Family size 

No 28 4.89 0.47 2.5 3.92 5.86 -0.897 
 Yes 116 5.38 0.24 2.59 4.9 5.86 

Tropical  
livestock unit 
(TLU) 

No 28 4 0.68 3.6 2.61 5.4 

-1.759* Yes 116 5.34 0.33 3.6 4.67 6 

Proportion of 
heavy soil 

No 28 0.02 0.02 0.09 -0.01 0.06 -3.62*** 
 Yes 112 0.31 0.04 0.41 0.23 0.38 

Oxen number 
 

No 28 1.39 0.19 1.03 0.99 1.79 -1.94* 
 Yes 116 1.88 0.11 1.22 1.65 2.1 

Female labour 
  

No 28 1.32 0.25 1.33 0.8 1.84 -0.97 
 Yes 116 1.53 0.09 0.95 1.36 1.71 

Male labour 
 

No 28 1 0.2 1.05 0.59 1.41 -2.46* 
 Yes 116 1.61 0.11 1.21 1.39 1.83 

 
3.1.1. Experience of Tractor cultivation in the study area 
In the study area, farmers used to plough their field using traditional plough. However, `they were 
asked whether they had experience in using tractor or not and the result indicated that about 54% 
of them had long experience in the use of tractor. The explained that during the previous 
government (DERGU regime) state owned farms mainly used large scale mechanization. The 
survey result also indicated that the farmers would accept 2 wheel THS services if a tractor would 
be available in the area, about 80% of the sampled farmers are willing to use tractor use /hiring 
services. However 20% pf them refused due to the following reasons, the reasons are:- Due to 
high depth ploughing results to reduce yield, farmers smaller land holding, farmers  awareness 
about the benefit before and High cost of ploughing are  the common one . 
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Table 3 Experience and willingness THS  

 Willingness ( experience ) of HH Frequency Percent (%)    
i. Do you have experience in using a tractor?                                                                    
               No 
              Yes 

 
67 46.5 
77 53.5 

              Total 144 100 
ii.  In case a tractor would be available in your 

community, would you be willing to try it? 
 
 

 
  

               No 
              Yes 
             Total 

28 19.4 
116 80.6 
144 100 

 
3.2. Farmers willingness to pay for Tractor hiring service (THS) 
The descriptive result showed that the mean value for willingness to pay for tractor service were 
found to be 280 ETB (standard deviation = 265.68 ETB) per timad(one fourth of a hectare). The 
result showed that the respondents were willing to pay  equevalant to  the average of WTP. 
The result of the contingent valuation survey demonstrated that the willingness to pay of sample 
households ranges from the minimum 50 ETB to the maximum 1500 ETB per timad.  
Many researchers explained that if a respondent indicates a willingness to pay for the first offered 
amount, the next higher amount is presented to him/her to elicit his/her maximum WTP but if the 
respondent is unwilling to pay the first offered amount, the second bid which is less than the first 
amount is presented [46, 47] . On this procedure  to reduce the potential for response bias on the 
follow-up bid in choice formats such as the double bound model [48] uses the one-and-one-half-
bound approach  elicitation  in order to present a real-world application. Hence, following sets of 
bids were determined for double bounded dichotomous choice format by making twice the initial 
bid if the first response is "Yes" and half of it if the response is "No"[49]. Thus, sets of bids for 
THS were (100, 200 and 300 ETB per timad). 
In first scenario (Bid 1), The data obtained from the survey depict that the minimum bid amount 
was set and 81 (56.2%) of sampled farmers are willing to pay (the yes-yes response) for 2-wheel 
tractor hiring services for the first offering price (amount) and 63 (43.8%) of the respondents (yes-
no) response were not willing to pay for starting bid amount for THS. In the first scenario (starting 
bid), the improvement of the service quality was proposed. The second maximum amount was set 
and the respondents were asked to pay the maximum amount, the result indicated that  38.4% of 
the willing respondents would have WTP between 350 and 550 birr annually per timad   and 
27.9% would have WTP between 500 and 750 ; and 18.6% agreed to pay between 800 and 950 
ETB per year. 
In the second scenario (next bid), the improvement of the service quality was proposed and the 
respondents who accepted the first offered amount were again asked whether they will pay or not 
the next higher amount. The result indicated that 56.9% of them were not willing to pay (Table 
4). 
In seconded scenario, among the respondents who replied to the first offered amount, 29 (46%) of 
the respondents accepted the next minimum offered amount; contrary to this, 34 (54%) of the 
respondents refused to pay the amount which is less than the first offered amount. In this case, 
open ended question was prepared to elicit the minimum amount this group of  respondents are 
willing to pay for the stated. 
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Table 4   Joint repose of stated bids of THS   services (2-wheel THS) 

Joint repose of willingness 
Farmers 
Response 

Frequency Percent (%) 

yes-yes 33 22.92 
yes-no 48 33.33 
No-yes 29 20.14 
No -no 34 23.61 
Total 144 100 

 
Besides, the respondents were asked about their willingness to pay the maximum amount if there 
answer was yes-yes to the first bid and the minimum amount if their answer was no-no for the 
first and the next minimum bids. As the result of the contingent valuation method, 33 (22.92%) 
of the respondents were willing to pay the maximum amount beyond the stated bids; on the other 
hand, 34 (23.61%) of the respondents refused to pay both the first and the next minimum bid 
(Table 4). About 80% of the farmers are willing to accept 2wheel THS. The demand curve for 
willingness to pay indicated that the number of respondents decreases if the bid gets higher and 
higher (Figure 2). 
Figure 2. Demand curve of sample respondents for 2-wheel THS 

 
 Willingness to pay (ETB) 
3.2. Econometric result  of tobit model.  
The tobit regression was estimated for the number of variables which were expected to affect how 
much the farmers are willingness to pay for the 2-wheel THS services. These variables included 
sex of household head (SEX), age of household head (AGE), education level of household head 
(EDUCLEVEL), modelness of a farmer (MODELFARMER) farm land size ( LANDSIZE), male 
labour (MALELABOUR), Female labour (FEMALABOUR), ploughing frequency 
(PLOWFREQ), herbicides use (HERBCIDUSE), experience of tractor use (EXPTRACTOR), 
number of oxen owned (OXENOWNED), proportion of heavy soil (SOILTYPE), family size 
(FAMLYSIZE) and livestock owned (TOTAL_TLU). Four of the variables (Education level, land 
size, male labour and soil type) were found to be significantly affected WTP positively; while, 
two of of them (age and TLU) were significantly affecting WTP negatively (Table 7).  
The result of the study showed that age of respondent has a negative association  with willingness 
to pay for hiring services (P<0.05). It suggests that as the farmers age increased their willingness 
to pay for a 2-wheel tractor service was less likely. This might be due to the fact that aged 
household heads may confront cash constraint when his/her age gets older and older. As household 
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age increases by one year, the probability of willing to pay for 2-wheel THS decreased by 32%. 
In terms of financial terms, the the amount of payment will reduce by 141 ETB as the age of the 
hoousehold's head increases by one year. This reseach output is consistent with study by[41], 
which explains that age of consumer has a negative effect on the willingness to pay for fressh 
apple and tomatos.  
Education level of households is one siginifcant variable which encourges tractor hiring services 
for households if available in the area. The result of the study indicated that, farmers who have 
higher level of education were more willing to pay for 2-wheel THS (p<0.05). The marginal effect 
shows that the probability of willing to pay for a tractor hirring service will increase by 12% if 
farmers' level education is increased by one unit. The result was also in line with the study by [40].  
Land size was expected to have a postive effect on willingness to pay. As land size of househoulds 
increases, the probabilty of willing to pay for 2-wheel THS increases (p<0.05). In other words, 
the probability of willing to pay for THS will increase  by 15.8%  if  land size  increased  by one 
hectar.  The marginal effect shows that  a one unit increase in hectare of land will cause a 13% 
increase in the probability of willing to  pay for THS. Study by [50], indicated that small farming 
and scattered agricultural holdings is a major inhibiting factor affecting mechanization in Iran. 
This is also similar in the study by [51], on adoption of Aagro-mechanical technology in rice 
cultivation in Kerala. In similar studies, research work done on tractor use on rice farms in 
Philippines indicated that small parcels and the prevalence of small farms also make tractor use 
uneconomical since both two- and four-wheel tractors are indivisible capital-intensive [52]. 
Farmers that used  male labour were more willing to pay than farmers who use female labour 
(P<0.05) This shows that male labour aviability in the households is an important variable in 
explaining willingness to pay for for 2-wheel THS. Farmers using male labour have a 7% more 
chance of being willing  to pay  for the THS compaired to those who use female labour. Studies 
from Oromia Region in Ethiopia showed that factors like labor availability (hired and family 
labour) determine willingness to pay for tractor services[40]. 
Soil type associated postively with willingness to pay for 2-wheel THS.  Farmers having  heavy 
black Vertisols are more likely to use THS for cultivation compaired to farmers  having red 
Nitisols (P<0.01).  The marginal effect shows that there will be a 15% chance more likely to pay 
for THS service if farmers own black soil than red soil. A congrant study by  [53] reaveled that  
agroecological conditions are one of the main factors that  affect  the willingness to pay less and 
more amount of hiring services. 
The study indicated that total number of animals possessed by the  household measured in tropical 
livestock unit (TLU) is associated negatively with the willingness to pay to THS (p<0.1). This 
could be due to the fact that, farmers having more oxen  may prefer use of oxen  power than hiring 
a 2-wheel tractor. Morover, oxens are culturaly liked with farmers livelyhood. The marginal effect 
shows that an increase in TLU by one unit leads to  a decreas  of the willingness to pay for THS 
by 3% (Table 5). Contrary to this result, farm households with a larger livestock herds have a 
higher chance of willing to pay for the improvement for irrigation [54].  
 
  



Proceedings of the 5th Annual National Conference, CAES 

313 

Table 5. The effect of different variables on willingness to pay for THS 
HOWMUCH Coef. Std. 

Err. t P>t [95% Conf. Interval] Probability 
Uncensored 

SEX 44.80 40.12 1.12 0.266 -34.65 124.25 0.084 
AGE -171.13** 80.93 -2.11 0.037 -331.41 -10.84 -0.320 
EDUCLEVEL 63.42** 30.72 2.06 0.041 2.57 124.26 0.119 
MODELFARMER 48.85 32.78 1.49 0.139 -16.07 113.76 0.091 
LANDZIZE 75.95** 32.22 2.36 0.020 12.15 139.75 0.142 
MALELABOUR 35.68** 11.50 3.1 0.002 12.91 58.46 0.067 
FEMALABOUR -12.47 12.97 -0.96 0.338 -38.15 13.20 -0.023 
PLOWFREQ 1.35 12.00 0.11 0.911 -22.42 25.11 0.003 
HERBCIDUSE 29.12 26.64 1.09 0.277 -23.65 81.89 0.055 
EXPTRACTOR 24.00 28.01 0.86 0.393 -31.47 79.47 0.045 
OXENOWNED 29.95 24.14 1.24 0.217 -17.87 77.76 0.056 
SOILTYPE 78.22* 41.12 1.9 0.060 -3.22 159.66 0.146 
FAMLYSIZE 1.29 5.32 0.24 0.809 -9.25 11.83 0.002 
TOTAL_TLU -15.56** 7.82 -1.99 0.049 -31.04 -0.08 -0.029 
_CONS 564.62 297.53 1.9 0.06 -24.62 1153.86  
_SE 138.02 9.78  (Ancillary parameter)   
 Number of obs = 131, LR chi2(16) =42.728, Prob > chi2 = 0.0001, Log likelihood = -707.25                                                                                        
Pseudo R2 = 0.0293 
***, ** and * = significant at 1%, 5% level and 10% level of significance, respectively 

 

4. Conclusions  

The study result indicated that the mean WTP price was found to be 1121.026 Ethiopian Birr 
(56.05 USD) per hectare). The results of this study suggest that majority of farmers would be 
willing to pay for 2-wheel tractor hiring services. It was also found that age of the household, 
education level, land size of household, availability of male adult labor, soil type used and total 
livestock unit (TLU) were the main factors that affect farmers willingness to pay for 2-wheel THS. 
Hence, investors and private company’s need to consider these variables during introduction of 2-
wheel THS.  
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Abstract 

Ethiopia is among the top producers of oilseeds in the world and sesame is one of the oilseeds for which 
Ethiopia is known in the international market. This paper has analyzed the sesame marketing chain 
particularly the case of Quara Woreda, North Gondar Zone, Amahara Regional state. With specific 
objecties examine the sesame marketing performance, analyze factors that determine sesame channel 
outlets choice, and identify major constraints and opportunities of sesame production and supply to the 
market. Primary data were collected from 120 sample households and 32 sesame traders based on three 
stage random sampling method. Multinomial logit models (MNL) were employed to estimate the 
determinants of sesame channel outlet to the market. The results obtained from MNL analysis indicated 
that age, access to market information, access to warehouse, membership of cooperative and quantity 
supply to the market were significant and positively affecting level sesame market outlets choice. The 
multinomial logit model results also indicated that the probability to choose the cooperatives outlet was 
positively and significantly affected by access to access to market information and membership of 
cooperative compared to traders outlet. Similarly, the probability of choosing Ethiopian commodity 
exchange (ECX) marketing outlet was positively and significantly affected by age of households, access to 
warehouse and quantity sesame supplied to the market compared to trader’s outlet. In order to evaluate 
the efficiency of sesame market chain that can have great influence on level marketable supply of sesame, 
structure-conduct performance approach was adopted. Based on the study, policy interventions increasing 
production and productivity, developing and improving infrastructures diffusing market information and 
cooperative development required to increase level marketable supply of sesame are suggested and 
forwarded. 

Keywords: marketing, marketing outlets, multinomial logit model, margin 
 
1. Introduction 

Sesame is produced in around seventy-five countries of the world. The production of sesame seeds 
in the world is dominated by a few countries that lie in the African and Asian continents. The top 
ten sesame producing countries are China, India, Myanmar, Sudan, Uganda, Nigeria, Pakistan, 
Ethiopia, Bangladesh, and Central African Republic (Dawit and Meijerink, 2010).The oilseed 
sector in Ethiopia is one of the fastest growing sectors in the country. It is the second largest source 
of foreign exchange earnings after coffee (FAO, 2015). According to (Germew, 2012), sesame 
seed is an important export crop in Ethiopia and the country has a substantial role in the global 
sesame trade. In this regard, in the last 18 years, sesame production and marketing has confirmed 
highly significant growth. 
According to the CSA 2007/08 survey report, the major sesame seed producing areas in the 
country are Tigray Region, Western and North Western Zones, (especially Humera, Tsegede and 
Welkaite Woredas); Amhara Region, Awi and West Gojam Zones North Gondar (specifically 
Metema, Quara, West Armachiho, Tach Armachiho and Tegede Woredas); Oromiya Region, 
(Western, Eastern and Kelum Wollega, Jimma, Illubabor as well as West Hararge Zones); and 
Benshangul Gumuz Region (Metekel , Assossa and Kemashi Zones). Despite the availabilities 
potentials and opportunities of sesame production and marketing in Ethiopia it’s faced with 
various challenges that need to be addressed. These include low productivity and quality, poor 
market infrastructure, long and traditional marketing channels among others. This study focused 
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on the analysis sesame marketing chain analysis in Quara Woreda, which is the place where 
currently huge potential sesame is produced. In addition the study also addressed how the newly 
established sesame spot market (ECX) is exercised. 
 

2. MATERIAL AND METHODS 

2.1 Description of the study area 
Quara Woreda is located in the North West part of the country bordering the Sudan in the West, 
Benishangul-Gumuz Region in the South, Metema Woreda, in the North, Takusa and Alefa 
Woreda in East and Awi Zone in the Southeast. Administratively it is affiliated in North Gonder 
Zone of the Amhara Region. The land size of Quara Woreda is 858,588 ha, out of which 262,104 
ha is arable, while 95,800 are cultivated. Sesame acreage is estimated to be 39,293 ha with average 
annual production of 236,640.5 quintals and average productivity of 4 quintals/ha (QWAO, 2014). 
2.2 Data Collection Techniques and Sampling Procedure 
To gather the required information for this study, various instruments were used. To collect the 
primary data, interview schedule for household survey, checklist for Focus Group Discussion 
(FGD) and interview guide for key informant interview with different government officials at 
different levels and expertise and well experienced individuals were applied. 
In addition to primary data secondary data were gathered to support the information to be collected 
from primary sources. Secondary data sources were from Woreda cooperatives union, Woreda 
office of agriculture, Woreda office of trade and transport, ECX, CSA, sesame businesses network 
(SBN) and other creditable documents sources.  
Concerning the sampling the study was used three stage sampling procedures. In the first stage, 
eight Kebeles namely, Gelegu, Bambaho, Dubaba, Seriferedi, Bedela, Bermil, Faresheho and 
Mugechite Kebeles were taken purposively as sample area out of 19 Kebeles, which is found from 
the district by taking the following consideration; the selected Kebeles are potential for sesame 
production and marketing with favorable agro ecological conditions as well as the accessibility of 
the areas to have primary sesame marketing centers. In second stage, the subjects of the study 
were heads of the households in sample areas, which include both male and female headed 
households. To draw representative sample households from the study population, simple random 
sampling technique was employed. There are different techniques of the sample size 
determination, however, in this particular study, taking homogeneity in sesame producer 
households, budget, time and other resources limitations into consideration, 120 households were 
taken as sample size. Using the population size of each selected Keblles the targeted sample size 
was set proportionately to the population size. Thirdly, the sample farmers from each Keblles were 
randomly selected from the list of farmers in each Keblles. In addition to producers thirty two 
sesame traders were used as sample, in each sample Keble four traders were applied. 
2.3 Method of Data Analysis 
STATA version 12 and SPSS version 20 was used to process the data. To analyze data, descriptive 
statistics were used together with Multinomial Logit model. 
Model Specification 
A multinomial logit (MNL) model was applied to explain inter household variation in the choice 
of a specific marketing outlet. Suppose that the utility to a household of alternative 𝑗𝑗 is𝑈𝑈𝑠𝑠𝑗𝑗, where 
𝑗𝑗 = 0, 1, 2.  From the decision maker’s perspective, the best alternative is simply the one that 
maximizes net private benefit at the margin. In other words, household 𝑠𝑠 will choose marketing 
outlets 𝑗𝑗 if and only if 𝑈𝑈𝑠𝑠𝑗𝑗 >𝑈𝑈𝑠𝑠𝑈𝑈. Based on (McFadden, 1978 cited in Abraham, 2013), a 
household’s utility function from using alternative 𝑗𝑗 can then be expressed as follows:  
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𝑈𝑈 (Choice of j for household i) = 𝑈𝑈𝑠𝑠𝑗𝑗 = 𝐸𝐸𝑠𝑠𝑗𝑗 + 𝜀𝜀𝑠𝑠𝑗𝑗   

 
Where,  

𝑈𝑈𝑠𝑠𝑗𝑗 = is the overall utility,  𝐸𝐸𝑠𝑠𝑗𝑗 = is an indirect utility function and 

𝜀𝜀𝑠𝑠𝑗𝑗  = random error term.  
A typical multinomial logistic regression model which was used in the form: 

𝑃𝑃 (Choice𝑠𝑠𝑗𝑗 = 𝑗𝑗) = 𝐸𝐸𝐸𝐸𝑝𝑝 (𝛽𝛽𝑗𝑗𝛽𝛽𝑊𝑊)
 ∑ EXP𝐽𝐽
𝐽𝐽=1 (𝛽𝛽𝛽𝛽𝛽𝛽𝑊𝑊)

                                                                                                   

Where,  

𝑗𝑗 = Represents different marketing outlets, j=0 for sale to traders, j=1 for sale to cooperatives and 
j=2 for sale to direct to ECX 

𝑃𝑃= represents the probability of sesame marketing outlet j to be chosen by farm household 𝑠𝑠 

CHOICE 𝑠𝑠𝑗𝑗 = 𝑗𝑗 means that sesame marketing outlet j is chosen by farm household 𝑠𝑠  

𝑋𝑋𝑊𝑊 = independent variables 

𝛽𝛽𝑊𝑊 = parameters to be estimated 
 

3. Results and Discussions 

3.1. Structure, Conduct and Performance of the Sesame Market (S-C-P) 
3.1.1. Sesame Marketing Channels and Participants 
Currently, sesame primary market centre served as central place for sesame exchange in the 
district level. According to Dawit and Mejierinek (2010) ECX market place aims to address 
several transaction costs and risks of the current markets in Ethiopia. Sesame produced in Quara 
Woreda passes through different channels before it reached the end users. The major actors in the 
sesame marketing channel are producers, primary market sesame suppliers/traders, cooperatives, 
cooperatives’ union, investor’s, commission agents and exporters. 

Table 24. Channel Choice of sample household heads 

To whom they sold  Number 
(N=120) 

Amount sold in quintal % of sales 

To traders/primary market sesame 
suppliers 

111 3633 92.5 

To Cooperatives    3  99 2.5 
Direct to ECX by investors     6 196 5.0 
Total amount sesame sold in the year 2016 3928 100.0 

Source: Own survey, 2016; N: sample size  
As table 1 indicated that out of producers produce 92.5% was sold their sesame products to traders 
2.5 % to farmer’s cooperatives under primary sesame market centre. And 5% sesame produce was 
sold direct to ECX. According to ECX on the provisions of proclamation No. 550/2007 declaration 
stated that sesame should exchange with an open outcry trading mechanism under primary market 
centre.  
In addition the data had received from Quara Woreda trade and marketing development office 
(table 2) showed also shows similar results as table 1 indicated. The study pointed out that the 
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current sesame marketing chain connecting both producers and exporters and market is operated 
freely and governed in ECX system 

Table 25. Participant/Major buyer of sesame in 2015 

Participant/major buyer of sesame Amount of Sold to  ECX market in (Qt) in 
2015 

% of 
share 

Trader/primary market sesame suppliers      212517 95.65 
Farmers cooperative       7120 3.20 
Investors    2548 1.15 
Total     222167 100 

Source: Quara Woreda trade and marketing development office, 2015 
 

3.1.2. Sesame Market Structure 
Market concentration ratios and barriers to entry were used as evaluation criteria of market 
structure. The concentration ratio is expressed in the terms CRx, which stands for the percentage 
of the market sector controlled by the biggest x firms. Four firms (CR4) concentration ratio is the 
most typical concentration ratio for judging the market structure (Kohls and Uhl, 1985). A CR4 
of over 50% is generally considered a tight oligopoly; CR4 between 25 and 50 is generally 
considered a loose oligopoly. A CR4 of fewer than 25 is no oligopoly at all. As indicates from 
table 3  except Mugechet and Bedela market center the other sesame market centre the level of 
market concentrations (CR4) for total sesame was found to be low degree of market concentration 
that would be considered as a competitive market. 
 

Table 26. Market concentration ratio of the selected sample Keblles traders 

Name Number of traders % of cumulative of 
traders 

Quantity purchased (Qt) % share 
Purchase 

Gelegu 4 large 13.33 7799 30.98 
26 others 86.67 17368 69.02 

Total 30 100 25167 100 
Dubaba 4 large 6.67 18219 22.65 

56 others 93.33 62197 77.35 
Total 60 100 80416 100 
Serferdi 4 large 11.11 16331 30.47 

32 others 89.89 37250 69.53 
Total 36 100 53581 100 
Banbaho 4 large 6.67 26734 30.30 

56 others 93.33 61491 69.70 
Total 60 100 88225 100 
Bedela 4 large 15.38 7727 46.08 

22 others 84.62 9039 53.92 
Total 26 100 16766 100 
Mugechet 4 large 26.66 10285 66.09 

11 others 75.34 5277 33.91 
Total  15 100 15562 100 
Faresho 4 large 19.04 17916 22.82 

17 others 80.96 60567 77.18 
Total 21 100 78483 100 
Bermil 4 large 9.75 11744 32.8 
 37 others 91.25 23984 67.2 
Total  41 100 35728 10 

Source Own computation as data from trade and marketing development office, 2016 
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3.1.3. Sesame Market Conduct 
Sesame producer’s conduct analysis showed that 98.5% total produce had got to the market. The 
remaining 1.5 % of the total production was reserved as seed and home consumption. The study 
pointed out that farmers sold their sesame from October to May. According to them, the months 
of October November, December and January are crucial times for sesame selling. The months 
June, July and August totally sales were not happened. 

 
Figure 1. Critical time for sesame sell; Source: Own survey, 2016 
 

Sesame trader’s market conduct rivaled that all sample respondent traders had got sesame trading 
license under the concerned office. According to the survey result, the number of market visited 
per week by the sample traders during purchase seven days per week (December to January); 
starting from February it is vary accordingly the client and the product. 
3.1.4. Analysis of Sesame Market performance. 
Sesame market performance was evaluated based on the level of marketing margins by taking into 
consideration associated marketing costs for key marketing channels. Therefore, based on the 
2015/16 production year, costs and purchase prices of the main chain actors’, margins at farmers’ 
and traders. 

Table 27. Cost structure and profitability for sesame producers in Quara Woreda, 2015/16 

Cost item  Average Cost Birr /hectare  Percent  
Cost  for land  preparation  678.71 12.70 
Cost  for plowing 744.09 13.92 
Cost  for weeding 1411.97 26.43 
Costs trashing/harvesting 722.90 13.53 
Cost for transport   216.80 4.06 
Cost for oxen/car rent 657.32 12.30 
Costs for seed   253.22 4.74 
Cost  for fertilizer   116.86 2.87 
Cost for pesticides   224.97 4.2 
Cost  for insecticides   222.87 4.17 
Cost for loading/unloading   43.24 0.008 
cost for sack 48.90 0.92 
Total cost per unit(Birr/hectare)   5341.85 100 
Total cost/quintal   1197.08  
Average amount sold in 2016 Qt/ha  4.4624  
Average price for quintal in 2016 1530.917  
Total benefit( sale) Birr/ ha 6831.56  
Profit Birr/ha 1489.71  
Profit Birr/Qt 333.84  
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Table 4 showed clearly that sesame production was profitable for the specified period. Producers 
earned a net profit of birr 1489.71birr/ha, and Birr 333.84birr /quintal. The average yield of 
producers for the year was (4.46qt/ha).The result indicates producer gain more of profit as 
compared Metema producers. Kindie (2007) studied sesame marketing chain in Metema Woreda 
found that net profit of producers birr 935.21/ha, 201.12/quintal and the average yield of producers 
for the year (4.65qt/ha) 
During sesame production season in 2015/16, labor cost for weeding (26.43%), which is the 
maximum cost incurred followed by labor cost for plowing (13.92%), cost for trashing/harvesting 
(13.53%) and cost of land preparation (12.70%) took the lion’s share from the total cost. Similar 
output indicated Abebe et.al, (2015) studied small scale cotton producers gross marking margin 
in Metema. This high shared in percentage of costs incurred is found to be in weeding, cost for 
plough and trashing/harvesting activities. Since, weeding is performed two times per production 
season. The frequency coupled with the higher labor cost during the peak times of weeding have 
contributed to share the highest compared to other operational activities. With the same token, 
during harvesting, the activities was highly labor intensive.  
This high shared in percentage of costs incurred is found to be in weeding, cost for plough and 
trashing/harvesting activities. Since, weeding is performed two times per production season. The 
frequency coupled with the higher labor cost during the peak times of weeding have contributed 
to share the highest compared to other operational activities. With the same token, during 
harvesting, the activities was highly labor intensive.  
4.2.4.2. Cost Structure and Profitability of Sesame Traders 
The average costs of the surveyed traders were taken to analyze the costs and profitability of 
sesame marketing at trader’s level.   

Table 5: Cost Structure and Profitability of Sesame Traders 

Costs items Cost Birr/qt Marketing cost (%) 
Traders purchase price 1530.92  
Cost of fill and sketch 11.77 3.37 
Cost of loading and unloading 10.11 2.90 
Cost of transport 143.30 41.00 
Cost of storage 44.78 12.81 
Cost for loss 101.00 28.90 
ECX commission fee 10.00 5.72 
Tax fee 10.00 5.72 
Personal cost 10.78 3.08 
Cost for aragafie 3.00 0.85 
Cost for accountant 3.56 1.01 
Cost for market  search 1.22 0.34 
Total traders marketing cost 349.52 100 
Total cost 1880.44  
Traders sales value 2189.00  
Traders  net benefit 308.56  

Source: Own computation, 2016 
Study indicated in table 5 transport cost covered 41 % of marketing cost. It’s because small storage 
capacity of ECX warehouse, network specifically internet connection and scarcity of labor force 
in loading and unloading activities which reached up to 15 days after entrance. Particularly the 
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transport cost ratio was similar to the findings of Wolday (1994) and Kindie (2007) which was 
66% and 31.51%, respectively. Cost of product loss constituted 28.9 % of total marketing costs. 
Rebage system (one quintal capacity is limited 96 up to 104 Kg) contributed great loss in sesame 
product and incurred more cost to traders. 
Marketing margins 
Based on the reported prices and price gain from ECX the average exporter price was Br.4500 by 
the different market participants, summarized in (Table 6), the different indicators of marketing 
margins for sesame is calculated and the estimates are: 
TGMM (complete distribution channel) = 65.97% 
GMM (traders) = 30.06 % 
GMMp (producers participation) = 100% - 65.97 % = 34.03 % 

Table 6. Price of sesame at different market level, 2016 

Marketing channel participants Selling price per quintal  % share gross marketing margin 

Producers  1530.92 34.03 
Traders  2189 30.06 
Exporters  4500 35.91 

Source own survey 2016 
3.3. Determinants of Marketing Channel Choice of Sesame Producers 
This section was analyzed using Multinomial Logistic regression model to identify factors 
affecting the choice of sesame marketing outlets. Estimates of the parameters of the variables 
expected to determine the channel choice sesame. A total of 11 potential predicted variables (7 
continuous and 4 dummy) were selected and entered in to the multi nominal logistic regression 
model. 

Table 7. Multinomial logistic estimation of determinants of channel outlets of Sesame 

Channel  Choice   Farmers Cooperatives     Direct to ECX 
Explanatory 
variables 

Coef. Exp(B) St 
.error 

P-value  Coef. Exp(B) St .error P-value 

Constant -2.981  1.758 .090 23.467  3.498 .000 
AGE .024 1.024 .043 .578 .121 1.129 .068 .076* 
SLH -.011 .989 .020 .562 -.022 .978 .028 .427 
EXP -.060 .941 .040 .130 -.080 .923 .073 .271 
Pr_2015/16 .000 1.000 .001 .909 -.002 .998 .002 .156 
YLD 2015/16 -.208 .813 .159 .191 -.213 .808 .254 .403 
DIS_PM .022 1.023 .021 .295 .027 1.027 .041 .514 
MAK_INFO 1.412 4.104 .701 .044** 20.200 5.924E8       0.990 .152 
COOP 1.898 6.674 .787 .016** -1.635 .195 1.572 .298 
CR_SESAME -.114 .892 .586 .846 -1.332 .264 1.268 .294 
ACC-WH -.458 .633 .697 .511 3.318 27.595 1.335 .013** 
MKT-SS .037 1.038 .025 .141 .093 1.098 .040 .018** 
  Reference category was the traders 
Number of observations 120                                                                 Wald 𝑉𝑉ℎ2 2 (22): 84.761 
Prob >  𝑉𝑉ℎ2= 0.000  Log likelihood = 134.441                                                 Pseudo  𝑃𝑃2 = 0.507 
**,* significant at 5% and 10%, respectively 

Source: Owen survey, 2016 
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 The “traders” was used as a base category (reference category). This implies that the discussion 
of the results focuses on the impact of the explanatory variables on a use of farmer’s cooperatives 
and direct to ECX category relative to use of traders (the base category). 
Table 7 presented the results of the Multinomial Logit model. The Chi-square value of 84.761 
showed that likelihood ratio statistics are highly significant (P < 0.000) suggesting that the model 
had strong explanatory power. The Pseudo 𝑃𝑃2 indicating the explanatory variable explained about 
of the variable in the preference. The classification accuracy rate was 75 % which was greater 
than or equal to the proportional by chance accuracy criteria of 57.6 %.  
From multinomial logistic model, the hypothesized explanatory variables were tested for the 
existence of multicollinearity problem that is the situation where the explanatory variables are 
highly intercorrelated. Multicollinearity in the multinomial logistic regression solution is detected 
by examining the standard errors for the B coefficients. A standard error larger than 2.0 indicates 
numerical problems, such as multicollinearity among the independent variables, zero cells for a 
dummy-coded independent variable because all of the subjects have the same value for the 
variable, and 'complete separation' whereby the two groups in the dependent event variable can 
be perfectly separated by scores on one of the independent variables. Analyses that indicate 
numerical problems should not be interpreted. As table 7 indicated none of the independent 
variables in this analysis had a standard error larger than 2.0. (Not interested in the standard errors 
associated with the intercept). 
From the result of MNL regression indicated out of eleven explanatory variables included in 
multinomial logit model, two variables significantly affected farmer’s cooperative market outlets; 
three variables significantly affected ECX market outlet. A total 5 variables namely access to 
market information, membership of cooperatives, quantity supplied to the market, age, and access 
to ware house had significant effect on channel out let choice of sesame. 
Table 7 indicated that of significant variables, access to market information had significant at 5 % 
significance level. Market information had a positive influence on the choice of farmers 
cooperative. This is the multinomial logit estimate for a one unit increase in market information 
increases the probability of selling the sesame seed at cooperative in reference to traders’ market 
by 1.412 uni ts while holding all other variables in the model constant. Price information informs 
the farmer on prevailing pricing condition. This finding is in line with argument of Bezabih et.al, 
(2015) reported that access to market information has a positive and significant effect on 
households’ market channel choice decision of collector and retailer channels at less than 10 and 
1 % probability levels, respectively Compared to the comparison market outlets, having access to 
market information would result in 0.019 and 0.010 % increase in the probability of use of 
collector and retailer only channels, respectively. The results of Mutura et.al, (2015) indicated a 
positive relationship between farmers opting to distribute their own milk rather than sell through 
the cooperatives and access to market information. Access to marketing information encourages 
farmers to venture into new innovations. 
Membership of cooperatives had a positive sign as expected. It affected sesame channel choice at 
5 % significant level to cooperatives. It is expected that households who are members of 
cooperatives are supposed to sell their sesame to their cooperative rather than to trader’s market 
channels. Compared to the base category, an increase in the member of cooperative by one unit 
increases the probability of selling at farmer’s cooperative market 1.898 units other things remains 
constant. Abraham (2013) result also indicated that those households who were members of 
cooperatives the probability of choosing collector outlet decreased by 23.4% compared to base 
category of whole seller outlets. 
Age of household head positively and statistically significant sesame channel choice and is 
statistically significant at 10 % probability level. The household heads productive stage in age 
encouraged more production of sesame and preferred to sell in alternative market. These results 
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imply that as the sesame farmer ages, he/she would become more sensitive to adopt new market 
channels with different market requirements. Younger sesame growers are more likely to sell to 
ECX market channel because they are more risk taker than older farmers or sesame producers. 
As hypothesized, the regression result shows that quantity supplied to the market significantly 
affected sesame channel outlets to the ECX market at 5 % significance level. The more the 
quantity of sesame supplied to the market in 2016 selling season, the higher would be the chances 
of using to sell direct ECX market channel The result also implied that, a quintal increase in the 
supplied to the market of sesame has caused an increase of 0.093 unit of ECX market choice 
sesame compare to base category other things remains constant. Large scale quantity supply to 
the market positively influences the farmer to sell their produce at ECX market place mainly 
because of economies of scale, provide better price, which lower transaction cost. The finding is 
in line with that of Chalwe (2011), who found more of the beans produced being sold to the private 
traders at the market places than to other households at farm gate. 
The next significant variable in determining the sesame producers channel choice to the market is 
access of warehouse. Access to warehouse had positively significant at 5 % probability level. The 
result implied that, an increase in having warehouse of producers in the market of sesame has 
caused an increase of and 3.318 unit of ECX market choice sesame compare to base category 
remaining other things constant. The rational for this was if farmers had own warehouse they can 
stored in their home or nearby. It leads the producers to sell their produce sesame seed in time 
increase price and preferred buyers. Since large scale producers had their owe warehouse and can 
take the risk the market restriction of ECX and they are highly eager or willing to sold them 
produce directly to ECX market. Producers had guaranteed incentive price in ECX than traders 
under primary market centre. 
3.4. Major Constraints and Opportunities of sesame production and marketing 
3.4.1. Major problems in sesame production 
The major problems which faced 98% of the producers were erratic and inadequate rainfall and 
incidence of crop pests and diseases .As motioned earlier; the productivity of the crop is highly 
dependent on the amount and distribution of rainfall. But in the district there is potential of land 
for sesame production. Problems related to rainfall intensity and incidence of crop pests and 
diseases are affecting production and productivity.  

Table 8. Major problems in sesame production 

Problems items faced producers Sample farmers (%)  N=120 
Disease insects and pests 98 
Improved seed 80 
Chemicals/insecticides 60.8 
Theft  79.2 
Infrastructure  85 
Contractual disagreement 60 

Source: Own, survey, 2015/16 
3.4.2. Major constraints in sesame marketing 
The production constraint impacts were displayed in marketing. The low productivity as a result 
of erratic rain fall has reduced the marketing supply of sesame and quality of the seed. Market 
infrastructure is the major problem in sesame marketing. Market infrastructure in the case of 
sesame includes modern storage facilities (warehouses), seed cleaning facilities, and sesame seed 
crushing and refining plants, road infrastructure, availability of means of transport, and market 
information networks among others. High marketing costs: Due to the poor conditions of roads 
and the lack of access to means of transportation, it is costly and time consuming for farmers and 
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traders to market their produce. As showed (table 5 ) 41 % the total marketing cost was incurred 
for transport cost. 
3.4.3. Opportunities of sesame production and marketing 
Ethiopia has suitable climate for annual and perennial oil plants. Ethiopia is endowed with 
multifaceted micro climates suitable for many types of oil crop cultivation and perennial oil tree 
plantation; which attracts any level of investment. There are different opportunities to be used to 
enhance the production of sesame in Quara Woreda. The study area has available of vast area land 
for sesame production, conducive agro-ecology and soil to grow sesame, rich and long standing 
traditional experience of famers in producing the commodity which attract huge investors to 
participate there. 
Begging, 2010 sesame exercised in the centre or primary market under regulation of ECX, modern 
agricultural market and it is export directly to foreign market. Even if still not functional in 5 
Keblles (Dubaba,Gelegu,Serferdi,Bedela and Banbaho) there were 5 large ware houses had build 
by government budget which enhance future favorable conditions for sesame market. 

4. Conclusions and Recommendations 

In the last few years, sesame production and marketing has shown very significant. Its demand at 
the global and local level has been growing. Overall, contribution from the sector to the national 
economy in terms of employment, income and foreign exchange generation will be high in the 
coming years. The need of the collaborative efforts of all concerned stakeholders including 
government organizations, researchers, NGOs, private investors and farmers in the improvement 
of the crop. Based on the findings of this study, the following policy measures could be 
recommended: 
1. Enhancing production and productivity through expanding private commercial farms and 

development of high yielding potential variety with improved quality. 
2. Strengthening the started sesame marketing in ECX market provision of ECX warehouses 

in the study area since in the area there was surplus production of sesame. 
3. Expansion of networking, road infrastructures to reduce transport costs, to attract private 

investment in the area and to facilitate the supply of labor as the production system is highly 
labor intensive. 

4. Strengthen cooperatives and their unions; Cooperatives are vital in increasing agricultural 
production, value addition and retention of members produce, agricultural marketing through 
providing market information and improving the bargaining power of the farmers.  
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Abstract 

Onion crop is one of the most important horticultural crops among smallholder farmers because 
they derive benefits such as income, source of food, health care and rural employment. In 
developing countries like Ethiopia in general and at fogera district in particular, most smallholder 
farmers are characterized by limited market supply due to lack of market information, price 
volatility related to seasonality of supply, perishability of product and poor performance of the 
vegetable market. In Fogera district; onions have been perceived to have high market value, 
resulting in trade-offs with staple food. This study was aimed at assessing determinant of market 
supply and market outlet choice by smallholder onion farmers in Fogera District of Ethiopia. The 
specific objectives were to estimate the smallholder onion producers’ farm gross margin; to 
analyze the factors influencing smallholders’ onion marketed supply and marketing channel 
choice decisions by onion producers; and to identify constraints and opportunities of onion 
production and marketing. A stratified random sampling technique was employed to select 150 
onion producers from four sample Kebeles in the study area. The majority of onion producers 
(about 67% and 40%) have chosen wholesalers and assemblers as their market outlets 
respectively, while the others (21.3%) sold their output to retailers. The gross margin analysis 
shows that onion production was a profitable business for farmers. The net income obtained from 
production per hectare of onion was about ETB 29,279. Multiple regression models and 
Multivariate probit model were applied to identify factors influencing farmer’s onion supply to 
the market and choice of market channels. Result showed that literacy status, onion yield, land 
covered by onion, livestock holding, production cost, agro ecology, ownership of communication 
device and access to extension services significantly determined volume of onion supply and 
choose of market channels. The common underlying factors of market channel choice were also 
identified. Based on the findings, the study suggests that the government and stakeholders should 
focus on strengthening the provision of formal and informal education, strengthening the existing 
onion production system ,encouraging the use of labour saving technologies, improving extension 
system, strengthening the existing rural-telecom and rural-urban infrastructure development, 
improving crop-livestock production. 
Keywords: Key words: Onion, Marketed supply, Channel choice, Multivariate probit model  
 

1. Introduction 

1.1. Background of the Study 
Ethiopia has a variety of vegetable crops grown in different agro ecological zones produced 
through commercial as well as small farmers both as a source of income as well as food. Various 
types of vegetable crops are grown in Ethiopia under rain-fed and/or irrigation systems 
(Alemayehu et al., 2010). The major economically important vegetables include hot and sweet 
peppers, onion (Allium cepa), tomato (Solanum lycopersicum), carrot, garlic (A. sativum) and 
cabbage (B. oleracea var. capitata). According to the Ethiopian Investment Agency (2012), green 
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beans and peas, okra, asparagus, cauliflower, broccoli, celery, eggplant and cucumbers have also 
recently emerged as important export vegetables. 
Onion (Allium cepa) is a recently introduced and one of the few widely-grown vegetable crops in 
Ethiopia. According to CSA (2008) 453,608.8 hectare (ha) was covered by vegetable of which 
Onion covered 15,628.44 of total (ha).The estimated annual production of vegetable was 
18,124,613.5 quintal (Qt). Among these, onion constituted 1,488,548.9Qt, it is significant to 
identify, prioritize and analyze onion production and market constraints. In the Amhara region, 
where this study was conducted, agriculture contributed about 55.8 % of the total regional GDP 
and accounted for an employment of 88.7 % of the total population (MoFED, 2006). Crop 
production in the region is rain fed, supported by very little irrigation mainly for vegetables.  
According to the CSA (2006), the total land size of ANRS by the year 2005/06 was estimated to 
be 3.396 million ha from which Vegetables covered about 69.8 thousands of ha and produced 
about 3.5 million quintal through employing 267,778 small holders. Onion covered 5,338 and 
tomato 319 ha of land. Potato, onion, tomato, garlic, shallot, pepper, are among the leading 
vegetable crops grown in the region. Alefa, Fogera, Achefer, Jabi Tehinan, Burei, Merawi, and 
Bahir Dar Zuria districts are the leading vegetable producing areas in the region. Even though, the 
region has an ample production potential and market access even to the nearby Sudan, it had never 
reaped the opportunity as it would supposed to be.  
Fogera districts, where the study focused, is endowed with suitable diverse natural resource, with 
the capacity to grow different annual and perennial crops. Two major rivers are of great 
importance to the Districts, Gumara and Rib. They are used for irrigation during the dry season 
for the production of horticultural crops mainly vegetables. Major types of vegetable crops 
currently growing in the area include potato, onion, tomato, garlic, green peppers and some leafy 
vegetables. The entire vegetable production in the districts is mainly for market except potato, 
which is utilized much for home consumption. The nature of vegetable production is very 
fragmented and uncoordinated where all growers produce similar type of crop resulting in glut 
(mainly onion and tomato) (Fogera district office of agriculture, 2015). 
Farmers living in the fogera district produce large amount of vegetables every year. For instance, 
in 2014 production year the district contributes 4, 067,908 quintals vegetables with 31,258 
hectares of land coverage of vegetable crop. According to the Fogera district office of agriculture 
in 2015 production season the district contributes 2,167,880 quintal of onion with 9854 hectares. 
This indicates that the district contributes of the regional onion production. 
1.2. Statement of Problem 
Based on information obtained from Fogera district Agricultural office(2015), vegetable 
marketing in the district is characterized by inefficient market, even if there is an increasing trend 
in the production of vegetables for one season (fluctuated production based on price signals). It 
has been constrained with lots of problems such as inadequate transport network, limited number 
of traders and market outlets,  with inadequate capital facilities, high handling costs, weak 
bargaining power of farmers and underdeveloped industrial sectors, unstable prices, lack of 
storage facilities, lack of transportation facilities, poor linkages with traders, low quality 
controlling mechanisms, weak market information (outdated market information) and other 
factors need to be further investigated thoroughly and alternative solution need to be suggested 
and implemented so as to benefit producers and other marketing agents involved in the production 
of vegetables. Despite the potential of the district for vegetable production, its productivity is low 
compared to the potential yield obtained in the research centers due to use of low level of improved 
agricultural technologies, risks associated with climatic conditions, diseases and pests. These poor 
prices among small-scale onion farmers have led to low household income. The nature of the 
product on one hand and lack of organized market system on the other hand frequently resulted in 
low producers’ price (profit margin). 
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Thus one may appreciate the paradox (high potential for onion production against low income 
level) and it is natural and rational thinking to posing questions as “why the contribution of 
vegetable production to the livelihood of rural families is not as expected? What has happened to 
the income from the sub-sector to move out the rural households from poverty and household food 
security? In the district, it is common to see households who participate in onion markets and 
choice among onion market outlets. Then, what motivates some households to produce onion and 
supply more in markets while others produce onion and supply less and also what motivates 
smallholder farmers to choose among onion market outlets available in the study area”. This, 
therefore, demands an intensive study of the sector in the form of market opportunities, 
constraints; and the social, cultural and institutional factors that determine supply level and market 
outlet choice for onions have to be identified and analyzed to provide solutions for the 
aforementioned questions. 
1.3. Research Objectives 
The general objective of this study was to analyze determinants of market supply and outlet 
choices by smallholder onion farmers. The specific objectives are 
1. To estimate the smallholder onion producers’ farm gross margin; 
2. To analyze the factors influencing smallholders’ onion marketed supply; 
3. To identify marketing channels of onion and factors affecting these outlet choice decisions by 

producers; and 
4. To identify constraints and opportunity of onion production and marketing.  
 

2. Conceptual Framework 

The conceptual framework in Figure 1 illustrates the interrelationships in the study, the key 
variables involved and how they are interrelated. Socioeconomic and demographic characteristics 
are the background factors like (age, literacy status, gender, transport ownership, livestock owned, 
non/off farm income, onion yield and household size), institutional factors like (group marketing, 
contract marketing, access to extension service, credit and training), farmer and farm specific 
characteristics like( land allocated to onion, onion farming experience and agro ecology) and 
market factors like (lagged onion market price, distance to nearest urban center and ownership of 
communication device) had an influence on market supply. The participation leads to the extent 
of participation and choice of marketing outlets. The extent of participation (amount of onions 
sales) in turn increased the household income. 
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                                               Direction of influence 
Source: Adopted from Tadesse (2008), Berhanu and Moti (2012), Geoffrey (2014) with 
modification;  Figure 10 : Diagrammatic representation of the conceptual framework 
 

3. Research Methodology 

3.1. Descriptions of Study Area 
The study was conducted in Fogera District, which is one of onion producing area of Amhara 
Regional State, Ethiopia. The District is bordered by LiboKemkem Woreda in the North, Dera 
Woreda in the South, Lake Tana in the West and Farta woreda in the East. The Woreda is divided 
into 30 rural kebeles and 4 urban Kebeles (RDBOA, 2007/8). 
3.2. Source and Methods of Data Collection 
In this study both quantitative and qualitative were collected from primary and secondary sources. 
Primary data included the whole situations of the marketing system from the producing farmer. 
This study is designed to undertake a cross-sectional survey during 2014/15 production survey. 
The cross-sectional survey was conducted using semi-structured questionnaire, key informant 
interviews, and focus-group discussions.  
3.3. Sampling Procedures and Sample Size Determination 
A stratified stage sampling technique was used to draw sample units. In the selection process 
fogera districts agricultural office experts were consulted. There are four urban and 30 rural 
Kebeles in the District, out of which 12 administrative Kebeles are producing onion. These 
Kebeles were selected purposively and stratifies based on agro ecology (lowland and upland agro 
ecology). From each of agro ecology two Kebeles Administrations (KAs) were randomly selected 
based on lottery method, (Four KAs were selected). Then, the intended sample size from each 
sample Kebeles were determined proportionally to household size of onion grower farmer. Finally 
using the household list of small onion producers, the predetermined size of the sample farmers 
from each Kebeles were randomly selected using systematic random sampling technique. The 
required sample size was determined by Cochran’s (1977) proportionate to size sampling 
methodology. 

Where; n = Sample size; Z= confidence level (α = 0.05); p = proportion of the population 
containing the major interest, q = 1-p and e = allowable error. Hence, Z = 1.96; and e=0.05 

this resulted in a sample population of 150.4 respondents. 
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3.4. Method of Data Analysis 
To estimate the smallholder onion producers’ farm gross margin; Farm Gross Margin analysis 
was used to address the first objective.  

 

Gross profit 
Where P= price of produce   
           Pi =price of input i 
           qi= quantity of input i 
           Q= Total production per hectare 
           V= Value of production 
            C= Total cost of production  
 
3.4.2. Market supply  
In this study, multiple linear regression models was used to analyze factors affecting smallholder 
onion supply to the market in the study areas because of all onion producers participate in the 
market. Different studies in Africa used multiple linear regression models to analyze the 
determinants of market supply (see Kinde, 2007;  Bossena,2008;  Alemnew, 2010; )  This model 
is also selected for its simplicity and practical applicability (Greene, 2000).  
Following (Greene, 2000), Econometric model specification of supply function in matrix notation 
is the following.  

(3) 

 
Where Yi= amount of onion supplied to the market 
β= a vector of estimated coefficient of the explanatory variables 
X’ =a vector of explanatory variables 
Ui =disturbance term 
3.4.3. Market channel Choices 
In this study, Multivariate Probit Models was used to analyze factors affecting Market channel 
Choices. Univariate Probit estimation of choice of each type of market outlet of would be 
misleading for the expected problem of simultaneity. The selection of one type of market outlet 
would be dependent on the selection of the other, since smallholder farmers choice decisions are 
interdependent, suggesting the need to estimate them simultaneously. To account for this problem, 
a seemingly unrelated multivariate probit simulation model was employed (Chib & Greenberg 
1998; Cappellari & Jenkins 2003, Degye et.al, 2013) 
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Where Assemj , wholej  and Retaj binary  variables taking value 1 when farmer 
j selects an assemblers, wholesalers and retailers respectively, and 0 
otherwise; x1 to  x3 are vectors of independent variables determining the 
respective channel choices variables; β' s are vectors of simulated maximum 
likelihood (SML) parameters to be estimated;                   to       are 

correlated disturbances in a seemingly unrelated multivariate probit 
model; and    ’s are tetrachoric correlations between endogenous variables. 
 

4. Results and Discussion 

4.1. Gross Margin Analysis of Onion Production 
The gross margin analysis shows that onion production was a profitable business for farmers. The 
net income obtained from production per hectare of onion was about ETB 29,279. The Table 
showed that the total cost per hectare was ETB 36,249.4 on samples households. Labor cost, was 
the item taking maximum share in total cost (43.66%) , material input cost (33.34%) is second, 
Moreover the value other cost like cost for food, phone, broker, loss taking (18.68%) from total 
cost of production and opportunity cost of land (2.44%), finally the animal power cost (1.88%) 
consists of the minimum share of production cost. 

Table1: Profit and Cost of production of onion per hectare 

Item  Average value(birr/ha)   Std. dev  
Amount produced in 2015 in quintal  136.48  44.3  
Amount sold in 2015 in quintal  106.739  56.62  
Average selling price per quintal for 2015  613.91  

 

 Benefit(sales)  65,528.14  44,289.3   
Birr/h/quintal   % of share cost  

Total lab our cost  15,826.1  43.66  
Total animal power cost  681.8  1.88  
Total material input cost  12,106.5  33.34  
Opportunity Cost for land  884.48  2.44  
Total other costs  6,770.7  18.68  
Total average cost per quintal  342.08  

 

Total average costs per hectare(A+B+C+D+E)  36,249.4  100  
Net profit(loss)/ha  29,278.74  

 

Net profit(loss)q  271.83  
 

Gross margin (%)  0.45  
 

Source: computed from survey data, 2015 
4.2. Determinants of marketed Supply 
Onion is produced mainly for market and it is the main cash crop for producers in Fogera district. 
The survey result revealed that all farmers in 2014/2015 production year have been supplied to 
the market. Multiple linear regressions were employed to determine the factors influencing extent 
of participation in onion marketing. Prior to running the OLS estimation of regression model, 
different statistical methods and plots have been employed to check assumptions of multiple linear 
regression models. Hence, multicollinearity, normality, linearity, model specification error test 
and heteroscedasticity detection test were performed using appropriate test statistics. 
4.3. Determinants of Market Channel Choice   
The results of the models indicated that among the 13 variables included in each model at least 
eight variables in each model were found to have significant effects on the willingness to choose 
of onion market channels. The MVP model confirms that common underlying factors of market 
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channel choice were also identified. Distance to nearest urban market, owning transport facility, 
non/off farm income, and onion lagged market price were common factor influencing the 
identified market channels.  

Table 2: OLS estimation of determinants of onion marketed surplus   

Variables  Coefficients  Std. Err.  T ratio P value  
Constant  -0.23 0.588 -0.39 0.698      
Agro Ecology  -0.24 0.073 -3.34*** 0.001 
Log of distance to nearest urban market  0.14 0.054 2.50** 0.014 
Log of distance to main road -0.13 0.061 -2.18** 0.031 
Sex of household  0.16 0.083 1.93* 0.056 
Literacy status of household  0.10 0.052 1.94* 0.055 
Tropical livestock unit  0.03 0.012 2.07** 0.040 
Land covered by onion 0.26 0.061 4.28*** 0.000 
Non/off farm income 0.04 0.064 0.67 0.503 
Ownership of communication device  0.10 0.058 1.73* 0.087 
Productivity (onion yield) 0.002 0.0002 6.97*** 0.000 
Contract marketing  0.12 0.088 1.53 0.129 
Access to extension service  0.10 0.083 1.24 0.218 
Log of production cost  -0.43 0.112 -3.80*** 0.000 
Log of income from onion 0.59 0.128 4.67*** 0.000 

R2                                    0.60 
Adjusted R2                               0.56 
F value                            14.80*** 

                                                            Number  of observation   150           
Source: Model results   Note: ***, ** and * show the values statistically significant at 1 %, 5% 
and 10 % probability level respectively. Dependent variable = Log transformed onion marketed  
The marginal success probability for each equation (market channel decision) is reported below. 
The likelihood of choosing retailer is relatively low (20.5 %) as compared to the probability of 
selecting assembler market channel (39.0 %) and selecting wholesaler market channel (69.3 %).  
This is a good evidence b/c farmers were not interested sale their products to retailer market 
channel even if they get good price than other market channel due to marketing cost.  
If onion farmers were able to chose all three market channels, their joint likelihood of choosing 
these market channels would be only 3.3 %. It was unlikely for farmers to choose all three market 
channels simultaneously. This was justified either by the fact that simultaneous chose of all market 
channels was unaffordable for the smallholders onion farmers, or that all three market channels 
were not simultaneously accessible in the study areas. However, their joint probability of not 
choosing all three market channels was 3.5 %, implying that the households were more unlikely 
to fail. This evidence suggests that choosing the right mix of market channels determined by 
different factors for each market channels. The finding was also consistent with Degye et al. 
(2013) in their study on food security and agricultural technologies interaction study in Ethiopia. 
4.4. SWOT analysis of Production and marketing problems and opportunities 
Even though empirical results pointed out that variables which were included in the models above 
affected household market supply and market outlet choices, households perceived a number of 
other constraints and opportunists that affected onion production and marketing in their area. As 
a result, they have given their perspectives on most important constraints and opportunities 
affecting onion production and marketing and their responses are summarized in Table  below. 
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Table 4: Multivariate probit simulation results of market channel choice  

Variables  Coefficients (channel choice equations)  
Assemblers(1) Wholesalers(2) Retailers(3)  

Agro ecology  0.77** -0.18 0.17 
Distance to nearest urban market -0.29*** 0.30*** -0.18* 

Literacy status of household head -0.45* -0.23 0.19 
Ownership of transport assets -0.80** -0.90*** 0.54* 

Ownership communication devices 0.72** -0.37 1.03*** 

Non/off farm income  0.98*** -0.83*** 0.75** 

Productivity(onion yield) 0.001* 0.001 0.001 
Log-Lagged onion market price  -1.82** 1.78* -2.31** 

Access to credit  0.72** -0.80*** 0.33 
Log of production cost  -0.41 0.88** -1.27** 

Tropical livestock unit  0.01 -0.08* 0.07 
Access to extension service  0.20 -0.21 1.52** 

Age of household head  0.01 -0.001 0.02* 

Constant  5.42* -7.34** 6.80* 

Predicted probability 0.390  0.693 0.205 
ρ 21 

 
- 0.92***  

ρ 31 
 

  0.67***  
ρ 32 

 
  -0.73***  

Number of simulations (draws)  
 

    5  
Wald chi2(39) 

 
80.10***  

Likelihood ratio test of independence Ρ21 = ρ31 = ρ32 =0,  chi2(3) = 78.44 *** 

Joint probability (success) 
 

0.033  
Joint probability (failure) 

 
0.035  

Source: model results   Note: ***, ** and * show the values statistically significant at 1%, 5% 
and 10% probability level respectively. 
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Strength on production and marketing  Weakness on production and marketing  
Production  Production  
 Onion production by cluster 
 Increment of onion producer 

 absence or poor Post harvest Technology 

 Advancement of input utilization  
 Producer was reported profitable 
 Increasing telecom service 

  

 Lack of improved and high yield varieties  
 Limited access to and supply of 

agricultural input like reliable seed 

Marketing  Marketing  
 Increment of wholesaler from 

Mekele and Gondar  
 Problems between contractual agreement 

b/n producer and cooperative  
 Increment of onion production even 

if there is no market integration, 
price difference 

  Suitable road infrastructure for 
marketing 

 High supply  

 Absence of law enforcement on 
standards 

 Lack of credit service, Limited 
production and marketing extension 
support 

 Imperfect price system(price setting 
problem)   

 Malpractice in selling method  
Opportunity on production and 
marketing 

Threat on production and marketing  

Production  Production  
 Fertile arable land and abundant   Pest and disease( Mich and Korach)   
 Naturally endowed underground 

water potential  
 Surface water shortage and 

wastage(maturity)   
 knowledge sharing by IPMS, 

Wetland, AGRO –BIG 
 shortage  of irrigable  land  

 Deployment of development agent 
and FTC at each Kebeles  

 Excessive local lending rate (16 % per 
month 

 Suitable agro ecological   Non availability of certified seed  
 Ample experience of farmers   Lack of reliable statistics on production 

Marketing  Marketing  
 Proximity to main road, Lake Tana  Adversarial, with hiding of information 
 Onion production supported by 

research  
 Post harvest technology ( storage loss)  

 Availability  of expert supervision   Delays in price payments 
 Building of warehouse at Kebeles 

level 
 Weak extension support service 
 Perishability 

 Growing number of buyers   Output price fluctuation  
 

5. Conclusion and Recommendations 

Fogera district is one of the potential onion producing districts found in western part of the Amhara 
regional national state. However, the productivity and market supply of onion low. The gross 
margin analysis shows that onion production was a profitable business for farmers. The net income 
obtained from production per hectare of onion was about ETB 29,279. Multiple regression models 
were applied to identify factors influencing farmer’s onion supply to the market. The result of  
multiple regression model indicated that sex of household head, literacy status, distance to nearest 
urban center, distance to main road , onion yield,  land covered by onion, livestock holding, 
production cost, agro ecology, ownership of communication device and income from onion 
significantly determined volume of onion supply. Multivariate probit model was estimated to 
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identify the factors influencing choose of market channels. The result of multivariate probit model 
showed that the likelihood of households to choose assembler, wholesaler and retailer market 
channel choices were 39%, 69.3%, and 20.5%, respectively. The result also showed that the joint 
probability of using all market channel choices was only 3.3% and the joint probability of failure 
to choose all of the market channel choices was 3.5%. Multivariate probit model results also 
confirm that agro ecology, distance to nearest urban market, literacy status, owning transport 
facility, communication devices, non/off farm income, livestock holding, onion yield, access to 
credit, lagged onion market price, production cost, age of household and access to extension 
service significantly influenced the choice of onion market outlet. The common underlying factors 
of market channel choice were also identified. Distance to nearest urban market, owning transport 
facility, non/off farm income, and onion lagged market price were common factor influencing the 
identified market channels. Based on the findings, the study suggests that the government and 
stakeholders should focus on strengthening the provision of formal and informal education, 
strengthening the existing onion production system ,encouraging the use of labour saving 
technologies, improving extension system, strengthening the existing rural-telecom and rural-
urban infrastructure development, improving crop-livestock production. Finally the government 
and other policy makers should increase marketing information and ability of onion farmers 
through avenues like mass media, extension service, and other means of capacity building 
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Abstract 

The imbalance between low-level of productivity due to low level of improved technologies utilization 
and high risk and the high population growth rate are the pronounced national problems in Ethiopia 
and particularly in Chilga District. This study was aimed to measure the level of economic efficiency 
and identify the factors that influence the efficiency levels of potato farmers in Chilga District. Data 
were collected from 150 farmers selected using a multi-stage sampling technique and analyzed using 
descriptive statistics, a parametric stochastic frontier production and cost function models. Results 
from these efficiencies led to the derivation of the allocative efficiency levels. In addition, a two-limit 
Tobit analysis was used to determine socio-economic and institutional factors that influence economic 
efficiency of potato producers in the study area. The Stochastic Production Frontier (SPF) result 
revealed that area allocated under potato and seed appeared to be significantly influencing potato 
production at 1% and 5% probability level, respectively. The estimated gamma parameters indicated 
that 63% of the total variation in potato output was due to technical inefficiency. The means technical 
efficiency, allocative efficiency and economic efficiency were 83%, 87% and 89%, respectively 
implying there is a room for improvement in technical efficiency by 17%, allocative efficiency by 13% 
and economic efficiency by 11% with the present technology. The two-limit Tobit model revealed that 
technical efficiency was positively and significantly affected by sex, age, potato variety, soil 
conservation, training and access to credit whereas household size affected significantly and 
negatively. Allocative efficiency was positively and significantly affected by potato variety, soil 
conservation and training whereas slope affected significantly and negatively. Economic efficiency was 
positively and significantly affected by household size, livestock holding and off-farm income while age 
and slope of farm plot affected negatively. To improve farmers' efficiency in the production of potato, 
improved potato seed need to be supplied in required amount and in time at reasonable price; livestock 
and off-farm activities should be encouraged, policy interventions should focus more on improving 
efficiency rather than quantity of factors of production. 

Keywords: potato production, efficiencies, parametric stochastic approach, two-limit Tobit 
mode 
 

Introduction 

Potato is one of the most important root and tuber crop worldwide. It is grown in more than 125 
countries and consumed almost daily by more than a billion people. Hundreds of millions of 
people in developing countries depend on potato for their survival. Potato cultivation is expanding 
strongly in the developing world, where potato’s ease of cultivation and nutritive content has made 
it a valuable food security and cash crop for millions of farmers. Developing countries are now 
the world’s biggest producers and importers of potato and potato products (FAO, 2009). 
In Ethiopia, potato production could fill the gap in food supply during the―hungry months of 

July to August before the grain crops are harvested. Potato in Ethiopia is currently planted in 
around 164,146 ha producing an estimated total tuber yield of 940,087 tons. This implies that 
average yield in the country reaches only 7 t/ha while the potential for small holder is around 25 
t/ha. There are many factors that have been identified as the causes for this low yield in Ethiopia 
and most of the East African countries, but lack of high quality seed seems to explain most of 
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the differential with the potential yields of the existing potato varieties. Increasing the availability 
of high quality seed at affordable prices would be a priority in order to significantly increase 
potato yields in the region (CSA, 2002). 
Ethiopia is one of the major potato producing countries of the Sub-Saharan Africa Region where 
potato is the fastest expanding food crop. Potato production in Ethiopia has exponentially 
expanded from 30,000 ha about thirty years ago (since 1859) to 160,000 ha of land. Potato 
provides huge opportunity and there are good prospects for value addition. This opens wider 
room for commercial investment in key value chains because the natural environment in Ethiopia 
is very suitable for year round production of potato using rain-fed and irrigated systems. The 
main production season for potato in Ethiopia in areas with altitude higher than 2500 m above 
sea level runs from June to September while the off-season slot starts in April and ends in August. 
The altitude between 1800 and 2200 m above sea level is suitable for growing seed and table 
potatoes in Ethiopia and 70% of the agricultural land is located at that elevation. The favorable 
climate at higher elevations, fertile soils and availability of irrigation in many areas such as the 
South-Central Rift Valley provide suitable conditions for potato (Asrat, 2014). 
The actual potato yield in Ethiopia ranges between 8-12 t/ha, which is slightly below the average 
for Africa 10.86t/ha. However, studies show that higher yields of up to 50 t/ha are achievable in 
the country. Haverkort et al. (2012) assert that belg (short rain season) yields of 37 t/ha, meher 
(main rain season) yields of 41 t/ha and winter yields of 36 t/ha being economically feasible. 
This implies that on average 35 t/ha can usually be attained two times per year on a farm. 
According to field trials, about 96% of the total tuber yields are marketable, implying that the 
losses on the field are 4% (Haverkort et al., 2012). 
The demand for potato food products is increasing from time to time. There is a significant 
increase in the numbers of urban consumers willing to diversify their potato consumption pattern 
including branded and packed fresh potatoes in supermarkets like, chips and crisps. French fries 
is becoming well known in the capital Addis Ababa and several other major cities where it is 
prepared on roadsides, hotels and restaurants (Wustman et al., 2014). 
Imbalance between the population growth rate and the agricultural production growth rate is one 
of the pronounced national problems in Ethiopia. Low-level of productivity, due to low level of 
improved technologies utilization and high risk due to adverse environment are among the most 
frequently mentioned major causes of the country’s food security problem. 
In order to meet the food requirements of the growing population, food grains and other 
agricultural products have to be increased. The immediate available means to attain the national 
goal of food self-sufficiency is improving productivity through improved technologies. 
Improved seeds, fertilizer, farming tools, pesticides etc. are some of the major productivity 
enhancing inputs (Berhanu et al., 2006). 
Potato crop is of key importance in that it provides high nutrition and is an adaptive species for 
climate change. Potatoes use less water per nutritional output than all other major food sources 
and can be grown across Africa. Potato provides more food per unit area than any other major 
staple crop, three or five times that of wheat or rice (CIP, 2013). 
Therefore, if farmers are producing to supply the surplus to the market after feeding themselves 
with reducing land per capita due to population growth, they need to adopt new farming practices 
and increase their efficiency (Jema, 2008). However, as indicated by Torkamani and Hardaker 
(1996: cited in Jema, 2008), in areas where there is inefficiency, trying to introduce a new 
technology may not have the anticipated impact if the existing knowledge is not efficient. In 
addition, in Ethiopia the adoption of modern and intensive agricultural practices such as the user 
of chemical fertilizer and improved seeds is quite low (Chanyalew et al., 2010). 
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To earn the sustainable food self-sufficiency for an increasing population, the diversified uses of 
potato as substitutes of food grain can play a major role. The role of potato bears upon the rate 
and structure of economic growth, rate of poverty, nutrition for health, the trade balance and the 
fiscal position of the government. Although Ethiopia has achieved near selfsufficiency in food-
grain production in the recent years, the country cannot provide balanced diet to all its 
population. To solve the malnutrition problem of the country, emphasis should be given to 
produce more non-cereal crops like potato. In order to find out the potentials and possibilities of 
expansion in the acreage and production of the minor crops like potato, it is, therefore, important 
to examine the productivity and efficiency of farmers in producing potato. If farmers are found 
to be economically inefficient, production can be increased to large extent using the existing 
level of inputs and available technology. It can be done by increasing the productivity of inputs 
or by reallocating and combining them optimally. On the other hand, in case of efficient farmers, 
production can be increased by increasing cultivable area or substituting existing technology 
with more advanced technology (Begum et al., 2010). But, most of the studies focused on the 
efficiency analysis of cereal crops. This indicates that the existing knowledge on efficiency on 
non-cereal crops production especially potato production is highly limited. Also, majority of the 
researches on efficiency among potato farmers delved into the technical efficiency aspect 
without due consideration of the cost/profit efficiency. Given the importance of potato to 
smallholder farmers, a better understanding of the efficiency levels will be needed to assess the 
potential productivity gains and identify appropriate policy recommendations to increase potato 
production in Chilga District. Improved efficiency may translate into higher productivity, raise 
farmer incomes and ultimately reduce poverty. 
Although agriculture still remains to be the back bone for Ethiopian economy, its performance 
has been unsatisfactory and unable to fulfill the growing food demand as result of high 
population growth. The major reason for this declining productivity is due to low technological 
inputs, soil degradation, diminishing farm size and due to vagaries of nature. 
This decline in productivity has been given due attention in the national development efforts. 
Thus, due to limited use of modern inputs investigating the potential of increasing agricultural 
production through improving production efficiency of farmers appears to be another important 
source of productivity growth (Shumet, 2011). 
The major challenges facing most of the developing countries like Ethiopia is ensuring food self-
sufficiency of rural smallholder farmers. There is an ever-increasing concern that it is becoming 
more and more difficult to achieve and sustain the needed increase in agricultural production 
based on extensive farming, because there are limited opportunities for area expansion. Hence, 
the solution to food problem would depend on measures, which help to increase yield through 
intensification (Teklemariam, 2014). 
Farmers in Ethiopia have difficulties in feeding their households on their increasingly 
fragmenting land, using traditional and backward techniques of production. Hence, the drastic 
need to improve agricultural productivity and production through the adoption and adaptation of 
improved agricultural technologies and techniques is apparent. This places a lot of 
responsibilities on agricultural support services like agricultural research and extension (AESE, 
2005). 
To meet the food requirements of the growing population with a small land and the poorest soil 
fertility, gains in agricultural output through the improvement of efficiency levels are becoming 
particularly important now days. In addition, eliminating existing inefficiency among farmers 
can prove to be more cost effective than introducing new technologies as a means of increasing 
agricultural output and farm household income. 
Consequently, ever-growing demand for potato due to its numerous uses has remained a major 
challenge. The population is rapidly growing and exerts pressure on the increased demand for 
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potato. The low production of the crop may not only be tied to high cost of resource inputs, and 
low producer prices. Greater emphasis is inevitable upon potato farmer’s efficient utilization of 
the available resources in an optimal manner. The need to improve the efficiency in potato 
production for increased output to meet the growing demand has become imperative. No 
previous studies have been conducted in Chilega District on the economic efficiency of potato 
production. Most previous production efficiency studies have been conducted in Southern and 
Oromya Regions. But, Northern parts of Ethiopia, especially North Gondar has a potential in the 
production of Potato. Chilgea District is one parts of North Gondar and it is known by potato 
production because of Woina Dega and Dega climatic condition. The study therefore, estimates 
the current production efficiency levels (technical, allocative and economic) of potato farmers in 
Chilega District so as to identify the gaps and make an intervention to assist farmers increase 
potato production and efficiency. 

Objective of the Study 
The overall objective of this study was to assess economic efficiency of potato production and 
identify factors affecting potato production in Chilega District. The specific objectives were: 

1. to estimate technical, allocative and economic efficiencies of potato farmers in Chilega 
District 

2. to identify factors that causes efficiency differentials among potato producing farmers 
Significance of the Study 
This study will contribute for designing appropriate extension program to boost potato 
productivity in the study area and other areas with similar situation. An economic efficiency study 
will play a significant role in providing useful information regarding economic inefficiencies in 
production and helps to identify those factors, which will be associated with inefficiencies. 
Therefore, this study generated adequate information on the issues which helps to make an 
intervention for improvement of efficiencies and the identification of the extent of inefficiencies 
as well as the factors associated. The study may also be used as a reference and initiate other 
researchers who are interested in conducting different research works from different perspectives 
on the field which will improve the performance of potato production. 
Scope and Limitation of the Study 
The study was conducted in Chilga District of North Gondar Zone of Amhara Region. This study 
was undertaken to estimate the level of technical, allocative and economic efficiency of potato 
production and identify factors that cause efficiency differentials among potato producing farmers 
during 2015/16 production year. The study used cross-sectional data obtained from 150 sample 
smallholder potato farmers using interview schedule. Chilga District was selected for the study 
based on the potentiality of potato production in North Gondar Zone. The results of this study are 
based on a small sample of smallholder farmers in four kebelles out of forty one rural kebelles 
and which may not necessarily be representative of the entire small holder farmers due to a 
shortage of budget, time and facilities. The study was also conducted using cross-sectional data. 
This may be affected by the specific climate of the year in the study area. Agriculture is dependent 
on weather and snow affected potato production successively in two years during the study period. 
Thus, the results of crosssectional data do not show the change over time. Farmers do not keep 
records of inputs and output as well as price of selling. Therefore, household survey by itself is 
complex and to get reliable data especially on household land holding, volume of production, 
income, number of livestock as well as other variables which have close economic and social 
implications may not always be free from error since households can only recall the most recent 
information. 

Lastly, this study only covered on rain fed potato output and not on irrigated potato output. 
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Organization of the Thesis 
Since the aim of this study was to analyze the economic efficiency of small-scale potato 
farmers/producers in Chilga District, the study is structured as follows: Chapter two reviews 
literature, chapter three discusses the methodology, including methods of data collection and 
analytical techniques used to analyze the data. Chapter four presents the socio economic 
characteristics of the survey households and presents models results of the study, estimated 
technical, economic and allocative efficiencies. Chapter five presents summary, conclusion and 
recommendations of the study. 

Literature Review 

Concepts and Definitions of Efficiency 
Most often, many scholars used productivity and efficiency interchangeably and consider both as 
the measure of performance of a given firm. However, these two interrelated terms are not 
precisely the same (Coelli et al., 1998). In simple term, productivity is the quantity of a given 
output of a firm per unit of input. Technical efficiency (that part of efficiency which explains the 
physical performance of a firm) measures the relative ability of a farmer to get the maximum 
possible output at a given input (set of inputs) or efficiency is the act of achieving good result with 
little waste of effort. It is the act of harnessing material and human resources and coordinating 
these resources to achieve better management goal or it is the ability to produce at a given level 
of output at the lowest cost. Technically efficient farmers are those farmers that are operating on 
the production frontier that represents the maximum output attainable from each input level (farms 
located on the production frontier are considered efficient). All feasible points below the frontier 
are technically inefficient points (farms located inside the frontier are considered inefficient 
because the farm is generating less output that is feasible given its level of inputs). Farrell (1957) 
distinguished between types of efficiency such as Technical Efficiency (TE), Allocative 
Efficiency (AE) and Economic Efficiency (EE), by which it can be measured in terms of all these 
type of efficiency. 
Technical Efficiency: The appropriate measure of technical efficiency is input saving which gives 
the maximum rate at which the use of all the inputs can be reduced without reducing output and 
it is the ability of the farm to produce a maximum level of output given a similar level of 
production inputs. 
The traditional micro-economic theory, which deals with the behavior of firms, presupposes full 
and efficient utilization of resources, perfect knowledge and free mobility of resources. However, 
a number of empirical studies revealed that there are technical inefficiencies in different sectors 
in the developing as well as developed countries. Empirical studies show presence of variability 
in efficiency among firms in areas of banking, education, public sectors and agriculture even in 
developed countries (Wilson et al., 1998). 
The firm output can be increased through one of the three factors: through increased quantity of 
inputs, through increasing productivity of inputs and combinations of changes in quantity of inputs 
and productivity. Therefore, efficiency is a cornerstone issues in production economics helping as 
guide for the allocation of resources (Farrell, 1957). 
The notion of technical efficiency reflects the ability of a firm, country or university to obtain 
maximal output from a given set of inputs. It is measured by the output of the firm relative to that 
which it could attain if it were 100% efficient, i.e. if it lay on the frontier itself, and is therefore 
bound between zero and one (Stevens, 2004). 
According to the neoclassical definition of technical efficiency, a production process is technically 
efficient if and only if it yields the maximum possible output for a specified technology and input 
set. The concept of efficiency can be explained more easily using input or output oriented 
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approaches. The input oriented measure of efficiency addresses the question “by how much can 
input quantities be proportionally reduced without changing the output quantities produced?” 
(Coelli et al., 1998). A farm can be on or above the unit isoquant on the input per unit of output 
space and cannot be below or to the left to it. A departure from the unit iso-quant indicates 
technical inefficiency and the more a farm is far from the unit iso-quant, the more it is inefficient. 
Allocative Efficiency: deals with the extent to which farmers make efficiency decisions by using 
inputs up to the level at which their marginal contribution to production value is equal to the factor 
cost. So, the concept of allocative efficiency is related to the ability of a firm to choose its input 
in a cost minimizing way. It reflects whether a technically efficient firm produces at the least 
possible cost. Technical and allocative efficiencies are components of economic efficiency 
(Abdulai and Huffman, 2000). 
Economic Efficiency: is concerned with the realization of maximum output in monetary term 
with the minimum available resources. Basically, the economic efficiency can be estimated by 
measuring technical and allocative efficiency. Technical efficiency (TE) is the ability of a firm to 
obtain maximum output from a given set of inputs, and allocative efficiency (AE), which reflects 
the ability of a firm to use the inputs in optimal proportions, given their respective prices (Ruth, 
2011). 
The concept of production efficiency in general and the distinction between technical and 
allocative efficiency in particular can be explained using two approaches namely input oriented 
and output-oriented approaches. The output-oriented approach answers the question "by how 
much can output be increased without increasing the amount of inputs used while the input 
oriented approach answers the question by how much the input use can be reduced without 
affecting the level of output" (Coelli et al., 1998). 
Approaches of Measuring Efficiency 
Basically there are two approaches in measuring efficiency: input oriented and output oriented. 
The output oriented approach deals with the question “by how much output could be expanded 
from a given level of inputs?” Alternatively one could ask “by how much can input of quantities 
be proportionally reduced without changing the output quantity produced?” This is an input 
oriented measure of efficiency. However, both measures will coincide when the technology 
exhibits constant returns to scale, but are likely to vary otherwise (Coelli and Battese, 2005). 
Input oriented measure 
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 multiplication of the two yields the level of economic 
efficiency (overall efficiency). 
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 iso-quant estimated with an available 
technique/ methods of production. Now point Q on the iso-quant 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). 

 
Figure 1: Input oriented measures of technical, allocative and economic efficiencies 



Proceedings of the 5th Annual National Conference, CAES 

343 

 
Source: Coelli et al. (1998) 
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 1, point Q is technically efficient since it lies on 
the efficient iso-quant. If planned expenditure for the firm is shown by the slope of the iso-cost 
line AA' (Figure 1), then allocative efficiency ( ) 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  instead of only the technically efficient point Q. The total economic efficiency 
(EE) is also defined as the ratio (ibid) 

 
The distance between point R and P can also be interpreted in terms of cost reduction. The product 
of technical and allocative efficiency provides the overall economic efficiency. 

 
Output oriented measure 
In the output oriented perspective, efficiency is evaluated keeping inputs constant. According to 
Farrell (1957), output oriented measures can be illustrated by considering the case where 
production involves two outputs ( ) and a single input (x). If the input quantity is held 
fixed at a particular level, the technology can be represented by a production possibility curve in 
two dimensions as follows: 
Figure 2: Output oriented measures for technical, allocative and economic efficiency 

 
Source: Coelli and Battese (1998). 
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The production possibility curve is represented by the curve in Figure 2, which represents 
technically efficient combinations of production of outputs . Given same level of 
input (x), it is not efficient to produce at point  because it lies below the production possibility 
curve that represents the upper bound of production possibilities. Considering a firm situated 
at point  , the TE can be calculated as . The distance represents the level of 
technical inefficiency. It is the amount by which outputs could be increased without requiring 
extra inputs. Alternatively, all farmers producing along the production possibility curve are 100% 
technically efficient. If we have price information we can calculate allocative efficiency. Line 
represents an iso-revenue curve which is drawn tangent to the production possibility curve at  
the line  meets it at point . The allocative efficiency of the observed firm is defined by the ratio 
of the distance of point  to the origin over the distance of point to the origin ( and the 

economic efficiency of the observed firm is defined as . 
Overview of Potato Production in Ethiopia 
In meher season, about 1.1 million households produce potato. About 70 % of the total 10 million 
ha arable land is suitable for potato production. An average yield of potato production has been 
stagnated at 6-8 t/ha for the last 20-30 years; Ethiopia has been growing potato since 1859, while 
the area planted with potato increased from 0.03 million ha to 0.17 million ha which is still only 
1.7% of the total potential area (Adane and Admasu, 2008). 
As indicated in (EIAR and ARARI, 2013), Ethiopia has a very high potential for potato production 
as its 70 % arable land or more than 6 million ha is located in the mid and high altitudes, which is 
suitable for potato production. Close to half of the country's potato production comes from 
Amhara Region. Potato is an important food security and a hunger reliever crop in Amhara Region 
and in several other parts of the country by virtue of its ability to mature in advance of most other 
crops at the time of critical food need. In recent years, the production of this crop is expanding 
because of availability of improved technologies; expansion of irrigation land, increased market 
value, production systems diversification, increased—production under rainy season, use of 
residual moisture, short rains and recessed land (Teklemariam, 2014). 
Current cultivated area is nearly 70,000 ha and the production is nearly 786,000 metric ton 
(FAOSTAT, 2010). Potato production in Ethiopia is characterized by low yields and poor quality 
that stems from inadequate varieties, improper cultivation methods, pests and diseases and poor 
post harvest treatments. CIP involved in support to potato cultivation in Ethiopia with various 
capacity building activities and programs. 
The low national mean yield observed for potato could be attributed to various constraints related 
to low adoption of improved agricultural technologies, drought, and lack of improved varieties, 
poor cultural practices, disease, and environmental degradation (Gebremedhin et al., 2001). 
In essence of things, the generation and transfer of technologies is not an end by itself. Therefore, 
increasing productivity and production of potato will be realized if and only if the farmers adopt 
the technologies that are developed by research. Some efforts have been made by both research 
and extension systems for promotion of technology. Different research centers under Ethiopian 
Agricultural Research Institute (EARI) have released different improved potato varieties with 
their agronomic practices and disseminated them among farmers with full package of information 
as a new innovation through MoARD (Teklemariam, 2014). 
Increasing production on a sustained basis by means of extensive farming is becoming more and 
more daunting agricultural undertaking owing to limited opportunities for area expansion (Legese 
et al., 2004). Hence, the solution to food security problem would depend on measures that could 
allow the farmers increase yield through intensification which involves different improved 
agricultural practices (Million and Belay, 2004). Despite the significant contribution of adoption 
of agricultural innovations for increasing production and income, Legese et al. (2004) and Kebede 

and 
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et al. (1990) indicated that adoption rate of modern agricultural technologies in the country is very 
low. In order to raise the agricultural output and productivity on a sustainable basis in the 
developing countries, large-scale adoption and diffusion of new technologies is very essential. 
Empirical Measurement of Efficiency 
Empirical studies of productive efficiency have used a variety of approaches in modeling frontier 
production functions. Examples of such approaches include: parametric versus nonparametric; 
and deterministic versus stochastic methods (Xu and Jeffrey, 1998). Each of these techniques is 
briefly discussed in the sections that follow. 
Parametric versus non-parametric frontier 
Broadly, the two quantitative approaches developed for measurement of production efficiency are 
parametric and non-parametric. Parametric and non-parametric approaches differ on the basis of 
two criteria. First, the two approaches differ on the assumption of the error term that represents 
inefficiency. The parametric approach distinguishes the effects of random shocks from the effects 
of inefficiency as it takes into account measurement errors and other noise in the data. The non-
parametric assumes any deviation from the frontier is due to inefficiency (Iraizoz et al., 2003). 
This however, introduces a severe bias in efficiency measurement when production is subject to 
random shocks (noise) outside the firm's control. 
Secondly, they differ in the way the frontier function is imposed on the data. Parametric methods 
consider frontier production as a parametric function of the inputs and start from a particular 
function (e.g. Cobb-Douglas, CES, Translog). In the estimation of non-parametric functions, no 
previously defined form is imposed on the production function. Non-parametric estimation uses 
linear programming with no assumptions being made on the stochastic properties of the data 
(Apezteguia and Garate, 1997). 
The distributional forms of the error term must also be specified in a parametric specification 
whereas in the non-parametric methods they are not. The parametric approach allows one to 
perform hypothesis tests regarding the existence of inefficiency and the structure of production 
technology. The non-parametric approach imposes less restrictive assumptions about production 
technology. 
Deterministic versus stochastic frontiers 
Parametric frontiers can be further specified as deterministic or stochastic. In deterministic models 
it is assumed that any deviation from the frontier is due to inefficiency (Bravo-Ureta and Antonio, 
1993). According to Battese (1992) the basic structure of the deterministic model is specified as: 

 
where  represents the potential production level of the  farm;  is a suitable function 
(e.g., Cobb-Douglas or Translog); is a vector of inputs of the  farm; β is a vector of parameters 
to be estimated; and  is a non-random error term associated with the farm-specific factors which 
contribute to the farm not attaining maximum efficiency. One important limitation of the 
deterministic approach is that it does not allow for random errors. 
This implies that all the residuals are considered as inefficiency. Stochastic frontiers have their 
origin in trying to solve the limitation of deterministic functions. In the stochastic model the error 
term is assumed to have two additive components: a symmetric component accounting for pure 
random factors and a one-sided component that captures the effects of inefficiency relative to 
stochastic frontier. The basic structure of the stochastic frontier is given as 

 
Where:  is the observed output of the , is a suitable function (e.g., 
CobbDouglas); and are as defined above. 

farm 
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The essential difference of the stochastic frontiers from the conventional (average) production 
function is that its disturbance term has two components: one to account for technical inefficiency 
and the other accounts for random events that affect production. The error term, , is defined as: 

 
Where:  is a two-sided  normally distributed random error . 

The symmetric error term  captures the stochastic effects outside the farmer’s control (e.g., 
weather, natural disasters, and e. t. c.), measurement errors and other statistical noise. The error 
term  is a one sided  efficiency component that captures technical inefficiency. The one-
sided error can follow such distributions as half-normal, exponential and gamma (Aigner et al., 
1977). The two components and are also assumed to be independent of each other (Khai et al., 
2007). In this study, it's assumed that  follows a half-normal distribution . The 
technical inefficiency effect model can only be estimated if the efficiency effects are present. If 
the one-sided error term in the production function is not present then our model is an ordinary 
production function, which can be estimated by Ordinary Least Squares (OLS) regression 
technique. Otherwise, if  is present it implies that it is justifiable to employ the stochastic frontier 
approach. 
The frontier production function model is estimated using Maximum likelihood procedures. The 
maximum likelihood estimation of equation (6) yields consistent estimators for  , and  where 

 
In order to empirically measure technical efficiency, the deviations from the frontier must be 
separated into the random component  and inefficiency component . Given the distributional 
assumptions for and , the Maximum likelihood estimation provides sufficient information to 
calculate a conditional mean for  Jondrow et al. (1982) have shown that inferences about the 
technical inefficiency of individual firms can be made by considering the conditional distribution 
of  given the fitted values of  and the respective parameters. In other words, given the 
distribution assumed for and and assuming that these two components are independent of each 
other, the conditional mean of  given  is defined by: 

E   

Where: is the standard normal density function and  is the cumulative normal 
distribution function both functions being evaluated at . From this calculation, estimates of 
and can be determined. 
The stochastic frontier model has particular advantages over other approaches: it introduces a 
disturbance term which captures random or measurement error and exogenous shocks beyond the 
control of the production unit; and this approach provides the basis for statistical tests on the 
results. However, this model imposes considerable structure on the farm technology by requiring 
the production technology to be defined before estimation (e.g., Cobb-Douglas, Translog, etc.). In 
addition, the distribution of the one-sided error term must be specified (e.g., as half-normal, 
exponential, truncated normal etc) when the model is estimated and this imposes additional 
structure on the distribution of technical inefficiency. Finally the stochastic frontier production 
function cannot handle multiple output cases. 
Application of Stochastic Frontier Models 
The rationale for choosing a particular functional form depends on the research questions and the 
underlying production/cost process to be modeled. Choice of a functional form is also based on 
the need to ensure theoretical consistency and factual conformity within a given domain of 
application as well as flexibility and computational easiness (Tchale, 2006). There are a range of 
functional forms for the production/cost frontier function, with the most frequently used being a 

and 
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trans-log function (Battese and Coelli, 1995). This is relatively a flexible functional form, as it 
does not impose assumptions about constant elasticities of production nor elasticities of 
substitution between inputs. It allows data to indicate the actual curvature of the function, rather 
than imposing a priori assumptions (Ruth Magreta, 2011). 
Chu-Chia Lin and Yu-Chiung Ma (2006) in their study on estimation of production efficiency of 
Taiwanese firms in main land China, compared use of one-step and two-step estimation of 
stochastic frontier. Results revealed that average estimated efficiency under one-step method is 
much higher than that under two-step method. The estimation results were in agreement with what 
Wang and Schmidt (2002) found that one-step estimation method for the stochastic frontier 
approach is more accurate than the two-step estimation method. So, in this study one step 
estimation method was used because of its relative advantage over step procedures. 
Empirical studies on technical efficiency 
Nyagaka et al. (2010) studied smallholder Irish potato farmer from Nyandarua North District 
Kenya, to assess technical efficiency in resource use and to identify the underlying determinants 
of variations in production efficiency. A dual stochastic parametric decomposition technique was 
used to derive technical efficiency indices while a two-limit Tobit model was used to examine the 
effects of socio-economic characteristics and institutional factors on the derived technical 
efficiency indices. Their results showed that resource use was subject to decreasing returns to 
scale while the mean technical efficiency was 67%. Education, access to extension, access to credit 
and membership in farmers’ association and innovations positively and significantly influence 
technical efficiency. 
Isaac (2011) used a cross sectional data and estimated the technical efficiency of maize producing-
farmers in Oyo State, Nigeria and further examined the factors that determined the differential in 
efficiency index. Stochastic frontier production model was used in the analysis to determine the 
relationship between the maize output and the level of input used in the study area. The farm size 
and seed where found to influence efficiency of maize production positively and significantly. 
Hence, the study confirmed that more land could still be brought for maize production in the area 
with the existing level of input use. 
Beckhman et al. (2010) estimated a quadratic stochastic frontier production function to examine 
the determinants of technical efficiency in rice farming in Bangladesh. The analysis of the 
determinants of technical efficiency revealed that the age and education of the household heads, 
availability of off-farm incomes, land fragmentation, extension visits, were the major factors that 
caused efficiency differentials among the farm households studied. Hence, the study proposed 
strategies such as providing better extension services and farmer training programs, reducing land 
fragmentation and raising educational level of the farmers to enhance technical efficiency. 
Using a boot strapped trans-log stochastic frontier, Tchale and Sauer (2007) measured the level 
and determinants of technical efficiency of smallholder maize farmers in Malawi. Results showed 
that higher levels of technical efficiency are obtained when farmers use integrated soil fertility 
options compared to use of inorganic fertilizer only. The study further revealed that access to 
agricultural input and output markets, credit provision and extension services influence 
smallholders technical efficiency strongly. 
Edriss and Simtowe (2003) considered the technical efficiency of groundnut farmers in Malawi 
and compared it with the number one cash crop tobacco whose production has been declining due 
to the anti-smoking lobby internationally. Using a deterministic Cobb-Douglas function, their 
empirical results show that about 75% of groundnut smallholder farmers had an average technical 
efficiency index of 0.496. This was an indication that technical inefficiencies exists in the 
groundnut farms. 
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Bozoglu and Ceyhan (2007) used a stochastic frontier analysis to measure technical efficiency of 
75 vegetable farms in Samsun province of Turkey. The authors found the mean technical 
efficiency of vegetable farms to be 82%. The variables of schooling, experience, credit use, 
participation by women, and information score negatively affected technical inefficiency. 
Chirwa (2003) estimated TE among smallholder maize farmers in Malawi and identified sources 
of inefficiency using plot-level-data. His results showed that smallholder maize farmers in Malawi 
being inefficient. The results further revealed that inefficiency declined on plots planted with 
hybrid seeds and plots controlled by farmers who are members of farmers club or associations. 
Shanmugam (2003) used the stochastic frontier production model to estimate farm specific TE of 
rice, groundnuts and cotton farms in Tamil Nadu in India. Results showed that average TE values 
of raising selected crops varied from 68-82% depicting a scope for raising output without 
additional resources. Land, irrigation, labor and fertilizer were found to be significant 
determinants of output of almost all the crops grown. 
Empirical studies on allocative efficiency 
Sibiko et al. (2013) evaluated the allocative efficiency levels of common bean farmers in Eastern 
Uganda and identified the sources of inefficiency. A stochastic frontier model and a two-limit 
Tobit regression model were employed in their analysis and found that the mean allocative 
efficiency 29.37%. Farm size, asset value and off-farm income affect positively and significantly, 
while distance to market increase inefficiency. 
Goni et al. (2007) examined the resource use efficiency in rice production in the Lake Chad area 
of Borno State, Nigeria. Findings revealed that the farmers were inefficient in the use of all the 
resources. However, inputs such as seed, land and fertilizer were under-utilized. The results 
showed that the need for making inputs such as fertilizer and improved seeds affordable and 
accessible to the farmers so as to improve efficiency. 
Ogundari (2008) analyzed the resource- productivity, technical efficiency and allocative 
efficiency of rain fed farmers in Nigeria. Results for allocative efficiency based on 

 showed that none of the respondents optimally allocated the inputs. A greater number 
of respondents were found to under utilize variables like land, seeds, fertilizer and herbicides 

 and greater number of farmers over utilized labor . 
However in both cases it was revealed that the use of more labor decreased the rice production 
faster than any selected variables. The mean TE index was found to be 0.75, this means that 25% 
of rice yield is foregone due to inefficiency. 
A study made by Okpe et al. (2012) have assessed resource use efficiency and rice production in 
Guma Local Government Area, Benue state of Nigeria. To achieve this primary data were used. 
The analytical tools include gross margin and stochastic frontier production function applied on a 
cross-sectional data of 620 sampled randomly from rice farmers during 2011 farming season. The 
results indicate that both yield and profit of small and medium scale farmers remained small, when 
compared with large scale farmers. Also the results from Maximum Likelihood Estimation shows 
that all estimated coefficients among various farm operation indicates positive sign which implies 
that increase in quantities of these inputs would result in increase output of rice. The results 
obtained from the inefficiency model, indicates the resource use in rice production in the study 
area was not fully utilized in all the categories of farms examined, although farmers were generally 
relatively efficient, they still have room to increase the efficiency of their farming activities to 
65%, 53% and 46% for small, medium and large scale farm respectively to close the efficiency 
gap from the optimum (100%). The technical returns to scales measured by the sum of the 
elasticity of all significant factors showed that small and large scale exhibited increasing return to 
scale while medium scale farms demonstrated decreasing return to scale, but for pooled 
observation it depict constant return to scale. The study recommended that farm inputs should be 
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made available to farmers at highly subsidized rates and makes them available timely, through 
adequate supply and efficient distribution. 
Tchale (2009) analyzed the efficiency of smallholder agriculture in Malawi. In this study, the main 
crops of interest were maize, burley, and tobacco. Results from allocative efficiency revealed that 
farmers had an average allocative efficiency index of 0.46. Results further indicated the need for 
sound agricultural policies that can lead to improved efficiency levels. 
Empirical studies on economic efficiency 
Sarker et al. (1999) used a statistical measures and stochastic frontier production model to 
determine economic efficiency of commercial poultry farms. Results showed an estimated 
economic efficiency of 0.62 indicating that there exists potential to increase profits from available 
resources through improved efficiency. 
Henry (2014) evaluated economic efficiency of soya bean production under Sasakawa Global 
2000 project in Kaduna State, Nigeria. A purposive sampling technique was used to select 107 
Sasakawa soya bean farmers and to analyze economic efficiency of soya bean a CobbDouglas 
stochastic frontier production model was used. The mean efficiencies were 89%, 73% and 65% 
for technical, allocative and economic efficiencies hence; there is room for improvement of the 
farmers’ efficiencies to increase outputs. Farm size, quantity of seeds and quantity of fertilizer had 
positive effects on both technical and economic efficiencies just as costs of farmland; seeds, 
fertilizer, agrochemicals, labor and output had positive effects on allocative efficiency. Major 
constraints encountered by the farmers were insufficient credit, inadequate land, absence of 
threshing machines and equipment, bad roads and inadequate labor. 
Using a stochastic efficiency decomposition technique, Binam et al. (2006) derived the technical, 
allocative, and economic efficiency levels for a sample of 450 farmers in Cameroon. The analysis 
revealed average levels of technical, allocative and economic efficiency equal to 77%, 58%, and 
44%, respectively. In a second step two limit Tobit regression, the authors regressed the technical 
(TE), allocative (AE) and economic (EE) indices on several farm-specific socio-economic 
variables. The results indicated that the efficiency differences were explained significantly by the 
years of schooling, credit, and social capital, distance of the plot from the main access road, and 
access to extension services. 
Tchale (2009) employed the parametric frontier approach to derive the economic efficiency index 
of maize, barley, and tobacco farmers in Malawi. Results obtained showed an economic efficiency 
level of 38 percent. This was attributed to poor policies that promote private market development. 
Bifarin et al. (2010) used the stochastic parametric technique to determine the technical, allocative 
and economic efficiencies of plantain (Musa spp.) farmers in Ondo State, Nigeria. Their findings 
showed that technical efficiency indices varied from 20 to 87%, with a mean of 61%; allocative 
efficiency varied from 14 to 83%, with a mean of 57%; and economic efficiency varied from 3 to 
67%, with a mean of 35%. These widely varying indices of efficiency among plantain farmers in 
a similar agro-ecological locality indicate great potential to achieve productivity growth through 
improved efficiency, using existing technologies and the available resource base in the study area. 
Their results indicated that age was significant and positively correlated to technical and economic 
efficiencies, while extension services contributed significantly to technical efficiencies. These 
results suggest that experience in planting farming and increased investment in extension services 
could jointly contribute to an improvement in efficiency of plantain farmers in Ondo State of 
Nigeria. 
Review of Empirical Literature on Efficiency in Ethiopia 
Hailesilasie (2005) analyzed the technical efficiency of smallholder farmers in sorghum 
production of Raya-Azebo District, Southern Tigray of Northern Ethiopia. Cobb-Douglas 
functional form was used. He found that, the technical efficiency of the sample farmers ranges 
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from about 16 to 97 percent with the mean technical efficiency level of about 79 percent. His 
results revealed that there was a possibility of increase sorghum output from the existing level if 
appropriate measures to reallocate the use of basic inputs. He also found that the Scio-economic 
as well as institutional variables were determinant factors of technical efficiency. 
Alemu et al. (2007) estimated the stochastic frontier production function using a CobbDouglas 
function to investigate efficiency variations and factors causing inefficiency across agro 
ecological zones in East Gojjam, Ethiopia. Data were collected from 254 randomly selected 
households. It was observed that education, proximity to markets, and access to credit reduced 
inefficiency levels significantly. 
A study conducted by Abebe (2009) on technical efficiency of smallholder onion producers in 
Kalu Woreda in South Wollo Zone of Amhara Regional State based on the cross sectional data 
collected from 158 selected farmers and used a Cobb-Douglas stochastic production frontier 
model. The estimated mean technical efficiency of the sample households was about 77%. This 
shows that there exists a possibility to increase the level of onion output by about 23% through 
exploiting the existing resources of the sample households. Slope, irrigation cooperative 
membership and family size were found to affect negatively while extension contact and training 
affect the level of technical efficiency positively. 
Getachew and Bamlak (2014) analyzed technical efficiency of small holder maize growing 
farmers in Horo Guduru Wollega Zone of Oromya Regional State and Cobb-Douglas stochastic 
production function model was used for their analysis. The average estimated techncal efficiency 
for small holder maize producers ranges from 0.06 to 0.92 with a mean technical efficiency of 
0.66. This implies that technical efficiency in maize production in the study area could be 
increased by 34 percent through better use of available resources, given the current state of 
technology. The educational level of the farmer, age of house hold head, land fragmentation, 
extension services, engagement in off-farm activities, and total land holding of the farmer are the 
major socio-economic factors influencing farmers’ technical efficiency and maize output. 
Kinde (2005) used translog functional form to analyze technical efficiency and to identify 
principal factors that cause efficiency differentials for smallholder maize producer farmers in 
Assosa District for cross-sectional data in 2003/2004 production year. His results showed that 
there were inefficiency in the production of maize and the relative deviations from the frontier 
due to inefficiency is 96 percent. He found that the variables, such as average educational status 
of the family members, age, credit availability, off/nonfarm activities, proximity and 
fragmentation of land were found to be significant determinants of efficiency level. 
Jema (2008) has been conducted research on the technical efficiency of vegetable producers of 
150 smallholder farmers in the Eastern parts of Ethiopia. The mean technical, allocate and 
economic efficiency was found to be 68%, 65% and 43% respectively using parametric methods 
and 66%, 64% and 43% using non-parametric methods. The implication of this result is that 
significant factors such as socioeconomic and institutional factors like education, farm asset 
formation, credit, saving habit and extension services are the nucleus for policy issues in order to 
improve the efficiency of vegetable production. 
Fekadu (2004) used the SPF model together with the inefficiency parameters to identify factors 
affecting level of technical efficiency in wheat production of Machakal Districts of Ethiopia. He 
found out those variables, such as fertility status of the plot, age, age square, land ownership status, 
training, number of plots (fragmentation), family size and livestock significantly determine 
efficiency level of farmers in wheat production. Fertility status of the plot, age, land ownership, 
training and extension affect efficiency of farmers positively and significantly, while the 
increments of age square, family size, fragmentation and livestock increase inefficiency. 
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 
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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. 
A study conducted by 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. But, the study by Shumet (2011) found out that gender of 
household head has no significant influence on the efficiency. 
A study by Bamlaku et al (2009) on technical inefficiency factors across agro-ecological zones in 
East Gojjam 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, labor endowment, proximity to the market, livestock ownership and family size-
farm size ratio. Besides the identification of the sources of inefficiency variables the maximum 
likelihood estimates of their finding indicated positive and significant elasticity 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. Extension visits and trainings on 
farmland management affected the efficiency level of farmers positively too. Again, agro-
ecological differences of the smallholder farmers significantly show the persistence of technical 
efficiency variation among them. 
Alene et al. (2005) estimated the cost/economic efficiency of hybrid maize production in western 
Ethiopia and identified sources of inefficiency. Results showed an average cost inefficiency of 
39% from a dual model, indicating that farmers could raise the profitability of maize production 
by 39% by fully adjusting input use. The inefficiencies were due to use of more, rather than less, 
fertilizer, and this divergence between economic and biological optimum arising from unfavorable 
input and output prices facing farmers. 
Hassen et al. (2012) analyzed the efficiency of crop-livestock production and assessing their 
potential for improvement in North East Ethiopian highlands. Cross-sectional data were used to 
analyze the economic efficiency of mixed crop and livestock production system and identify its 
determinant factors. The parametric stochastic frontier approach was employed to measure 
economic efficiency. Their result indicated that most farmers in the study area were not efficient 
with the mean technical efficiency; allocative efficiency and economic efficiency of the household 
calculated from parametric approach of stochastic frontier analysis were 62%, 51% and 29%, 
respectively. Their result also showed that improved agricultural technology adoption 
significantly improved production efficiency of households. It was suggested that the technology 
adoption and production efficiency of the crop-livestock farmers should be improved by raising 
their education, farm household asset formation and by providing extension and credit services. 

Research Methodology 

Description of the Study Area 
The study was conducted in Chilega District in North Gondar Zone of Amhara Regional State, 
Ethiopia. It is one of the districts in North Gondar Zone and an important stopping point on the 
historic Gondar-Sudan trade route and is located 61 km west of Gondar town on the way to 
Metema. Chilga District is bordered in south by Takusa, in west by Metema, in the north by Tach 
Armachiho, in the northeast by Lay Armachiho, and in the east by Dembiya. Other towns in Chilga 
District include Seraba and Wohni. The District's elevation ranges between 1000 and 1500 meters 
above sea level. Atbarah River is one of the rivers flowing in the District. The agro-ecology of 
District is 67 % and 33% Kola and Woinadega, respectively. The annual rain fall of the District is 
between 995 and 1175 mm and the mean daily average temperature is 27 degree Celsius. A survey 
of the land in this district shows that 21.7% is arable or cultivable, 1.9 is pasture, 22.3% is forest 
or shrub-land, and the remaining 54.1% is considered degraded or other. Based on 2007 national 
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census conducted by the Central Statistical Agency of Ethiopia (CSA), the District has a total 
population of 221,462, an increase of 33.34% over the 1994 census, of whom 112,054 are men 
and 109,408 women; 20,745 or 9.37% are urban inhabitants while the reaming 90.63% live in 
rural areas. The District has 48 kebeles in which 41 are rural and 7 are urban kebeles. The District 
has total area of 3,071.65 square kilometers and population density of 72.10 persons per square 
kilometer, which is greater than the Zone average of 63.76 persons per square kilometer. A total 
of 47,336 households were counted in this District, resulting in an average of 4.68 persons to a 
household, and 45,352 housing units. The majority of the inhabitants practiced Ethiopian 
Orthodox Christianity, with 96.7% reporting that as their religion, while 3.1% of the population 
said they were Muslim (CDFEDO, 2014). 
Map of the study area 

 
Crop production pattern 
The major cereal crops produced in the different agro-ecologic zones of the District include 
several annual and perennial crops. Among cash crops such as ginger, sesame, gesho, coffee, 
cotton and garlic are the most important source of income. Among cereal crops teff is the major 
cereal crop produced next to maize. In the year 2015/16, more household were engaged in maize 
production and 13, 502 ha of land was covered by maize which makes it the first in total maize 
area coverage as compared to the other cereal crops (Chilga District Agricultural Office, 2015/16). 
As revealed in Table 1 below the land covered by potato in rain fed is greater than in irrigation 
and the total production of potato under rain fed was almost double under the irrigation total 
production. Due to this reason, in this study only the rain fed potato production was considered. 
Table 1: Crop production in rain fed and irrigation in 2015/16 

Fig ure 3 :  Map of the Study Area 
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Crop type Cultivated area  Total production 

Rain fed Under irrigation Rain fed Irrigation 

Teff 10,859  394,766  

Sorghum 5,120  156,200  

Maize 13,502  1,030,792  

Finger millet 4,912  106,708  

Barley 4,209  124,496  

Wheat 554  18,088.5  

Rice 645  32,685  

Potato 3,010 277.5 677,340 30,875 

Ginger 688  41,856  

Sesame 1,107  6,839  

Cotton 242  3,126  

Garlic 22 867.25 1,760 69,257.25 

Others 2,318    

Total 47,188 1,144.75 2,594,656.5 100,132.25 

Source: Chilga District Agricultural Office, 2015/16 
Total potato output and area coverage trends (2011-2015) 
As shown in Appendix Table 3 and Figure 4 and 5 total areas (ha) was increased on average. Total 
output in quintal was also increased even if due to the occurrence of lateness of rain fall and 
disease (let blight) in the year 2012 and 2013, respectively. 
Figure 4: Area coverage trends for potato output under rain fed (2011-2015) 

 
Source: Chilga District Agricultural Office, 2015/16 
Figure 5: Potato output trends under rain fed (2011-2015) 
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Source: Chilga District Agricultural Office, 2015/16 

Potato maturity dates on average has been 80 – 90 days as compared to 9 – 12 months of other 
major cereal crops. Therefore, because of the short maturity period, it is produced almost 
throughout the year making it the highest yielding the relatively high level of potato yields, the 
short growing period, and high market value, potato generates larger returns per hectare and per 
day than most other crops grown in developing countries. However, it is susceptible to pests, 
diseases, moisture stress and extremes in weather makes its yields more variable than those of 
many other crops. This yield variation coupled with price fluctuations and high input costs, makes 
potato production risky. Due to these problems, few farmers specialize in potato production; most 
grow potatoes with other crops (Ayodele, 2005). 
As indicated in Appendix Table 3 and Figure 6 total area (ha) coverage under irrigation shows 
that in 2011 was high; after this year the area of the farm land dramatically declining because 
farmers were shift to produce onion and tomato for considering market access. After 2014 the area 
of the irrigation farm land and total yield (Table 7) has been increased under irrigation. In 2011 
the total yield was high and then declining in the previous year more than in half. After 2012 there 
was slight increment and in 2014 the total yield of potato was declining ten times in 2011; but, 
after 2014 the total yield was increasing dramatically. 
Potato output and area coverage trends under irrigation (2011-2015) 
Figure 6: Area coverage trends for potato output under irrigation (2011-2015) 

 
Source: Chilga District Agricultural Office, 2015/16 
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Figure 7: Potato output trends under irrigation (2011-2015) 

 
Source: Chilga District Agricultural Office, 2015/16 

Sampling Technique and Sample Size 

Multi stage sampling technique was employed when selecting sample respondents. In the first 
stage, Chilga District was selected purposively based on its potential in potato production. In the 
second stage, out of 41 potato producer rural kebeles, 16 kebeles that are the major potato 
producers were selected purposively. In the third stage, from 16 kebeles 4 kebeles were selected 
randomly. Based on a complete list of the name of all potato producer farmers obtained from 
Development Agent (DA) during 2015/16 production year, 40, 40, 38 and 32 households were 
selected from Eyaho-Seraba, Anguaba-Buladgie, Sertiya-Warkaye and Teber-Serako, 
respectively using probability proportional to size (PPS) random sampling technique. Table 2 
shows the list of sample kebles, number of potato producer households in each KA and sample 
households taken from each KA. 
 
 
 

Table 2: Potato growing farmers and sample size 

Kebeles Total households Sample size Percent 
Eyaho-Serba 345 40 26.6 

Sertiya-Warkaye 332 38 25.6 

Teber-Serako 276 32 21.2 

Anguaba-Buladigie 345 40 26.6 
Total 1,298 150 100 
Source: Chilga District Agricultural office, 2015/16 

Data Type, Sources and Method of Data Collection 

Both primary and secondary data were used for the study. Primary data were sourced through 
interviews with potato producers using a structured interview schedule. To facilitate the task of 
data collection, the enumerators were recruited and trained for a day in order to master the research 
and the data collection tools. Interview schedule was pretested with the enumerators for one day 
to ensure that wording and coding matched field situation. The interview schedule questionnaire 
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captured data on farmers potato production levels/total amount of output, costs incurred in potato 
production and production related socio-economic factors. That is to say, data were collected on 
input-output variables such as labor (MDE), oxen (ODE), farm size in ha, fertilizer in kg and seed 
in kg and also data were collected on sociodemographic factors such as age, sex, level of 
education, access to credit, household size, frequency of extension contact, soil conservation 
activities, slope of the plot, potato seed varieties, distance to input/output market, total livestock 
(TLU), training related to for any agricultural activities. Secondary data was sourced from 
different published and unpublished sources like research findings on technical, allocative and 
economic efficiencies of various economic activities. 
Selection of Variables 
Regardless of the choice of the functional form the inputs to be used in the production process are 
predetermined in the sense that they are the actual inputs for production of a given output. From 
the very beginning of the study, variables selected to be entered into the model were farm size 
(ha), chemical fertilizer (kg), organic fertilizer both manure and compost (kg), labor (man-day), 
oxen power (oxen-days) and seed (kg). However, as in Table 3 indicated, potato producer farmers 
did not use 100% of insecticides, manure and composts. Hence, direct use of these variables in 
the estimation of the model will bias the estimation. 
The usual method to overcome, such problem is either by avoiding cases with zero observation, 
assigning a very small value greater than zero or using dummy variables. All methods have their 
own advantages and limitations (Battese, 1997). So inclusion of this variable into the production 
function model may not give us economically realistic parameter estimates. Hence, the variables 
manure; compost and chemicals (insecticide) were excluded from the model. 
Table 3: Input users and non-users sample households 

Types of inputs  Users Non-users 
Number Percent Number Percent 

Manure 82 54.7 68 45.3 
Compost 81 54 69 46 
Chemical 18 12 132 88 
Source: Computed from Field Survey Data, 2015/16 

Methods of Data Analysis 
Descriptive statistics 
To get some insight about the characteristics of the sampled farm households, descriptive statistics 
was used. Descriptive statistical analysis was employed to analyze the survey data using measures 
of dispersion such as percentage, frequency and measures of central tendency such as mean and 
standard deviation. 
Econometrics analysis 
Several functional forms have been developed to measure the physical relationship between input 
and output. The most common functional forms are Cobb-Douglas and transcendental logarithmic 
(translog) function. The Cobb-Douglas is the simpler but less flexible, form is very parsimonious 
with respect to degrees of freedom (Leavy et al., 1999) and it meets the requirement of being self-
dual which allows the examination of allocative and economic efficiency. 
However, one of the drawbacks of the Cobb-Douglas is that it is less flexible as it imposes severe 
priori restriction on the farm’s technology by restricting the production elasticity to be constant 
and elasticity of input substitution to unity (Wilson and Hadley, 1998). 
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The translog production function on the other hand is a more flexible functional form than the 
Cobb-Douglas, which takes into account the interactions between variables and allows for 
nonlinearity in the parameters. However, the translog suffers some drawbacks. First, it does not 
yield coefficients of a plausible sign and magnitude due to the degrees of freedom and secondly, 
when estimating the translog production function, multicollinearity among explanatory variables 
is usually present (Leavy et al., 1999). From the above literature review one can understand that 
unless we use test of hypothesis to choose either of them, no one can say one better than the other. 
In this study test of hypothesis was employed to select either of them. 
The Cobb-Douglas has been widely used in many empirical studies particularly those related to 
developing countries for farm efficiency analysis (Bravo-Ureta and Pinheiro, 1997). The function 
is formulated as:- 

 
Where:  is the potato output produced in kg. The variable  represents farm area planted 
to potatoes,  means family and hired labor measured in man-days,  represents the quantity 
of seed in kilograms,  corresponds to fertilizer (both Dap and Urea) measured in kilograms 
and  it is measured in oxen-days. 
Following Jondrow et al. (1982), technical efficiency estimation is given by the mean of the 
conditional distribution of inefficiency term given ; and thus defined by: 

 

Where:  while f and F represents the standard normal density and 
cumulative distribution function respectively evaluated at . 
The farm -specific technical efficiency is defined in terms of observed output to the 
corresponding frontier output  using the available technology derived from the result of the 
equation 11 above as: 

 
TE takes value on the interval (0, 1), where 1 indicates a fully efficient farm. 
Using a linear representation the empirical function to be estimated is written as: 

 
Where: the subscript , indicates the household in the sample  is the natural 
logarithm (i.e. logarithm to base e); are parameters (elasticities) to be estimated . 
The parameters and represent the stochastic and inefficiency components of the error 
term respectively; and the other variables is as defined above. In this study, the half-normal 
distribution is assumed for the asymmetric technical inefficiency parameter. 
The maximum likelihood estimates for the parameters of the stochastic frontier are obtained by 
using the FRONTIER 4.1 (Coelli, 1996) computer program, in which the variance parameters are 
expressed in terms of 

 

 
Where:  is the total variance of the model and the term  represents the ratio of the variance of 
inefficiency's error term to the total variance of the two error terms defined above. The value of 
variance parameter  ranges between 0 and 1. 
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Empirical model of economic efficiency 
The stochastic frontier cost functions model for estimating farm level overall economic efficiency 
is specified as: 

 
Where  represents total production cost,  represents a suitable functional form, represents 
output produced,  represents cost of input (labor, oxen, farm land, seed and fertilizer),  
represents parameters of cost function and represents the error term that is composed of two 
elements. That is: 

 
Where  represents the systematic component which represents random disturbance cost due to 
factors outside the scope of the farmers. It is assumed to be identically and normally distributed 
with mean zero and constant variance as also represents one sided disturbance farm 
used to represent cost efficiency and is independent of . Thus,  for a farm whose costs lie 
on the frontier,  for farms whose cost is above the frontier, for farms whose cost is 
below the frontier. The two error terms are proceeded by positive signs because inefficiencies 
are always assumed to increase cost (Coelli et al., 1998). 

Moreover, in this study, the cost efficiency of an individual farm is defined in terms of the ratio 
of the observed cost  to the corresponding minimum cost given the available technology. 
That is, cost efficiency : 

 
Where: the observed cost ( ) represents the actual production cost whereas the minimum cost 
( ) represents the frontier total production cost or the least total production cost level. 
Hence, following the adoption of Battese and Coelli (1995) framework for the analysis of the 
data, the stochastic frontier Cobb-Douglas cost function for potato farms in the study area is 
specified as: 

 
Where represents the total production cost; is cost of labor; is the rental value of land; is the cost 
of seed,  is the cost of oxen and is the cost of fertilizer, represents potato output in kg and  
are parameters to be estimated, and and are defined earlier. 
Economic efficiency (EE) is computed as inverse of equation 18. Hence, farm-level economic 
efficiency (EE) was obtained using the relationship: 

 
That is EE as inverse of CE and EE takes the value between 0 and 1. Estimation of AE can be 
achieved through use of efficiency results from TE and EE where EE is derived from the CE 
function. EE is the product of TE and AE. Hence, a measure of farm specific allocative efficiency 
(AE) is obtained from technical and economic efficiencies estimated as: 

 
Likelihood- ratio (LR) statistic 
The reliability of empirical results depends on whether or not the models that are being estimated 
satisfy certain criteria. Specifically, the models have to be correctly specified, and the assumptions 
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or restrictions made must hold. Incorrect functional specifications and violations of the 
assumptions can lead to incorrect conclusions and recommendations (Gujarati, 2003). 
In this study the gamma and the generalized likelihood ratio (LR) statistic are used to test for 
inefficiency and the appropriateness of the frontier production function (which includes two error 
terms) compared to the ordinary least squares (OLS) production function (which includes one 
error term). The gamma parameter is defined as the ratio of the variance of the one sided error 
term , to the total variance of the model, , and the parameter is bounded between 0 
and 1. If the null hypothesis that  equals zero is accepted, this would indicate that  is zero 
meaning that inefficiency effects are absent from the model. This implies that the  term should 
be removed from the model, leaving a specification with parameters that can be consistently 
estimated using ordinary least squares. 
In this study the LR statistic was employed to establish whether the stochastic frontier production 
function is preferred to the ordinary least squares (OLS) production function as one that best 
represents the data generation process. The LR statistic is calculated as follows: 

 
Where: denotes the values of the likelihood function for the restricted and 
the unrestricted frontier model, respectively. 

The  statistic has approximately a Chi-square distribution with degrees of freedom equal to the 
number of restrictions imposed (i.e., difference between the number of parameters estimated under 
and respectively). The null hypothesis is rejected (not accepted) if the computed value of  
exceeds its critical value. A significant  statistic implies that the frontier production function 
fits the data better than the ordinary least squares (OLS) production function and estimates for the 
farm-specific efficiencies are obtained (Bhasin, 2002). 
Definition of variables 
Dependent variable 
Potato output was regarded as the dependent variable for the production function, whilst its cost 
of production was regarded as the dependent variable for the cost function. Technical, allocative 
and cost efficiencies of potato farms were determined by comparing the actual observed potato 
output against the frontier maximum output. 
Explanatory variables 
In the study farm size, labor, fertilizer, oxen and seed were the explanatory variables and their 
details are indicated as follows: 
Farm Size (Frmsze): This is a continuous variable, which is the total potato cultivated area in the 
selected production season and measured in hectares. It is expected to determine the efficiency 
differential of farmers in the study area. It is important to evaluate whether relatively large farms 
are more efficient or not than small ones. As the farm size of a farmer increases, the manageability 
may decrease. Basically, land is the main factor of production and thus positive coefficient is 
expected (Bekele, 2013). 
Labor (Lab): it is defined as the total active family and hired labor available for potato cultivation. 
This variable is measured by man days to estimate the total labor force in the family as well as 
hired labor available for farming (potato farming) for pre harvesting operation. Since harvesting 
does not affect the level of potato output unless there is unexpected rain fall, disease etc this 
destroys outputs. Under the subsistence farming system, family labor constitutes the major labor 
supply to the farm. The available labor supply within a given farming household affects 
production activities. It was hypothesized that the available labor to be related positively to 
production efficiency. Given the fact that the labor is the main input in production, a farmer that 
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has been more labor in the household can carry out important crop husbandry practices timely 
(Hasssen, 2011; Wondimu, 2013). 
Amount of fertilizer (Fert): Refers to the quantity of chemical fertilizer (both Dap and Urea) 
applied on potato plot in kilogram to maintain frontier output. Amount of fertilizer was expected 
to have positive effect on yield, but when overdose happens it can lead to low yield or total crop 
failure. Therefore, application of chemical fertilizer at sowing time and after will increase the level 
of production and the efficiency level of the farmer will be positive (Alemayehu, 2010; Ruth, 
2011; Bekele, 2013; Bakary, 2014). 
Oxen power (Oxen): The total number of oxen days used by the  household for potato 
production. It was measured by the number of power exerted on the cultivated land for the 
production of potato. The amount of draught power used for different farming activities was taken 
by considering the number of oxen power used in oxen day. The total head of draft animals the 
farmer own can greatly affect farming activities. If the farmer has enough pairs of oxen with which 
to plow, he can accomplish his operations timely and with good quality (especially land 
preparation and sowing) (Kinde, 2005; Haileselasie, 2005; Bekele, 2013). Hence, in this study it 
was hypothesized that the more heads of oxen the farmers have the more productive they will be. 
Seed (SD): This is the amount of potato seed and measured the quantity of potato seeds in 
kilograms (kg) used in 2015/2016 cropping season. Seed is a universal input in all crop-based 
farming systems and it affects crop productivity in two ways. A very high seed density may result 
in low potato output due to high competition for nutrients, whereas a very low seed density may 
also lead to low potato output due to under-utilization of land (Edriss, 2003). It is the usage of 
both potato variety seed and home produced or local seeds. Hence, it was hypothesized that the 
quantity of seeds determines the seed rate which can have either positive or negative influence on 
yield. 

Table 4: Summary of factors of production and their hypothesized signs 

Variable 
name 

Measurement Hypothesized 
sign 

Description 

Labor MDE + Family and hired labor used (labor man-days) 

Farm size Hectares + The area of farm land that the farmer allocated 
under the cultivation of potato at survey season 

Oxen ODE + Amount of oxen power utilized for potato 
production (2015/16 season) in Oxen days 

Fertilizer Kilograms + A precise amount of chemical fertilizer dose used 
on the plot of land used for the production of 
potato during the farming season (in Kg) 

Seed Kilograms +/- The amount of potato seed used on the plot at 
survey season (in Kg) 

Input Costs 
Costs of seed: costs are expected to influence producer's choice this implies how the higher the 
costs the higher the chances that the producer might not buy the input especially improved potato 
varieties (Belete, Jalenie and Guassa) during the production year 2015/16. Cost of labor: cost of 
sowing, weeding and hedging was captured. The cost was captured by considering cost of family 
labor and hired labor. 
Cost of Land: this was used as the seasonal rental paid for hectare of land cultivated. This is 
essential because value of land tends to appreciate with time. This implies that rental value of land 
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has been increasing time to time and also place to place (i.e. as the farm plot near to the town, the 
rental value of land was high as compare to the farm plot far from the town). 
Cost of inorganic fertilizer: It is both DAP and Urea costs. From the survey the cost of fertilizer 
vary from farmer to farmer due to its storage cost for the consideration of time and the cost of 
fertilizer has been increasing year to year. So, higher cost of fertilizer affected potato production. 
Rental cost of Oxen: cost of oxen was determined by pair of oxen per day. Like cost of land, cost 
of pair of oxen was high as near to town. 
Table 5: Expected variables influencing cost of potato production 

Variables Measurement Hypothesized sign Description 

 Birr + Cost of potato production per annum 

 Birr + Cost of labor used 

 Birr + Cost of land used 

 Birr + Cost of seed used 

 Birr + Rental cost of oxen used 

 Birr + Cost of fertilizer used 

Estimation of socio-economic characteristics that influence efficiency 
Producer’s socio-economic variables those influence technical efficiency, allocative efficiency 
and economic efficiency were defined as follows: 
Age of Household Head (Age): This variable is a continuous variable and measured in number 
of years. More experienced farmers tend to minimize losses, and have better managerial skills 
which can be utilized in their production process. Since, farming experience increases with 
increase in number of years in farming, it was expected to have positive effect on efficiency. As 
the age of the farmer increases, he/she will be able to use resources in such a way that it yields the 
maximum possible output (Fekadu, 2004; Haileselassie, 2005; Abebe, 2009). 
Sex of the Household Head (Sex): is a dummy variable represented by 1 if the respondent is 
male headed and 0 otherwise. Male headed households are likely to have better access to 
information and services and therefore farms managed by men will be expected to attain higher 
efficiency than those managed by women (Daniel, 2009). Due to this reason the expected sign for 
this variable was positive. 
Education level of Household Head (Educ): This variable is a discrete: 1 if the respondent is 
literate and 0 otherwise. Household heads that are literate are expected to have a better knowledge 
of how to make a living. Literate household heads are very ambitious to get information and use 
it. It will make farmers to be aware of new technologies and farming practices that help to increase 
yield. Farmers who attended some level of education are expected to be active in looking for 
updated agricultural information (Haileselassie, 2005; Agerie, 2013). Hence, the level of 
education attainment of the household head was expected to have positive impact on the level of 
technical efficiency. 
Distance to input markets (Dismkt): This variable is a continuous variable and measured in 
kilometers. It is negatively associated with the use of production enhancing inputs. Those who are 
far from the market may not have a chance to get agricultural inputs comparing to the nearby 
farmers (Legesse, 2001). Therefore, the variable was expected to have negative association with 
the dependent variable. 
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Distance to input markets contribute to production in a way that if farmers stay near an input 
market there is high probability that they will access inputs on time. Timely availability of inputs 
is very crucial in production hence the importance of considering this variable in the analysis. 
Total livestock holding (TLU): It refers to the number of livestock owned by household and 
measured by Tropical Livestock Unit (TLU). Livestock ownership is perceived as the 
accumulation of wealth status, use 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. 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 (Kinde, 2005; Alemayehu, 2010; Abebe, 2009; Wondimu, 2013; Bekele, 2013; Getahun, 
2014). Hence, those farmers owning more livestock were expected to be more technically 
efficient. 
Training of Household Head (Trng): is a dummy variable having value equal to 1 if the 
household has got training at least one day in the cropping season and 0 otherwise. Training is an 
important tool in building the managerial capacity of the household head. Household’s head has 
gotten who get training related with crop production and marketing or any related agricultural 
training is expected to be more efficient than those who did not receive training (Fekadu, 2004; 
Abebe, 2009; Wondimu, 2013). It will be positively related to produce efficiently. 
Frequency of extension contact (Freqcnt): Farmers who have better extension contact are 
expected to be more efficient than others. The more contact the farmer has with extension service, 
the more will be the information/knowledge she/he has and the better will be the use of agricultural 
inputs. Therefore, it is assumed that farmers who have frequent contact with DAs are more likely 
to demand agricultural inputs due to the increased awareness, and it was expected to affect the 
dependent variable positively (Dawit, 2012). 
Access to Credit (AcCr): is a dummy variable indicating 1 if a farmer received and used credit 
in potato production and 0 otherwise. It was used to capture the effect of credit on the production 
efficiency level of farmers. The availability of credit will be loosen the constraints of production; 
therefore facilitating the acquisition of inputs on a timely basis and hence it is supposed to increase 
the level of efficiency of the farmers. Farmers who receive credit was assumed to overcome 
liquidity constraints, purchase more production inputs or a new technological package such as 
high yielding seeds since this can be regarded as access to funds (Haileselasie, 2005; Kinde, 2005; 
Hussien, 2007; Jema, 2008; Daniel, 2009; Bekele, 2013). Therefore, it was hypothesized that 
households who have used credit expected to be more efficient than others. The expected sign for 
credit use was positive. 
Household Size (HHsize): This is a continuous variable representing the total number of family 
members in the household. Family is an important source of labor supply in the area. Household 
size can have positive effect in raising the efficiency of the farmer in the production of potato. 
Since labor is the main input in production as the farmer has large family size, he/she was expected 
to be manage potato plots on time (Fantu et al., 2011). Thus, household size was hypothesized to 
have a positive influence on production efficiency of the farmer. 
Off-farm activities (OFF): is a dummy variable and measured as 1 if the household was involved 
in off-farm activities and 0 otherwise. Being involved in off-farm activities may have a systematic 
effect on the production efficiency of farmers. This is because farmers may allocative more of 
their time to off-farm activities and thus may lag in agricultural activities. The effect on the 
production of farmer being involved in off farm activities may be of two fold. First, if farmer 
spends more time on off-farm activities relative to farm activities, this may negatively affect 
agricultural activities. Second, income generated from off-farm activities may be used to acquire 
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purchased inputs and hence positively complement farm activities and may be used as extra cash 
to buy agricultural inputs and also be a supplement for home use (Teklemariam, 2014; Getahun, 
2014; Alemayehu, 2010). Therefore, it was hypothesized that a farmer engaged in off-farm 
activities to be more efficient than his counterpart. 
Soil Conservation (Soilcsn): It is a dummy variable that assumes 1 if the farmer conserve soil 
and 0 otherwise. Households practice different soil conservation mechanisms to sustain the 
productivity of their farm land. It is obvious that conserved farm land produces more output than 
non-conserved lands. Hence, those households practicing soil conservation was expected to be 
more technically efficient (Getahun, 2014). 
Slope of the farm land (Slope): This is measured as discrete variable. Slope of the land may 
affect level of production. For instance steep plots are usually subject to water erosion. As a result, 
they are likely to be of lower productivity. Since steep plots are vulnerable to erosion damage and 
they are likely infertile compared to plain plots, slopes of plot were found to be related negatively 
to technical efficiency (Abebe, 2009; Alemayehu, 2010). To take the effect of efficiency of 
different topography of the plot, an index was constructed based on the respondents' judgments. 
The index for the slope of the land is constructed based on the respondents response on whether 
the slope of their plot that takes a value of 1 if slope of plot is steep and 0 otherwise. It is 
hypothesized to determine technical efficiency negatively. 
For the investigation of socio-economic and institutional factors affecting efficiency levels the 
following model was estimated: 

 
 

 
 

Where: EFF is the technical (TE), economic (EE) and allocative (AE) efficiency indices 
respectively. The subscript , indicates the  household in the sample ; ln represents 
the natural logarithm (i.e., logarithm to base e);  are parameters to be estimated.  
represents the age of the household head in number of years;  represents the sex of the 
household head if 1 for male and 0 otherwise;  represents the educational level of the 
household head if 1 the household head was literate and 0 otherwise; represents frequency 
of extension contact, measured by the number of extension visits by extension agents;  
represents the number of household size;  represents the households off-farm income 1 if the 
household members involved in non-farm activities, 0 otherwise;  represents potato seed 
varieties 1 if the household used improved variety seed, 0 otherwise;  of the farm plot 1 if 
the farm plot is steep and 0 otherwise; represents soil conservation activities that build farm 
plot 1 if the household practice soil conservation, 0 otherwise;  represents training of 
household heads related to potato production and marketing 1 if the farmer get training on potato 
production and marketing, 0 otherwise;  represents access to credit for potato production 1 if 
the household received credit, 0 otherwise;  represents the total number of livestock holding 
for the  household in TLU and  represents distance of the nearest output and input market 
in km. 
The empirical model in equation 23 was estimated using a censored regression model. Therefore, 
given that the dependent variable (EFF) is censored: the efficiency indices are scaled from a lower 
limit of 0 to an upper limit of 1 and cannot fall outside of this range, a censored regression model 
is appropriate for estimation of this equation. Using ordinary least squares (OLS) regression 
analysis for such data will yield biased and inconsistent parameter estimates and therefore a 
maximum likelihood estimation procedure is more appropriate. 
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The most common censored regression model is the Tobit model which expresses the observed 
level in terms of an underlying latent variable. A Tobit is a censored regression model in which 
the dependent variable is observed only if it is above or below some cut off level. A two-limit 
Tobit model is a censored normal regression model where the dependent variable is continuous 
but its range is constrained both from above and below by cut-off points. In equation 23, the 
dependent variable, EFF lies in a double bounded range (i.e., between zero and one). Three 
separate equations - for determinants of technical, allocative, and economic efficiency - were 
estimated using a two-limit Tobit model with the dependent variable, EFF, as the technical, 
allocative and economic efficiency indices respectively. 
In the two-limit Tobit model, the observed level of the dependent variable (i.e., EFF) is expressed 
in terms of an underlying latent variable . Following Binam et al. (2006), the functional form of 
the two-limit Tobit model is given as: 

 
 

 
 

Where:  is the non-observable efficiency latent variable; is the matrix of explanatory 
variables; b is a  vector of parameters to be estimated;  is the lower limit (i.e. zero); is 
the upper limit (i.e. 1); and  is an independently and normally distributed error term with zero 
mean and constant variance and is identically and independently distributed as . 
The threshold value in the above model is zero and one because the efficiency scores lie between 
the two values. The two-limit Tobit model was estimated using STATA computer program. 
Table 6 presents the description and expected signs of the variables included in the two-limit Tobit 
model, which is used to estimate the technical, allocative and economic inefficiencies. Several 
farm/farmer characteristics were hypothesized to explain variations in technical, allocative and 
economic efficiency levels across the sample farms. Some of the socioeconomic factors which 
were postulated to have some influence on the efficiency levels in this study were age, sex, 
educational level, household size, TLU, off-income, potato varieties, slope of farm plot, soil 
conservation activities and distance input/output market. Institutional factors such as frequency of 
extension contact, access to credit and training about potato production and output marketing were 
also postulated to influence potato production efficiency. 

Table 6: Variables included in the Tobit Model and their Description 

Independent 
variable 

Measurement Hypothesized 
sign 

Description 

Age of HH head Number of years + Good  experience  in  potato 
production 

Sex of HH head 1 if male, 0 female + Males have better access to information 
and ploughing more than females 

Household size Numbers + An increase in household size number, 
increases labor supply 

Education level of 
HH head 

1 if HH head is 
literate, 0 otherwise 

+ Education enhances to increase output 
through efficient input use 

Distance from the 
nearest market 

Kilometers - Farmers near an input market, there is high 
access inputs on time than far from an 
input 
market 
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Soil conservation 1 if conserve soil, 0 
otherwise 

+ conserved farm land produces more output 
than non-conserved lands 

Access to credit 
facility 

1 if there is access, 
0 otherwise 

+ Access to credit facilitating the acquisition 
of inputs on a timely basis and hence 
increase the level of efficiency of farmers 

Off-farm income 
for the HH 

1 if involved offfarm 
activities, 0 
otherwise 

+ income generated from off farm activities 
used to buy agricultural inputs and hence 
increase 
production and productivity 

Training in potato 
production and 
marketing 

1 if the household 
head get training, 0 
otherwise 

+ It facilitates the farmers technical ability 
for the production of potato 

Frequency  of 
extension contact 

Numbers + Households who are visited by extension 
experts have more information which 
enables them to produce efficiently 

Total  livestock 
holding 

TLU + It is the source of income for purchasing 
agricultural inputs and oxen power; hence 
facilitating potato production 

Slope of farm land 1 if the plot of farm is 
steep, 0 otherwise 

- steep plots are vulnerable to erosion 
damage and they are likely infertile 
compared to plain plots 

Potato  seed 
variety 

1 if farmers use 
potato improved 
variety seed, 0 
otherwise 

+ A new potato variety seed increases 
production as 
compared to a local varieties 

Results and Discussion 

This chapter summarizes the results from the descriptive statistical analysis and econometric 
analysis. The results indicate the frequency and percentage of each variable and some variables 
are indicated in means. The reason for using descriptive statistics is to describe the basic features 
of data in the study and to provide simple summaries of the variables and measures. Following 
the results, which were analyzed using the Cobb-Douglas production and cost function model and 
the two-limit Tobit model were explained. The estimates for the two-limit Tobit models are 
estimated using STATA 12.0 version. 
Socioeconomic Characteristics of the Sample Households 
Demographic characteristics 
Table 7: Demographic characteristics of the sample households (n=150) 

Characteristic  Number Percent 
Respondent's sex    

Male  138 92 
Female  12 8 

Respondent's educational level     
Literate  109 72.7 
Illiterate  41 27.3 

Respondent's marital status   
  

Married  142 94.7 
Unmarried  1 0.7 
Widowed  5 3.3 
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Divorced  2 1.3 
Respondent's religion    

Orthodox  148 98.7 
Muslim  2 1.3 

Characteristic Unit Mean Std. Dev. 
Age of HH head Years 46.69 10.82 
HH size Numbers 7.57 2.04 
Source: Computed from Field Survey Data, 2015/16 

Table 7 presents characteristics with respect to sex, age, household size, educational level, marital 
status and religion. In terms of sex, about 92% of the respondents were males. Regarding marital 
status of the household head, about 94.7% were married, while 0.7% of the respondent household 
heads were single. The results revealed that 27.3% of the farmers in Chilga district were illiterate 
and 72.7% of farmers were literate. Education plays an important role in enabling farmers to make 
informed decisions based on production process and about 98.7% of the respondents were 
Orthodox Christian and about 1.3% was Muslims. 
The mean age of the household heads in the sample was 46.69 years with standard deviation of 
10.82. This implies that majority of the farmers are still in their active age and thus expected to be 
productive. Labor is the most important input for potato production, especially with respect to 
small-scale farmers. The results show that the average household size was 7.57 with the standard 
deviation 2.04, which mathematically represent 8 members per household. So, the household size 
plays an important role in potato production and most farmers depend mainly on family labor. 
Resource basis 
Land: As indicated in Table 8 farmers allocated potato farm land was low compared to at the total 
of cultivated farm land size for other crops (more land was allocated for cereal crops). Most of the 
farmers have been grown potatoes on small-scale for subsistence purpose. The results show that 
the average farm size was 0.2 hectares with a standard deviation of 0.11.The farm size ranged 
between 0.06 to 0.5 hectares. 
Table 8: Land allocation of the household in 2015/16 production year 

Land size in Ha Min Max Mean Std. Dev 
Total farm land size 0.38 4.25 1.57 0.76 
Cultivable farm land size 0.25 4 1.38 0.67 
Potato farm size 0.06 0.50 0.20 0.107 
Source: Computed from Field Survey Data, 2015/16 Figure 8: 
Land use allocation in Chilga District 

 
Source: Chilga District Agricultural Office, 2015/16 
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In Chilga District more of the land was covered by forest because 67% of land is Kola- there is 
some mountains and next to this the land has been allocated for cultivated, grazing and 
uncultivated land. 
Livestock holding: 

Table 9: Average livestock holding of the sample households 

Types of livestock Number percentage Mean Std. Dev. 
Cow 141 94% 2.13 1.49 
Oxen 141 94% 1.99 0.74 
Heifer 93 62 1.78 1.57 
Calves 104 69.3 1.71 1.04 
Sheep 90 60 4.56 2.9 
Steers 8 5.3 2.88 1.55 
Goats 26 17.3 4.84 4.13 
Donkey 90 60 1.47 0.603 
Horse 10 6.67 1.1 0.32 
Hen 133 88.67 7.67 6.22 
Chickens 90 60 10.69 7.25 
Beehives modern 26 17.3 4.15 7.85 
Beehives local 52 34.67 3.58 3.29 
Bull 19 12.67 1.42 0.84 
Source: Computed from Field Survey Data, 2015/16 

As revealed in Table 9 about 94% of the farmers had cow and oxen with average number of cow 
and oxen were 2.13 and 1.99 respectively. This implies average ownership of cow and oxen were 
2. About 34.67% of farmers had local beehives with average number of beehives 3.58 and about 
17.3% farmers had modern beehives with the average number of beehives was 4.15. Still this 
implies that most of farmers used a local beehives and this affected the amount of the production 
of honey, since honey is a source of income for farmers. About 88.67% farmers had also poultry 
with the average number of poultry were 7.67. Thus, poultry are also source of food and income 
to purchase the available inputs. Generally, the average number of livestock was low due to the 
shortage of grazing land. 
Off-farm activities: As revealed in Table 10 the main sources of off-farm income were selling of 
firewood, carpenters, herding and others. About 19.3% of farmers’ off-farm income was generated 
from selling of firewood. About 6% were also participated like daily laborer, furniture material 
supplies and guard. 

Table 10: Main sources of off-farm income and responses of the households (n=150) 

Types of off farm activities Number Percent 

Wage 
Selling of local drink 
Petty trading 
Herding 
Selling of firewood 
Carpenter 
Weaving 
Others 

3 
2 
5 
18 
29 
19 
2 
9 

2 
1.3  
3.3 
12 
19.3  
12.7 
1.3 
6 

Household’s response on off-farm activities 
Responses Number Percent 
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Yes 87 58 
No 63 42 

Source: Computed from Field Survey Data, 2015/16 
About 12.7% of respondents were engaged in carpentry and 12% were engaged in herding. In 
daily laborer, selling of local drink, petty trading and weaving 2%, 1.3%, 3.3% and 1.3%, 
respectively were engaged. 
In the study area, 58% of households were engaged in off farm activities in order to augment their 
financial shortage to purchase potato factors of production such as fertilizer as well as improved 
potato seeds (Belete, Jalenie and Guassa) and to cover other household expenditures like children 
education expense. 
Table 11 shows the reasons why family members were engaged in off-farm activities shortage of 
land, to buy fertilizer and excess family labor. About 52.7% and 52% of households were engaged 
in off-farm due to shortage of land and to buy fertilizer, respectively. About 28% of respondent 
farmers were also engaged due to attractive income from off-farm income than farm income like 
cart, furniture material supplies and about 10.7% of households were engaged like lack of oxen, 
lack of water for irrigation to produce vegetable crops, to cover children educational cost. 
Table 11: Reasons for household's engagement in off-farm activities 

Reasons Number Percent 
Shortage of land 79 52.7 
Excess family labor 68 45.3 
To buy fertilizer 78 52 
Attractive income from off-farm activities  42 28 
Others 16 10.7 
Source: Computed from Field Survey Data, 2015/16 

Cropping system 
As indicated in Appendix Table 4, on average 0.47 ha and 0.36 ha of land was allocated in major 
cereal crops teff and maize, respectively. Thus, this indicates that the Agricultural Office in the 
District more emphasie on the production of maize and teff. On average 0.32 ha of land was 
allocated in equal amount for barely and sorghum. 
As shown in Appendix Table 5 the major perennial crops in the study area are coffee, lemon, 
peach and rahamnus and on average the farm land allocated for rahamnus was 0.0346 ha. Thus, 
rahamnus is the dominant and also the main source of cash perennial crops. Apple is a newly 
introduced perennial crop in the study area because the land is comfortable for these types of 
perennial crops. Therefore, the land allocated for this crop on average was low 0.0020 ha. Even if 
the land is comfortable for such types of perennial crops due to shortage of land the farm allocated 
for each perennial crops are very low. Thus, the numbers of participants in perennial crops are 
involved in a small proportion or number due to the mentioned reasons. 
As shown in Table 12 about 91.33% of farmers were participated in rahamnus and 25.33% of 
farmers were also participated in lemon. About 24% and 22% of farmers were participated in 
peach and coffees, respectively. Apples, papaya and mango are newly introduced perennial crops. 
In this case the number of farmers participated were low, but farmers shown interest to expand 
these types of perennial crops in the future. Even if farmers are willing to expand these types of 
crops, the seeds of these perennial crops are deficit. 

Table 12: Number of trees for perennial crops grown by the sample households 

Types of perennial trees N % 
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Lemons 38 25.33 
Coffees 33 22 
Rahamnus 137 91.33 
Bananas 15 10 
Apples 14 9.33 
Papayas 4 2.67 
Mangoes 3 2 
Peach 36 24 
Others 8 5.33 
Source: Computed from Field Survey Data, 2015/16 

As shown in Table 13 from major vegetable crops, land allocated for potato production is high 
compare to other major vegetable crops on average and it was 0.2033 ha. Land allocated for lettuce 
was very low on average 0.0356 ha. Percent of farmers participated in garlic production was about 
54.5%, pepper 43.3% and cabbage 40.7%. Land allocated for these crops on average were 0.044 
ha, 0.050 ha, and 0.051 ha respectively. 

Table 13: The allocation of farm plot for vegetable production 

Area for major vegetable crops (Ha) N % Mean Std. Dev 
Lettuce 18 12 0.035 0.031 
Onion 14 9.3 0.0429 0.027 
Garlic 82 54.7 0.0439 0.030 
Tomato 20 13.3 0.0475 0.026 
Pepper 65 43.3 0.0504 0.025 
Cabbage 61 40.7 0.0509 0.034 
Potato 150 100 0.2033 0.107 
Others 3 2 0.0438 0.032 
Source: Computed from Field Survey Data, 2015/16 

The most commonly grown vegetables in terms of the number of growers are potato, garlic, pepper 
and cabbage especially potato is widely grown in the study area. Tomato, onion and lettuce are 
rarely grown in the study area as shown Table 13. Table 13 shows that 100%, 54.7%, 43.3% and 
40.7% potato, garlic, pepper and cabbage producers respectively. While a relatively a few number 
of smallholder farmers 13.3%, 12% and 9.3% were growing tomato, lettuce and onion, 
respectively. 
Potato inputs and output 
As indicated below Table 14 the mean yield of potatoes produced by household was 
approximately 12,942.53 kg per ha with a standard deviation of 6,698.36. These results suggest 
that there is considerable room for improving average potato yields in the study area. 
Average inorganic fertilizer used by household was 389.03 kilograms per ha. The average quantity 
falls below the recommended fertilizer quantity of 500 kilograms per ha of Diammonium 
Phosphate. 
The quantity of seed per ha is an important variable, which might cause considerable variation in 
yield per ha and the average quantity of seeds per ha planted in the study area by the household 
was 1970.87 kg/ha. Average labor and oxen use were 292.65 man-days per ha and 120 oxen-day 
per ha, respectively. The mean land size of the household was 0.2 hectares with a standard 
deviation of 0.11. 

Table 14: Summary Statistics of Variables for Stochastic Production and Cost Function Analysis 
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Variables Number Mean Std. Dev 
Output (kg/Ha) 150 12942.53 6698.36 
Plot size (Ha) 150 0.20 0.11 
Labor (Man-day/Ha) 150 292.65 319.27 
Seed (kg/Ha) 150 1970.87 2613.37 
Fertilizer (kg/Ha) 150 389.03 182.27 
Oxen (oxen-day/Ha) 150 120.32 124.23 
Cost of inputs 
Total cost of production (Birr/ha) 150 11561.73 6753.78 
Cost of Land (Birr/ha) 150 840.37 471.79 
Cost of Seed (Birr/ha) 150 2537.52 1969.20 
Cost of Labor (Birr/ha) 150 3089.35 2982.81 
Cost of Oxen (Birr/ha) 150 4194.92 3884.04 
Cost of Fertilizer (Birr/ha) 150 899.58 396.86 
Source: Computed from Field Survey Data, 2015/16 

On average, the total cost of 11,561.73 Birr was required to produce 12,942.53 kg per ha of potato. 
Among the various factors of production, the cost of oxen accounted for the highest share 
(4,194.92 Birr/ha). Following the cost of oxen, cost of labor takes major share out of total cost of 
production which is 3089.35 Birr/ha. Among other inputs, cost of land takes the smallest (840.37 
Birr/ha) share out of the total cost of potato production. 
Social service and other factors 
Social service 
Extension: About 27.3% of the household not contacted the extension agents during the 
production season because of extension agents more concerned on cereal crops like teff and maize. 
But most of households were involved in production based on their own experience and contact 
extension agents when they face problems like disease and others. Given such a low farmer-
extension worker contact, then the intended objective of facilitating farmers access to production 
technology and hence productivity in potato sector might be hard to achieve. On average, 
extension workers made 3.4 visits to each in 2015/16 production year, which facilitates new 
technology transfer. The number of extension workers visits to the recorded ranges between 1 and 
6. 

Table 15: Frequency of extension contact during 2015/16 production season of potato 

Frequency of extension contact Number Percent 
Frequency of extension personnel contact 
More than four times 53 35.5 
Four times 6 4 
Three times 17 11.3 
Twice 18 12 
Once 15 10 
Not at all 41 27.3 

Characteristic Unit Mean Std. Dev.  Max 

Contact with extension No. of 
visits 

3.40 2.10 1 6 

Source: Computed from Field Survey Data, 2015/16 
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Credit: The sources of credit obtained in Table 16 shows that credit access to potato farmers was 
poor. Of those who received credit, majority obtained credit from ACSI accounting for 33.3% of 
credit sources. Other sources (farmers association, NGOs subsidized) 3.3%. Credit access is 
expected to be increasing the farmers’ ability to use improved technologies in order to boost their 
farm products in general and potato production in particular. Regarding credit access 36.7% of 
households had formal or informal credit access for potato production. 

Table 16: Credit sources and access for potato production 

Source of credit Number  Percent 
ACSI 50  33.3 
Others 5  3.33 
Characteristics  Number Percent 
Access to informal/formal credit   

Yes 55 36.7 
No 95 63.3 

Source: Computed from Field Survey Data, 2015/16 
Training: Training has great contribution for potato production and marketing in order to boost 
the income of the farmers. To this end, among the household, about 58% and 90.7% reported that 
they were trained on production and marketing, respectively. 
Table 17: Training of the households on potato production and marketing 

Characteristics Number Percent 

Training on potato production Yes 87 58 

No 63 42 

Training on potato product marketing 
Yes 136 90.7 

No 14 9.3 

Source: Computed from Field Survey Data, 2015/16 
Other Factors 
Perception on availability of inputs: Table 18 presents characteristics with respect to timeliness, 
sufficiency and reasonable price especially in DAP, and Urea and improved potato seed in a 
sample of potato producers in Chilga District. 
As indicated in Table 18, about 102 (68%) and 134 (89%) respectively of farmers reported for 
timeliness and sufficiency of DAP. About 98.67% of respondents reported that even if DAP has 
been reached in time and it was enough in terms of amount; the price of DAP was not reasonable 
and it's increasing year to year. The timelines and sufficiency of Urea was reported by 84.67% 
and 90% of households', respectively. Thus, this shows that the amount of urea was enough and 
supplied in time. However, the price of Urea was not reasonable. The sample households reported 
that improved potato seed was insufficient, costly and not timely available as indicated in Table 
18. 

Table 18: Perception of households on availability of inputs (n=150) 

Characteristic Number Percent 
Timely availability of DAP for the HH (yes) 102 68 
Sufficiency of DAP for the HH (yes) 134 89.3 
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Reasonability of price of DAP for the HH (yes) 2 1.3 
Timely availability of Urea for the HH (yes) 127 84.7 
Sufficiency of Urea for the HH (yes) 135 90 
Reasonability of price of Urea for the HH (yes) 8 5.3 
Sufficiency of seed for the HH (yes) 30 20 
Timely availability of seed for the HH (yes) 31 20.7 
Reasonability of price of seed for the HH (yes) 8 5.3 
Source: Computed from Field Survey Data, 2015/16 

Types of Improved potato variety: As shown in Appendix Table 7 and Figure 9, some of the 
households used local variety seeds (44%) and next Belete seeds (19%). To solve this complicated 
condition, farmers used mix of potato seeds like both local and Belete seeds, both local and Guassa 
seeds and both local and Jalenie. Proportion of households who used mixed potato seeds both 
local and improved was about 25%. But during a survey period most of sample households 
reported that Belete potato variety was highly demanded. 
Figure 9: Types of improved potato variety seeds 

 
Source: Computed from Field Survey Data, 2015/16 

Due to the above mentioned factors (timeliness, accessibility and reasonable price of improved 
potato seeds like Belete, Jalenie and Guassa); the household not used improved potato seeds. 
About 36% of the household reported that improved potato variety was too expensive and about 
34% reported it's not easily accessible. About 2.75% reported it's unavailability in time due to 
farness of its sources like Debre Tabor and Woreta, but financially strong farmers organized and 
bought Belete seed from Debre Tabor and Woreta. About 2% of the household perceived that 
improved potato variety as not better than local varieties and they reasoned out as if improved 
potato seed are easily affected by disease. But, other respondent farmers reported the occurrence 
of this problem when they buy adulterated seed that is local variety with improved variety at 
traders’ level. 

Table 19: The reasons for not used improved potato varieties 

Type of reasons Number  Percent 
Too expensive 54  36 
Not better than local varieties 3  2 
Not easily accessible 51  34 
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Others 4  2.7 
Characteristics  Number Percent 
Improved potato varieties 

Yes 
 

83 55.3 
No  67 44.7 

Source: Computed from Field Survey Data, 2015/16 
Improved potato variety has the advantages over local variety. It has the ability to disease 
resistance, short maturity date and better productivity and the like; to cope up these problems 
financially strong households were used improved potato varieties. In the study area about 55.3% 
of the households were used improved potato varieties (Belete, Guassa and Jalenie) and as 
mentioned above availability of improved input (seed sufficiency, timeliness of seed and 
affordable price of seed), restricted some of the households from not using an improved potato 
varieties 67 (44.7%). 
As revealed in Table 20, the mean maturity date of all potato varieties was averaged 88 days. 
While, the maturity date of Guassa was recorded as 77 days. So, this shows that maturity date of 
each potato variety is not affected potato production. 

Table 20: Maturity dates for potato varieties 

Types of potato varieties N % Mean Std. Dev. 
Local varieties 114 76 87 5.55 
Belete 70 46.67 88 10.55 
Jalenie 12 8 86 8.21 
Guassa 5 3.33 77 26.36 
Source: Computed from Field Survey Data, 2015/16 

Soil conservation practices are expected to improve soil fertility. In this respect, 78% of the 
households built and about 22% of respondents reported that soil conservation practices has not 
been built on their farm plot. The reason reported by households from not building soil 
conservation structures was that if kebele administration is far from the main city of the district 
(Aykel), the agricultural expert is not giving emphasis to that kebele and the reverse one is if 
kebelle administration is nearer to the main city and the main road soil conservation practices has 
been built very well. Soil fertility of the plot comes after soil conservation practices have been 
made. In realizing or understanding this reality and based on the statistical result of the above 
Table, 88% of sample households were reported that their potato plot is fertile. Slope of a plot of 
land is related to soil conservation practices and soil fertility of the land. In this context, if the plot 
of farm land is plain, it is not easily affected by any natural conditions like flooding. The 
households were reported that 46.7%, 12% and 41.3% of their farm land to be plain, gentle slope 
and steep, respectively. 
Table 21: Sample households’ response in soil fertility, slope and soil conservation 

Characteristics Number Percent 

Soil fertility  
Fertile 132 88 
Not fertile 18 12 

Slope  
Plain 70 46.7 
Gentle slope 18 12 
Steep 62 41.3 
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Soil conservation  
Yes 117 78 
No 33 22 

Source: Computed from Field Survey Data, 2015/16 
 
Major potato production problems 
Table 22: Major constraints in potato production 

Typology of constraints Number Percent 

Low fertility of the soil (yes) 68 45.3 

Poor soil conservation activities (yes) 41 27.3 
Shortage of rain (yes) 57 38 
Low productivity of local varieties (yes) 108 72 
Lack of Improved seed (yes) 136 90.7 
Shortage of land (yes) 128 85.3 
Shortage of labor for weeding (yes) 52 34.7 
Poor land preparation, due to shortage of oxen (yes) 57 38 
High potato disease prevalence (yes) 145 96.7 
Others (yes) 65 43.3 

Source: Computed from Field Survey Data, 2015/16 
The most important potato production constraints were disease, lack of improved potato seed and 
land size in ascending order. There are factors that hamper the production of potato. According to 
the households’ limited land holding, limited supply of improved seed, outbreak of disease and 
access to market are some of the most important problems reported by the respondents. The study 
revealed that 90.7% of the households were confronted by lack of improved seed. Private traders 
were suppliers for improved potato variety like Jalenie and Belete from Debre Tabor and Woreta. 
However, traders adulterated (local and improved) and also it was not available in a time. About 
96.7% of the farmers faced problem of potato disease which causes damage to the crops. Because 
of shortage of land (85.3%) there is no crop rotation practice and any potato disease was not 
protected by chemicals. Traditionally named as “Atezil/agokul/atewulg/mitat/mitch” and in its 
scientific name late blight (the most serious potato disease worldwide, is caused by a water mould 
that destroys leaves, stems and tubers). Other potato problems were like lack of market access 
(expensiveness of input and low output price), snow, fertilizer price increasing from month to 
month due to the cost of storage/magazine and labor cost; storage problem-it is affected by small 
white insect during high temperature, berero, mouse-if the mouse touched potato automatically 
dried; Eucalyptus - a problem for soil fertility, shortage of experts in soil conservation activities, 
fox and theft. 
Econometrics Analysis 
Production frontier estimation 
The maximum likelihood estimate of the parameters of the stochastic production and cost frontier 
model are estimated using Frontier 4.1 version computer program. Before proceeding to examine 
the parameter estimates of the production frontier and the factors that affect the inefficiency of 
potato sample households, there is a need to conduct some tests for variables incorporated under 
the estimation of stochastic production frontier and investigate the existence of inefficiency effects 
among potato producers. 
Before proceeding with the estimation of the multiple linear regression equation, it is imperative 
to check for the existence of multicollinearity among the hypothesized continuous explanatory 
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variables. Variance inflation factor (VIF) technique was used to evaluate the degree of 
multicollinearity between the continuous explanatory variables. As a rule of thumb, if the VIF of 
a variable exceeds 10, that variable is said to be highly collinear and it can be concluded that 
multicollinearity is a problem as stated in Gujarati (1995). 
Following (Gujarati, 1995), VIF is defined as: 

 (25) 

 explanatory variable regressed on the other explanatory variables. = the 
coefficient of determination in the (auxiliary) regression of on the remaining regressors. 

The degree of association between the discrete variables is also computed using contingency 
coefficients. The contingency coefficients are calculated for each pair of discrete variables using 
contingency coefficient test. 

 
Where: =Contingency Coefficient 

=Chi-square test 
=total sample size 

(Appendix Table 11) presents results of the contingency coefficient test. Regarding the categorical 
variables, contingency coefficient, which is a chi-square ( ) based measure of association, was 
employed to check for the presence of multicollinearity. According to Gujarati (1995), a 
contingency coefficient value of 0.75 and above ( ) indicates the existence of a stronger 
relationship between the variables. By looking the contents of the table, it can be concluded that 
there is no problem of association among the variables as the respective coefficients are very low. 
Consequently, all the discrete variables were included in the estimation of the specified multiple 
linear regression models. 
The first null hypothesis 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 

 is accepted  against alternative hypothesis 
, then the SFM is identical to OLS specification indicating that 

there is no inefficiency problem within the potato output households. This implies that the 
inefficiency effects do not depend on the household-specific variables and any deviation in 
observed potato output from the maximum possible potato output is because of statistical noise 
than any other specific factors. The null hypothesis is thus rejected at one degrees of freedom and 
5% significance level. The generalized log-likelihood ratio 

 statistics, defined by equation (22) was used to test the validity of the stochastic frontier 
production function over the ordinary least squares model. Under the null hypothesis , the 
value of the restricted log-likelihood function for the ordinary least squares production function 
is -121.364, while under the alternative hypothesis  for the stochastic Cobb- 
Douglas function, the value of the unrestricted log likelihood function is -108.085. This implies 
that the generalized likelihood-ratio (LR) statistic for testing the absence of technical inefficiency 
 effect  from  the frontier  is  calculated  to  be, 

. This  value  exceeds  the  critical 
 value of 3.84 at 5% level of significance in Table 24. Thus, the null hypothesis  was 
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not accepted indicating that the stochastic frontier production function was an adequate 
representation of the data, given the corresponding ordinary least squares production function. 
Hence, stochastic frontier approach best fits the data under consideration. 
The second null hypothesis tested was, 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. To select the appropriate specification, 
both Cobb-Douglas and Translog functional forms were estimated in Appendix Table 12. 

. The calculated Log likelihood Ratio (LR) is equal to 
22.93 and the critical value of  at 15 degree of freedom and 5% significance level is 25 in Table 
23. Thus, the null hypothesis that all coefficients of the interaction terms in Translog specification 
are equal to zero was accepted. This implies that the Cobb-Douglas functional form adequately 
represents the data under consideration. Hence, the Cobb-Douglas functional form was used to 
estimate the technical efficiency of the sample households in the study area. 
The third null hypothesis 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. . The inefficiency effect was calculated using 
the value of the Log-Likelihood function under the stochastic production function model (a model 
without explanatory variables of inefficiency effects:  ) and the full frontier model (a model 
with explanatory variables that are supposed to determine inefficiency of each:  ). The 
calculated LR value of 26.56 was greater than the critical value of 22.36 at 13 degree of freedom, 
this shows that the null hypothesis ( that explanatory variables are simultaneously equal to zero 
was not accepted at 5% significance level. Hence, these variables simultaneously explain the 
sources of efficiency differences among the sample households. 

 
At 5% significance level 
Source: Computed from Field Survey Data, 2015/16 

The maximum likelihood (ML) estimates of the parameter of the stochastic frontier CobbDouglas 
production function results are presented in Table 24. The standard ordinary least squares (OLS) 
estimate is also presented for comparison. The technical efficiency analysis of potato production 
revealed that there was presence of technical inefficiency effects in potato production in the study 
area as confirmed by the gamma value of 0.6302 that was significance at 1% level. The gamma 

 (which is the ratio of the variance of the 
inefficiency component to the total error term) value of 0.63 implies that about 63% variation in 
the output of potato farmers was due to differences in their technical efficiencies (the total 
variation in output is due to existence of production inefficiency). By implication about 37% of 
the variation in output among producers is due to random factors such as unfavorable weather, 
effect of pest and diseases, errors in data collection and aggregation and the like. The  
parameter is very important because it shows the relative magnitude of the inefficiency variance 
associated with the frontier model which assumes that there is no room for inefficiency in the 
model. The estimated elasticity of mean output mean with respect to farm size, seed and oxen 
were 0.70, 0.20 and 0.14, respectively. These coefficients represent percentage change in 
dependent variable as a result of percentage change in the independent variables. 
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Table 24: MLE of the Parameters of the Cobb-Douglas stochastic production Frontier Function 
for potato Producers 

Variable Parameter Ordinary least squares Maximum likelihood 
estimate 

Coefficient t-ratio Coefficient t-ratio 

 
Source: Computed from Field Survey Data, 2015/16 

Oxen power-days: variable was found to be an important variable for the production of potato 
and with the expected sign and statistically significant at 1% probability level. The positive 
coefficient shows that an increase in the number of oxen-days in the course of land preparation 
through harvesting by 1% will tend to increase potato yield by 0.1413%; other variables in the 
model remain constant. It is the third critical variable, which affect the level of potato output given 
land size and amount of seed kept constant. Thus, oxen availability is crucial to increase technical 
efficiency in potato production in the study areas. This finding is similar with Shumet (2011). 
Land allocated to potato (ha): The result shows that access to land is important explaining the 
differentiation in output of each farmer. Elasticity of potato production to land is positive and at 
1% level of significance. This implies that 1% increase on hectare of land can result in 0.7021% 
increase in the total output of potato, which potato output is sensitive to land size and appeared as 
the most important factor of production with an elasticity of 0.7021. This is consistent as 
hypothesized and suggests that farmers with larger farms showed significantly higher levels of 
technical efficiency. It is the first important input that determines the potato output. This finding 
is similar with Matthew et al. (2008), Nyagaka et al. (2009), Gideon et al. (2010), Baloyi (2011), 
Rana et al. (2013), Wondimu (2013) and Ohajianya et al.(2014). 
Seed: The coefficient of seed rate is statistically significant at 5% significance level and carries 
expected positive sign. This implies that 1% increase in seed rate until the recommended seed 
rate; potato output will increase by 0.1983%. The result agrees with the study of Oyewu (2011) 
and Kadiri et al. (2014) which found potato output to be sensitive to seed rate. It is the second 
critical variable, which affect the level of potato output given land size and oxen power kept 
constant. 
On the other hand, the coefficients of fertilizer and labor were statistically insignificant but 
fertilizer on output is a priori expectation and the negative effect of labor on output is against a 
priori expectation (Table 24). This implied that the amount of fertilizer and the number of labor 
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had no significant role in determining the productivity of potato in the study area. In the case of 
labor, farmers were not used efficiently. The result indicates that farmers are overutilizing this 
input. In the case of fertilizer, farmers were under-utilizing this variable. A similar result was 
obtained by Henry (2014). 
Cost efficiency of potato (producer sample households) 
Table 25 shows the maximum likelihood estimates of the cost frontier for potato production in 
Chilga District. The sigma ( =0.06) is statistically significant at 1% level of probability, 
indicating a good fit and correctness of the specified distributional assumption of the composite 
error term. and the gamma ( =0.99) is highly significant at 1% level of probability, indicating that 
99% of the variation in the total cost of production among sampled potato farmers was due to 
differences in their cost efficiencies. 
Maximum likelihood estimates of the parameters of the stochastic cost frontier model are 
presented in Table 25. All the parameter estimate have the expected signs with the cost of labor, 
fertilizer, land, seed and oxen all are highly significant at 1% probability level and also potato 
output was significant at 5% probability level; meaning that these factors are significantly 
different from zero and thus are important in potato production. The cost elasticity with respect to 
all input variables used in the production analysis is/are positive and imply that an increase in the 
cost of labor, cost of fertilizer, cost of land, cost of seed, cost of oxen, and potato output in kg 
increases total production cost. 1% increase in the cost of fertilizer will increase total cost by 
10.6%, 1% increase in the cost of labor will increase total cost by 26.3%, 1% increase in the cost 
of seed will increase total cost by 20.8%, 1% increase in the cost of oxen will increase total cost 
by 35.8%; 1% increase in land will increase total cost by 7.08%; 1% increase in potato output will 
increase the total production cost by 0.13%. 
The high value of these coefficients indicates the importance of these variables in the cost structure 
of the farmers. 
Table 25: MLE of the parameters of the Cobb-Douglas stochastic cost frontier function for potato 
Producers 

Variable Parameter Ordinary least squares Maximum likelihood estimate 

Coefficient t-ratio Coefficient t-ratio 

 



Proceedings of the 5th Annual National Conference, CAES 

379 

Source: Computed from Field Survey Data, 2015/16 
Cost of farm land: - An estimated positive coefficient of 0.0708 shows direct effect on cost 
efficiency. The positive relationship of cost of farm land and cost efficiency indicates that an 
increase in cost of farm land will result to an increase in total cost of production for potato. Cost 
of farm land was significant at 1% level of probability for producing potato indicating that the 
cost of acquiring farm land is very pertinent in the production of potato in the study area. 1% 
increase in land will increase total cost by 0.0708%. Studies consistent with the result are 
Mbanasor and Kalu (2008) 
Rental cost of Oxen: The coefficient of rental cost of oxen was positively related to the total cost 
of producing potato. This implies that a rise in the rental cost of oxen would result in increase in 
the total cost of production. Rental cost of oxen was significant at 1% probability level, indicating 
the relevance of oxen to the production of potato. 1% increase in the rental cost of oxen will 
increase total cost by 0.358%. It is the first critical variable, which affect the level of total 
production cost given other factors constant. 
Cost of seed: The coefficient of cost of seed was positively related to the total cost of producing 
potato. This implies that a rise in the cost of seed would result in increase in the total cost of 
production. Cost of seed was significant at 1% probability level, indicating the relevance of seed 
to the production of potato. 1% increase in the cost of seed will increase total cost by 0.208%. 
This is obvious as seed is the variable that is transformed into output, hence output cannot be 
realized without seed. It is the third critical variable, which affect the level of total production cost 
given other factors constant. 
Cost of Fertilizer: The estimated coefficient was positively signed, implying a positive effect of 
cost of fertilizer on cost efficiency of potato production. The positive effect of cost of fertilizer 
implies that an increase in the cost of fertilizer will increase the total cost used for the production 
of potato. With this, if the price of fertilizer increases, total cost of production will be affected. 
1% increase in the cost of fertilizer will increase total cost by 0.106%. Cost of fertilizer was 
significant at 1% probability level indicating the relevance of the variable to cost efficiency. This 
is obvious as fertilizer increases fertility of the soil which can affect output positively. 
Labor cost: The result revealed the estimated coefficient for labor cost to be 0.263. Labor cost 
had positive effect on cost efficiency in the production of potato, implying that households’ total 
cost of producing potato increased as more labor is put into use. This implies that if labor 
employed into the production of potato increases by 1%, the total cost of potato production will 
increase by 0.263%. Similar result was obtained by Benjamin et al. (2011), Audu et al. (2013) 
and Henry (2014). It is the second critical variable, which affect the level of total production cost 
given other factors constant. 
Output: The estimated coefficient of the variable was positively signed indicating that if there is 
an increase in potato output, the total cost of production will increase by 0.00128%. With this 
increase, it shows that the cost of production may be low effect by the quantity of output realized. 
The goal of production is to maximize profit through the sale of output realized. The effect of 
output on total cost of production is significant at 5% level of probability; implying the relevance 
of output to the production cost of potato. 
Generally, the elasticity of cost of production with respect to rental cost of oxen cost of labor and 
seed was found to be relatively high, indicating their relative importance in potato production. The 
elasticity of cost of production with respect to cost of inorganic fertilizer and land and also the 
elasticity of output were found to be low. This may be attributed to the low use of these inputs by 
farmers. The result in this study is consistent with the findings of Dipeolu and Akinbode (2008), 
Biam et al. (2016). 
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Farm-specific technical, allocative and economic efficiency estimates 
Technical Efficiency Analysis 
The maximum likelihood estimates of the Cobb-Douglas stochastic production function 
coefficients, which are presented in Table 26, are used to predict the technical efficiencies of the 
sample individual firms. The results of efficiency analysis revealed that technical efficiency of the 
smallholder potato household varied from a minimum of 13.4% to a maximum of 94.13% with a 
mean of 83%. In other words, on average smallholder potato producer households in the study 
area incur a 17% loss in output due to technical inefficiency. This implies that on average output 
can be increased by at least 17% while utilizing existing resources and technology if inefficiency 
factors are fully addressed or more precisely, on the average, output can be expanded by as much 
as 17% if appropriate measures are taken to improve technical efficiency. The wide variation in 
technical efficiency estimates is an indication that farmers are still using their resources 
inefficiently in the production process and there still exists opportunities for improving on their 
current level of technical efficiency. This result suggests that a few households were not utilizing 
their production resources efficiently, indicating that they were not obtaining maximum output 
from their given quantity of inputs. 
Another implication of this result is that if the average farmer in the sample were to achieve the 
technical efficiency (TE) level of the most efficient counterpart, then the average farmer could 
realize an 11.8% cost savings  in terms of total production costs 
and maximizing their potato productivity. Thus, sample households could on average, reduce 
production cost by 11.8% by reducing input applications to the technically efficient input mix. A 
similar calculation for the most technically inefficient household reveals a cost saving of 85.76% 

. Therefore in short run, it is possible to reduce production cost in 
potato production in the study area by an average of 11.8% by adopting the technology and 
techniques used by the best performers. Improved efficiency would reduce production costs and 
increase the gross margin of potato production and enhance profitability. 
Table 26: Deciles range of frequency distribution of TE, AE and EE estimates of potato producer 
sample household 

Class Technical efficiency Allocative efficiency Economic efficiency 

Frequency Percentage Frequency Percentage Frequency Percentage 

0.11-0.20 1 0.67 1 0.67 0 0 
0.21-0.30 1 0.67 1 0.67 0 0 
0.31-0.40 3 2 2 1.33 0 0 
0.41-0.50 0 0 1 0.67 1 0.67 
0.51-0.60 4 2.66 3 2 3 2 
0.61-0.70 1 0.67 4 2.67 7 4.67 
0.71-0.80 24 16 11 7.33 11 7.33 
0.81-0.90 78 52 42 28 52 34.67 
>0.90 38 25.33 85 56.66 76 50.66 
Total 150 100 150 100 150 100 
Mean 0.8302  0.8728  0.8852  
Minimum 0.13  0.1356  0.4911  
Maximum 0.94  0.9994  0.9992  
Source: Computed from Field Survey Data, 2015/16 

To give a better indication of the distribution of the technical efficiencies, a frequency distribution 
of the predicted technical efficiencies is presented in Figure 9. The frequencies of occurrences of 
the predicted technical efficiencies in decile range indicate that the highest number of household 
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have technical efficiencies between 0.81 - 0.90. The sample frequency distribution indicates a 
clustering of technical efficiencies in the region 0.81 - 0.90 efficiency ranges, representing 52% 
of the respondents while 93% of the respondents have TE of 0.71 and above which is an indication 
that sample households are fairly efficient. That is, sample households are efficient in deriving 
maximum output from input, given the available resources and at given level of technology. The 
findings also reveal that there is a huge gap between the least technically efficient and the most 
technically efficient farmers in the study area. 

Figure 9: Frequency distribution of technical efficiency 

 
Source: Computed from Field Survey Data, 2015/16 

Allocative Efficiency Analysis: With regard to allocative efficiency (AE), a wide variation is 
observed ranging from 13.56% to 99.94% with a mean of 87.28% (Table 26). This implies that if 
the average potato producer sample household in the sample were to achieve the allocative 
efficiency level of its most efficient counterpart, then the average sample household in the sample 
could achieve a 12.67% cost saving or increased in production 

 A similar calculation for the most allocative inefficient farmer 
reveals cost savings of 86.4% . 
To give a better indication of the distribution of the allocative efficiencies, a frequency distribution 
of the predicted allocative efficiencies is presented in Figure 10. The figure reveals that the 
frequency of occurrence of the predicted allocative efficiencies in decile ranges indicate that a 
clustering of allocative efficiencies in the region of >0.90 efficiencies range, representing 57% of 
the households. This implies that the households are fairly efficient. That is, the farmers are fairly 
efficient in producing potato at a given level of output using the cost minimizing input ratio as 
about 92% of the household have AE of 0.71 and above. 
Figure 10: Frequency distribution of allocative efficiency 
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Source: Computed from Field Survey Data, 2015/16 

Economic Efficiency Analysis: No farmers in the study areas operates the farm below 40% EE 
levels and the mean economic efficiency (EE) of the sample was 88.52% with a highest of 99.92% 
and a lowest of 49.11%. This indicates that if the average farmer were to reach the economic 
efficiency level of its most efficient counterpart, then the average farmer could experience a cost 
saving or increased in production 11.4% . This implies that small 
scale potato farmers in the sample could reduce total production costs by 11.4% if they reduce 
input applications to technically efficient input levels and then obtain optimal input mix for given 
input prices and technology. The same computation for the most economically inefficient farmer 
suggests a cost reduction of 50.85% . 
To give a better indication of the distribution of the economic efficiencies, a frequency distribution 
of the predicted economic efficiencies is presented in Figure 11. The frequencies of occurrence of 
the predicted economic efficiencies in decile range indicate that the highest number of farmers 
have economic efficiencies greater than 0.90, representing about 51% of the respondents while 
93% of the respondents have EE of 0.71 and above which is an indication that farmers are fairly 
efficient. That is, households are fairly efficient in producing a given quantity of potato at a 
minimum cost for a given level of technology. Generally, the means technical, allocative and 
economic efficiency were 83%, 87% and 89%, respectively implying there is a room for 
improvement in technical efficiency by 17%, allocative efficiency by 13% and economic 
efficiency by 11% with the present technology. Meaning that, the AE is more significant than TE 
for the source of EE. 
Figure 11: Frequency distribution of economic efficiency 
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Source: Computed from Field Survey Data, 2015/16 

Yield gap due to technical inefficiency 
Yield gap may be defined as the difference between technically full efficient yield and observed 
yield. Therefore, yield gap is the amount which represents fewer yields due to technical 
inefficiency. From the Stochastic model defined in equation (12), TE of the household is 
estimated to be: 

 
Then, solving for , the potential yield of each household is represented as: 

 
Where  technical efficiency of the  sample household in potato production 

 The frontier/potential output of the  sample household in potato production, and 
 The actual/observed output of the  sample household in potato production 

Based on equation above and using the values of the actual potato output obtained and the 
predicted technical efficiency indices, the potential potato output was estimated for each sample 
household in potato production on hectare basis. The mean result is presented in Table 27 below. 

Table 27: Potato yield gap due to technical inefficiency 

Variable Min Max Mean Std. Dev. 
Actual yield (kg/ha) 1,000 34,615.38 12,942.53 6,698.36 
TE 0.129 0.94 0.83 0.13 
Potential yield (kg/ha) 3,857.59 37,602.46 15,222.33 7,043.88 
Yield gap (kg/ha) 423.65 8,435.8 2,279.81 1,402.87 
Source: Computed from Field Survey Data, 2015/16 

It was observed that mean technical inefficiency was 17% which caused 2,279.81 kg/ha yield gap 
of potato on the average with mean value of the actual output and the potential output of 12,942.53 
kg/ha and 15,222.33 kg/ha, respectively. This shows that sample households in study area were 
producing on the average 2,279.81 kg/ha lower potato output than their potential yield. 
The mean levels of both the actual and potential output during the production year were 12,942.53 
kg/ha and 15,222.33 kg/ha, with the standard error of 6,698.36 and 7,043.88, respectively. Figure 
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12 illustrates that under the existing practices there is a room to increase potato yield following 
the best-practiced farms in the study area. 

Figure 12: Comparison of the actual and the potential level of yield 

 
Source: Computed from Field Survey Data, 2015/16 

Factors affecting efficiency in potato production 
Table 28 presents the results of the two-limit Tobit model for factors affecting efficiency levels. 
The parameters in equation (23) were estimated using a two-limit Tobit model procedure because, 
the values of the dependent variable range between 0 and 1. Three separate models were specified 
and used to investigate the relationship between technical (TE), allocative (AE) and economic 
(EE) efficiency, respectively, and the farm/farmer characteristics and institutional factors. 
Factors influencing technical efficiency of smallholder potato producers 
According to the results of Tobit regression model, important variables affecting technical 
efficiency were found to be sex, age, household size, improved potato variety, soil conservation, 
training and access to credit (Table 28). 
In this study, men households were found to be more efficient than their women counterparts and 
statistically significant at 5% probability level. The implication is that male-headed households 
are more efficient than those headed by women. The reason was that men farmers were more 
likely to attend meetings, frequent follow-ups and supervisions of their farms than women. This 
result is consistent with findings of Londiwe (2013) and Isah et al. (2013) that found the positive 
relationship between sex and technical efficiency. However, this finding contradicts with the 
findings of Rudra et al. (2014). 
Table 28: Factors affecting efficiency in potato production (Dependent Variable = TE, AE and EE 
Indices) 

Variables TE  AE  EE  

Coefficient t-ratio Coefficient t-ratio Coefficient t-ratio 
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Note: *, ** and ***sig represents significance at 10%, 5% and 1% levels, respectively 
Source: Computed from Field Survey Data, 2015/16 

Soil conservation practices contribute positively and significantly to increase technical efficiency 
at 5% probability level. This is because soil conservation practices increase soil fertility which is 
expected to increase productivity. Households endowed with soil conserved farm land will be 
more technically efficient than non soil conserved farm land. To sustain the productivity of their 
farm land, households are required to build soil conservation activities. This activity was planned 
to be done in one month around February in every year. 
Age of household head farmers had a positive effect on production efficiency (TE) and statistically 
significant at 5% probability level. One of the possible reasons could be due to the fact that older 
farmers tend to be more experienced and are more efficient through learning by doing (Bakary, 
2014). Furthermore, increased farming experience may lead to better assessment of importance 
and complexities of good farming decision, including efficient use of resources. It is commonly 
believed that age can serve as a proxy for farming experience. This result was in agreement with 
the findings of Rana et al. (2013), Shumet (2011), Kwabena et al. (2014), Ani et al. (2013) and 
Isah et al. (2013). However, this finding contradicts with the findings of Bekele (2013) and Nabeel 
et al. (2014). 
Household size was found to affect technical efficiency level negatively and significantly at 1% 
probability level. This was due to poor managerial ability to effectively utilize the available labor 
force in the household. This implies that as household size increases, technical efficiency 
decreases. But this depends fundamentally on two factors, namely; the number of people in a 
household who can actually work on the farm and the length of time for which each member are 
prepared to work on the household farm or may be due to competition and over exploitation of 
farm land. Consequently, what matters is not the size of the household per se, but the composition 
and quality of those capable of working on the farm. This agrees with the findings of Matthew 
and Fatimoh (2008), Kwabena et al. (2014), Ani et al. (2013) and Musa et al. (2014). However, 
Shumet (2011), Ohajianya et al. (2014), Isah et al. (2013) and Abebe (2009) had contrasting result 
that being household size increases technical efficiency. 
Improved potato variety contributes positively and significantly to increase technical efficiency at 
1% probability level. This implies improved potato seed would be so many advantageous like 
high yielding, disease resistant and produce at a minimum cost. Thus, production of potato through 
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the use of more of improved potato variety seed was more efficient compared to using local seeds. 
It means that the tendency for any potato farmers to increase his production depend on the type 
and quality of improved seed available at the right time of sowing. This was in agreement with 
the findings of Wondimu and Hassen (2014), Solomon (2014), Jwanya et al. (2104) and Rudra et 
al. (2014). 
Training contributes positively and significantly to increase technical efficiency at 1% probability 
level. Training is an important tool in building the managerial capacity of the household head. 
Household’s head that got training related with crop production and marketing or any related 
agricultural training increased technical efficiency. Similar results were found by Abebe (2009) 
and Essa et al. (2011); but it is in contrary with the findings by Nyagaka et al. (2010) and 
Wondimu (2013). 
Access to credit has a positive and statistically significant effect on technical efficiency at 10% 
probability level. This implies that access to credit is a significant factor in enhancing efficiency 
of potato producers. This could be in view of the fact that they would have better access to the 
needed production inputs. These findings can be attributed to the fact that credit permits a sample 
household to enhance efficiency by overcoming liquidity constraints which may affect their ability 
to acquire and apply inputs and implement farm management decisions on time. Hence use of 
access to credit therefore loosens financial constraints, ensures timely acquisition and use of inputs 
and results in increased efficiency. This suggests that availability of credit is an important factor 
for attaining a higher level of technical efficiency. Technically inefficient sample households can 
possibly get more efficient in the short run by facilitating access to credit. This empirical result is 
supported by the findings of 
Daniel (2009), Shumet (2011), Nyagaka et al. (2010), Matthew and Fatimoh (2008), Bekele 
(2013), Kwabena et al. (2014) and Musa et al. (2014) found positively and statistically significant 
relationship between credit and efficiency. However, this is in disagreement with Bealu et al. 
(2013) and Essa et al. (2011) that showed that receiving credit contributed to sample households' 
technical inefficiency. If production credit is invested on the farm, it is expected that this will lead 
to higher levels of output. Thus, access to credit is more likely to lead to an improvement in the 
level of technical efficiency. 
Factors influencing allocative efficiency of smallholder potato producers 
According to the results of Tobit regression model, important variables affecting the allocative 
efficiency were found to be improved potato variety, soil conservation, slope and training (Table 
28). 
Improved potato variety contributes positively and significantly to increase allocative efficiency 
at 5% probability level. This implies improved potato variety increases the productivity, disease 
resistance and produce at a minimum cost. Thus, production of potato through the use of improved 
potato variety seed was more efficient compared to using local seed. It means that the tendency 
for any potato producer households to increase his/her production depend on the type and quality 
of improved seed available at the right time of sowing. This finding contradicts with the findings 
of Ani et al. (2013). 
A soil conservation practice contributes positively and significantly to increase allocative 
efficiency at 5% probability level. This is because soil conservation practices increases soil 
fertility which are expected to increase productivity. To sustain the productivity of their farm land, 
households are required to build soil conservation activities. This activity was planned to be done 
in one month around February in every year. 
Slope of the farm plot contributes negatively and significantly to decrease allocative efficiency at 
5% probability level. There are no well organized soil conservation activities which protect 
flooding. In this case, steep plots are vulnerable to erosion damage and they are likely infertile 
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compared to plain plots. Hence, on the steep slope plots under continuous cultivation and with 
little fertility maintenance, soil fertility deteriorates overtime. This leads to the decline of the 
productivity of farm plots. Thus, slope of the farm plot in this paper indicates decline allocative 
efficiency because it increases an additional cost. Thus, households purchase an additional 
fertilizer. 
Training was positively influencing allocative efficiency of households at 1% probability level. 
Training is an important tool in building the managerial capacity of the household head. 
Household’s head that got training related with crop production and marketing or any related 
agricultural training was expected to be more efficient than those who did not receive training. 
Thus, participating in households’ training program increased the possibility of efficiently using 
farming inputs. This result was consistent with the findings of Bealu et al. (2013). 
Factors influencing economic efficiency of smallholder potato producers 
According to the results of Tobit regression model, important variables affecting economic 
efficiency were found to be age, household size, total live stock holding, off farm income and 
slope (Table 28). 
Age of household head influenced economic efficiency negatively and significantly at 5% 
probability level. This implies younger households were relatively more efficient than older 
farmers. The reason might be younger households had more contacts with extension agent 
services, plot demonstration and agricultural meetings. This is an important finding which younger 
households are comparatively more educated than the older farmers. Younger households are 
more cost efficient than the older ones. Meaning that relatively younger households may produce 
at a minimum cost. Again difference in the physical effort exerted on potato production i.e. the 
capacity to work energetically may also be a case for more inefficiency level of older household 
heads. Thus, it can be inferred from this finding that the younger and educated households the 
more economically efficient. Younger households are better informed about the prices of inputs 
and outputs due to may be close/better communication with extension agents and experts, access 
to trainings, use of technologies (cell phone), and have better market information due to well 
education access. Younger households are eager to use technologies (adopt the new agricultural 
packages) which was used to search cheap input price and better price for the output. This 
empirical result is supported by the findings of Zalkuwi et al. (2010) and Bealu et al. (2013). An 
implication of this is that although older households are more skillful and experienced the effects 
of learning by doing diminishes over time (Ruth, 2011). 
Household size was found to affect economic efficiency positively and significantly at 5% 
probability level. The reasons for EE might be a larger household size more available for 
producing a predetermined output at a minimum cost with accomplished on time for a given level 
of technology or due to labor supply, the cost of labor may be minimized which contribute positive 
effect on EE. At the time of ridging, there is a shortage of labor and hence household with large 
household size should employ more labor to undertake farming activities on time than their 
counterparts and hence they are economically efficient in potato production. The results of this 
study match with findings of Bealu et al. (2013) and Aboki et al. (2013) those found household 
size had a positive and significant effect on economic efficiency. 
The estimated coefficient associated with livestock holding (TLU) is positive and statistically 
significant at 1% probability level. Households who have more livestock holding may not have 
difficulties to purchase inputs like seed, fertilizer and the like and also oxen ownership is among 
the livestock units considered which help farmers in land preparation, sowing and cultivation. 
More livestock ownership also supplies more organic fertilizer to cultivate potato. Thus, increase 
in livestock holding results in an increase in economic efficiency of potato production. As regards 
livestock holding, the result in this study is consistent with the findings of other empirical works 
Beyan et al. (2013). However, there is in contrary with the findings by Temesgen and Ayalneh 
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(2005) and Bealu et al. (2013) due to competitive nature of the two enterprises as livestock 
production competes with crop production for labor and other resources. 
Off-farm income has a positive and statistically significant impact on economic efficiency at 1% 
probability level. Income generated from off farm activities may be used to purchase inputs and 
hence off-farm activities increase the economic efficiency of potato production. This suggests that 
the more income a farmer obtained from off-farm sources the more economically efficient he/she 
became. The positive relationship is attributed to the fact that off-farm income provides extra 
capital that is invested in farming in the form of purchasing inputs and hiring labor; hence, farmers 
with such earnings reflect higher farm productivity. Similar findings were reported by Kenneth et 
al. (2013) economic efficiency in bean production farms in the Eastern Uganda. However, Bealu 
et al. (2013) in a study of economic efficiency of maize production in Southern Ethiopia observed 
that efficiency was reduced when farmers had higher off farm income. This may be the case if the 
type of off-farm activity totally deprives the farmer time to attend to his or her farm. 
Slope of the farm plot contributes negatively and significantly to decrease economic efficiency at 
1% probability level. There are no well organized soil conservation activities which protect 
flooding. In this case, steep plots are vulnerable to erosion damage and they are likely infertile 
compared to plain plots. Hence, on the steep slope plots under continuous cultivation and with 
little fertility maintenance, soil fertility deteriorates overtime. This leads to the decline of the 
productivity of farm plots. Thus, slope of the farm plot in this paper indicates decline economic 
efficiency because it increases additional costs. The result in this study is consistent with the 
findings of Abebe (2009). 

Summary, Conclusions and Recommendations 

Summary and Conclusions 
One of the objectives of this study was to estimate the economic efficiency of smallholder potato 
production and the second objective was to identify factors that cause efficiency differentials 
among potato producing farmers in Chilga District. The study used a stochastic frontier model 
and employed the cross sectional data of 2015/16 production year covering randomly sampled 
150 smallholder potato farmers in four kebeles. 
To determine the efficiency levels primary data were collected from potato producers in Chilga 
District. The data collected comprised of the output of potato and quantities of input use which 
include farm size under potato, quantity of seed, quantity of fertilizer, amount of labor and number 
of oxen days. In addition socio-economic data of the household heads were collected. These 
included: age, sex, and level of education of the household head, information regarding household 
size, total livestock holding, soil conservation, slope of farm plot, improved seed used, training on 
production and marketing, off-farm income, distance of input/output market, frequency of 
extension contact and access to credit was also collected for each household. The data were 
collected using face to face interviews using interview schedule and administered in all sampled 
kebeles. 
First, descriptive statistics was used to analyze the socio-economic characteristics of potato 
producers and the production characteristics. Two econometric models were used to analyze the 
data collected. First, the stochastic frontier model was used to analyze the maximum likelihood 
estimates of the production and cost function. The estimated cost function formed the basis for 
estimating economic efficiency indices because economic efficiency is the inverse of cost 
efficiency and from technical and economic efficiency indices, allocative efficiency indices were 
analyzed. Secondly, a two-limit Tobit model was used to analyze factors that influence the 
observed levels of technical, allocative and economic efficiency indices. The stochastic frontier 
model was run on FRONTIER 4.1 software packages and STATA was used to analyze two-limit 
Tobit model and descriptive statistics. 
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The results of the estimation revealed that the three inputs were significant in potato production 
function. Out of five input variables, three input variables which are farm size, oxen and seed 
statistically significant in the frontier model. The positive coefficient of these parameters indicates 
that increased use of these inputs will increase the production level to greater extent. Hence, 
introduction and dissemination of these inputs will enhance the production level of potato in the 
area. 
The mean technical, allocative and economic efficiency estimated were 83%, 87% and 89% 
respectively. Accordingly, there is a certain degree of production inefficiency, and the result 
shows that the AE and EE were quite high whereas the TE was somewhat lower in the estimated 
models. These results reveal that there is inefficiency in farming operations for the considered. 
Farms could reduce their inputs by about 11.8% without reducing their output, simply by 
improving technical efficiency; 12.67% by applying inputs in the optimal proportions that is by 
improving allocative efficiency or farmers could bring down the costs of production by 12.67% 
with greater efficiency; and 11.4% by improving economic efficiency. Improved efficiency, 
therefore, could have a positive effect on the reduction of production costs and on the increase of 
gross margin obtained by the farms. Costs would be minimized without reducing output. 
The test result indicates that the traditional average response function is not an adequate 
representation of production frontier. The significant proportion of the residual variation in the 
SPF is due to technical inefficiency. This implies that there is a room for improvement through 
better technical efficiency. The estimated Cobb-Douglas stochastic production frontier shows that 
there is considerable inefficiency among plots in potato production. And this may also be true in 
other crops. The mean efficiency level of 0.83 indicates that production can be increased by 17%. 
There is also considerable difference in their efficiency level among plots. Hence if inputs are 
used to their maximum potential, there will be considerable gain from improvement in technical 
efficiency. 
In summary, the stochastic production frontier model shows that production can be improved by 
increasing the use of inputs especially improved seed. And the presence of technical inefficiency 
alone reveals that there would be much higher improvement in output for the same level of inputs 
if these inputs were used efficiently. The implication is that, there will be considerable gain in 
production level if introduction and dissemination of improved i.e. increment in the use of 
improved seed is coupled with improvement in the existing level of efficiency. 
Sex, age and soil conservation were found positively and significantly influencing technical 
efficiency at 5% probability level and also improved potato variety and training were found to 
affect TE positively and statistically significance at 1% probability level. Household size was 
found to affect TE negatively and statistically significance at 1% probability level and also training 
was found to affect TE positively and statistically significance at 10% probability level. 
Important factors influencing allocative efficiency were found to be improved potato varieties and 
soil conservation; both affected AE positively and statistically significance at 5% probability 
level. Training was found to affect AE positively and statistically significance at 1% probability 
level. Slope was found to affect AE negatively and statistically significance at 5% probability 
level. 
Important factors influencing economic efficiency were found to be age, household size, total 
livestock holding, off-farm income and slope. Total livestock holding and off-farm income were 
found to affect EE positively and statistically significance at 1% probability level. Household size 
was found to affect EE positively and statistically significance at 5% probability level. Slope was 
found to affect EE negatively and statistically significance at 1% probability level and age also 
affected EE negatively and statistically significance at 5% probability level 
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Recommendations 
Based on the above results, the followings recommendations are made: 
The finding from the second step two-limit Tobit analysis suggest that sex, age, household size, 
improved potato variety, soil conservation, training, total livestock holding, off-farm income, 
access to credit and slope as significant factors for increasing efficiency in potato production. 
These findings have important policy implications in promoting efficiency among potato 
producers in Chilga District. 
Improved potato seed need to be supplied in sufficient amount and in time at reasonable price to 
improve farmers’ efficiency in the production of potato and to meet the increasing potato demand 
for increased population. 
Training has a positive influence on allocative and economic efficiency. Therefore, better training 
facility has to be produced via the establishment of adequate rural institutions and strengthening 
of the available farmers training center (FTC) to improve farm productivity. 
Access to credit has a positive influence on technical efficiency. Therefore, better credit facility 
has to be produced via the establishment of adequate rural finance institutions and strengthening 
of the available micro-finance institutions and agricultural cooperatives to assist farmers in terms 
of financial support through credit are crucial to improve farm productivity. 
Household size is contributing negatively to technical efficiency in the study area. Thus, 
concerned bodies have to reduce the dependency through creation of job opportunity by 
introducing possible investment opportunity (labor intensive) and family planning programs 
should be strengthened to reduce the average family size to create proportional change between 
economy of household and its family size in the long-run. 
Rather than targeting to the supply of more inorganic fertilizer in the short run; to sustain fertility 
of soil, extension agents as well as other stakeholders need to be involved in encouraging farmers 
to practice soil conservation which reduces costs of soil fertility in the long run. 
Livestock holding and off-farm income have positive and significant impact on economic 
efficiency. Therefore, the source of income generation to such as livestock and off-farm activities 
should be encouraged so as to purchase new agricultural technologies like improved seed and 
fertilizer. 
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Abstract 

Research extension farmer linkage plays a great role and help link farmers to various technical and non 
technical services and markets and they are the major conduits for knowledge sharing. Therefore, existence 
of a strong linkage between research extension farmers has to improve agricultural irrigation productivity 
and incomes of rural households. On the other hand, the strength of linkage between research extension 
farmers is very limited for different factors. The main objective of this study is to assess factors influencing 
research-extension-farmer linkages in agricultural irrigation technology development and transfer at 
Mecha Woreda. The study was administered by individual interview and focus-group discussion methods. 
In this study, three sample kebeles were selected and a total of 145 sample farm households were used to 
collect the data. Additionally, 16 researchers from research organizations and 24 extension workers from 
three extension organizations were selected purposefully. Both quantitative and qualitative data were 
collected. The descriptive statistics involves the use of frequency, percentages and means. The ordinal data 
were subjected to inferential statistical analyses using Mann-Whitney U test. The results of the study 
showed that the strength of linkages between researchers, extension workers, and farmers in the transfer 
of new agricultural irrigation technologies have been weak. The study also indicated that linkage 
mechanisms of farmers, researchers, and extension workers in setting both agenda; use of joint planning, 
monitoring and evaluation, has been low. In general the finding of the study emphasis the importance of a 
responsible body, which manages linkages in a system point of view with transparent and agreed-upon 
linkage policy that further make research-extension-farmers linkage successful, properly defined, and 
institutionalized.  

Key words: Extension, Farmer, Linkage mechanism, Research.  
 

1.  Introduction 

Research, extension and farmers are three main wings of agricultural system and their 
effectiveness largely depends on strong linkage among each other. The lack of strong linkage 
causes disruption in technology flow and low adoption rates, increased time lags between 
development and adoption of new technology, reduced efficiency in the use of resources, 
unnecessary competition and duplication of efforts, and increased cost of agricultural research and 
extension activities (Ashraf et al., 2007).  
The value of agricultural research hinges on its application to real issues facing farmers. Thus, 
strong linkages must be established among agricultural players to ensure the relevance and uptake 
of agricultural research (Tilaye et al., 2016). For agro-technologies to be relevant to local needs, 
researchers, extension workers and farmers must play important roles in identifying research 
problems, adapting the recommendations to local conditions and providing feedback to 
researchers about the innovations that have been developed. Effective communication links 
between researchers and extension workers are vital in the modification of technological 
recommendations and in initiating further research; such links enable new technologies and 
management practices to be suited to local ecological conditions (Agbamu, 2000). 
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Over recent decades, the Ethiopian government and Amhara region has made various efforts to 
build the capacity of the research and extension systems and strengthen their linkages to improve 
adoption and productivity. The linkage between research- extension and farmer systems plays a 
significant role in the generation and dissemination of appropriate technologies. Strengthening 
research and extension linkages must mean cultivating greater and more effective interaction 
among the stakeholders in the agricultural sector. To this end, several linkage initiatives have been 
tried out at different times with different levels of effectiveness (Tilaye et al., 2016). 
Recognizing the existence weak linkage mainly among research-extension and farmers in 
Ethiopia, various attempts have been made by extension and research organizations to invigorate 
linkages. The first concrete step to create functional linkages between the research and extension 
systems was taken in 1986 with the establishment of Research Extension Liaison Committees 
(RELCs) then, Research Extension Farmer Advisory Councils (REFACs) in 2001 and since 2008 
up to now Agricultural Development Partners Linkages Advisory Council (ADPLAC). ADPLAC 
is the current prevailing platform that is serving as institutional linkage mechanism for key 
agricultural stakeholders operating in the country with the overall objective to establish an 
effective research-extension-farmer linkage mechanism, accelerate the technology generation and 
transfer process and thereby enhances the rate of adoption of agricultural technologies by the 
target groups (Belay, 2015). Yet, the current state of linkage between research and extension is 
among the most problematic areas of Ethiopia’s agricultural research and development (ATA, 
2014).  
The problem of agricultural irrigation production linkages still persists and is demonstrated by 
low agricultural productivity. As a result, a knowledge gap exists on factors influencing research 
extension farmer linkages. Therefore, the objective of the paper is identify factors affecting 
linkages in irrigation technology transfer among research, extension and the farming community 
and to try to fill the prevailing knowledge and information gap. 

2. Materials and Methods 

2.1 Description of the study area 
The study was conducted in Mecha Woreda of West Gojjam Zone, Amhara Region, Ethiopia. The 
Woreda is well known for its irrigation production. Mecha is one of the woredas in the west 
Gojjam administrative zone in the Amhara regional state which is located about 500 km northwest 
of the Addis Ababa and 35 km west of regional capital, Bahir Dar (BoARD, 2015).    
Based on WFEO, 2016, the total area of the district, is 1,481.64 km2 with a population of about 
375,716, of which 92.85% of the district’s population lives in rural areas. Mixed crop-livestock 
farming system is the main feature of mecha Woreda. It is at subsistence level and is practiced in 
fragmented holdings which mostly lack modern technologies. Maize, teff, barely, finger millet, 
tomato, cabbage, potato, wheat as well as oil seeds, pulses and some legumes are the main crops 
grown by rain fed and irrigation season.  
It has three major agro-climatic zones, that is, dega (above 2300 m asl), woinadega (1500-2300 
masl), and kola (below 1500 masl). The temperature ranges from 13 to 35°C. The annual rainfall 
ranges from 1200 to 1500, of which 90% falls in months of May through October. The dominant 
soil type is red soils (93%), followed by brown (4%) and black (3%).  
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Figure 1: The Map of Ethiopia and Amhara Region      Mecha Woreda (study area) 

Source: Agro-BIG Programme Document, March 2014  

 
2.2 Sampling technique and sampling procedure 
The study population consists of researchers from agricultural research organizations, extension 
workers from extension offices at Woreda, Zonal and Regional levels and farmers from the 
targeted kebeles. In Mecha Woreda, 9 kebeles are irrigated out of the total 40 rural kebeles. Four 
stages purposive and systematic random sampling techniques used to select sample households. 
In the first stage, Mecha woreda was selected purposively and then nine kebeles were selected 
purposively again in the second stage on the basis of their potential irrigation production area. In 
the third stage out of identified 9 Koga irrigation kebeles of the woreda; based on number of 
growers, and representativeness of the farming system three kebeles were selected randomly.  
Finally, the fourth stage 145 Sample farm household heads were selected through systematic 
random sampling technique using probability proportional to size technique in each of three 
selected kebeles.  
From extension organizations, a total of 24 extension staffs and agricultural research organizations 
16 researchers who are involving in irrigation technology transfer processes were selected 
purposefully as key informants. Because they have been engaged on linkage activities with 
extension and farmers for a long time and also known for the lion share of generated, adopted and 
promoted of technologies in the study area.  

Table 28: Summary of sample size in each targeted kebeles 

Source: Woreda Agriculture Office (2015) 
 

Name of  
kebeles 

Number of 
Households 

Number of 
irrigation user 
HH 

Percentage share of 
Samples  

Number of 
sample HH 

Kudmi 1885 907 44.81 65 
Tagel-Wodefit 1558 806 39.82 58 
Kolela 552 311 15.37 22 
Total 3995 2024 100 145 



Proceedings of the 5th Annual National Conference, CAES 

399 

 2.3 Methods of data collection 
Three separate sets of questionnaires with closed and open ended questions were prepared for 
researchers, extension staff and farmers. Using the questionnaires, both qualitative and 
quantitative primary data were collected from researchers, extension staff and farmers Focus 
group discussions were also held with extension staff and farmers separately. 
2.4 Method of data analysis 
The study employs descriptive and inferential statistical analysis using SPSS 16.0 software. 
Descriptive statistics were used to describe the characteristics of the households; Chi-square and 
t-test, percentage, frequency, and mean were used. The qualitative data on the degree of 
relationship between actors rated on a 5-point likert scale (very weak, weak, moderate, strong and 
very strong) and the data on how frequently researchers and extension workers used the different 
linkage mechanisms and how frequently farmers participated in such mechanisms rated on a 5-
point likert scale (never, rarely, occasionally, frequently and very frequently). The qualitative data 
generated using FGDs, and KIIs are analyzed by the narrative content analysis.  
The ordinal data were subjected to inferential statistical analyses using Mann-Whitney U test to 
test the null hypothesis that there is equal degree of relationship between research and extension 
workers, between research and farmers and between extension workers and farmers and also there 
is no difference between the three actors in frequency of using the different linkage mechanisms 
(Wilcoxon 1945; Mann and Whitney 1947).  
The Mann-Whitney U test is a nonparametric test, which tests the relative location of two 
independent samples of ordinal data. Let 𝑡𝑡1 and 𝑡𝑡2 be the sample size of the observations drawn 
from both populations respectively and let 𝑡𝑡=𝑡𝑡1+𝑡𝑡2. The data from both samples are pooled and 
then ranked from 1 to 𝑡𝑡. Observations with a tied rank are assigned a rank which is the average of 
the corresponding raw ranks (Mann and Whitney’s, 1947). 

Define 𝐸𝐸1 as the sum of the ranks from the first sample and define 𝐸𝐸2 as the sum of the ranks from 
the second sample. Let 𝐴𝐴1=𝐸𝐸1/𝑡𝑡1 and 𝐴𝐴2=𝐸𝐸2/𝑡𝑡2 denote the average of the ranks of the samples 
from the first and second populations respectively (Mann and Whitney’s, 1947). 

Define the 𝑈𝑈1 and 𝑈𝑈2 statistics as:  

      𝑈𝑈1=𝑡𝑡1𝑡𝑡2+𝑡𝑡1 (𝑡𝑡1+1)/2−𝐸𝐸1 and  

       𝑈𝑈2=𝑡𝑡1𝑡𝑡2+𝑡𝑡2 (𝑡𝑡2+1)/2−𝐸𝐸2.  

The 𝑈𝑈 test statistic is defined as, =𝑚𝑚𝑠𝑠𝑡𝑡 (𝑈𝑈1, 𝑈𝑈2).  If 𝑈𝑈 ≤ 𝑈𝑈 𝑉𝑉𝑟𝑟𝑠𝑠tical, the null hypothesis is rejected 
at specific level of significance (for this study 𝛼𝛼=0.05 is used). 
 

3. Results and Discussion 

3.1 Demographic characteristics of respondents  
3.1.1 Age 
The respondents’ ages were classified into four age groups (table 2):  15- 30, 31-50, 51- 65 and 
over 60, with the average age of 46.04 years. Overall, the 31–50 age groups constituted the largest 
proportion (41.4%); the t-test result was insignificant at p< 0.05 significant level. The maximum 
age observed was 74 while the minimum was 28 years. The findings suggested that younger 
generations are abandoning the agricultural irrigation farming practice because of lack of land. 
Majority (45.8%) of the extension workers and researchers (50%) were within the age range of 31 
to 50 years. 
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Table 2: Age distribution of sample household heads 

Variables Farmers(n=145) Extension Workers(n=24) Researchers(n=16) t-test 
15-30 40(27.6) 3(12.5) 2(12.5)  
31-50 60(41.4) 11(45.8) 8(50) 0.004* 
51-65 34(23.4) 10(41.7) 6(37.5)  
>65 11(7.6) - -  
Mean 
SD 

46.04 
9.7 

   

Source: Own Survey, 2017 
3.1.2 Sex 
In table 3, 97.9% of farmers, 93.8% of extension workers and   93.8% of researchers in the study 
area were male. This suggests that maleness is the dominant sex in the Research-Extension-farmer 
System. The x2- test result indicated that sex was not statistically significant (p < 0.05) with regard 
to the linkage in irrigation technology transfer. 

Table 3. Sex of household 

Variables Farmers 
(n=145) 

Extension 
Workers 
(n=24) 

Researchers 
(n=16) 

 X²-test 
 

Sex      
Male 142(97.9) 23(93.8) 15(93.8)     0.218 
Female 3(2.1) 

 
1(6.2) 1(6.2)                  

Source: Own Survey, 2017 
3.1.3 Family size of sampled household heads 
As shown in table 4, the respondents were the maximum family size was 9 and the minimum 
family size was 2, the mean family size of irrigation user was 4.15. The family labor supply was 
not enough for irrigated farming in most cases, hired labor is needed for land clearing, preparation 
of seed beds, nursing of seed beds, fertilizer application, seed preparation, transplanting, weeding, 
and harvesting. But the t-test results of family labor is not significant with regard to linkage in 
irrigation technology transfer (p<0.05). 

Table 4. Household family size 

N Maximum Minimum Mean Mode t- test 

145           9           2          4.15            5  0.312 

Source: Own Survey, 2017 
3.1.4 Households farming experience of irrigation agriculture 
 Experience of a farm household in irrigation agriculture has implications for crop productivity. 
The respondents’ years of irrigation farming experience were categorized into three lengths of 
time; 1-3, 4-6 and above 6 years. Table 5 show that, about 58.6% of farmers had 4-6 years 
irrigation farm experience and 41.4% of farmers had above 6 years irrigation farm experience. 
This indicates that most of experienced household heads, were able to get more productivity of 
crops by timely sowing of crops, avoid flood irrigation hence saving water and balanced use of 
fertilizers on account of their experience. 
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The average length of irrigation farming experience was 5.81 years. Generally, the 4-6 year of 
experience had the largest number of participants (58.6). However, the t-test result revealed that 
the length of irrigation farming experience was not statistically significant with regard to linkage 
in irrigation technology transfer (p < 0.05). 

Table 5. Farming experience of the household heads of irrigation agriculture  

3.2 Socio economic characteristics of households 
3.2.1 Educational level  
About 37.9% of farmer’s illiterate, 22.8% of farmers had between 1-4 grade and 20.7% of farmers 
are at least able to read and write. The majorities (91.7%) of extension workers had B.Sc degree 
and the rest had M.Sc degree, where as 75% and 25% of researchers had M.Sc and PhD degree, 
respectively (table-6). The findings indicated that most of the farmers received little formal 
schooling. The x2- test result revealed that formal education was statistically significant relation 
with linkage.  

Table 6.  Educational characteristics of respondents 

Variables Farmers (n=145) X2 - test 
Educational  level   0.000* 
Illiterate 55(37.9)  
Read and write 30(20.7)  
grade 1-4 33(22.8)  
Grade 5-8 23(15.9)  
Grade 9-10 4(2.8)  
Source: own survey,2017    

3.2.2 Size of irrigated land holding 
Land is a primary source of livelihood for all rural households. It was assumed that larger the farm 
size, higher is the possibility to use a combination of technological packages. In the study area, 
the size of the land owned differed from household to household.  

Table 7. Size of irrigated farm land holding in hectare 

Land size (ha)                  n=145 t-test 
n % 

0-0.5 30 20.7 0.045* 
0.51-1.0 57 39.3 
1.01-1.5 27 18.6 
1.51-2.0 26 17.9 
>2 5 3.4 
Mean 1.10 
SD 0.55 

Source: Own Survey, 2017 
 

Irrigation experience 
in years 

Irrigators n=145 t- test n % 
1-3 - - 0.379 
4-6 85 58.6 
>6 60 41.4 

Mean 5.81 
Std. Deviation 0.98 
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The livelihood of the farming communities in the study area primarily depends on agriculture 
where crop production plays important role. Farmers need to have enough land for cultivations as 
to produce different crops. Result from the study shows (table 7) that the land holding of the total 
145 respondents, 30(20.7%) own between 0-0.5 hectare, 57(39.3%) own between 0.51-1.0 
hectare, 27(18.6%) own between 1.01-1.5 hectare, 26 (17.9%) own between 1.51-2 hectare while 
only 5(3.4%) own greater than 2 hectares of land. Average land holding of total respondents was 
about 1.1 hectare with minimum and maximum of 0.25 and 3 hectares respectively. The t-test 
results (Table 7) indicated that the farmers’ land holding size was statistically significant with 
regard to linkage in irrigation technology (p < 0.05). 
3.2.3 Social participation  
As presented in table 8, among 145 interviewed farmers, the majority (99.3%) were having 
involvement in any formal and informal institutions or organizations while 0.7% was not involved 
in different types of formal and informal institutions or organizations. Regarding the type of 
institutions they were involved in, the majority of the respondents frequently involve in informal 
local institutions such as water user association (WUA), ekub, edir/mahber, kebele leaders, 
religious organizations farmers cooperatives etc. The water user association plays an important 
role in terms of increasing the awareness of the utilization of water resources to allocate adequate 
water resources for members in the group. The allocation of water will be in accordance with the 
needs of all farmers in a fair and economical manner. Hence the establishment of water user 
associations (WUAs) and the transfer of responsibility for operation and maintenance of irrigation 
systems to the farmers play an important role in encouraging users to adopt technologies for more 
efficient water use and increased crop production. On other hand the x2- test result social 
participation is not significant with R-E-F linkage in irrigation technology transfer (p<0.05).  

Table 8. Social participation of sample respondents 

NS=non-significant, *** Significant at 1%, *=significant; at p<0.05; **=significant at p<0.01 
Source: Own survey data, 2017 
3.2.4 Market access 
Table 9 shows the vast majority of farmers (100%) have faced marketing problems for selling 
their products. CASCAPE working paper (2014) indicated as the study area has a lot of irrigated 
land, the farmers produce large amounts of vegetables and other perishable agricultural products. 
In most cases it is a big challenge to find markets for their products. These issues should be given 
due attention. 

Table 9. Irrigation product marketing problems  

Have faced problem? Frequency Marketing problem (%) 
Yes 145 100 
No 0 0 

Source: Own Survey, 2017 
3.3 Institutional factors of the sample respondents 
Institutional characteristics include the variables that might influence linkage of the households, 
such as, type of irrigation system, input suppliers, irrigation support institutions, market access, 

Attributes Total households (%) X²-test 

Social 
participation 

Yes 144 99.3 0.154NS 
No 1 0.7 

Total 145 100 
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access to irrigation water, farmers’ use of irrigation technology, and availability of irrigation 
inputs. 
3.3.1 Type of irrigation canal in the study area  
Access to irrigation influences the farmer receives new irrigation technologies. Thus, access to 
irrigation was one among many factors that increase using one or more irrigation technology. In 
the study areas, 100% of farmers have access of cemented irrigation canal and 100% of farmers 
have used dam diversion structure. (Table-10). 

Table 29. Types of Irrigation canal  

Type Irrigation canal Frequency Percent 

Cemented 145 100 
Traditional - - 
Diversion structure   
River diversion - - 
Dam 145 100 

Source: Own Survey, 2017 
3.3.2 Major irrigated crops and productivity 
Major crops grown by farmers under irrigation in the study areas are potato, tomato, onion, wheat, 
barley, cabbage, and maize. These crops are produced by 93.8%, 10.3%, 26.2%, 86.2%, 6.2%, 
15.2% and 4.8% of farmers, respectively. The average productivity of these crops under farmers’ 
irrigation conditions are 206 q/ha potato, 318 q/ha tomato, 182 q/ha onion, 29 q/ha wheat, 331 
q/ha cabbage, 20 q/ha barley, and 39 q/ha maize. However, these productivities are far below the 
potential productivity of the crops under research conditions.   
The results of on-farm trials conducted in Koga irrigation command areas showed that these crops 
can give up to 350 q/ha potato, 500 q/ha tomato, 300 q/ha onion, 48 q/ha wheat, 450 q/ha cabbage, 
30 q/ha barley and 80 q/ha maize with the yield advantage of 69.9%, 57.2%, 64.8%, 65.5%, 36%,  
50% and 80.6% respectively over farmers’ productivity (figure-2) ARARI proceedings, 2014. 

Figure 2: Productivity of crops under farmers and research conditions and Yield advantage 

Yield (qt) 

 
Source: Own Survey, 2017 and ARARI proceedings, 2014 
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3.3.3 Farmers’ use of irrigation technologies 
Regarding the use of irrigation technologies, 44.8% of farmers have used one or more of the 
technologies such as improved seed, fertilizers, agrochemicals and, row planting, whereas the rest 
55.2% farmers did not use any of the technology (table-11). Those farmers using irrigation 
technologies did apply one or more components of the technology package rather than applying 
the full package as per recommendation by research. Even most farmers had no awareness on the 
existence of irrigation technologies as a package. This implies that available irrigation 
technologies in the hands of the research have not been transferred to farmers. This attributed to 
the lose linkage between research and extension workers. 

Table 301.   Use of irrigation technologies by farmers 

Use irrigation 
technologies 

Frequency % 

Yes 65 44.8 
No 80 55.2 

Source: Own Survey, 2017 
3.3.4 Availability of irrigation inputs 
As shown in table-12, the majority of farmers 64.1% had access to fertilizers insufficiently and 
untimely, 53.8% of farmers had access to improved seeds insufficiently and untimely and 42.8% 
of farmers had access to agrochemicals insufficiently and untimely. The necessary inputs for 
irrigation agriculture such as improved seeds, fertilizers and agrochemicals have not been made 
available to farmers in the required quantity and at the right time. The problem of inaccessibility 
of irrigation inputs to farmers in sufficient quantity and at the right time has a great contribution 
for the low adoption of irrigation technologies as a package and thereby low productivity. 

Table 312. Availability of irrigation inputs for farmers 

 
Availability 

Fertilizers Improved 
seeds 

Agro-chemicals 

% % % 
Sufficiently and timely 7.6 20 39.3 
Sufficiently but untimely 17.2 11 2.1 
Insufficiently but timely 11 15.2 15.9 
Insufficiently and 
untimely 

64.1 53.8 42.8 

Source: Own Survey, 2017 
3.3.5 Input suppliers 
Input suppliers in the study area are research institution, Amhara seed enterprise, Ethiopia seed 
enterprise, rural credit, Cooperatives and Farmer unions. As shown in table-13, majority of 
farmers (80%) rated the degree of their linkage with input suppliers as very weak and weak and, 
only 20% rated as moderate. This suggests that the existence of information gap and weak linkage 
between farmers and input suppliers. 

Table 323. Degree of farmers’ linkage with input suppliers  

  
Input supplier 

Degree of’ linkage between farmers and input suppliers (%) 
V. weak   weak         Moderate     Strong     Total 

Research institution    56.6 14.4 29 0.0   100.0 
Amhara seed e/prise  31 51.7 17.3 0.0   100.0 
Ethiopia seed e/prise     53.1 36.6 10.3 0.0    100.0 
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Rural credit           21.4 75.2 3.4 0.0   100.0 
Coops & unions          22.8 35.9 41.3 0.0   100.0 
Mean           36.98 42.76 20.26 0.0   100.0 

Source: Own Survey, 2017 
3.3.6 Irrigation water availability  
The result of this study showed that 60% of farmers have faced water shortage and 40% of farmers 
have not shortage of water (table 14). On the total of water shortage 81.6% of farmer’s has during 
February to April faced shortage of water and 18.4 % of farmers have faced during planting time. 
Irrigation water shortage is the main factors that discourage farmers in investing their scarce 
capital on irrigation agriculture, thereby low adoption of available irrigation technologies and 
hence low productivity.  

Table 334.  Irrigation Water shortage  

Have faced problem? Frequency Water shortage (%) 
Yes 60 60 
No 40 40 

Source: Own Survey, 2017 
3.3.7 Support institutions for irrigation technology transfer 
In the study areas, 70.3% of farmers have got supported by some institutions. The institutions that 
supporting irrigation development activities in the study areas, as cited by farmers, are woreda 
and kebele office of agriculture, Koga irrigation project, AgroBig, Agricultural research centers, 
Mashave, Bahir Dar university and LIVES projects(table-15). 

Table 345.  Irrigation technology transfer support institutions  

Is there support institutions? Frequency Percent 
Yes 102 70.3 
No 43 29.7 

Total 145 100.0 
Source: Own Survey, 2017 
3.4 Linkage between research-extension-farmers 
The concept of linkage implies that the communication and working relationship established 
between two and more organizations pursuing commonly shared objectives in order to have 
regular contact and improved productivity (Agbamu, 2000). The following sections dealt with the 
relationship between the three actor’s research, extension and farmers, and linkage mechanisms 
used by research and extension systems, and participation of farmers in such linkage activities. 
3.4.1 Extension workers and research relationship with farmers 
This study showed that the majority of extension workers (70.8%) and researchers (68.8%) rated 
their respective degree of relationship with farmers as moderate with a mean rank of 18.94 and 
22.84, respectively. The result of Mann-Whitney U test indicated that there was no significant 
difference between extension workers and research relationship with farmers (table-16). This 
implies that extension workers and research have equal degree of relationship with farmers in 
rendering their respective services to farmers. 

Table 356. Extension workers and Researchers relationship with farmers 
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Relation ship % of degree of  relationship rated Mean 
Rank 

Mann-
Whitney U 
Test 

Exact 
Sig(2-
tailed) 

V. 
weak 

Weak 
 

Moderate 
 

Strong 
 

V. 
strong 

N    

Extension 
with farmers  

0.0 16.7 70.8 12.5 0.0 24 18.94 154.5 0.228NS 

Research 
with farmers 

0.0 6.3 68.8 25 0.0 16 22.84 

NS= Not significant at p<0.05; Source: Own Survey, 2017 
3.4.2 Relationship between farmers and extension workers 
The study showed that majority of extension workers (70.8%) rated their degree of relationship 
with farmers as moderate, and 69.7% of farmers rated their degree of relationship with extension 
workers as moderate. However, the mean rank of extension workers (101.23) greater than the 
mean rank of farmers (82.31).The result of Mann-Whitney U test indicated that there was 
significant difference between extension workers relationship with farmers and farmers 
relationship with extension workers (table-17).  This shows that extension workers have tried to 
establish strong relationship with farmers but less response from the farmers’ side. This can be 
emanated from the dissatisfaction of farmers in extension services or farmers have not got what 
they want from extension workers. According to Tilaye et al. (2016) reported research outputs do 
not reach farmers and remain shelved in research centers. As a result, farmers are also viewed as 
passive recipients of technology.  

Table 367. Relationship between Farmers and Extension workers 

S= Significant at p<0.05 
Source: Own Survey, 2017 

3.4.3 Relationship between farmers and research 
This study showed that majority of researchers (68.8%) rated their degree of relationship with 
farmers as moderate with a mean rank of 111.09. Whereas 50.3% and 31.0% farmers rated their 
degree of relationship with researchers as very weak and weak respectively, with a mean rank of 
77.68. The result of Mann-Whitney U test indicated that there was significant difference in mean 
ranks between research relationship with farmers and farmers’ relationship with research (table-
18). This result implies that only few farmers have been participated in the research activities and 
benefited from research. 

Table18.  Relationship between Farmers and Research  

Relation ship % of degree of  relationship   Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

V. 
weak 

Weak 
 

Moderate 
 

Strong 
 

V. 
strong 

N 

Research with 
farmers 

0.0 6.3 68.8 25.0 0.0 16 111.09  
 

 
 

Relation ship % of degree of  relationship   Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

V. 
weak 

Weak 
 

Moderate 
 

Strong 
 

V. 
strong 

N 

Extension 
with farmers  

0.0 16.7 70.8 12.5 0.0 24 101.23  
 
1350.5 

 
 
0.023S Farmers with 

Extension 
0.0 30.3 69.7 0.0 0.0 145 82.31 
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Farmers with 
Research 

50.3 31.0 18.6 0.0 0.0 145 77.68 678.5 0.000S 

S= Significant at p<0.05; Source: Own Survey, 2017 
3.4.4 Relationship between extension workers and research  
Majority of extension workers (70.8%) weak and very weak rated their relationship with research 
below medium, whereas majority of researchers (81.3%) rated their relationship with extension 
workers as medium and above medium. The result of Mann-Whitney U test indicated that there 
was significant difference in mean ranks of research (28.31) and extension workers (15.29) (table 
19). This suggest that there is unbalanced relationship between the two parties in that research 
institutes have exerted more effort to strengthen their relationship with extension workers than 
extension workers do. From this result one can infer that research and extension workers have run 
individually for achieving their common goal increasing agricultural irrigation productivity and 
not spread irrigation technology to farmers. This shows that weak linkage between research 
extension farmers in irrigation technology transfer. 

Table19. Relationship between Extension workers and research 

Relation  
ship 

% of degree of  relationship rated   
N 

Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

V. 
weak 

Weak 
 

Medium 
 

Strong 
 

V. 
strong 

Extension with 
Research 
 

20.8 50.0 29.2 0.0 0.0 24 15.29  
 
67.0 

 
 
0.000S 

Research with 
Extension 

0.0 18.8 50.0 31.3 0.0 16 28.31 

S= significant at p< 0.05               Source: Own Survey, 2017 
3.5 Linkage mechanisms 
In analyzing the degree of linkage of the research and extension systems with farmers, the study 
identified eight prominent linkage mechanisms deployed by both the research and extension 
systems for linking their respective activates with farmers. In order to see how frequently research 
and extension systems have used such linkage mechanisms and how frequently farmers have been 
participated in the 8 prominent linkage mechanisms, extension workers, researchers and  farmers 
were asked to score in a 5 point likert scale as never, rarely, occasionally, frequently and very 
frequently on each mechanism. 
3.5.1 Linkage mechanisms between extension workers and farmers 
As shown in table-19, there was no statistical difference between the use of FREGs, development 
groups of farmers, joint problem identification, and joint planning by extension workers and 
farmers’ participation in such linkage activities. However, there was statistical difference between 
extension workers and farmers in the use of the rest 4 prominent linkage mechanisms. 
The study showed that 58.3%, 54.2% and 58.3% of extension workers had used demonstration, 
training and field days, respectively as linkage mechanisms occasionally. However, 60.7%, 77.2% 
and 64.8% of farmers had never been participated in the stated linkage activities. As these three 
linkage mechanisms are the most useful methods for transferring knowledge and technologies to 
farmers, it can be said that extension services have reached only small proportion of the farming 
community with agricultural irrigation technology development and transfer and have weak 
linkage between actors.  
Regarding development groups of farmers, 83.3% of extension workers had used this mechanism 
and 87.6% farmers had been participated in development group activities. In contrast only 50% 
of extension workers and 22% of farmers had participated in farmers’ research and extension 
group (FREG) activities. FREG approach is defined as one of the research approaches, in which 
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a group of farmers, extension workers and a multidisciplinary research team jointly participate in 
agricultural technology generation, verification, and improvement so as to meet farmers’ needs 
and improve farmers’ production and management practices (JICA, 2009). This indicates not 
participate the FREG approach and weak linkage between groups. 
As shown in table-20, 88%, 67% and 92% of extension workers had used joint problem 
identification, planning and monitoring and evaluation, respectively and 74%, 63% and 88% of 
farmers had been participated in such linkage mechanisms. When we see how frequently extension 
workers had used these linkage mechanisms, only 25%, 16.7% and 33.3% extension workers had 
used joint problem identification, planning and monitoring and evaluation occasionally, 
respectively. Similarly, only 20.7%, 14.5% and 15.2% of farmers had been participated 
occasionally in such linkage mechanisms. As joint problem identification, planning and 
monitoring and evaluation are the key linkage mechanisms (governing all other linkage 
mechanisms) for bringing about agricultural development, extension workers and stakeholders in 
general should give high priority to these three linkage mechanisms. 

Table 370. Linkage mechanisms of extension workers and farmers participation 

 
 
Linkage 
mechanism 

 
 
Actors* 

Degree of use of linkage mechanism Median Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

Never Rarely Occ. Freq V. 
freq 

Demonstration 1 12.5 29.2 58.3 0.0 0.0 3 119.94 901.500 0.000S 
3 60.7 13.1 26.2 0.0 0.0 2 79.22 

Trainings 1 8.3 25.0 54.2 12.5 0.0 3 136.06 514.500 0.000S 
3 77.2 5.5 17.2 0.0 0.0 2 76.55 

Field days 1 12.5 29.2 58.3 0.0 0.0 3 119.00 924.000 0.000S 
3 64.8 5.5 29.7 64.8 0.0 2 79.37 

FREGs 1 50.0 29.2 12.5 8.3 0.0 1.5 103.38 1299.000 0.008NS  
3 77.9 4.8 17.2 0.0 0.0 2 81.96 

Dev. groups 1 16.7 8.3 58.3 16.7 0.0 3 96.88 1455.000 0.127 NS 
3 12.4 20.0 67.6 0.0 0.0 1 83.03 

Joint prob.ide   
    

1 12.5 62.5 25.0 0.0 0.0 2 95.19 1495.500 0.214NS  
3 26.2 53.1 20.7 0.0 0.0 1 83.31 

Joint planning  1 33.3 50.0 16.7 0.0 0.0 2 89.25 1495.500 0.629NS 
3 38.6 46.9 14.5 0.0 0.0 1 84.30 

Joint M and E  1 8.3 58.3 33.3 0.0 0.0 2 103.71 1291.000 0.004S 
3 22.1 62.8 15.2 0.0 0.0 1 81.90 

*1= Extension Workers and 3= Farmers; S= significant at p< 0.05and NS= Not significant at 
p< 0.05;  Source: Own Survey, 2017 
3.5.2 Linkage mechanisms between research and farmers 
The study showed that 100%, 81.2%, 100% and 93.7 of researchers had used demonstration, 
training, field days and FREGs, respectively as linkage mechanisms occasionally and frequently. 
However, 60.0%, 77.2%, 75.2% and 77.2% of farmers had never been participated in the stated 
linkage activities (table-21). The result of Mann-Whitney U test confirmed that there was 
significant difference between the mean ranks of researchers and farmers in using demonstration, 
training, field days and FREGs. Regarding development groups of farmers, only 12.5% of 
researchers had used this mechanism occasionally and  only 13.8% farmers had been occasionally 
participated in  research activities as development groups with regard to joint problem 
identification, planning and monitoring and evaluation activates, 31.3%, 31.3% and 62.6% of 
researchers, respectively, indicated that the research system had used these linkage mechanisms 
occasionally, and 17.2%, 9.7% and 19.3% of farmers had occasionally got opportunity in 
participating in such activities, respectively.  
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Table 381: Linkage mechanisms of research and farmers  

 
Linkage 
mechanism 

 
Actors* 

Degree of use of linkage mechanism  
Medi
an 

Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
Sig(2-
tailed) 

Never Rarely Occ. Freq V. 
freq 

    

Demonstration 2 0.0  0.0 37.5 62.5 0.0 4 146.38 114.000 0.000S 
3 60.0 5.5 34.5 0.0 0.0 1 73.79 

Trainings 2 18.8 12.5 43.8 25.0 0.0 3 127.72 412.500 0.000S 
3 77.2 5.5 16.6 0.7 0.0 1 75.84 

Field day 2 0.0 0.0 31.3 68.8 0.0 4 146.78 107.500 0.000S 
3 75.2 5.5 18.6 0.7 0.0 1 73.74 

FREGs 2 6.3 0.0 50.0 43.8 0.0 3 141.72 188.500 0.000S 
3 77.2 5.5 17.2 0.0 0.0 1 74.30 

Dev.  groups 2 68.8 18.8 12.5 0.0 0.0 1 32.78 388.500 0.739NS 
3 84.8 1.4 13.8 0.0 0.0 1 86.32 

Joint p. iden. 2 50.0 18.8 31.3 0.0 0.0 1.5 72.97 1031.500 0.413 NS  
3 77.2 5.5 17.2 0.0 0.0 1 81.89 

 Joint planning  2 56.3 12.5 31.3 0.0 0.0 1 77.53 1104.500 0.731 NS  
3 90.3 0.0 9.7 0.0 0.0 1 81.38 

Joint M and E  2 18.8 18.8 43.8 18.8 0.0 3 111.84 666.500 0.001S 

3 75.2 5.5 19.3 0.0 0.0 1 77.60 

* 2= Researchers and 3 = Farmers; S= significant at p< 0.05and NS= Not significant at p< 
0.05; Source: Own Survey, 2017 
3.5.3 Linkage mechanisms between extension workers and research  
In analyzing the degree of linkage between the research and extension systems, the study identified 
eleven prominent linkage mechanisms deployed by both the research and extension systems for 
making the irrigation technology development and transfer processes participatory.    
Accordingly, the study showed that 12.5% extension workers rated the use of publications and 
technical reports by the extension system occasionally, respectively as a communication link with 
the research system, whereas 75.0% and 43.8% of researchers rated the use of publications and 
technical reports by the research system occasionally/frequently, respectively as a communication 
link with the extension system (table-24). The results of statistical test indicated that there was 
significant difference between the mean ranks of extension and research in using publications and 
technical reports in that research has used publications and technical reports as a communication 
link with extension system more than extension do. This result showed that available irrigation 
technologies packages developed by the research system not well taken by the extension system 
and not received the farmers. 
As shown in table-22, 54.1%, 37.5%, 62.5% and 16.7% of extension workers rated the use of 
demonstration, training, field days and FREGs by the extension system occasionally, respectively 
as linkage with the research system, whereas 100%, 87.5%, 96.7% and 81.2 of researchers rated 
the use such linkage activities by the research system occasionally / frequently, respectively as 
linkage with the extension system. The result of Mann-Whitney U test confirmed that there was 
significant difference between the mean ranks of researchers and extension workers in using 
demonstration, training, field days and FREGs by the research system and extension system as 
linkage mechanisms. 
 
The study showed that 58.3%, 75% and 43.8% extension workers had never conducted joint 
problem identification, planning and monitoring and evaluation, respectively with researchers, 
and 93.7%, 93.7% and 81.2% researchers had conducted joint problem identification, planning 
and monitoring and evaluation, respectively as rarely/occasionally with extension agents. 
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Regarding workshops and ADPLAC forum, 75.0% extension workers had made use of these 
linkage mechanisms, respectively as rarely/occasionally, and 100% and 75.0% of researchers had 
made use of workshops and ADPLAC forum, respectively as rarely/occasionally/frequently.  
As the identified eleven prominent linkage mechanisms are not mutually exclusive, the mean 
responses of extension workers and researchers across all mechanisms were used for comparison. 
Accordingly, the mean response of extension workers found never (39.3%), rarely (37.5%), 
occasionally (18.6%) and frequently (4.6%) with a median =2, whereas researchers found never 
(8.5%), rarely (19.9%), occasionally (35.2%) and frequently (36.4%) with a median =3 across all 
linkage mechanisms. The result of Mann-Whitney U test confirmed that there was significant 
difference between the mean ranks of researchers and extension workers across linkage 
mechanisms. Therefore, the research extension linkage in irrigation technology transfer is 
minimal. 

Table 392. Linkage mechanisms of extension and research  

 
Linkage 
mechanism 

 
Actors* 

Degree of use of linkage mechanism  
Media
n 

Mean 
Rank 

Mann-
Whitney 
U Test 

Exact 
sig(2-
tailed) 

Never Rarel
y 

Occ. Freq V. freq 

Publications 1 16.7 70.8 12.5 0.0 0.0 2 15.35 68.5 0.000S 
2 6.3 18.8 50.0 25.0 0.0 3 28.22 

Technical report 1 70.8 16.7 8.3 4.2 0.0 1 15.67 76.0 0.000S 
2 12.5 43.8 18.8 25.0 0.0 2 27.75 

Demonstration 1 16.7 25.0 45.8 8.3 4.2 3 14.52 48.5 0.000S 
2 0.0 0.0 18.8 68.8 12.5 4 29.47 

Trainings 1 33.3 29.2 29.2 8.3 0.0 2 15.58 74.0 0.000S 
2 0.0 12.5 50.0 31.3 6.3 3 27.88 

Field days 1 20.8 16.7 50.0 12.5 0.0 3 14.58 50.0 0.000S 
2 0.0 6.3 12.5 62.5 18.8 4 29.38 

FREGs 1 45.8 37.5 16.7 0.0 0 2 15.15 63.5 0.002S 
2 18.8 0.0 25.0 43.8 12.5 4 28.53 

Problem ident. 
 

1 58.3 33.3 4.2 4.2 0.0 1 15.56 73.5 0.000S 
2 6.3 50.0 31.3 12.5 0.0 2 27.91 

Joint planning 1 75.0 25.0 0.0 0.0 0.0 1 14.00 36.0 0.000S 
2 6.3 43.8 37.5 12.5 0.0 2.5 30.25 

Joint M and E 1 45.8 45.8 4.2 4.2 0.0 2 16.46 95.0 0.004S 
2 18.8 25.0 31.3 25.0 0.0 3 26.56 

Workshops 1 25.0 54.2 16.7 4.2 0.0 2 14.31 43.5 0.000S 
2 0.0 6.3 62.5 25.0 6.3 3 29.78 

ADPLAC 1 25.0 58.3 16.7 0 0.0 2 17.58 122.0 0.034S 
2 25.0 12.5 50.0 12.5 0.0 3 24.88 

Mean 1 39.3 37.5 18.6 4.2 0.4 2    
2 8.5 19.9 35.2 31.3 5.1 3.3    

*1= Extension workers and 2= Researchers; S= significant at p< 0.05 

Source: Own Survey, 2017 

The response of extension workers on make use of ADPLAC forum by different level, 100% 
occasionally, 100% (50% rarely, 50% occasionally) and 37.5% rarely, used the forum at Regional, 
Zonal and woreda levels, respectively (table-23).  

Table 403.  Extension system and Use of ADPLAC at Regional, Zonal and Woreda level. 

Level Score% 
Never Rarely Occasionally Frequently 

Regional meeting 0.0 0.0 100.0 0.0 
Zonal meeting 0.0 50 50 0.0 
Woreda meeting 62.5 37.5 0.0 0.0 
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Mean 20.8 29.2 50 0.0 
Source: Own Survey, 2017 

 
4. Summary, Conclusions and Recommendations 

4.1 Summary  
This research has examined the affecting factors of the research extension farmer linkage in 
irrigation technology transfer. The influencing factors included demographic, socioeconomic, 
institutional, and research extension farmer linkage mechanisms. This study was conducted in 
Mecha Woreda koga irrigation area three kebeles.  
Age of the household head of sample respondents ranged from 28-74 years with mean of 46.04 
years and standard deviation of 9.79. The average age of irrigated farmer was 46 years. Therefore, 
the survey result showed that age was statistically significant at 5% significance level. This 
indicates that farmers’ linkage in irrigation technology is more aged with more experience; a 
farmer can become more or less risk-averse when judging new technology.  
The education level of respondents has shown that 37.9 % were illiterate and no schooling, 20.7% 
could read and write, 22.8% had attended grade 1-4, 15.9% attended grade 5-8, and the remaining 
2.8 % has attained high their school education. The findings indicated that most of the farmers 
received little formal schooling. Nevertheless, the Chi-square test revealed that formal education 
was statistically significant with respect to the linkage for irrigation technology transfer (p< 0.05). 
This result show that education level increases, farmers start to look for linkage is necessary for 
irrigation technology transfer. 
The farmers’ participation in formal and informal organization was not significantly correlated 
with the linkage of the irrigation technology (p < 0.05). The finding could be attributed to the fact 
that the active participation has made the local farmers not aware of the needs of the research 
extension and farmer linkage for irrigation technology development and transfer.  
The result from the study showed that the land holding of the total 145 respondents, 30(20.7%) 
own between 0-0.5 hectare, 57(39.3%) own between 0.51-1.0 hectare, 27(18.6%) own between 
1.01-1.5 hectare, 26 (17.9%) own between 1.51-2 hectare while only 5(3.4%) own greater than 2 
hectares of land. Average land holding of total respondents was about 1.1 hectare. The t-test results 
(Table 7) indicated that the farmers’ land holding size was statistically significant with regard to 
linkage in irrigation technology (p < 0.05). The cultivated land size increases, a household was 
able to increase linkage in agricultural irrigation technology transfer.  
Major crops grown by farmers under irrigation in the study areas are wheat, potato, tomato, onion, 
barley, cabbage and maize. Productivities of farmers are far below the potential productivity of 
the crops under research conditions. The results of on-farm trials conducted in koga irrigation 
command areas the yield advantage of 69.9% potato, 57.2% tomato, 64.8% onion, 65.5% wheat, 
36% cabbage, 50% barley and 80.6% maize over farmers’ productivity. Major problems in 
production are lack of certified seed of the preferred varieties. Attributes of the low productivity 
of farmers are just only little involvement of research activity in the area of irrigation technology 
development transfer at ARARI.  
Researchers and extension workers are unanimous inciting these as the major factors limiting 
farmers’ linkage of improved agricultural irrigation production technologies in the study area. 
This implies that available irrigation technologies in the hands of the research have not been 
transferred to farmers. As a result, absence of joint seed production and delivery system, lack of 
awareness of improved varieties, poor research-extension linkage and weak extension services, 
and lack of the irrigation technology package.   
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The use of Irrigation technologies, 44.8 % of farmers have used one of the technologies such as 
improved seed, fertilizers, agrochemicals, and row planting whereas the rest 55.2% farmers did 
not use any of the technology. The most farmers did not applying the full package as per 
recommendation by research. This implies that available irrigation technologies in the hands of 
the research have not been transferred to farmers.  
The study also showed that the necessary inputs have not been made available to farmers in the 
required quantity and at the right time. Majority of farmers (42.8- 64.1%) had access to these 
irrigation inputs insufficiently and untimely. The problem of inaccessibility of irrigation inputs to 
farmers in sufficient quantity and at the right has a great contribution for the low adoption of 
irrigation technologies as a package and thereby low productivity. Additionally the majority of 
farmers (80%) rated the degree of their linkage with input suppliers as very weak and weak. This 
suggests that the existence of information gap and weak linkage between farmers and input 
suppliers.  
The result of this study showed that 60% of farmers have faced water shortage during planting 
time and February to April. The vast majority of farmers (100%) have also faced marketing 
problems for selling their products. Irrigation water shortage and marketing problems are the main 
factors that discourage farmers in investing their scarce capital on irrigation agriculture, thereby 
low adoption of available irrigation technologies and hence low productivity.  
The result of Mann-Whitney U test indicated that there was no significant difference between 
extension workers and research relationship with farmers. This implies that extension workers and 
research have equal degree of relationship with farmers in rendering their respective services to 
farmers. However the results of analysis of the relationship between research and extension 
workers indicate that the two parties have run individually for achieving their common goal. 
The results of analysis of the extension workers and research relationship with farmers indicated 
that there was significant difference in mean ranks between extension workers and researchers 
relationships with farmers and vice versa. Similarly, results of analysis of linkage mechanisms 
used by the extension workers and research and participation of farmers in the 8 prominent linkage 
mechanisms showed the same result. This all showed that extension workers and research have 
tried to establish strong relationship and linkage with farmers but less response from the farmers’ 
side. This can be emanated from the dissatisfaction of farmers in extension and research services 
or farmers have not got what they want from the two systems. The study also showed that 
extension system had mainly used farmer development groups, where as the research system had 
mainly used Farmer Research Extension Groups.  
Regarding the use of the eleven prominent mechanisms, the mean response of extension workers 
found never (39.3%), rarely (37.5%), occasionally (18.6%) and frequently (4.6%) with a median 
=2, whereas researchers found never (8.5%), rarely (19.9%), occasionally (35.2%) and frequently 
(36.4%) with a median =3 across all linkage mechanisms. This showed that research had made 
use of all linkage mechanisms more than extension. The result of Mann-Whitney U test confirmed 
that there was significant difference between the mean ranks of researchers and extension workers 
across linkage mechanisms. Therefore, it can be said that research has made more effort for linking 
its research and extension activities to the extension system than extension system. 
This study indicated that 19.8%, 55.2% and 25% of respondents (researchers and extension 
workers) scored on the degree of strength of linkage currently exists among research and extension 
and farmers as very weak, weak and moderate, respectively with a median score of 2. Therefore, 
research, extension and farmer linkage is weak.  
 
Regarding workshops and ADPLAC forum, when disaggregated the response of extension 
workers on make use of ADPLAC forum by different level, it was found 100% occasionally, 
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100% (50% rarely, 50% occasionally) and 37.5% rarely used the forum at Regional, Zonal and 
woreda levels, respectively. This implies that ADPLAC is functional occasionally, rarely and 
hardly at Regional, Zonal and woreda levels, respectively. 
  
4.2 Conclusions   
Agriculture is the main stay of Ethiopian economy and hence, improving productivity to assure 
food security, reduce poverty and in turn attain food self sufficiency; utilizing agricultural 
irrigation production plays a vital role. Among others, strength research extension farmer linkage 
took the lions share. Integration of research extension and farmer play an important role in 
appropriate technological development and transfer. It is necessary to facilitate cooperation 
between research institutes and extension organizations in order to make them more responsive to 
refined technological and management needs of the farming community. 
From the results of the study farmers’ awareness of improved irrigation technologies is low. Thus, 
further work is required to create awareness and improve their perceptions through joint 
participation in linkage activities for transfer, and adoptions of new agricultural irrigation 
production technologies. The influence and participation of farmers, researchers, and extension 
workers in the generation and transfer of agricultural irrigation production technologies have been 
minimal. The relationship between research, extension, and farmers is reduced to field days and 
demonstration. Similarly, their participation in setting both research and extension agenda such as 
joint problem identification, planning, implementation and monitoring and evaluation is 
minimum. Additionally, their mechanisms exchange of knowledge and information such as 
publications, trainings, workshops, technical reports and coordination of the overall activities are 
weak.  
The extension and research systems should work based on the need for integrating FREG approach 
in to the extension system and both systems should make use of farmer development groups for 
transferring the outputs of the FREG approach to the entire farming communities. Further, formal 
training of technology transfer extension workers and farmers by researchers, is not a wide spread 
practice in the study area. Thus, suggest the need to modify the current linkage approach that 
exists to encourage more active participation by farmers and extension workers in the process of 
developing agricultural irrigation production technologies with the needs of farmers.  
Moreover establishing  and strengthening  ADPLAC and make it practically functional  at 
regional, zonal and woreda levels worth important for achieving the overall objective of the 
ADPLAC as a platform is to establish an effective research-extension-farmer linkage mechanism, 
accelerate the technology generation and transfer process. In general, to create a responsible body, 
with a transparent, accountable, and agreed upon linkage policies and mechanisms, that monitors 
and evaluates the action of research and extension is needed for the region overall agricultural 
irrigation technology development and transfer strategy. 
 
 4.3 Recommendations  
Based on findings of descriptive analysis and the Mann-Whitney U test results, the following 
recommendations are suggested for future research, policy and development intervention 
activities to strengthen/promote the research extension farmer linkage and make sustainable in 
order to enhance agricultural irrigation production and productivity so as to improve farmers’ 
income. Since research extension farmer linkage is extremely important towards improving 
irrigation technology transfer and improving irrigation production, those factors that determine 
linkage in irrigation production technology should be treated accordingly. Therefore, the 
following recommendations are formulated based on findings: 
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Promoting and facilitating agricultural services: Promoting and facilitating access to credit, 
research, input suppliers and education services is found to be one of the key areas of intervention. 
Hence, research institutions, office of agriculture, input suppliers and NGOs should participate in 
these issues in a well coordinated manner so as to change attitudes and create awareness of farmers 
towards better way of doing agriculture through demonstration plots, field-days, experience 
sharing, trainings, farmers training centers (FTC) and farmer research extension group FREG) 
approaches. 
Development of Irrigation production technologies and storage facilities: The koga irrigation 
products has poor quality and produce more cereal crops that results from its poor post harvest 
handling, spoiling during harvesting, hulling and threshing problems that all together reduce the 
quality of irrigation product. As it was discussed in problem of irrigation production part, problem 
of vegetable storage was farmers’ number one problem among others. Hence, special attention 
should be given to improve quality of vegetables and in addition to introduction commercial 
varieties of vegetable crops. 
Establish market linkage system: Market is one of the major problems of farmers at Koga 
irrigation area. Since there is no market channel in the area, this demands to design a good market 
linkage system at farmers’ level and facilitate farmer to trader relationship. Farmers of the study 
area needs local varieties and even not produce commercial crops for marketing purposes. All the 
farmers that produce high value horticultural crops have organized marketing strategies and 
structures. They hire transport collectively and go to the markets as a group. 
Strengthening the existing research extension linkage approach:- This thesis work empirically 
showed that the research extension farmer linkage is weak. The linkage between stakeholders 
(research, farmers, extension, NGOs) should be strengthened. Farmers and Agricultural experts 
(DAs and Woreda experts) should participate on the process of research proposal development 
from problem identification to the final stage. Farmers and Agricultural experts are appreciating 
the FREG approach. It is easy to assess farmers’ problems and design solution in that way as well 
as easy to get the impact of the irrigation technologies and feed back of farmers when farmers are 
addressed in organized groups. Establishing and strengthening ADPLAC and make it practically 
functional at regional, zonal and woreda levels. This could be achieved by employing more 
efficient linkage strategies at various levels, which will bring together all stakeholders in the entire 
process of technology generation, development, transfer, utilization and feedback (Belay, 2015). 
Enhance production and productivity of cash crops: Increasing agricultural irrigation 
production and productivity using modern and improved irrigation technologies play a vital role 
to assure food security by increasing farmers’ income. Hence, increasing production and 
productivity of irrigation crops per unit area of land is better alternative that should get attention 
by concerned bodies especially of research institutions and office of agriculture. Improved variety 
use, input applications, weed management techniques, water management and harvesting 
mechanisms of the irrigation farmers is still traditional and at its infant stage. Moreover, farmers 
use high seed rate per hectare, inappropriate plant spacing and water management, cereal crops 
dominantly planted and these needs modification that has implication on productivity. Hence, 
introduction, adaptation/evaluation and dissemination of improved crop varieties, agronomic 
practices and create awareness to produce cash crops for farmers is one key intervention point.  

Allocate enough manpower in horticulture and irrigation water management core 
processes: It is important to organize enough manpower at all level and update the skills and 
knowledge of experts based on training need assessment. Establish irrigation research at 
directorate level in ARARI and its centers with fulfilled man power and irrigation research 
facilities. 

The government and respective bodies are highly attention watershed management and 
rehabilitation activities: There is lack of attention for watershed management and rehabilitation 
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activities in the upstream watershed are poor. This implies siltation problem of dams. Therefore 
the government and respective bodies are highly attention watershed management and 
rehabilitation activities to keep siltation problem. 
Therefore, research, extension, and relevant actors must identify the systems linkage needs and 
choose agreed-up on mechanisms. That is, potential gaps need to be identified, alternative 
solutions need to be evaluated and designed, and selecting and implementing the best appropriate 
mechanisms and constant evaluation is needed. Accordingly, they must participate in planning 
and review; implementation of collaborative tasks; exchange of resources, knowledge and 
information; and joint evaluation and feedback of agricultural innovations. As a result, the 
improvement of quality and quantity of human, physical and financial resources coupled with 
better incentive mechanisms to research and extension in line with the mandate and mission should 
be emphasized. 
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