
 
 

 

 
College of Agriculture and Environmental Sciences 

 

Proceeding of the 2nd Annul National Conference 

on 
 

Agriculture and Environmental Management for Sustainable 

Development 

 

  
 

 

Editor  

Melkamu Alemayehu Workie      December 2016 

   CAES, Bahir Dar University 

 

 
 

Bahir Dar University 
 

 

 

 
June 19-20, 2015 

 
 

 



ii 
 

 

 
 
 
 
 
 
Our vision 
 

 
 
 
 

 
 
 Our mission 

 
The vision of Bahir Dar University is to 

become one of the ten premier research 

universities in Africa by 2025. 

 

The mission of Bahir Dar University is to    

contribute substantially to the nation and 

beyond through high quality education, 

research and community services.

 
 

 
 
 

 

 

 

 

 

 

 

 

 

Published: December 2016  

by 

Bahir Dar University, CAES 

© Copyright Bahir Dar University 2016 

For an electronic copy of this report and more information about BDU-CAES’s work visit us 

online at www.bdu.edu.et/caes
 



iii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To be cited as:  

Melkamu Alemayehu Workie (ed.), 2016. Proceeding of the 2
nd

 Annul National Conference on 

Agriculture and Environmental Management for Sustainable Development, Bahir Dar, 

Ethiopia: College of Agriculture and Environmental Sciences, Bahir Dar University. 



iv 
 

Preface .................................................................................................................................................... vii 

Acknowledgment................................................................................................................................ viii 

Conference Themes ............................................................................................................................. ix 

Welcome Address ................................................................................................................................ 10 

Keynote Address .................................................................................................................................. 12 

PARALLEL SESSION I .......................................................................................................................... 17 

Economic value of Wondo Genet Forest in domestic water supply of 

Shashemene Town, Ethiopia: Bamlaku Ayenew, Yemiru Tesfaye and Abrham 

Belay ....................................................................................................................................................... 17 

Physicochemical soil properties of Kesem Allaideghe plains irrigation project 

area and their significance in sustainable sugarcane production: Dhan Pal and 

Yihenew G.Selassie ............................................................................................................................ 50 

Performance of rural cooperatives’ on agricultural inputs and outputs 

marketing in West Gojjam Zone, North Western Ethiopia:  Gashaw Tenna  and 

Zewdu Birhanie .................................................................................................................................. 58 

Soil classification in Yigossa Watershed, Lake Tana Basin, highlands of 

northwestern Ethiopia: Gizachew Ayalew, Yihenew G. Selassie, Eyasu Elias and 

Chiristy Van Beek .............................................................................................................................. 76 

Woody plant species diversity, structure, regeneration and socio- economic of 

Ambo State Forest, South Gondar, Ethiopia:  Solomon Melaku and Belayneh 

Ayele .................................................................................................................................................... 109 

Aboveground biomass equation model for five most commonly grown native 

trees species in Chilimo dry afro-montane mixed forest, central highlands of 

Ethiopia:  Mehari Alebachew, R. Ruiz-Peinado, Andrés Bravo-Oviedo and Felipe 

Bravo Oviedo .................................................................................................................................... 139 

Apple production, livelihood impacts and marketing challenges: Experience 

from Chencha Woreda, SNNPRS, Ethiopia: Tesfaye Gebeyehu and Amene Afewor

 ............................................................................................................................................................... 152 

Carbon stock of Jatropha curcas L in different land use systems in Bati Woreda, 

Amhara Region: Yirdaw Meride ............................................................................................. 172 



v 
 

Carbon ownership and issues of resource governance in Ethiopia: Zenebe 

Mekonnen and Melaku Bekele .................................................................................................. 196 

PARALLEL SESSION II ...................................................................................................................... 206 

Nodulation, yield and yield component of common bean (Phaseolus vulgaris L.) 

in response to Rhizobium inoculation, N rates of application and soil fertility: 

Anteneh Argaw and Abere Minalku ........................................................................................ 207 

Effect of iron application on N2 fixation, nodulation and yield of soybean 

[Glycine max L) Merrill] genotypes with different maturity groups: Anteneh 

Argaw, Ayele Akuma and Abere Minalku .............................................................................. 231 

Screening Ethiopian lentil (Lens culinaris M) for salt tolerance at germination 

and early seedling stage: AzeneTesfaye, Yohannes Petros and Habtamu Zeleke

 ............................................................................................................................................................... 252 

Assessment of desho grass (Pennisetum pedicellatum) production and 

utilization in Ethiopia: Bimrew Asmare ............................................................................ 265 

Women based demonstration of broilers using locally made feed in Bahir Dar 

Zuria District of Amhara Region: Fisseha Moges, Alemayehu Amare, Muhammed 

Nega, Kegne Yismaw and Dawud Ibrahim ............................................................................ 280 

Quantification of population structure for association MAPPING in Ethiopian 

chickpea (Cicer arietinum) collections: Kebede Teshome, Firew Mekbib, PM 

Gaur, RK Varshney and Seid Ahmed ....................................................................................... 289 

Assessment of reproductive, growth and survival of the hybrids of African 

catfish (Clarias gariepinus) and Indian catfish (Clarias batrachus) compared 

to their parental lines crosses: Gashaw Tilahun ........................................................... 305 

Groundnut rust (Puccinia arachidis) management through integration of host 

resistance with fungicides at Babile, Eastern Ethiopia: Mastewal Alehegn, P.K 

Sakhuja and Mashilla Dejene ..................................................................................................... 322 

Assessment of livestock production and existing feed resources using FEAST 

tool in Fogera district, North western Amhara region: Mussie H Demsash and  

Theodros B. ....................................................................................................................................... 334 



vi 
 

Evaluation of different concentrations of Indole Butric Acid (IBA) and stem 

cuttings on stenting-propagated rose (Rosa haybrida) in Bahir Dar, Ethiopia: 

Tadele Yeshiwas, Melkamu Alemayehu and Getachew Alemayehu ........................... 358 

Role of participatory potato innovation system development: from hunger to 

food security in northwestern Ethiopia: Yihenew G.selassie, Asresie Hassan, 

Alemu Worku, Abel Ahmed, Molla Tafere, Mekonnen Tola, Yenesew Abebe, 

Shiferaw Dagnew, Firew Tegegne and Dessalegn Molla ................................................. 369 

 



vii 
 

Preface 

Agriculture has always been the source of livelihoods for Ethiopian people and is the backbone of the 

national economy. The sector employs 86% of the population. It also contributes 43% of the gross 

domestic product and 90% of the export earnings is derived from agriculture. Moreover, it supplies 

significant proportion of the raw materials for the agro-industries. However, due to the poor, 

traditional and backward agricultural system dominated in the country, production and productivity is 

very low and millions of people still face food shortage. 

Most parts of Ethiopia suffer also from several forms of environmental/natural resources degradation 

that adversely affected food and agricultural production and productivity. Factors such as high 

population pressure (about 2.8% growth rate per annum), deforestation, overgrazing along with 

inappropriate land and water resources management practices are thought to be the major reasons for 

poor agricultural production and productivity which marks the major food security challenges of 

Ethiopian. In addition to these existing challenges, agriculture in Ethiopia is confronted with 

tremendous new challenges such as growing threats from climate change, new and emerging 

infectious plant and animal diseases. 

Feeding the ever increasing population and supplying the 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. The objective of this conference is therefore to exchange and discuss research 

results and best practices in managing agriculture and environment for sustainable development of the 

country. 

 

 

Melkamu Alemayehu Workie 

College of Agriculture and Environmental Sciences, Bahir Dar University  

 

 

 

December 2016 

Bahir Bar, Ethiopia 
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Welcome Address 

Dr. Belayneh Ayele 

Dean, College of Agriculture and Environmental Sciences, Bahir Dar University 

 

Honorable Dr. Fenathun Mengistu, Director of the Ethiopian Agricultural Research Institute  

Honorable Dr Matebe Tafere, the Academic Affairs Vice President of the Bahir Dar University 

Honorable guests from ANRS Regional Bureaus, Researchers who came to present your research 

outputs  

Academic and managerial leaders of BDU, academic and administrative staffs and students of our 

college;  

Ladies and gentlemen:  

It gives me great pleasure to welcome you all to the second annual national conference of the college 

under the theme ―Agricultural and Environmental Management for Sustainable Development‖ 

representing the college. The objective of the conference is to create a platform where researchers, 

academicians, agriculture related practitioners and policy makers make scientific dialogue that 

contributes for the development of Ethiopian agriculture sector. The conference addresses different 

issues of agriculture based rural development under four sub-themes. I.e:  

• Natural resources management 

 • Livestock, apiculture and fisheries 

 • Crop production and management  

• Development management.  

 

Ladies and gentlemen:  

As you all knows very well, the country‘s economy depend on agriculture in one way or another. The 

contribution of agriculture to the national GDP is more than 45% and 80% of the people are engaged 

in agriculture related economic activity. Moreover, GTP 2, which is looking forwarded to create 

preconditions that transform the nation into the middle-income country, relies on the agricultural 

sectors as the main gateway into industrialization. In spite of the fact that agricultural development 

based on proper management of natural resources is considered vital for the transformation of the 

nation, the way it is managed is far behind from the expected one. This calls for researchers and 

academicians to think and work hard to identify the bottlenecks that hamper the sector development 

and bring about evidence based practical solutions. Unless our research contributes for tackling the 

challenges and unlock the development puzzles, we will not escape from at least self-liability and 

mental criticism.  

In light of this background, the College of Agriculture and Environmental Science of the Bahir Dar 

University is trying to discharge its responsibility by building the capacity of agriculture sector 

professionals, by conducting researches and by offering community service programs. The college is 

currently running 12 master, 2PhD and 10 undergraduate programs. We are also looking forward to 

open more PhD and Master programs in the field of agriculture and environmental science in the 

years to come.  
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For the successful accomplishment of its mission, the college has fully furnished ICT Labs, dairy, 

beef, sheep and goat, swine and bee farms. More than 15 laboratories are almost ready for use. Apart 

from the academic programs, we are managing more than five big projects namely: ISSD, CASCAPE, 

PERIPERI U, WASE-TANA, KHAKANI and SMACC Projects being the main ones. These projects 

are working together with Wagningen, Stellnbosch, Ghent, Totori and Hoheneim Universities.By 

these projects, more than 100,000 farming households are benefiting. If we take the ISSD project 

alone, 14 woredas, 5 universities, 3 agriculture research centers and more than 10 private seed 

producing enterprises are benefiting from the financial, capacity building and material supports. We 

have positively influenced the government and enabled the establishment of the Amhara region seed 

regulation authority which other regional states are about to copy and paste the system. By doing so, 

we have played significant role to let the government adopt policy change in the seed sector.  

Other projects have also contributed in the production of basic knowledge in the area of water and 

sediment budget, identification and synthesization of agricultural best practices, improvement of 

potato agronomy and disaster management endeavors. More than seven PhD and 15 MSc scholarships 

were granted by these projects. Let me take this opportunity to praise my staff mates who are working 

behind these projects. Ladies and Gentlemen: A number of sponsors were involved in realization of 

this second national conference by offering financial support. The National CASCAPE program and 

the BDU Periperi U projects have sponsored this conference financially. I extend my sincere gratitude 

to them. I also acknowledge guests and paper presenters for their keen interest to be part of this 

conference. Finally I thank the conference organizing committee who worked day and night for the 

realization of the conference. By saying this, I kindly invite Dr. Matebe Tafere, the Academic Affairs 

Vice President of the University to make an official opening speech.  

 

Thank you very much! 
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Keynote Address 

“Meeting agricultural productivity and environmental sustainability through a science-based 

solution” 

Dr. Fentahun Mengistu 

Director General, Ethiopian Institute of Agricultural Reasearch 

Addis Ababa, Ethiopia 

 

H.E. Dr. Matebe Tafere, Academic Vice President, Bahir Dar University 

H.E. Dr. Belayineh Ayele, Dean, College of Agriculture and Environmental Sciences, Distinguished 

Scientists, Students 

 

Ladies and Gentlemen, 

I am honored to have been invited to give a key note address at the 2
nd

 annual workshop themed 

―Agriculture and Environmental management for sustainable Economic Development‖. I am 

delighted to see the new born CAES reaching at this milestone. I would like also to congratulate the 

College for fishing out such vital key concepts:  sustainability, agriculture and environment in its 

workshop theme. 

To set the scene I would like to take you back in time to the 19
th
 C and navigate you through the state 

of play and to the foreseeable future.  In the year 1800, the world population was only 1 billion, and it 

took 127 years to double in 1927. By then the natural and material resources were not limiting and the 

food needs of growing populations were met by expanding the cultivated area, with lesser harm to the 

environment.  

Nevertheless, since 1960 global population has more than doubled and resulted in high demand for 

food. As a result, by the 19
th
 century, there was a growing pessimism about the possibilities of feeding 

ever-growing populations (Hazell and Wood, 2008). But, by the 20
th
 century public investments in 

modern scientific research for agriculture that was fuelled by modern plant breeding, improved 

agronomy and development of inorganic fertilizers and modern pesticides led to dramatic yield 

breakthroughs (Evans 1998). Consequently, most industrial countries had achieved sustained food 

surpluses by the middle of the 20
th
 century, and many developing countries did the same in the closing 

decades. Therefore, global agriculture has been successful in meeting the increasing demand and the 

global food situation is very favorable today, and more food is produced than needed, at prices that 

have never been so low (Hazell and Wood, 2008). But, since income distribution is a problem hunger 

and malnutrition persist in many countries yet while obesity and chronic illnesses are serious in richer 

people. The success of agriculture was not, however, at no cost. Agriculture has left contaminants in 

soil, water and the atmosphere that affected health of flora and fauna while it contributed to climate 

change. 

How would the future unfold?   

It is increasingly becoming apparent that in tomorrow‘s world change will take place at 

unprecedented rate in several fronts. Without trying to be exhaustive, the future will at least face three 

challenges. High on the list are, firstly, driven by population growth which is estimated at 9 billion by 

2050, urbanization, globalization, etc. global food demand is expected to be doubled by 2050; 

approximately a demand rise by 14% per decade /IPCC/. People will also need healthier, safer, more 
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nutritious foods which are costly to produce. Besides, environmental safety will continue to be 

concern. This implies that there needs to be a continuous increase in agricultural production, and 

global food production will need to at least double. Unfortunately, however, prospects for further 

expanding cropped & irrigated areas are limited. What is worse is yields are expected to decline by 2 

% per decade due to Climate change/ IPCC/ and the later will impose serious health risks & loss of 

ecosystem services. 

Secondly, production environment and natural resources (land, water and energy) will have 

continuously shrunk and deteriorated. For instance, agriculture which already accounts for 70-80% of 

total water use will need much more water, perhaps twice what it uses today. Yet, by 2050 

agriculture‘s water share will have declined to about 60-70% for the competing water demands from 

urban expansion and industrial development. 

Thirdly, climate change will continue to be a defining challenge of the future with serious 

implications for food supply, water, and wildlife resources. These situations triggered focus on 

sustainable agriculture at multiple levels. Consequently, environmentally friendly Productive 

Agriculture is high on the agenda at global, continental and country levels. 

At global level the Millennium Development Goals (MDGs) 1 & 7 address eradicating extreme 

poverty and hunger and ensuring environmental sustainability, respectively. Similarly, Post-2015 

global development goals are expected to shift to sustainable development goals (SDGs) that 

addresses triple bottom line approach to human wellbeing; economic development, environmental 

sustainability, and social inclusion.  

At continental level, two of the AU‘s NEPAD programs are on Agriculture and Food Security and 

Climate change and Natural Resources Management. CAADDP also aims at improving and 

promoting agriculture across Africa and eliminate hunger & reduce poverty through agriculture. In 

fact, African leaders committed to allocate at least 10% of national budgetary resources to Agriculture 

&Rural Development and achieve agricultural growth target of 6%. 

Under Ethiopian condition, Agriculture and environment are accorded high emphasis on its 

development trajectory. Guided by Agriculture Development-Led Industrialization (ADLI) all 

development strategies: SDPRP- 2002/03-04/05, PASDEP- 2005/06-09/10, GTPI- 2010/11-14/15 and 

the incoming GTPII- 2015/16-20/21, emphasize on sustainable agricultural development. The second 

flagship development strategy is Climate Resilient Green Economy Strategy (CRGE) in which 

agriculture is identified as one key area of intervention. 

Given the above stipulated development targets, therefore, an important question are: How can we 

under a changing climate, increasing food demand, and shortage of natural resources, achieve broader 

development goals of agriculture in a sustainable way? In other words, how can Ethiopia‘s concurrent 

goal of Agricultural Development and Climate Resilient Green Economy Strategy be realized in such 

an ever-changing world? 

What type of agriculture is needed in the future?  

The concept of sustainable development implies that development processes should be understood 

from ecological sustainability, economic viability and social equity perspectives. Agriculture of the 

future should consistently increase productivity and revenue while reducing costs, done with fewer 

resources/land, water, energy, chemicals/ per unit output produced, lessen environmental, economic & 

social costs, reduce the vulnerability of agricultural systems to climate change, and more importantly 
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be highly resilient to effectively respond to transitory adverse events (shocks) and more persistent 

adverse trends (stressors) . Generally, productivity increases are vital, but must be combined with 

environmental protection or restoration, while new technologies must be both affordable by, and 

geared to the needs of, the poor and undernourished (FAO 2002).   

Can science be any help to ensure sustainable agriculture?  

Yes, of course. Science and Technology helps realizing more adaptable & resilient agriculture and 

food systems, leading to improved food security, better livelihoods and enhanced environmental 

management. Scientific research helps achieving more productive & sustainable agriculture through 

Enhancing agriculture performance and climate smartness of landscapes, improving agricultural 

techniques, provision of technologies enabling farmers to get more from every unit of  farmland, 

climate-proofed crops and livestock, conservation & efficient utilization of NRs, sustainable land 

management; combating land and water degradation; maintaining ecosystem services, etc. 

Todate through scientific exploration several promising approaches/technologies have emerged that 

combine improved production with enhanced environmental protection. These include Sustainable 

intensification, conservation agriculture, organic agriculture, climate Smart Agriculture, precision 

agriculture, biotechnology, etc. that I discuss some of them.  

Sustainable intensification: a possible trajectory of the future agriculture 

Sustainable intensification is about more food production with much less impact on environment, and 

even enhancing the latter. It is about producing greater yields, better nutrition and higher net incomes 

while reducing over-reliance on pesticides & fertilizers and lowering emissions of harmful GHGs. It 

is also creating high C fixing land use systems, especially SOC in simultaneously promoting more 

productive agriculture and meeting Climate changing targets. Farmers need to use more inorganic 

fertilizer, but need to strike the right balance between: managing SOM, fertility, moisture 

conservation & fertilizers. Water management is a critical part of the approach and water, nutrients 

and soil structure are synergistic. 

But, it should be noted that sustainable intensification is in stark contrast to Green Revolution 

archetype of intensification. The ‗Green Revolution‘ paradigm for production intensification has been 

guided by the improvement of genetic potentials of crop and animal genotypes, greater application of 

external inputs of agrochemicals for plant nutrition and pest (weeds, pathogens, insects, parasites) 

control, and increased mechanical disturbance of exposed soil and terrain with tillage for crop 

establishment and other farming operations.  

In contrary, Sustainable Intensification addresses Genetic, Ecological and Social intensification. 

Ecologically, practices as intercropping, IPM, ISFM, CF, etc are used. In the Genetic component SI 

employs products of conventional breeding, MAS and genetic engineering. Besides, the Socio-

economic intensification addresses development of innovative and sustainable institutions on the farm 

& in the community sustainable livelihoods: building social, human & physical capitals.  

Conservation Agriculture (CA) 

Conservation Agriculture fits within the SI paradigm of producing more from less purchased inputs; 

enhancing the resource base and its productivity and ecosystem service provision capacity over time. 

It is management of agro-ecosystems for improved and sustained productivity, increased profits and 

food security while preserving and enhancing the resource base and the environment. It has basically 
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three linked principles: continuous minimum mechanical soil disturbance, permanent organic soil 

cover, and diversification of crop species grown in sequences and/or associations. CA intensifies 

knowledge, skills and management practices and the complementary judicial and precise use of other 

inputs. 

Climate-Smart Agriculture (CSA) 

Climate-Smart Agriculture is closely interlinked with SI, the main difference being the focus in CSA 

is on outcomes related to climate change adaptation and mitigation. SI contributes to adaptation and is 

crucial for reduced emissions per unit of output, through lower direct emissions and less land cover 

change. CSA improves integration of agriculture development & climate responsiveness, adapting and 

building resilience of agricultural & food security systems to CC at multiple levels, reducing 

greenhouse gas emissions from agriculture. It promises triple win: tradeoffs & synergies between 3 

pillars of Adaptation/ resilience, mitigation and productivity. 

Many of the practices that make up CSA already exist and used by farmers to cope with various 

production risks. Ex: Practices with high climate smartness include: Conservation Agriculture, Green 

Manure, Crop rotation, Agroforestry, Companion planting, GAPs, Reduced residue burning, Efficient 

H2O mgmt, Efficient fertilizer use, Soil management, Pest/disease resistant Varieties, Silvopastoral 

systems, Grass-legume associations, Improved pastures, etc. 

Precision agriculture/satellite farming or site specific crop management (SSCM) 

Precision agriculture is a farming management concept based on observing, measuring and 

responding to inter- and intra-field spatial and temporal variability in crops using sensing technology 

to make farms more ―intelligent‖ and more connected. Vast amounts of information are collected 

from crop yields, soil-mapping, fertilizer applications, weather data, machinery, and animal health, 

etc. 

Modern genetics and genomics 

Modern genetics and genomics can help for more specific targeting of genetic improvement in crops, 

livestock, fish and trees. Genotyping and marker assisted selection accelerates plant breeding-varieties 

with desirable traits to be bred more quickly. It can decrease the water requirement of crops by:  

selection for traits that increase the rate of photosynthesis, depth of root structure, decrease the rate at 

which water is lost through transpiration, etc. Especially, biotechnology offers promise as a means of 

improving food security and reducing pressures on the environment, provided the perceived 

environmental threats from biotechnology itself are addressed. For instance, genetically modified crop 

varieties - resistant to drought, waterlogging, soil acidity, salinity and extreme temperatures-could 

help to sustain farming in marginal areas and to restore degraded lands to production. Pest-resistant 

varieties can reduce the need for pesticides (FAO 2002).  

All said, however, there still exist uncertainties on approaches of future agriculture and environment 

management. Two of these doubts are: given the scale of the increases in production and productivity 

that are required would balanced productivity and environment management really be a viable option? 

Do the technologies associated with the new approach bring significant inroads into yield gaps? The 

answer for these questions is well it depends! 

To cut a long story short, agriculture will continue to be the best trajectory out of poverty, and 

economic development. But, what is very clear is that agriculture cannot be taken the way it has been 
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done before.  Essentially, future agriculture should be environment sensitive.  It is also important to 

note that agriculture & environment management can have synergies and tradeoffs. Therefore, 

scientific advancement is indispensable to achieve dual objectives of agricultural development and 

environmental safety, to our better health and to our wellbeing. What follows is that defining a second 

doubly green revolution that brings production increases, and capable of providing satisfactory 

responses to environmental concerns is needed.  

As a final remark, science unquestionably helps to wed productive agriculture and environmental 

management; but, competence in science matters! Therefore, for you as an academic institution the 

burden of breeding the cream of scientific talents lies with you for upon them will depend creation of 

new knowledge and its application that serve our development today and in the future.  

 

Thank you all for listening 
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PARALLEL SESSION I 

 

Economic Value of Wondo Genet Forest in Domestic Water Supply of Shashemene 

Town, Ethiopia- Bamlaku Ayenew 1*, Yemiru Tesfaye2, Abrham Belay3 
1

Hawassa University, WGCF NR, School of Natural Resource and Environmental Study 
2

Assistance profecer, Hawassa University WGCF NR, School of forestry; 
3

 Lecturer, Hawassa University, WGCF NR, School of Natural Resource and environmental study; * 

Corresponding author: baml07@yahoo.com  

 

Abstract 

The study attempts to determine the economic value of Wondo Genet forest (WGF) in domestic water supply 

of the community of shashemene town by eliciting households’ willingness to pay (WTP) using contingent 

valuation method in the form of Double Bounded Dichotomous Choice technique followed by an open-ended 

question. Descriptive statistics and econometric Bivariate probit models were applied to determine the mean 

and factors affecting WTP for forest conservation so as to improve water. A sample of 215 households was 

randomly selected, and the survey was used for face to face interviews. Results of the study showed that most 

respondents were WTP for forest conservation. Response to the hypothetical scenario revealed that sampled 

households expressed their WTP from the open ended elicitation method was 26.31 ETB per month added 

with water bills. The mean WTP for the double bounded bivariate probit estimate with covariates ranged 

from 35 ETB to 30 ETB per month for the initial bid and for the follow up bid, respectively. The results of the 

model revealed that Sex, Education, income, have positive and significant effects on WTP while Age, Family 

size, Amount of bid have a negative and significant effect. In nutshell, it can be concluded that the economic 

value of WGF ecosystem for the population of Shashemene is substantial that they are WTP approximately 

1.4 million ETB per year for its conservation and sustained supply of drinking water. Significant socio-

economic variables should also consider while designing forest conservation related project at a household 

level. 

 

Keywords: Ecosystem Services of Forests, willingness to pay, contingent valuation, bivariate probit 

 

INTRODUCTION  

Background and Justification 

Forests provide important ecosystem services, beyond supplying direct use products, such as timber, 

fiber, fuel wood, woody biomass for energy and the non-timber forest products (NTFPs). These 

provisioning services are often considered to be the main forest ecosystem services. However, the 

provisioning services depend on soil formation, photosynthesis, and nutrient cycling, which are so-

called supporting services, provided by the forests (MEA, 2005). However, forests are under severe 

threat in many part of the world. Averages of almost 15 million hectare of forest were lost every 

year during the 1990s, mostly in the tropics (Pagiola, et al., 2002).  

The significant economic growth that Ethiopia has achieved particularly over the past few years could 

also mean that unless the forest resources are managed properly and unless attempts are made to 

increase the size, the pressure on forests would increase, which would worsen the problem 

(EEPFE/EDRI, 2008).  Loss of forest has been accompanied by a loss of ecosystem services that 

forests provide (FAO, 2005). As a result of this, more than one billion city-dwellers in the world 

mailto:baml07@yahoo.com
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lack access to clean water (Stolton and Dudley, 2007). So, multilateral agencies (e.g., World Bank 

2003), and nations (e.g., Miranda, et al., 2007) are promoting and adopting new approaches to 

finance forest and watershed conservation/protection activities so as to develop sustainable use and 

management of water resources. 

To improve watershed conditions and to sustain water resources, sustainable forest management is 

considered as a key factor to water resources management in particular and upland resources 

development in general (Kerr and Achouri, 2002).  (World Bank/WWF, 2003) study shows that 

much of the world‘s drinking water comes from catchments that are or would naturally be forested. 

There appears to be a clear link between forests and the quality of water coming out of a catchment, 

a much more sporadic link between forests and the quantity of water available and a variable link 

between forests depending on type, age and constancy of flow. 

Payment for Environmental Services (PES) approaches attempt to use economic incentives within 

regions to protect natural resources while accommodating agricultural production, forestry, drinking 

water supply and tourism (Wunder, 2007). Watershed PES programs have been designed to use direct 

payments to compensate upstream resource users for their natural resource stewardship and changes 

in land use that result in ecological services to downstream beneficiaries (Wunder, 2006). Direct 

payment approaches such as PES have been found to be cost-effective means for resource 

conservation and sustainable ecosystem management (Ferraro and Simpson, 2002). In Ethiopia there 

is very little experience except some PES program such as the watershed project of the Eastern Nile 

Technical Regional Office (ENTRO) of the Nile Basin Initiative (NBI), support to local 

communities for managing their smaller watersheds by government and donors (Gete, 2010). 

Statement of the Problem 

Wondo Genet natural forest catchment is a primary source of drinking water for surrounding areas, 

including Hawassa and Shashemene towns in addition to its immense economic benefits (Demel 

1997b; Belaynesh, 2002; Tefera, et al., 2005a). However, it is also a catchment of increasing 

deforestation and severe resource competition especially for agricultural land and water leading to 

high occurrence of resource conflicts. The main resource degradations include illegal felling of trees 

for fuel wood and construction materials, charcoal making, pit- sawing, expansion of agriculture and 

human-induced fire. For instance, during the past three decades, the forest area in catchment has been 

shrinking by 72% by means of illegal act (Gessesse et al. 2007). This has led to substantial decline 

and deterioration of the most valuable ecosystem services of the forest to the surrounding people. 

In particular, the degradation of the natural forest is affecting the hydrological cycle and ground water 

provision of the catchment creating massive impact on the domestic water users of the two nearby 

towns; Hawassa and Shashemene. As a result, the drinking water supply, quantity is being seriously 

affected (Tola, 2005 and Zerihun, 1999). One important reason for the decade‘s long degradation and 

ineffectiveness of the various efforts to sustainably conserve the Wondo Genet natural forest is lack 

of critical knowledge on the value of the environmental services of the forest for local and national 

economy. The potential reason for decline of forest and ineffectiveness of the various efforts is lack of 

critical knowledge on the economic value of the forest for community livelihoods. 

This has led to undervaluation or negligence of the valuable forest ecosystem services. In Ethiopia 

in general and in Wondo Genet in particular, the domestic water supply service of the Wondo Genet 

forest is not economically valued and remains unknown. As a result, the potential economic 

contribution and participation of local water users in Shashemene town for ensuring the 
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sustainability of the forest remains not studied. Thus, The objective of this paper is to investigate the 

economic value of Wondo Genet forest resource in ensuring improved domestic water supply service 

for the community of Shashemene town, with the specific objective to elicit and determining 

households‘ willingness to pay (WTP) for the forest ecosystem conservation using CVM and to 

determine the factors affecting households‘ WTP. 

Objectives 

General objective 

The overall objective of this study is to investigate the economic value of Wondo Genet forest 

resource in ensuring improved domestic water supply service for the community of Shashemene 

town. 

Specific objectives 

 To elicit and determining households‘ willingness to pay (WTP) for the forest ecosystem 

conservation so as to secure  improved drinking water availability  using CVM 

 To determine the factors affecting households‘ WTP for the improved conservation of Wondo 

Genet forest towards achieving sustainable and improved water supply service. 

 

Research Questions  

 Are households willing to pay for maintenance of the forest resource for sustaining water 

supply availability? 

 If they are willing, what is the amount that they are willing to pay? 

 If not, why they are not willing to pay? 

 What are the key socio-economic determinants of households WTP for forest ecosystem 

conservation so as to secure improved drinking water availability? 

 

MATERIALS AND METHODS 

Description of Study Area 

Location of the study area 

 

Figure 1: Location Map of the study area 
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The town of Shashemene is found in the southern Ethiopia in Oromiya administrative regional 

states, lying at about 250 Kms along the major road between Addis Ababa and the town of Hawassa. 

Geographically, the town is located at 7
0

11'09"N to 7
0

13'19" N latitude and 38
0

35'02" E to 38
0

37'05" 

E Longitude. It located within the Great Rift Valley system and is close to the lakes and holiday 

resorts of Hawassa town, Langano and the Shala-Abiyata Park. Its altitude ranges from 1,672 - 2,722 

m a.s.l. Mount Abaro is the highest point 2, 580 m a.s.l. The total population of Shashemene was 

estimated be around 150,000 by 39,474 households (CSA, 2010). 

Water supply of the town 

According to the information obtained from the town‘s water Supply and Sewerage Service, the main 

source of water for the Shashemene inhabitants is coming from Wondo Genet forest watershed and 

Solaa ground water. The average daily water production capacity from Wondo Genet forest is 157, 

013 m
3

/second. The water coming from the two areas is distributed to the consumers through 1,290 

connections and six public fountains. However, from time to time the amount of water coming from 

these two areas decreased, while demand of water increased. Now a day SWSSS water supply 

development schemes are being constructed in different parts of the district. As a result, the total 

population with access to potable water in the town has reached 87% in 2011 STWSSS, 2011/12). 

Sampling Techniques and Sample Size 

A two- stage random sampling technique was used when selecting sample respondent households for 

the study. In the first phase, three kebeles were selected out of the eight kebeles which are water 

beneficiaries of the water coming from Wondo Genet forest catchment for domestic purposes. The 

three kebeles
1
 are Didaboka, Abosto and Bulchana.  

In the second phase, proportionally with population size, sample households were selected using 

simple random sampling techniques from each of the selected kebeles. The resulting sampling 

distribution in selected kebeles is presented in table 1. 

Several  rules-of-thumb  have  been  suggested  for  determining  the  minimum   number  of sample 

households required to conduct multiple regression  analysis. The study used a method developed by 

Green (1991) to select the total sample size from the total households. He suggested a rule-of-thumb 

that N ≥ 50 + 8m, where N is minimum number of sample households required to conduct multiple 

regression analysis and m is the number of explanatory variables used in the regression analysis. The 

explanatory variables used in this study were fourteen. So that the minimum sample size is N ≥ 50 + 8 

x 10 ≥ 154. However, considering the benefits of large sample size to increase the quality of CV 

study, a total of 215 sample households were surveyed for the study. 

Table 1: Number of households and sample size 

Name of Kebeles Total households Sample households Present 

Didabokie   944 70 32.79 

Abosto 973 73 33.83 

Bulchana 961 72 33.38 

      Total 2878 215 100 

 

                                                           
1
 Kebele is the lowest administrative unit and equivalent to Peasant association in rural areas   
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Data Source and Method of Data Collection 

The data used in this study are both secondary and primary data. Secondary data were collected from 

published and unpublished materials (such as, government publications, research publications and 

reports). On the other hand, the primary data utilized in the descriptive and empirical analyses of this 

study were collected using structured questionnaire from sample households in January and February, 

2013. The collected data included information on the socio-economic characteristics, awareness and 

willingness to pay for conservation of Wondo Genet forest for sustaining drinking water supply of the 

sampled households. The data were collected using face to face (in-person) interview with the heads 

of the households.   

Field Work Procedure 

Field survey was undertaken in Shashemene town to collect primary data, which are used in this 

study. But, before the final survey was implemented a pretest and group desiccations (GDs) was done. 

The main objective of the pre-test and group desiccations (GDs) were to set up the starting point bid 

prices, elicit the payment vehicles and to have better understanding of how the actual survey should 

be conducted. 

The pre-testing pilot survey was conducted using 40 randomly selected households in two randomly 

selected kebeles after training four enumerators on how they approach the problem to the respondents; 

explain the scenario and other potential problems. From the training enumerators could grasp the 

objective of the survey and detail information in the survey questionnaire. During the pretest the WTP 

amount was elicited using an open-ended value elicitation format. 

In the group discussion 15 people were involved. The discussion were made with ten potable water 

beneficiary households, two those from working in STWSSS, and the remaining three is from the 

selected kebeles administrators. The criteria for group‘s composition were on the basis that these 

individuals are involved in activity of water supply and other development activities they have first 

hand information in line with water supply problem of the town and awareness of the role of WGF 

watershed conservation activities to alleviate the problem of water supply.  

After the group discussion and the pre-test of the CV questionnaire study, bid values were determined 

and contingent valuation scenario were refined accordingly. The results of the pilot survey revealed 

that households willingness to pay ranges from 0 to 120 Birr per month added with water bill price. In 

view of this, five starting bids were determined 5, 15, 25, 35, and 55 Birr per month. Using these 

initial bids, sets of bids were determined for follow up question based on whether the response is ―no‖ 

or ―yes‖ for the initial bid. If the respondents were willing to take the offered initial bid, the follow up 

bid is 15,25,35,55 and 75; in case of a ―no‖ response to the initial bid, the follow up bid is 2.5, 

5,15,25,35,birr respectively. The bid range was chosen to cover what was perceived, through the 

open-ended value elicitation pretest and group discussion, to be the likely range of WTP. 

In order to reduce possible outliers that might occur due to positive but dishonest responses, extreme 

values were compared with the wealth status and other relevant household characteristics. Finally, 

each bid was randomly assigned with equal probability to each of the selected respondents. Therefore, 

the total sampled households were divided randomly into five equal groups (about 43 households) 

with five initial bids in the final survey. 
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The Payment Vehicle 

The payment vehicle used in the study is a surcharge to the water bill because the service being 

valued pertains to the water use benefits of the households (only piped water user will eventually be 

made to pay).  

Questionnaire Design 

The survey questionnaire of this study was divided in to four parts as outlined in below:  

1. Demographic and Socio-economic information  

2. Level of awareness regarding forest and forest benefits, and WGF watershed 

3. Water supply information  

4. Assessment of WTP for improved forest protection services. 

For the first part, demographic and socio-economic questions, age, gender, social status, education, 

household income and membership in environmental organizations were posed. This information was 

necessary in determining the factors affecting WTP.  Section 2 assessed the level of awareness of the 

respondents by asking knowledge questions pertaining to forest and forest watersheds and in 

particular Wondo Genet forested watershed. Section 2 is divided into two parts. The first part inquires 

on the water usage, expenditures and water supply sources while the second part asks about the 

existing water supply service quality and quantity concerns. The fourth section highlights the 

hypothetical scenario on the good/service to be valued. Specifically, the valuation scenario includes 

descriptions of the good/service (what is being valued), the constructed market (how the good/service 

will be provided) and the method of payment (how the price will be paid). The double bounded 

dichotomous choice question followed by an open ended question was also part of the questionnaires. 

In the Double-bounded dichotomous choice elicitation format a respondent was asked about his/her 

WTP of a pre- specified amount during pre- test for improved water availability by improved forest 

watershed area. 

 Data Analysis Methods  

The survey data were analyzed using descriptive statistics and econometric models. The descriptive 

statistics includes mean, standard deviation, percentages, frequency distribution and graphs. 

 Econometric model specification 

In this research the double-bounded value elicitation question format was chosen to elicit the WTP of 

respondents for the proposed change and for the purpose of statistical efficiency and consistency.  The 

main advantage of double-bounded over single-bounded format is that it increases the statistical 

efficiency of CV surveys in three ways. Firstly the number of responses will increase. Secondly, even 

if there may be cases with no clear bound on the responses (the case of Yes-Yes or No-No); it is used 

to constrain the distribution of WTP. Thirdly there will be clear bound in WTP responses in the case 

of Yes –No or No-Yes responses (Hanemann, et al., 1991; Cameron, et al., 1994). 

In the data cleaning step, from a total of 215 sample households about 200 (93.02%) households 

provided complete responses and were considered in the analysis. However, the remaining 15 (6.97 

%) households gave incomplete responses or miss elicited and dropped from the consideration. Out of 

the considered 200 responses 51 (23.72 %) of the respondents have zero WTP.  

A bivarate probit econometric model was used to identify factors affecting the probability of 

household‘s willingness to pay for WG forest watershed protection for improved domestic water 
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supply service and to estimate mean willingness to pay. But, before the bivarate probit model was 

applied to analyze the effect of explanatory variables on WTP, variance inflation factor (VIF) was 

applied to test the multicollinearity between continuous explanatory variables. It was computed as: 

 

……………………………………………………………………….. (1) 

Where, Ri
2
 is the coefficient of determination in the regression of one explanatory variable 

(X) on the other explanatory variables (Xj). If there is no collinearity between regressor, the 

value VIF is 1. A VIF value of a variable exceeds 10, which happened when R
2
i exceeds 0.90, 

and that variable is said to be highly collinear (Gujarati, 2004). 

 

A contingency coefficient also estimated to see the degree of association between the dummy 

explanatory variables. A value of 0.75 or more indicates a stronger relationship between the two 

variables (Healy, 1984).  The contingency coefficient (C) was compute as: 

 ………………………………………………………………………………. (2) 

Where  

        C= coefficient of contingency, 

         χ2= Chi-square test and 

       N= total sample size 

Bivarate probit model 

Bivariate normal probability density functions are among the familiar bivariate distributions employed 

commonly by statisticians crucially; they allow for a non-zero correlation, whereas the standard 

logistic distribution does not (Cameron and Quiggin, 1994). Hence, the bivariate probit model is used 

in this study to estimate the mean WTP from the double bounded dichotomous choice. For estimation 

of WTP, the bivarate probit Model is used i.e double bound Dichotomous choice model takes the 

following form (Haab and McConnell, 2002).  The j
th
 contribution to the Likelihood function is given 

as:  

      Lj ( / t)= Pr(1 + 1j   t1 , 2 + 2j t2)
YN

 * Pr(1 + 1j   t1, 2 +  2j  t2)
YY

* Pr(1 + 1j   t1, 2  + 

2j t2)
NN

* Pr(1 + 1j   t1, 2 + 2j  t2)
NY

……………………………..……….(3) 

 

This formulation is referred to as the bivariate discrete choice model 

Where 

           = mean value for willingness to pay 

           YY = 1 for a yes-yes answer, 0 otherwise, NY =1 for a no-yes answer, 0 otherwise, etc. 

And the j
th 

contribution to the bivariate probit likelihood function becomes.  

Lj ( / t) = 12(d1j ((t1-1 )/1), d2j ((t2-2 )/2), d1jd2j). 

Where  

12= Standardized bivariate normal distribution function with zero means  

Y1j=1 if the response to the first question is yes, and 0 otherwise  

Y2j=1 if the response to the second question is yes, 0 otherwise  

d1j = 2y 1j-1, and d 2j= 2y2j-1  

 = correlation coefficient  

 = standard deviation of the errors  

This  general  model  is  estimated  using  the  standard  bivarate  probit  algorithms. Finally, the mean 

willingness to pay (MWTP) from bivariate probit model were calculated using the formula specified 
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by Haab and Mconnell, (2002).  

          ………………………………………………………. (4) 

Where    =  coefficient for the constant term 

             ß  = coefficient offered bids to the respondent 

The data were analyzed using STATA version 11.0 and SPSS version 16.0. 

Description of Variables and Hypothesis  

In this section details are given for the dependent and independent variables used in the multivariate 

bivarate Probit model valuation functions, their definition and hypothesized directions of effects on 

the respondent‘s WTP for conserving forest to improved water supply service. A summarized variable 

description is presented in Table 2. 

Dependent variables   

WTP:  Willingness to Pay.  It is the dependent variable for the Bivarate Probit model analysis in 

identifying determinants of households‘ probability of WTP choice decision. The variable is 

dichotomous; it is equal to 1 if the i
th
 respondent is willing to pay the randomly assigned bid value to 

support conserving Wondo Genet forest to improved water supply of Shashemene town, and 0 

otherwise.  

Explanatory variables     

Monthly income: It is a continuous variable expressed in terms of birr. This is the total household 

income per month. It is expected to have positive effect on willingness to pay of the household since 

households with higher income have a greater ability to pay for WG forest resource watershed 

protection for improved domestic water supply and have a greater preference for improved water 

availability than the households with lower income. Above all, assuming water is a normal good, 

economic theory postulates that income and quantity demanded are positively related. 

Age: Age of the respondents may affect the knowledge, attitude and practice of individuals towards 

environmental management (Torgler et.al, 2005). Age could have both positive and negative effects 

depending on how they value future use, the older respondents may already be thinking of future 

generations‘ forest to improve water supply use and would like them to have a guaranteed water 

supply while younger ones may highly value it taking the longer life expectancy argument, which 

gives them more chances from benefiting from the good. 

Education: This refers to education level of the respondent in years. For more educated people have 

more awareness about the benefit of the forests improved watershed service they are more likely use 

and to support the project. Thus the expected sign of this co-efficient is positive. In addition, higher 

educational attainment impresses positive effects on WTP since they indicate a higher ability to pay. 

HHSIZE: Household or family size is one of the most determinant factors of households‘ willingness 

to pay for forest protection for improved water services. Household with large family size need more 

water that should be sufficient to supply for their family needs and will have higher benefit from the 

improved water services. At the same time to get adequate water from the improved services that is 

enough to their family, they are also required to pay more money. On the other hand, it is expected 
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that the more people living with the respondent the less willing he/she is to pay due to more expenses 

for the household. Therefore it is difficult to determine the sign of this variable a prior. 

LSAT: Stand for level of satisfaction with existing water system being used. Dummy variable 1 if the 

household is not satisfied with existing water service, 0 otherwise. The expected sign of this 

coefficient is positive since household not satisfied with existing system has more willingness to pay 

for protecting the watershed forest to improve domestic water supply service. 

NYR: Represents the number of years in residence. An individual who has lived in a given area for a 

long period of time and is used to paying nothing or low rates for water supply would be less willing 

to pay for an improved service. On the other hand, a long term resident that has witnessed persistent 

water supply problems may be more willing to pay for WG forest resource watershed protection to 

improve domestic water supply service. Hence the sign of the coefficient of this variable is expected 

to be indeterminate. 

GNDR: this stands for sex of the respondents. This is a dummy variable taking 1 if the respondent is 

male and 0 otherwise. This study expects males to be more willing to pay for resource improvement. 

BID: Bid price offered to the respondents. In this study the bid price will be used as one of the 

explanatory variables in the regression analysis for the bid price influences respondent‘s willingness 

to pay for WG forest improved water supply service. The bid price is expected to negatively affect 

WTP. This is supported by the economic theory that as prices increase the demand for the good, or in 

this case willingness to pay for watershed protection services, decreases.  

AWARENESS:  Awareness level of a respondent regarding benefit of forest (WGF) for improved 

water supply service (of Shashemene town). Awareness is dummy variable, 1 for aware respondents 

and 0, otherwise. It is hypothesized that AWARENESS has positive relationship with WTP to forest 

for improved water supply service.  Those respondents who are aware of the benefits of forest for 

water supply want to secure these benefits. So, they are more willing to pay. 

WATERBILL:  It is water price for water consumption. It is continuous variable measured in Birr.  It 

is expected to have negative influence on WTP for forest conservation activity to enhance improving 

water service. This is because in line with Economic theory of law demand if water price increase, the 

demand for the good is decreased. For this reason, it is hypothesized that the variable would take 

negative coefficient. 

Table 2: Summery of description of variables used in regression model & their expected effect 

Variables Defining and coding Expected 

sign 

WTP Willingness to pay decision for  proposed initial bid coded,  (0 = no, 1 = yes) +/- 

Income Monthly income of the households( in birr) + 

Age Age of the respondents(in years) +/- 

Educ Educational level of the respondents (in years of  schooling) + 

HHsize Number of family members in the household   +/- 

Lsat Level of satisfaction with the existing water service coded,  (0 = satisfied, 1 = 

unsatisfied) 

+ 

Reys The number of years in residence in Shashemene town +/- 

Sex Sex of the respondents coded,  (1= male, 0= female) + 

Bid Initial bid offered to the respondents - 

Bill  The amount of monthly expenditure by the respondent to get access of drinking water. - 

Aware Awareness level of the respondent about forest for improved water supply service  + 
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RESULTS AND DISCUSSION 

Data collected through CVM questionnaire were analyzed using descriptive and the econometric 

model estimation. In the descriptive analysis the demographic and socio-economic factors that are 

expected to influence improvement in water supply (by protecting WGF) and WTP for improved 

services are discussed. Besides, an overview of the households‘ attitude towards the benefit of WG 

forest to existing water supply in the town is discussed. Finally in the econometrics model estimation 

were presented and factors that affect households‘ probability of accepting the bid posed to them and 

the mean WTP are well discussed in this section. 

Descriptive Statistics Results 

Household’s characteristics 

The socio-economic characteristics of respondents were presented by response category of willing and 

non-willing to pay respondents and summarized in table 3 and table 4 below. During the analysis the 

independent sample t-test was applied to see whether the differences in mean values of continuous 

variables of willing and non-willing to pay are statistically significantly. Chi-square statistics was 

employed to see the associations between categorical variables. 

Sex of the respondents: - Of the surveyed households 57.5% were male respondents, and the 

remaining were female respondents. This finding is comparable with Yibeltal (2013) study in Gondar 

town, was obtained 59 % of the household were headed by male. Similarly a finding in Burie town in 

Gojjam carried out by Jonse (2005) obtained 81 % were male while the remains were female headed. 

In the same way Brima (2003) also in Sierra Leonean more than half (68.9%) of the respondent was 

male respondent. The share of willing male respondents in the total willing respondents is higher than 

the share of willing female respondents (table 3). The reason might be males have decision-making 

power in the family than female. Moreover, females also be relatively poorer (low income), less 

educated or aware, less involved in member of environmental organization than male headed 

households. This finding is analogous with PRESA/ICRAF (2011) study in Nairobi city, Kenya. The 

chi-square statistics test revealed that there is significant association between sex and willingness to 

pay decisions at a less than one percent probability level. 

 

Table 3: Descriptive statistics of some socio-economic characteristics for total respondents by 

household's WTP category 

 

Parameter 

Willingness to pay 

     N=149 (74.5%) 

Non willingness to pay 

      N= 51(25.5%) 

χ 2 

 

P 

value 

Sex 

  Male  

  Female 

 

97 (65.10) 

 

18 (35.30) 

 

11.48 

 

0.001 

52 (34.9) 33 (64.70) 

Marital states 

   Single 

   Married 

 

40 (26.8) 

 

15 (31.4) 

0.68 0.79 

109 (73.8) 36 (68.6) 

Member of Env‘t org 

   Member 

   Not member 

 

7 (4.7) 

 

2(3.9) 

 

0.53 

 

0.817 

142 (95.3) 49 (96.1) 

 

Marital status of the respondents: According to the survey findings, majority of the respondents 

were married. Single respondents were found to constitute the lower proportion in both total willing 
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and non-willing respondents (table 3). The chi-square test statistics showed that the association 

between the respondent‘s marital status and willingness to pay decision was statically insignificant.  

Member of Env’t org: - The data about the respondents‘ membership in environmental organizations 

showed that a few were found to be members of an environmental organization; while the majorities 

are found to be non members. This finding is comparable with PRESA/ICRAF (2011) study in 

Nairobi city, Kenya majority of the respondents is non member of environmental organization. As 

well this finding is comparable with Yibeltal (2013) study in Gondar town less than 1/4 of the sample 

households were member of environmental organization. As indicated in (table 3) member of 

environmental organization are willing to pay more for protecting forest so as to improve domestic 

water than non member households. The descriptive statistics revealed that statistically insignificant 

association between membership to environmental organization and willingness to pay decisions. 

Age: - According to the data about the respondents‘ age, with the consideration of all samples, the 

mean age is estimated to 42.54 years, ranging from 20 years to 83 years age. Whereas, the average age 

of households willing to pay is estimated to 41.5 years and 45.49 years for the non-willing 

respondents. As it was presented in (table 4), the independent t-test showed that the difference in 

mean age between willing and non-willing respondents is statistically insignificant.   

Household size: - The mean household size of the sampled households is estimated about five 

individuals per household, with a minimum of 1 individual in a household to a maximum of 13 

individuals living in a household. This result is consistent with the 2010/11 CSA a national level 

findings of mean family size to be 5 individuals living in urban household. The mean individuals per 

households‘ size for the willing respondents are higher than the non- willing households. According to 

the survey result, the mean household size of the willing respondents is lower than the non-willing 

groups, and the difference in mean household size between the willing and the non-willing 

respondents is found to be statistically significant at a 1% probability level (Table 4).  
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Table 4: Descriptive statistics of some socio-economic characteristics for respondents willing and non 

willing sample respondents 

Note: Willing respondents have significant differences from non-willing respondents: *** = at 0.01 level of 

significance 

Mean diff = mean (non wiling)-mean (willing), H0: mean diff=0 and HA: mean diff > < = 0 

 

Education: - The education Figures reveal that about 90.5 % were found literates/ have attended 

formal education. With the consideration of all respondents,  average years of schooling  is estimated 

at apparently 9 years, to range from a minimum of zero years of schooling to a maximum of 17 

(12+5) years of schooling. The estimated average years of education of the willing respondents is 

higher than the non-willing respondents and estimated to 10.6 years of education and 3.9 years of 

education/schooling respectively.  The respective independent t-test result showed that, the difference 

in mean years of education between the willing respondents and the non-willing ones is statistically 

significant at p<0.01 (Table 4). 

Income: - In this study household income represents the sum of monthly earnings of all household 

members from different income sources. In the study area monthly salary, private business activities 

namely mini shops trade, traditional liquor are the major sources of household income. In addition, 

house rent and remittance are also other sources of income for some households. Income level of the 

surveyed households is found to be ranging from 400 to 5250 ETB with estimated monthly mean 

income Birr 1757.7 (table 4). Taking the average household size, the mean per capita incomes
2
 is 

estimated to reach 363.20 ETB per month. This finding is consistent with Yibeltal (2013) which was 

obtained 339.61 ETB/month, Dereje, (2009) which obtained 329.67ETB/month, and Gossaye, (2007) 

also obtained 339.12 ETB/month conducted in Gonder, Addis abeba  and Debre-zeit town 

respectively. This is lower than Birr 535.50 monthly average per capita income reported by the IMF at 

country level (IMF, 2001).   

Across the household category, those willing households on average found to earn an income level of 

1994.6 ETB per month. While the non-willing households‘ monthly average income is found to be 

                                                           
2
 The per capita income is estimated by dividing the total income to average family size  

Parameters Respondents willingness Min Mean  Max   St. Dev. t- value  p-value 

Age 

 

Non willing 

Willing 

20 45.49 80 13.2  

2.085 

 

0.038 
20 41.53 83 11.16 

Total 20 42.54 83 11.80  

 

HH size 

Non willing 

Willing 

2 6.29 11 2.33  

5.369*** 

 

0.000 
1 4.34 13 2.20 

Total 1 4.84 13 2.39  

 

Income 

Non willing 

Willing 

400 1167.16 3700 535.50  

-6.477*** 

 

0.000 
500 1994.60 5250 997.10 

Total 400 1757.73 5250 970.74  

 

Education 

Non willing 

Willing 

0 3.86 15 3.43  

-9.854*** 

 

0.00 
0 10.59 17 4.446 

Total 0 8.88 17 5.13   
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lower than the willing respondents (that is 1167.16 ETB per month). Again the mean difference in 

monthly income between the two categories is statistically significant at p<0.01. From this one can 

infer that the household with a larger mean monthly income is more likely to be willing to pay for the 

watershed protection works as compared to the households earning lower income. This may in turn 

clearly show that, as monthly income of the household increases, their probability of willingness to 

pay will increase also. This might be also because of higher the flexibility of the higher income 

groups to invest more on the goods/services that accrued to secure a higher level of health and utility. 

 Awareness about watershed and forest benefit   

This section deals with the perception and awareness level of sampled households concerning Wondo 

Genet watershed and forest benefits. As Tola (2005) reported, Wondo Genet watershed is a source of 

four major streams Wosha, Worqa, Hallo and Lango drains. In addition to the major streams, at the 

bottom of the hills there are also small springs from which the residents and the nearby towns are 

quietly benefiting from it starting from long ago. For instance, Shashemene town started to use these 

sources since the 1974/5 (Zerihun, 1999). Survey results of this study showed that, the majority of 

respondents (80%) believe that the water provided by the Shashemene water district to the households 

comes from Wondo Genet forest springs. On the contrary, about (7%) of the sample respondents think 

that deep well or water pump station from various locations are sources of their drinking water. The 

remaining (13 %) do not know where their water comes from.  

Out of the total 200 sample households, about 69.5 % them had information about Wondo Genet 

forest watershed and are well informed what a watershed is and its function are, while 30.5 % are not 

aware of what watershed is and its function are. Those respondents who knew about the watershed 

were also asked for their view regarding the importance of protecting forest on it. In addition to the 

watershed issue, all respondents were also asked for their view regarding the forest benefit and service 

(listed in table 5): (in order of increasing importance) other than their role in providing fuel wood and 

other wood products to the nearby community at large.  

Weather maintenance, soil protection, and water supply and quality improvement are the three top 

environmental services appreciated by the respondents, on the other hand, the service of the forest as 

residence for wild animals, recreation value, and Carbon sequestration, mitigating global warming are 

also less appreciated environmental services (table 5). Wondo Genet forest has huge recreational 

value (Mohammed Ali, 2007), but it is not appreciated by majority of respondents as the first three 

which shows that majority of the respondents had low level information or knowledge about 

recreational value of Wondo Genet forest, or the recreational value is considered as luxury when 

compared to the preceding two or the recreational value is undermined because there are various 

recreational areas around the study area so, that peoples preferred those areas. Perhaps, recreational 

may be less appreciated, because due to absence of benefit sharing from tourism to the residents. 

Moreover, the perception of households regarding forest and watershed benefits is vital to understand 

the level of knowledge and awareness of the community in handling the problem regarding the 

management of WGF watershed to ensure adequate supply of water. 
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Table 5: Respondents' rank order of benefit and services of forest  

Forest benefits and services   Ranks (% of respondents)
3
 

1
st
  2

nd
  3

rd
  4

th
  5

th
  6

th
  7

th
  

Local weather maintenance and prevent occurrence natural 

hazard 
46 15 11 10 8 9 6 

Recreational value  2 1 3 11 2 26 14 

Protect the soil erosion 18 41 13 12 10 16 11 

Increase water percolation and thus improve water 

availability 
12 20 40 15 9 11 16 

Carbon sequestration , mitigating global warming 10 7 10 12 26 13 21 

Shade, cool and clean air  3 6 14 27 7 9 18 

Residence for wild animals 9 10 11 13 38 16 14 

Total 100 100 100 100 100 100 100 

 

The result of statistical test shows that the level of awareness of respondents‘ willing to pay and those 

who refused to pay is significantly different less than 1% significant level (table 6). The proportion of 

respondents who were aware the benefits of WGF so as to improve water supply was higher for the 

willing than the non-willing respondents. The reason is that educational status of the respondent 

makes a positive impact on awareness level of the individual (table 4 the mean education level of 

willing and non willing respondent). This finding is consistent with Yibeltal (2013), Tshome (2011), 

and Hala (2003), PRESA/ICRAF (2011). 

Table 6: Comparison of willing and non - willing to pay households awareness level of forest so as to 

improve water service  

 

Awareness  

Willingness to pay χ2 Sig  

Willing 

N= 149 

None willing 

N=51 

Aware 100 (50%) 6 (3%) 46.72 0.00 

Not aware 49 (24.5%) 45 (22.5%) 

 

Perceptions on forest cover change in the watershed area 

Many studies confirmed that forests have direct linkage with the size and quality of river flows. This 

is due to the fact that forests have the capacity for water infiltration and control surface runoff and 

enrich ground water. However, forests are under severing threat in many parts of the world. 

According to (FAO, 2001 a; 2001 b) study an average of almost 15 million hectare of forest were lost 

every year mostly in the tropics. The loss of forest have been accompanied by loss of the many 

valuable services that forests provide such as regulation of hydrological flows carbon sequestration 

the biodiversity conservation. Correspondingly (Gessesse and Kleman, 2007) study shows that, during 

the past three decades the forest area in Wondo Genet catchment was shrinking by 72% by illegal 

economic activity.  In line with this result, 93.2 % of sample households of this study responded that 

the forest coverage in WGF watershed declining (Figure 3). Respondents acknowledged human 

induced fire, poverty lack of environmental education and socio-political factors were the main top 

four reasons of deforestation mentioned by respondents. On the other hand population growth, illegal 

                                                           
3
 Select the largest Figureure among the lists while moving down the column of table 5 
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extraction of wood and drought were less driving cause of deforestation. This result is consistent and 

supporting the findings of Belaynesh (2002), in which for the year 1977, 13% of the Wondo Genet 

Catchment was under natural forest, however, in 2000 it was reduced to 2 %. This is because of 

expansion of agricultural land, cutting of trees for fuel, construction, charcoal making and pit-sawing, 

which are the manifestations of population pressure as well as failure in property rights institutions. 

Based on  findings of this study and other related studies presented in this paper pronounced forest 

degradation is continuing in Wondo Genet watershed by a number of internal and external factors 

noticed by local community which may result  a number of problems including decline of water 

supply quality and quantity in the study area and nearby other beneficiary areas. Similarly conducted 

by Wickama, et al. (Undated) indicate such type of problem has been occurred in Baga waterhsed 

Lushoto District, in Tanzania. According to this study, the local community in Lushoto district faced 

scarcity of water in their village after forest land was cleared and allocated for cultivation. 

Consequently, this will make the enlightenment of the valuation scenario and the hypothetical market 

easier because they knew the good to be valued closely and clearly. Hence, this is a call for 

community to and other stakeholders to look for solution.  

 
Figure 2: Percentage distribution of perception of households for forest resource degradation in WG 

watershed. 

With regard to the solutions for the problem of deforestation, the sample households are also asked 

and; about 41 % of the respondents suggested strong natural forest protection and managing rules and 

regulations as a means/solution to control forest depletion.  About 27 % choose tree planting and other 

conservation activities; while 22 % of the respondent supported wider provision of environmental 

education.  Besides, about 7 % looking for creating another source of income as a solution, and  3 % 

suggested family planning and reconciling population growth with economic/welfare improvement as 

a solution to reduce deforestation and conservation of the watershed (Figure 4).   

 

Figure 3: Percentage distribution of household suggestion to reduce forest resource degradation in 

WG watershed 
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Water source, use and expenditure 

Respondents were asked to identify items that account the largest share in their monthly budget. 

Among the budget items presented by the respondents, the food expense is revealed as taking the top 

monthly budget share followed by electricity and educational expenditures and monthly expense for 

water appeared to be in fourth place. Though it is a necessity in life, the water share in the household 

expenses is not high relative to the other expense items. This may indicate that the present water 

charges are still within reasonable ranges and do not have a considerable impact on the household 

budget. 

According to survey results, 100% households addressed in the study indicated that pipe water was 

their main source of water for domestic activity. Sources of piped water in the survey area consisted 

of private tap water and purchases from private venders only. However, before 15-20 years ago much 

of the town community used to get water from public taps. In this study, out of 200 sample 

households 94% confirmed own private pipe as a source of their usable water while the remaining 6 

% were buying from privet venders. According to SWSS annual report (2004) water supply 

development schemes were constructed in different parts of the district, from which the total 

population access to potable water was estimated to be about 87% in 2004. 

To analyze household‘s data on water consumption and expenditure, both primary and secondary data 

(the water bill for those who were able to bring) were gathered and used in the analysis.  According to 

the survey result summarized and presented in table 7 below, the average daily water consumption 

was estimated to be 96.8 liters, with an estimated monthly average water expense of 48.36 ETB per 

household. Taking the average family size of 5, the average per capita water consumption was 19.36 

liters per day. 

Table 7: Monthly water consumption and expenditure information of sample respondents 

Variables Mean Min max Std.dev. 

Volume of water consumption per day(liter) 96.8 40 400 60.89 

Expenditure per month (ETB) 48.36 12 190 26.49 

 

This result in coherent with the empirical study in UN  (2002) report, According to this report, the 

average per capita water consumption in Ethiopia varies between 10 to 20 liter per day in some urban 

area and 3 to 4 liter per capita per day in rural  areas  (Alebel, 2005). 

Water satisfaction level of households  

With regard to household utility and level of satisfaction, out of a total of 200 sampled respondents, 

about 62.5% were unsatisfied with current water provision situation mainly sourced from Shashemene 

water and sewerage services. According to their response current water supply is found to be much 

lower and supplied for a short (with an average water access time length of 3.8 hours per day) despite 

of the revealed higher monthly charges compared to their monthly accessed water volume. This 

clearly indicates that water shortage is a serious problem in the Shashemene town.  

Following the wider dissatisfaction and constrained water access, the cross-tabulated result (Table 8) 

on the level of satisfaction against willingness to pay decision show most of the satisfied respondents 
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(46.97%) and of the unsatisfied (53.02 %) ones are found to be willing to pay for improve forest and 

watershed protection program. On the other hand, about 90.19 % of the non-wiling are dissatisfied 

respondents, constituting for about the total dissatisfied respondents. However, considering total 

willing respondents, the proportion of unsatisfied respondents is higher than the proportion of 

satisfied respondents out of the total willing respondents.  This in turn has confirmed that those who 

have dissatisfaction were seeking more improved services and were more willing to pay for improved 

forest and watershed protection program.  

Table 8: Households' level of satisfaction with existing water supply 

 

Water satisfaction level  

Willingness to pay χ2 Sig  

Willing 

N= 149 

None willing 

N=51 

Satisfied 70 (46.97 %) 5 (9.80 %) 22.40 0.00 

Dissatisfied 79 (53.02 %) 46 (90.19 %) 

 

From table 8, households‘ dissatisfaction and willingness to pay are positively related. The 

significance value implies that the two variables are strongly associated with each other. One of the 

reasons is that individuals who get dissatisfied with the existing water supply service provided; they 

will be more likely to support those activities which can secure them with improved water supply 

service and maximized utility. Hence, enforces the household to be more willing to pay more for 

improved watershed forest protection program. 

Water quality and quantity concerns 

Households indicate that there is serious problem concerning water quality and quantity, 42% 

indicated quantity of water supplied is below the household water demand and 25% indicated that the 

water quality is low which is easily noticed from the color and odor of supplied water to households. 

Generally more than half of the sampled households have experienced water-related problems (table 

9).  

Table 9: Respondents proportion of water quality and quantity problems in Shashemene town  

Problems  Number  % 

Water quantity problems (irregular supply, low pressure  84 42 

Water quality problem(polluted water) 50 25 

Total number of respondent with water problem  100 50 

Total number of respondent 200  

Note: Total may not add-up to 100% due to multiple responses.  

 

With regard to water quantity problems, 36 % of the respondents perceived growing number of water 

users to be the main cause, while 17 % associated it with water management and other factors like 

scheduled shutdowns, and insufficient or defective water facilities. This indicates that increased and 

sustained supply of water is a major concern of water consumers. Also 8.6 % of the respondents think 

that regular water interruptions were caused by the scheduled clean-up operations of tanks and 

facilities of the water district, and 13 % associate it with busted pipes. Also noteworthy is the 

relatively small percentage of households associating the problem with deforestation of in the water 

source area 9.2 % and raw water insufficiency especially during the winter season exposed for 
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competition and resulted in water pollution 24.6% below (table 10). The fact that a tenth of 

respondents mentioned the more technical aspect of deforestation as a cause of water supply problem 

in the town is quite appreciable.  

Table 10: perceived cause of water supply problems in Shashemene town 

Causes percentage 

Many/growing number of water users 36 

Water management 17 

Insufficient raw water during dry season 24.6 

Busted pipes 13 

Deforestation 9.2 

Others
1
 15.2 

Number of respondents with water quantity problems 100 

Note: 1/Include missing/no response, cleaning schedule. Total may not add-up to 100% due to 

multiple responses. 

In addition, the study result on WTP statics reported that the respondents who are willing to pay (57.7 

%) said that they have encountered water supply service problem either in terms of quality or quantity 

than the respondents who are not willingness to pay (27.45 %).  

Table 11: Sample households' water related problems 

Water related problems  

(quality or/and quantity) 

Willingness to pay χ2 Sig  

Willing 

N= 149 

None willing 

N=51 

Yes 86 (57.7%) 14 (27.45%) 13.9 0.00 

No 63 (42.28%) 37 (72.54%) 

 

The chi-square result shows that there is significant association between WTP and occurrence of 

water related problems (at 1 % probability level). Interestingly, this in turn is clearly indicates how 

much the respondents that encountered with water related problems are ready to put a price for 

improved water service. Generally, from the results it is possible to recognize that there are water 

quality and quantity problems in the study area, this is justified above, and people are quite aspiring 

for a solution. However, their need will translate to real action if the public need is going to be 

adequately influenced by their WTP in order for the forest ecosystem conservation to be implemented 

to secure improved drinking water availability. 

Households’ Responses of the Double Dichotomous Choice Valuation 

 Table 12 presents the descriptive statistics of households‘ responses to the offered bids in the double 

bounded dichotomous choice format. From the total sampled respondent, 58 % and 37% responded 

their acceptance ―yes‖ for first and second bid, respectively. The distribution of ―yes‖ and ―no‖  

responses for the first and second bids across the different initial bids reveals that as the initial bid 

gets higher, the frequency of  acceptance decreases. This is by the fact that as the number of 

households rises as the bid value declines as shown in the demand curve (Figure 5). By the same 

indication the average amount of the 1
st
 bid is 32.22 ETB per month but the value increased to 34.45 

ETB for the 2
nd

 bid amount. 
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Table 12: Descriptive statistics of response for double bounded dichotomous question  

Description Mean                         Std dev. 

Exogenous threshold for the first bid 

Endogenous threshold for the second bid  

Discrete responses for the first bid  

Discrete responses for the second bid 

32.22     

34.45    

0.58   

0.37          

 17.35  

14.81     

0.035 

0.034     

 

Moreover, from the joint frequencies of discrete responses, that about 37 % responded ―Yes‖ for both 

the 1
st
 and 2

nd
 bids, about 29.5 % responded ―No-No‖, about 21 % responded ―Yes-No‖ and about 

12.5 % responded ―No-Yes‖.  When we look at the distribution of ―yes‖ and ―No‖ for the offered 

initial bid and the follow up bid (higher and lower second bid ) question to each respondents‘ table 13,  

from a total 40 respondents offered with 5 birr initial bid price, about 22 sampled households accepted 

both first and second bid (i.e. 5 birr and 15 the higher and the lower second bid), 8 households reject 

both the first and the second bid (first maximum 5 birr and 2.5 minimum bid), 10 households accepted 

the first bid and rejected the follow up higher bid, and the (8) rejected the first bid and also the follow 

up lower price. That is, of the 8 ‗No‘ and 32 ‗Yes‘ responses to initial bid, the follow up bids resulted 

in 8 ‗No‘ and 0 ‗Yes‘ responses and 10 ‗No‘ and 22 ‗Yes‘ responses, respectively. Generally, it is 

noticed that as the initial bid gets higher the share of ―Yes‖ response for the initial bid decreases. 
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Table 13: First and second bid responses across the different initial bids 

 

 

Another interesting result is that 63.79 % of the respondents who accepted the1
st
 bid gave similar 

response for the follow up question and 69.05 % of those who rejected the 1
st
 bid again rejected the 

2
nd

 bid. This could indicate the presence of the first response effect on response for the follow up 

question, which is consistent with prior studies done by Solomon (2004) on valuation of multi-

purpose tree resource using DBDC elicitation format and Cameron and Quiggin (1994).  

 Households’ WTP from Open-Ended Questions 

As it was discussed earlier after the dichotomous double bounded question, a follow up open ended 

question was asked independently. About 27 % of the respondents gave an amount less than the 

amount that they already agreed to pay in the dichotomous choice questions. The respondents 

provided different reason, about 64% of these respondents was that first they thought that the bids 

offered to them were an obligation imposed by the government (despite the explanation given about 

the aim of the survey) so that they decided to agree but when they felt that it was a voluntary 

contribution, they told their ‗true‘ willingness to pay. However, about 18% respondents give an 

amount higher than the amount that they already agree to pay in dichotomous choice question offered 

bids. The main reasons of those respondents were they wanted a reliable water supply for future 

 

 

 

1
st
 bid       2

nd
 bid                  

Total response for the first question   

No Yes 

Response for the 2
nd

 

question        

Total No 

response For the 

1
st
 question 

Response for the 2
nd

  

question 

Total Yes 

response 

for the 1
st
 

question 

No Yes  No Yes  

5 2.5 8 0 8    

15    10 22 32 

Total response for 

the 2
nd

 question 

  8   32 

15 5 8 6 14    

25    4 22 26 

Total response for 

the 2
nd

 question 

  14   26 

25 15 11 6 17    

35    9 14 23 

Total response for 

the 2
nd

 question 

  17   23 

35 25 14 5 19    

55    10 11 21 

Total response for 

the 2
nd

 question 

  19   21 

55 35 17 9 26    

75    9 5 14 

Total response for 

the 2
nd

 question 

  26   14 

Total  58(29) 26(13%) 84 42(21%) 74(37%) 116 
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generations (29.53), and it is a good project because forest producing safe environmental services 

(70.47). While the rest 55 % of the respondents reported that they could not afford more than what 

they stated because of inadequate income, and they reported that the amount they agreed to pay was 

satisfactory. 

Aggregate means and demand curve  

Based on the open ended maximum WTP responses of respondents the aggregate mean and demand 

curve WTP for protecting WGF in domestic water users of Shashemene town is estimated using non-

parametric approach. According to STWSSS office the major source of domestic water supply to the 

residents of Shashemene town is sourced from Wondo Genet forest watershed and sola ground water 

areas. The water tanker of the town collects water coming from these two areas. However, the 

selected three kebelas pipe water distributing only coming from WGF watershed area. With the 

intention that aggregation is made the sum of this selected kebelas population. According to those 

kebeles administration office data, there were 10, 935 households living in the three selected kebeles. 

To make aggregation over the whole households‘ class intervals for maximum WTP responses were 

employed. So, we have calculated class of WTP intervals and average WTP of class intervals as 

follows. 

CV survey result revealed that the open-ended maximum WTP Figure for improved WGF watershed 

protection, from total respondents adjusted for actual CV response, was in a range of 0 to 150 Birr per 

household/month. From basic statistics we know that the number of class for the respondents‘ 

maximum WTP Figure is calculated using the formula; 

K= 1+3.322(log N)………………………………………….…………..……………… (5) 

Where,          K represents the number of WTP classes 

                     N represents the total number of respondents (N= 200) 

In other way, the aggregate WTP with non-parametric approach is calculated using the mean WTP of 

total sample respondents. The mean WTP is efficient and valid measure (Hanemann, 1984; Bateman 

et al., 2002). So, aggregate WTP is found by multiplying the total sample respondents non-parametric 

mean WTP by the total number of households in the study area. The total sample respondents non-

parametric mean of open-ended maximum WTP can be calculated using the formula (Habb and 

McConnell, 2002): 

 

MWTP =  )()( nixMWTPi    ……………………………………………………………. (6)  

                           N  

Where,          MWTP = Mean willingness to pay for the total respondents 

MWTPi = i
th
 Mean WTP (WTP midpoints i.e. column-2 in table 14) 

ni = Number of respondents WTP the i
th
 amount (column-3) 

N = Total number of sample respondents (N= 200) 

Hence, the non-parametric mean of open-ended maximum WTP responses of total sample 

respondents is computed to be 26.31 Birr per household/month. 
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Table 14: Non parametric estimation of WTP of conserving WGF 

 

Class boundary  

1 

Average WTP 

2 

Frequency 

3 

Total number of HHs 

 4 

Total 

WTP/month 

5 

Total HHs WTP 

at least that 

amount 

6 

0  – 16.66 8.33 79 
1136.81 9470 2878 

16.67 – 33.33 25 57 
820.23 20506 1741 

33.34 – 49.94 41.64 45 
647.55 26964 921 

49.95 – 66.55 58.25 11 
172.68 10059 273 

66.56 – 83.16 74.86 5 
71.95 5386 101 

83.17 – 99.77 91.47 1 
14.39 1316 29 

99.78 – 116.38 108.08 0 
0 0 14 

116.39 – 132.99 124.69 0 
0 0 14 

133 – 150 141.33 1 
14.39 2034 14 

  200 2878 
75734 

 

                Max = 150                                                           Min = 0 

                            Mean = 26.31                                                std. deviation =  24.40  

 

Thus, using this mean WTP the aggregate WTP amount for improved WGF conservation to improve 

domestic water supply of the town is 90,8808 ETB per year. If the whole domestic water beneficiary 

households in Shashemene town (39,474) have the same perception to accept the scenario are 

expected to pay 1, 2464,928 ETB per year. 

So, using this formula the number of WTP class intervals we used in (table 14) to estimate class of 

WTP intervals (column-1) was computed to be 9. Here it should be noted that the width of the class 

was computed using the ratio of range to WTP class number. The WTP midpoint (column-2) is the 

average value of upper and lower class boundaries in column-1. Then total number of households 

(column-4) is obtained by taking the product of the sample respondents‘ proportion falling in that 

boundary and the whole households in the study area, 2878. 

Aggregate demand curve  

Based on the information on table 14 (Columns 2 and 6) is used to plot the aggregate demand curve. 

As the results of table 14, column-6, shows the number of households who are willing to pay declines 

when the average WTP value increases from 8.33 to 141.33 Birr per household/month. 

Alternative explanation is that there was negative association between price (WTP) and demand for 

forest protection to improve water supply. For normal goods the demand curve is negatively sloped 

indicating price increase affects the households‘ demand for the good/service, in our case the number 

of households willing to pay for forest ecosystem conservation to improved water supply, within their 
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limited income, keeping all other factors constant. The demand schedule that has been derived could 

help policy makers to make decisions about forest conservation and investment. 

 Y= - 0.0099X +99.85 

Figure 4: Aggregate demand curve of HHs WTP for forest conservation by domestic water users‘ 

 

Reasons of Non Willingness to Pay Respondents 

Accordingly out of the total respondents 59 respondents given the reason why they were unwilling to 

pay for the proposed project (WGF ecosystem conservation so as to secure improve drinking water 

availability of the town). The reasons were the respondents who opposed the proposed project 

categorized in two main divisions. These were valid zero bidder and protest zero bidder. Valid zero 

bidder were those households that cannot afford to pay while protest zero bidder were those 

households that have ability/affordability to pay but they are unwilling by different personal reasons. 

Table 15: Reasons for non willingness to pay for Wondo Genet water shade conservation  

Valid zero bidder No. % 

I can‘t afford to pay  any additional amount to what I am currently paying in the 

form of water bill 
21 35.59 

Shortage of money to pay 24 60.68 

I did not get piped water came to WGF area 2 3.39 

I don‘t know the importance of forest for water service 4 6.78 

Protest Zero bidder    

I think it should be the government that should finance the forest protection and 

management so as to improve water service   
4 6.78 

I do not trust the institution who will manage the funds for this activity  2 3.39 

Those who consume more water must pay to protect and manage forest areas 1 1.69 

Only the rich households should pay 1 1.69 

Total  59 100 

 

Out of the total non-willing households, 13.56 % of the households were protesting zero bidders, 

while 86.45 % households were revealed valid zero response. Among the households that revealed 

protest zero bidder belief that, the responsibility of the government to finance the activity (forest 

protection and management) and the mistrust of the institution who would manage the funds‖, are the 

top main reasons. According to Bateman, et al. (2002), protests are non-responses in which the 

genuine WTP are not provided. That means respondents either responded with a zero value or with an 
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unrealistically high value instead. These responses do not represent the households‘ honest value of 

the nonmarket good as they are protesting to an aspect of the hypothetical scenario. 

Alternatively, currently paying for water utilize, financial constraints, lack of awareness of the role of 

forest services for water supply were the main reasons for valid zero bidder responses. Surprisingly, 

these respondents mean monthly household income and years of educations were relatively lower than 

(1167.40 Birr and 3.86 years of education, respectively) the average size calculated for the whole 

respondents. 

The Econometric Analysis 

 Multivariate analysis of determinants of households’ WTP 

In the previous part some of the specific research questions were discussed using descriptive statistics 

such as cross-tabulation and percentage distribution. Moreover, the researcher tried to look at the 

relationship among the respondent's socio-economic and demographic characteristics, and their 

attitude towards forest conservation for water supply. Hence, the econometrics model enables us to 

identify the most important variables affect responses of households to CV survey questions. 

Multivariate regression analysis helps analyze WTP responses by determining if WTP estimates are 

internally consistent or theoretically valid. This model would permit identification of the factors that 

influence respondents‘ WTP and checking if directions of effects are consistent with theoretical 

expectations. However, prior to running the bivarate probit regression model, the explanatory 

variables were checked for multicollinearity and the degree of association through Variance inflating 

factor (VIF) and Contingency coefficient (CC). Based on the VIF, the data had no serious problem of 

multicollinearity.  

Table 11: Variance Inflating Factor for Continues and Contingency Coefficient for dummy 

explanatory variables used in regression models 

 

That is, the VIF of the continuous variables were less than 10 (table 16), so that all the continuous 

variables were part of the regression analysis. The extent of association between dummy variable was 

also computed using contingency coefficient. The analysis shows that there is weak association 

between the dummy explanatory variables (table 16). Therefore, all the dummy variables were 

included in the regression analysis. 

VIF of continuous 

explanatory variable  

 Contingency coefficients for dummy explanatory variables 

variables VIF   variables   Sex         Awer          last 

Age  

Income  

Education  

HHsize 

Reys 

Bill  

Bid 1 

Bid 2 

1.37 

1.51 

1.55 

1.31 

1.60 

2.49 

3.44 

3.29 

Sex            1.0000        

Awer          0.0415       1.0000 

last            -0.0235      -0.0549   1.000 
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Bivariate probit model estimation results 

Bivariate probit model as specified in the preceding section has been employed to identify 

explanatory variables that influence households‘ WTP for forest protection so as to improved water 

supply. In line with Mitchell and Carson (1989) and Hanemann, et al., (1991) which highlighted the 

problem of non-normality and outliers in CV studies, and advocated the use of robust estimators as a 

way to control the potential bias from this source, this research runs bivariate probit robust estimation. 

This form of regression is also helpful to reduce the effects of heteroscedasticity.  

The chi-square (χ2) distribution is used as the measure of overall significance of a model in bivarate 

probit model estimation. The result of our bivarate probit model shows that, the probability of the chi-

square calculated value is 98.20 and the corresponding tabulated value of chi square value is 22.36, 

which implies that chi square calculated is greater than chi square tabulated and hence the model is 

significant. So, this shows that, the variables included explaining willingness to pay fits the bivarate 

probit model at less than 1% level of significance. This implies that the joint null hypothesis of 

coefficients of all explanatory variables included in the model were zero should be rejected. In 

general, it shows that, our data fits the model very well (Table 17).  A total of 10 explanatory 

variables were considered in the econometric model out of which only 6 variables were found to 

significantly influence the probability of willingness to pay among the domestic water households. 

Table 17: Bivarate probit model regression result 

 
Model one  Model two 

variables coef 
Rebust. Std. 

Err 
p>z coef Rebust. Std. Err p>z 

Age -0.01682 0.0974 0.061* -0.0266 0.1111 0.017** 

Sex 0.78 0.2691 0.004*** 0.5866 0.2373 0.013** 

HHs -0.1477 0.0488 0.002** -0.04464 0.0544 0.413 

Educ 0.047744 0.0291 0.026** 0.5829 0.0259 0.025** 

Aware 0.2451121 0.249206 0.325 0.068039 0.2334 0.771 

Income  0.00036 0.0001 0.020** 0.00012 0.0001 0.036** 

Lsat 0.85088 0.2845 0.139 0.2977 0.2178 0.123 

Reys 0.0130332 0.008559 0.128 -.00124 0.0083 0.882 

Bill 0.0036 0.0042 0.362 -0.0013 0.0040 0.748 

Bid1/2 -0.012673 0.0162 0.000*** -0.0061 0.0178 0.001*** 

-cons 0.4431 0.5162 0.431 0.182 0.53622 0.934 

Number of obs  =  200                    Prob>Chi2 = 0.000 

Log likelihood = -143.202              Chi 2 (1) = 67.66 

                          Wald chi2(18)   =  39573.85           Roh(p-value) = 0.87        

Note: ***, ** and * significant at 1%, 5% and 10% probability levels, respectively 

 

Marginal effect of the bivarate probit model estimates 

The coefficients of the bivarate probit model do not indicate the marginal effects of explanatory 

variables on the dependent variable. That is, in the bivarate probit model only the signs (not the 

magnitudes) of the coefficients of independent variables are important. In order to analyze the effects 

of each explanatory variable on the probability that respondents accept or reject the bid value, the 

partial derivatives of explanatory variables with respect to discrete responses must be taken (Greene, 

1993). The interpretation of the marginal effect measures the change in probability (likelihood of 
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occurrence) of an event to a unit change in the continuous explanatory variables and the change of 

dummy variables from 0 to 1 for discrete response.  The marginal effects of the bivarate probit model 

estimation results are reported in the table 17. 

 

Table 18: Marginal effect of explanatory variables 

variables Dy/dx Std. Err. Variables  Dy/dx Std. Err. 

Age -0.0082 0.00354 Income  0.0010 0.00004 

Sex 0.1928 0.06915 Lsat 0.1051 0.07877 

HHs -0.0171 0.01768 Bill -0.0020 0.00133 

Educ 0.0201 0.00846 Bid1/2 -03430 0.00578 

 

Age of the household head (AGE) had negative effect on the willingness to pay of households for 

forest ecosystem conservation practices to improved water supply service. The negative and 

significant correlation between age and willingness to pay might be perhaps because of two reasons. 

Older age may shorten planning time horizon and reduce WTP i.e. they expect less benefit from the 

investment relative to young household heads, given that the benefits are generally longer term in 

nature. On the other hand, older households head might face constraint of money to pay for 

conservation of forest i.e. adult households are more financial stable than old households. The 

marginal effect estimates of (table 18) also shows, that keeping the influences of other factors 

constant, a one year increase in the age of the household head reduces the probability of accepting 

both the first and second bid by about 0.82% and was happened to be significant at less than 10 % and 

5% probability level in the first and second equation respectively. The empirical finding of the study 

is consistent with pervious empirical studies (Animut, 2006; Calderon and Dizon, 2006; Celeste, 

2009, and Abdurhman, 2011, Elmi, 2012) 

Sex: Sex is represented by dummy variable (dummy = 1 for male; 0 for female). The variable sex of 

the respondent is positively related to the probability of respondents WTP for forest ecosystem 

conservation practices to improved water supply of the town (table 18). It is significance at less than 1 

% and 5% in the first and second equation respectively. The result revealed that those male headed 

households were found to be willing to pay for forest ecosystem conservation practices to improved 

water supply of the town than female headed households. This can be explained by the fact that males 

have more participate to outdoor activities in relation to forest protection activity and others compared 

to females. The result contradicts with the study by Bogale and Urgessa (2012) and similar with 

Alebel (2002).  

Family size (HHsize):- The result of the model showed that there was significant for first equation at 

1% to affect the probability of accepting the initial bid and negative association between family size 

and WTP for forest ecosystem conservation practices to improved water supply. The marginal effect 

estimates shows that all other factors kept constant, a one person increase in the total family size 

decreased the probability of willingness to pay by 1.71 %. 

Education level (educ):- Education of the household head was also significant at 5 % probability 

level to say ―yes‖ to both the first and second bid. It had a positive relationship with the dependent 

variable showing that as the education level of the household head increases, willingness to pay for 

forest ecosystem conservation practices to enhance water supply increase. The marginal effect result 

show that for each additional increment of education, the probability of willingness of a household to 

pay for the forest conservation practices will increase by 2.0 %, ceteris paribus. One possible reason 
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could be that more educated individuals are concerned about environmental goods including forest in 

our case. This could be possibly because education increases environmental awareness and value for 

environmental goods such as forest (Tegegne, (1999), Gebremariam and Edriss, 2012) reported a 

similar result in soil conservation practice. The findings of Whittington, et al., (1990) and the WB 

(1993) which was done on developing countries; with regard to households WTP for improved water 

services indicated that better educated households are more WTP for improved water services. This 

result is also supported by the findings of previous improved water resource valuation study in 

Ethiopia (Tegegne, 1999; Simiret and Wogayehu, 2011, Yibeltal, 2013). 

Household monthly income (Income) as expected is positive relationship with the households‘ WTP 

and statically significant at 5% both in the first and second equation. This effect indicated that 

respondents with higher monthly income were more likely to say yes to the first bid and the second 

bid than households with lower income. The results indicate that households with high income tend to 

reveal a high WTP for the promised system than their counterparts with low incomes. The marginal 

effect estimate for households monthly income variable shows that a 1 Birr increase in income of the 

household will increase the probability of households' WTP for protection of forest to improved water 

supply by 1.0 %. The result is consistent with Genanew (1999), Tsegabrihan (1999), SANREM 

CRSP, 2003, W/Giorgis (2004) and Jonse (2005), Griffin and Mjelde, (2000) Alem (2011). In 

contrary with these finding, Johnson and Baltodano (2004) has reported income did not have an effect 

on the household WTP for improved water quality improvement. 

Bids amount (bids):- Both bid value one and two has negative coefficient as expected and 

statistically significant at 1% for the follow up question. As the bid amount increases, the respondents 

would be less willing to accept the scenario and that is consistent with the law of demand. This is also 

evidenced that, as one more Yes response given for the second bid it resulted in a decrease of WTP by 

0.034 marginal effects (table 18). 

Explanatory variables which were expected to have impact on individual‘s WTP for forest ecosystem 

conservation so as to secure  improved drinking water availability in the study area were included in 

the model. The explanatory variables like level of satisfaction to the existing water, water bill, found 

insignificant to influence respondents` WTP. As it was expected the variable existing water supply 

service is positive but, insignificant influencing individual‘s WTP for forest conservation. This 

revealed that although existing water supply service unsatisfied are more WTP for the forest 

conservation to improve water supply service than satisfied respondents. This finding is inconsistent 

with Whittington, et al.  (1990); WB  (1993);  Kinfe and Berhanu (2007); and Simiret and Wogayehu 

(2011), Yibeltal (2013) which indicates that households will pay  to improved water supply program 

by means of conserving forest . Awareness of respondents about importance of WGF to improve 

water supply of the town appears as related to expectation, but its impact is not significant at the 

convenience level. This illustrate that both aware and non aware respondents expected to have 

positive influence individuals WTP for forest protection. Amount of monthly expenditure to get 

access water consumption of the respondents` appeared as related to the expectation. But, its impact is 

not significance at the conventional levels. Since, it is positive in the first equation and negative in the 

second equation. However, the marginal effect clearly shows that at increasing amount of monthly 

expenditure by 1 birr reduces the probability of accepting both the first and second bid by about 0.2 

%. These means households whose expenditure to access water is high have less likelihood to support 

the forest conservation program that could result in reliable water supply. The number of years in 

residence, NYR variable, is not significance at the conventional levels and does not show clear effect 

on willingness to pay. Since, it is positive in the first equation and negative in the second equation 
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insignificantly. However the marginal effect clearly shows that at one year increase the lived in a 

particular area of the household head reduces the probability of accepting both the first and second bid 

by about 0.245 %.  These means longer people lived in a particular area; the more reluctant are they to 

pay for an improved forest so as to water service. This finding is consistent with Brima, (2003). 

Mean willingness to pay for forestry protection to enhance water supply   

Double-bounded contingent valuation model is used to estimate the mean willingness-to-pay and its 

determinants. There are two options of independent models which can be used to estimate mean WTP. 

The models are bivariate model with no covariates i.e. WTP checked against the offered amount and 

bivariate model with covariates i.e. WTP against socio economic factors that can be affecting WTP 

for forest conservation practice so as to improve water supply service. Thus, before deciding on which 

model to apply, it seems important to compare their results which would help to capture the true 

behavior of people that expressed through their preferences. Thus, the result from the second model 

was preferred for it uses covariates to run the model.  

Cameron and Quiggin (1994) indicated that, the model which runs with determinant factors to 

estimate mean WTP are more preferred for its high marginal value accuracy estimation for 

environmental changes. As a result the mean WTP value of conserving forest to improved water 

provision was calculated using equation (5) specified in the preceding section was ranged from 35 and 

ETB to 30 ETB per household per month, for the initial bid (Fbid) and for the follow up second bid 

amount (Sbid) respectively.  

This Figure is higher than the mean willingness to pay amount from the open ended question 

maximum WTP which was 26.31 ETB. This may seems to indicate free riding and lack of base for 

answering WTP questions under open ended format. A similar conclusion was reached by Tegegne 

(1999) for contribution to environmental protection Alem, (2011) for economic value of water 

resource under agro forestry land use.  

Aggregate WTP for conserving forest to improved water wvailability 

According to Mitchell and Carson (1989) there are four important issues to be considered regarding 

sample design and execution in order to have a valid aggregation of benefits: population choice bias, 

sampling frame bias, sample none  response bias and sample selection bias. Stratified random 

sampling method was used for selecting respondents‘ domestic water user other than source from 

Wondo Genet area. Protest zero responses were excluded from the analysis and a face to face 

interview method were used. Hence, none of the above biases was expected in the analysis. 

If the bivariate probit model is estimated on a dichotomous choice CV question with a follow up and 

the parameter shows that either the mean, or variance or both differ between the initial bid-price and 

the follow up, the researcher must decide which estimates to use to calculate the WTP measure (Haab 

and McConnell, 2002). Hence, in order to choose the appropriate WTP among the two bivariate 

estimates, it was looked into the data and the total amount for the YY and NN responses accounted for 

about 66.5 % of the total responses. This means that the 2
nd

 bid amount was closer to the unobserved 

true value of the individual. For example, if the first random bid for the individual were 5 ETB and 

the respondent accept the first bid then the 2
nd

 bid becomes 15ETB, again, if the respondents accept 

the second bid. This indicates that the respondents‘ true WTP is greater than or equal to 15 ETB so 

the 2
nd

 bid will be a better estimate than the 1
st
 one. The same is true for NN answer. Even for the rest 

33.5 % of the NY and YN responses, both the first and the second bid amounts will have equal 
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chances to be closer estimates of the true value. Hence, using the second estimate of the double 

bounded bivariate model to calculate as mean willingness to pay for Wondo Genet forest ecosystem 

protection the aggregate benefits of the society are summarized in Table 19. 

Table19: Average and aggregate willingness to pay of households for conservation of WGF 

Site  Population size Mean WTP /month Total WTP/year 

Didaboki 944 30 339726.3 

Abosto 973 30 350336.8 

Bulchana  961 30 345884.2 

        Total  2878 30 1035947 

    Total households of the Town 39474 30 14210640 

 

Aggregate WTP of the selected kebeles communities from the proposed to conservation of forest so as 

to improve water supply was found to be 1,035,947 ETB per year. Whereas the aggregate WTP 

amount for the population of Shashemene town for improved Wondo Genet forest ecosystem 

conservation is 1, 421, 0640 Birr per year. This is the amount the whole households in Shashemene 

town are expected to pay per year when the suggested improved forest ecosystem conservation 

program comes true. If single bounded and open ended WTP were used the estimate becomes 1, 657, 

9080 ETB and 1, 246, 2731.28 ETB per year respectively. 

CONCLUSION AND RECOMMENDATION  

Conclusions  

The importance of natural forest ecosystems to human well-being cannot be overstated. What this 

study made clear that forest ecosystem service constitute important portion of the total economic 

development and social welfare of the people of Shashemene in maintaining and improving water 

quality and quantity. Water in adequate quantity and quality to meet human needs is essential, and 

forests have direct and indirect roles in providing such water. However, in order for conservation of 

forest areas to be economically feasible, such forest areas need to secure a financial return in excess of 

alternative uses. 

Based on the results obtained from the contingent valuation survey; the annual aggregate WTP of the 

population of Shashemene town estimated from forest conservation by using the double bounded 

dichotomies was computed at 1, 035,947 ETB (second bid) and 1, 657, 9080 ETB (first bid) per year 

whereas, the annual total WTP from open ended format was also computed at 1, 246, 2731.28 ETB 

per year.  This indicates that, the value of the forest for the people of Shasahemene is significant that 

they are willing to pay up to 1.4 million birr per year. However, findings of the CVM estimates were 

found to be different depending on the elicitation method used. Evidently, the value that the 

Shashemene population ascribes for the conservation of Wondo Genet forests was underestimated by 

the open ended elicitation format compared to the first and the second bid of the double bounded 

dichotomous choice elicitation method. 

Analysis of the descriptive statistics confirms the previous study by Belayneshe (2002) in that more 

than 93 % of sampled households said that the forest resource is shrinking from year to year due to 

environmental problems resulting from human activities. The main cause of this incidence is human 

induced fire, population growth lack of environmental education and socio-political factors, illegal 

felling of trees for fuel-wood and construction materials, charcoal making, pit-sawing, and expansion 

of agricultural land.This also affects other resources such as, the hydrological and soil resources of the 

catchment, which will have a massive impact on the domestic water users of nearby towns. 
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The presence of water problems and the recognized threats to water supply may be indicative of 

peoples‘ willingness' to pay to be certain of good water supply. Households recognize that there are 

already threats to their water supply because of their own water problem experiences. A majority of 

the water users 149 (74.5%) have expressed their willingness to support forest management program 

ensuring reliable water supply in the coming years not just for themselves but also for future 

generations. This could be a signal for the government and any concerned body like WGCF and 

WGRC to consider any contribution as an important input while designing and implementing forest 

projects. 

Overall, this study has produced substantial knowledge on the revealed values of forest ecosystem 

services to the life of the people of shasahemene town. Findings of the study could provide valuable 

information and also could serve as a bench mark study for concerned water supply agencies, natural 

resource managers and conservationists, government policy makers, and international stakeholders at 

large. Besides, the study can be used to develop sustainable drinking water development scheme 

requiring households to pay a monthly water surcharge directly allocated for the watershed 

management activities.    

Recommendations   

Based on the findings, the following recommendations are derived from the study: 

 An alternative conservation approach that recognizes and integrates the concerns and WTP of 

local community in the management of the WGF is essential. 

 Such a scheme should consider the major socio-economic and demographic factors 

(education, income and level of water satisfaction) that are positively correlated with 

households; WTP for forest protection. This implies that policy options to develop the 

principal idea of local people contribution should consider these variables. 

 Effective collaboration among nearby districts and organizations should be developed so as to 

conserve the forest resources in the area. 

 In order to increase the accessibility of water resource for domestic purpose policy makers 

should promote and provide technical support to households who are practicing soil and water 

conservation.  

 Understanding the role of forests as providers of water related services and economic 

valuation of these services should be further measured and further developed.  

 Incentive mechanism is needed to maintain continuous support for communities living 

adjacent to the forest area to develop conservation friendly activities (including promote 

sustainable utilization of forest resources, improving the management of a forest area); to 

insure delivery of watershed services; and to create a steady flow of funding for management 

of the forest to ensure the conservation effectiveness. 
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Abstract 

A feasibility study was carried out to assess the suitability of Allaideghe plains, located in middle awash valley, 

for the cultivation of sugarcane plantation. The project area, covering 38000 ha, lies between 9
o
 07' to 9

o
26' N 

Latitude and 40
o
 30' to 40

o
50' E Longitude. The area was intensively used for grazing only. A detailed soil 

survey was carried out on 500m x 500 m grid consisting 1520 auger holes and 76 soil profile observations. 

Based on laboratory analysis and field observations, the physicochemical characteristics were summarized. The 

soils of the entire project area were very deep (>200 cm). There were three dominant textural classes including 

silty clay loam, clay and heavy clay. Soil reaction (pH), ECe, ESP,CEC, organic carbon (OC), CaCO3 ranged 

between 7.7 to 8.2, 0.9 to 8.0 dS m
-1

, 9.9 to 42.7%, 40.6 to 61.7 cmol (p
+
) kg

-1
 0.3 to 1.2 g kg

-1
,  and 8.3 to 18.3 

%, respectively. Soluble cation contents of Na, Mg, Ca and K varied from 3.2 to 20.2, 0.2 to 2.6, 4.7 to 12.6, and 

0.1 to 0.2 meq l
-1

, respectively. Major hydraulic properties influencing water availability and irrigation 

scheduling for sugarcane included infiltration rate and hydraulic conductivity. Basic infiltration rate varied 

from 0.2 to 6.2 cm h
-1

 and in-situ hydraulic conductivity varied from 0.07 to 0.60 m d
-1

. From the results of the 

study it is possible to conclude that  soils of the project area are very deep, fine textured with restricted 

drainage, dispersed with occurrence of sodicity causing increased possibility of prolonged water logging  upon 

introduction of irrigation.  Low hydraulic conductivity may restrict the water availability to plant roots for 

sugarcane crop.  There is a possibility of risk of considerable yield reduction which may affect the project's 

economic viability. 

Keywords: Soil survey, physical and chemical soil properties, infiltration rate, and hydraulic  

          conductivity  

INTRODUCTION 

Ethiopia has 12 River basins with an annual runoff volume of 122 billion m
3
 of water and an 

estimated 2.6-6.5 billion m
3
 of groundwater potential, which makes an average of 1575 m

3
 of 

physically available water per person year
-1

 (Awulachew et al., 2007). However, the total irrigated 

area is only about 250,000 ha (Awulachew et el., 2005). The study was conducted Awash River that 

starts in the central highlands of Ethiopia and ends at Lake Abe in Afar Region (Dhan Pal and 

Yihenew, 2013). The Kesem Alaideghe project, located 250 km east of Addis Ababa in Afar State, is 

being executed with over 1.92 billion birr fully financed by the Ethiopian government. With over 500 

million cubic meter reservoir capacity, the Kesem Kebena dam and irrigation project would help to 

develop 20,000 hectares of sugarcane, of which 10,000 hectares will be given to out growers. The 

sugarcane plantation will be utilized as an input for the new sugar factories to be established by the 
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Ethiopian Sugar Corporation. The new sugar factory will have the capacity to crush 10,000 tonnes of 

sugarcane per day (WIC, 2012).  

The principal objective of investigating the soils of Allaideghe plains located in the middle Awash 

Vallley to assess the possibility of introducing sugarcane plantation. The study area, in general, can be 

characterized by its almost homogenous topography. The plain is predominantly flat. Presently, this 

area is subjected to intensive grazing throughout the year, especially, during the dry seasons when 

grass cover is scantly. The water requirement to irrigate Allaideghe plain is intended and can be met 

by abstracting water mainly from Kesem River and supplementing from Awash River. Frequent dry 

spells and droughts exacerbate the incidence of crop failure and hence in food insecurity and poverty. 

To meet the ever increasing demand for food, sugar, fiber and other agricultural products, there is a 

need for increasing the land area under production together with intensifying agricultural productivity 

mainly through expanding new irrigation schemes.  

Climatically, the Allaideghe plain appears well suited for cultivating sugarcane. The upper Awash 

valley already has two sugarcane plantations at Wonji Shoa, and Metehara. Tendaho, located at 

downstream, has also started sugar production The physicochemical properties of the Tendaho 

irrigation project had been reported  by Dhan Pal and Yihenew (2013). The middle Awash valley 

where these plains are located is still unexploited for commercial cultivation. The government of 

Ethiopia, keeping in view the infrastructure already been developed in surrounding areas for 

sugarcane plantation, is planning to establish the sugar factory at Kesem Allaideghe plain area also. 

Being sugar export has good potential to earn much needed foreign exchange to boost the economy of 

the country; the government is searching an option to assess the setting of sugar factory in middle 

Awash area also. In view of the above premises, the present feasibility study was carried out at middle 

Awash. The study was intensive and multidisciplinary covering wide ranges of natural and socio-

economic issues of the project area. In this paper, it is attempted to briefly present characteristics of 

soils of Kesem Allaideghe plains with respect to its potentiality for sugarcane production. 

MATERIALS AND METHODS  

Description of the Study Area 

The project area is located at the right bank of Awash River in the middle of Awash basin between 9
o
 

07' to 9
o
 26' N latitude and 40

o
30' to 40

o
50' E longitude and bordered by the main road from Awash 

Arba to Tendaho (Figure 1). The area is subjected to intensive grazing and comprised of old alluvium 

an colluvium deposits. The slope of the command area is gentle ranging from 0.01 to 0.05 m km
-1

; 

i.e., almost flat topography. The maximum and minimum mean monthly temperatures of the project 

area are 38
o
C in June and about 15 

o
C in December. The annual pan evaporation rate is 2400 mm.  

With respect to land use as interpreted from recent landsat images acquired from Ethiopian Mapping 

agency (EMA) and conducting ground truth verification through field visits exhibited dense growth of 

grass. 
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Figure 1. Location of the study area located in Afar National Regional State of Ethiopia 

Field Investigation  

In order to characterize the project area with respect to physicochemical and hydro-dynamic soil 

properties, a detailed soil survey (FAO, 1979; FAO, 1985; Landon, 1991) on 500m x500m grid was 

carried out. Prior to field investigation, recent landsat images on 1:50000 scale were collected and 

interpreted. Topographical maps at a scale of 1:50,000 depicting slopes, existing farms and other 

relevant features were also studied. Auger-hole studies were made to distinguish soil variation in 

lateral directions using a grid of 500m x 500m; i.e  one auger-hole observation for every 25 ha area 

with a total number  of 1520 auger holes covering 38,000 ha area.  

Each auger-hole observation point was recorded by hand-held GPS. The salient soil characteristics  

including horizon-wise color using Munsell color chart, texture, consistence, structure (feel method), 

presence of CaCO3 through HCl reaction; EC (1:2.5) and pH (1:2.5) soil-water using portable digital 

EC and pH meter, respectively were observed at each auger-hole site. 

In order to characterize the soil, particularly for irrigation purpose, soil profile pits were excavated to 

a depth of 2m with 1 m width and 2 m length. The number of soil profile pits observations at 

representative sites covering entire command area were 76. The chemical analysis using standard 

techniques was carried out for pertinent soil properties in soil laboratories of Ministry of water 

resources, Addis Ababa and Wonji sugar factory.  The major physical and chemical properties 

analysis of model profiles included dominant textural classes, soil reaction (pH), ECe, ESP, CEC, 

organic carbon, soluble cations and CaCO3.  

Infiltration rate 

The infiltration rate is exceedingly important for selection of suitable irrigation methods, design of 

irrigation system and water management techniques. In present study, infiltration rate was measured 

in situ using double ring infiltrometer at 28 representative sites each in triplicate. The UTM 

coordinates, north and east for each location was recorded using hand-held GPS. The infiltration rates 

were computed for three quantities as cumulative intake (cm), average infiltration rate (cm h
-1

) and 

basic infiltration rate (cm h
-1

).  

In-situ hydraulic conductivity 

In absence of groundwater table inverse auger-hole method (Kessler and Oosterbaan, 1974) was used 

to determine hydraulic conductivity in field at twenty one representative locations replicated three 
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times for active rooting zone depth of 1m. The procedure in brief included: drilling of hole of 8 cm 

diameter using post -hole auger to a depth of 1 meter. Care was taken to the drill the hole as straight 

as possible. The hole was saturated over night. Water was poured in wetted hole and about 2/3 of 

depth of hole was filled with water. The rate of falling of water in hole was measured using a 

specially designed water level indicator assembly consisting two electrode terminals, flexible wire, 

and an attached multimeter. The readings of fall of water level against time were recorded till steady 

state rate was achieved. Generally, the last three consecutive readings should show stable rate. 

Hydraulic conductivity (k) was computed using following relation: 

            k=1.15r tan α, cm sec
-1

 

where   k = hydraulic conductivity, cm sec
-1

 

             r = radius of hole i .e 4 cm 

             α =slope of straight line by plotting water falling depth against time on a semi-logarithmic 

                   paper.  

The units of hydraulic conductivity were changed to m d
-1

 by multiplying with a suitable factor. UTM 

reading were recorded for each location of hydraulic conductivity test in field. 

Laboratory Studies 

For mechanical and chemical analysis, the soil samples were dried, ground and passed through 2 mm 

standard sieve. Mechanical analysis (particle size distribution) was carried out by modified 

hydrometer method (Bouyoucos, 1951). Soil pH and electrical conductivity (EC) of saturated paste 

extract were determined by  pH and EC meter, respectively (Schoffied and Taylor, 1955); organic 

carbon by wet digestion method (Walkley and Black, 1934); cation exchange capacity using 

ammonium saturation method; exchangeable sodium percentage (ESP) using analytical procedure as 

described in diagnosis and  improvement of saline and alkali soils (Richards, 1954).       

RESULTS AND DISCUSSION 

Infiltration Rate 

Infiltration is one of most important single parameters, which is considered in designing the optimum 

stream-size of furrow irrigation for sugarcane crop. In order to characterize the intake behavior of 

project lands, infiltration was measured in triplicates at 28 representative locations using double ring 

infiltrometer. Infiltration characteristics are expressed in three quantities as cumulative infiltration, 

average infiltration rate and basic infiltration rate (Table 1). The cumulative and average infiltration 

rates plotted on log-log scale are expressed by equations as Ycum = ax
n
 and Yave = ax

-n
 , respectively. 

The basic infiltration rate is a stable rate arrived after 4 to 5 hours, the wetting front reached to a depth 

of 35 to 50 cm.  Thus, infiltration rate has practical significance in recharging soil root zone depth. 

The basic infiltration rate of soils of the project area generally varied from 0.2 to 6.2 cm h
-1

, i.e.  slow 

to moderate.  This could be due to high clay content and relatively high organic matter attributed to 

the no tillage operations, which restricted the oxidation of organic matter.  Similar results for fine-

textured soils of Rift Valley were also reported by Tadele et al. (2011). 
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Table1. Infiltration Characteristics (each average of three replicates) at representative sites of 

              project area 

 

Hydraulic conductivity 

Results of hydraulic conductivity tests conducted at representative locations in the project are 

presented in Table 2. Hydraulic conductivity varied from 0.07 to 0.6 m d
-1

; i.e. slow to moderately 

slow for very fine and fine textured soils. The low value of hydraulic conductivity is attributed to high 

ESP which causes dispersion of soil particles reducing considerably the size of the pore spaces. High 

Na
+
 and residual sodium carbonate (RSC) causing high ESP in some parts of the Rift Valley were also 

reported by Abayneh (2001). It is further mentioned that sodic soils have low hydraulic conductivity 

indicating risk of water logging and very low water transmission to roots from the soil. Soils having 

Site 

no. 

UTM coordinate 

of site 

Cumulative 

infiltration 

rate (cm) 

Average 

infiltrate rate 

(cm h
-1

) 

Basic 

infiltrati

on rate 

(cm h
-1

) 

Suitability 

class 

North East 

1 1014637 0628146 Y=0.187X
0.460

 Y=3.850X
-0.311

 0.7 Moderately 

slow 

2 1012000 0633000 Y=0.226X
0.772

 Y=15.986X
-0.228

 4.6 Moderate 

3 1011500 0632000 Y=0.194X
0.776

 Y=11.620X
-0.224

 3.3 Moderate 

4 1015000 0634500 Y=0.097X
0.495

 Y=5.793X
-0.505

 0.4 Slow 

5 1017500 0635000 Y=0.109X
0.529

 Y=6.569X
-0.471

 0.4 Slow 

6 1019500 0635090 Y=0.473X
0.641

 Y=28.404X
-0.359

 3.4 Moderate 

7 1024750 0636752 Y=0.227X
0.802

 Y=14.158X
-0.148

 6.2 Moderate 

8 1021250 0637250 Y=0.327X
0.773

 Y=19.634X
-0.227

 5.8 Moderate 

9 1027750 0639250 Y=0.040X
0.572

 Y=2.401X
-0.428

 0.2 Slow 

10 1019250 0638250 Y=0.108X
0.930

 Y=6.466X
-0.070

 4.1 Moderate 

11 1017850 0639250 Y=0.343X
0.754

 Y=20.589X
-0.246

 4.8 Moderate 

12 1019400 0639785 Y=0.751X
0.481

 Y=45.052X
-0.519

 2.6 Moderate 

13 1018750 0637250 Y=0.116X
0.850

 Y=6.970X
-0.150

 2.9 Moderate 

14 1015280 0637740 Y=0.433X
0.670

 Y=25.983X
-0.330

 3.8 Moderate 

15 1016282 0647295 Y=0.205X
0.741

 Y=12.303X
-0.260

 3.0 Moderate 

16 1015687 0643169 Y=0.456X
0.670

 Y=27.379X
-0.330

 4.2 Moderate 

17 1020750 0647250 Y=0.126X
0.828

 Y=7.592X
-0.172

 2.7 Moderate 

18 1023261 0646763 Y=0.592X
0.504

 Y=35.526X
-0.496

 2.1 Moderate 

19 1021246 0642769 Y=0.438X
0.686

 Y=26.269X
-0.314

 4.3 Moderate 

20 1035250 0648750 Y=0.405X
0.645

 Y=24.334X
-0.355

 3.0 Moderate 

21 1033750 0652250 Y=0.271X
0.764

 Y=16.253X
-0.236

 4.2 Moderate 

22 1030750 0645750 Y=1.045X
0.348

 Y=62.687X
-0.652

 1.5 Moderately 

slow 

23 1036750 0641771 Y=0.299X
0.749

 Y=17.972X
-0.251

 4.4 Moderate 

24 1038250 0650750 Y=0.499X
0.641

 Y=29.981X
-0.359

 3.9 Moderate 

25 1032250 0647750 Y=0.549X
0.627

 Y=32.937X
-0.373

 4.0 Moderate 

26 1018750 0644250 Y=0.240X
0.623

 Y=14.396X
-0.376

 1.7 Moderately 

slow 

27 1028750 0643750 Y=0.611X
0.477

 Y=36.682X
-0.523

 1.7 Moderately 

slow 

28 1021680 0635257 Y=0.219X
0.731

 Y=13.158X
-0.269

 3.4 Moderate 
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larger quantity of fine clays generally have lower hydraulic conductivity (Kenny et al., 1992; Benson 

et al., 1994; Benson and Trast, 1995). Owing to the low hydraulic conductivity soils are less 

permeable and thus such soils are classified as poorly to imperfectly drain. This is one of the most 

important parameters which down grades the suitability of these soils to irrigated sugarcane 

cultivation. 

Table 2. Results of hydraulic inductivity tests (each average of three replicates) conducted at 

                representative locations in the project area 

Sr.No UTM coordinates of test 

location 

Hydraulic 

conductivity  

(m d
-1

) 

Conductivity 

classes 

North East 

1 1021246 0642769 0.18 Slow 

2 1038250 0650750 0.12 Slow 

3 1030750 0645750 0.21 Slow 

4 1035250 0648750 0.17 Slow 

5 1033758 0652234 0.21 Slow 

6 1023250 0646750 0.42 Moderately slow 

7 1020750 0647250 0.30 Moderately slow 

8 1015650 0643169 0.60 Moderately slow 

9 1016282 0647295 0.38 Moderately slow 

10 1032250 0637750 0.07 Slow 

11 1014637 0628146 0.25 Slow 

12 1012000 0633000 0.28 Slow 

13 1015000 0634500 0.07 Slow 

14 1017500 0635000 0.13 Slow 

15 1019500 0635090 0.23 Slow 

16 1021250 0637250 0.27 Slow 

17 1021680 0635257 0.07 Slow 

18 1019400 0639785 0.19 Slow 

19 1018750 0637250 0.09 Slow 

20 1015280 0637740 0.29 Slow 

21 1028750 0643764 0.12 Slow 

 

Soil physico-chemical properties  

Pertinenent physico-chemical properties of soils of the project area are presented in Table 3. In the 

study area, soil texture varied from fine to very fine with high clay content. Three dominant textural 

classes were observed as silty clay loam, clay and heavy clay. In most of the soils of the study area, 

ECe and ESP indicate high occurrence of sodicity as they ranged between 0.9 to 8.0 dS m
-1

 and 9.9 to 

42.7%, respectively. Results indicate that the ESP of most of the locations covering large surveyed 

exceeds 15% indicating occurrence of high sodicity. These soils are developed on ancient alluvium 

and colluvium, remain virgin without cultivation and soil manipulation. As a result, there is no 

appreciable change in the salt, water and nutrients dynamics and thus ESP remain high. Hailey et al. 

(2000) and Abayneh (2001) found similar results for soils of Awash valley.  

Invariably, the pH value of the project lands are generally high ranging from 7.7 to 8.2 and with 

minimum variation. Similar soil reaction values were also reported by Eylachew (2004) for soils of 

the Rift Valley. It may be mentioned that the project lands with high clay content coupled with 
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sodicity, extensive rooting system of grass and other vegetation is restricted to upper soil layer and 

roots in the subsoil are unable to survive due to high presence of sodicity and lack of appreciable 

water movement/availability. The soils of project area had high CEC with minimum variation ranging 

from 40.6 to 61.7 Cmolc kg
-1

. High CEC values ranging from 22.0 to 33.6 Cmolc kg
-1 

were also  

reported for Andisols of the study area (Eylachew, 2004). Soluble cations of Na, Mg, Ca and K varied 

from 2.5 to 20.2, 0.2 to 2.6, 4.7 to 12.6 and 0.1-0.2 meq l
-1

, respectively. The variation in carbon 

contents is also minimal throughout the project area. This indicates that the area is not under 

cultivation attributing to minimum variability.  The average carbon contents range from 0.30 to 1.2 g 

kg
-1

.  Soils are generally calcareous in nature as it ranges from 8.3 to 18.3 per cent. 

Table 3. Major physicochemical properties of soils of the project area 

UTM Coordinates of 

Model soil profile 

sites 

Domi

nant 

textur

al 

class 

ECe 

dS m
-

1
 

pHe CEC 

Cmol (+) 

kg
-1

 

ESP% Soluble cations (meq l
-1

) Organic 

carbon 

(g kg
-1

) 

CaCO3 

(%) 

North  East Na Mg Ca K 

1012100 0628303 C 6.9 7.9 45.9 9.9 8.5 1.2 7.6 0.2 0.9 13.1 

1015550 0632371 C 4.8 7.7 42.2 14.0 10.0 1.1 6.3 0.1 0.5 10.5 

1015280 0637450 HC 3.8 7.9 50.6 14.5 12.7 1.3 10.1 0.1 0.7 15.5 

1011965 0633991 SiCL 4.3 8.0 50.9 17.3 11.7 1.6 11.4 0.1 1.0 12.8 

1019403 0639785 C 6.7 7.9 40.6 19.2 11.1 1.1 7.7 0.1 0.6 8.3 

1027756 0639247 C 4.9 8.2 49.8 42.7 10.2 0.5 4.7 0.1 0.5 11.7 

1021250 0637250 HC 5.4 8.0 47.3 23.2 13.0 1.3 9.0 0.1 0.7 9.7 

1021066 0633957 C 4.7 8.0 51.8 28.1 13.5 1.5 11.4 0.1 1.2 14.1 

1017210 0645215 HC 6.9 8.0 51.4 27.7 13.5 0.2 7.9 0.1 0.7 16.0 

1016282 0647295 CL 1.2 8.2 45.4 22.2 13.2 0.6 5.2 0.2 0.9 - 

1038780 0648805 C 0.9 8.0 54.9 14.1 15.5 1.4 10.8 0.1 0.7 10.8 

1025668 0642350 HC 4.8 7.8 45.0 13.7 12.5 0.7 7.6 0.1 0.6 - 

1026702 0647641 Si 5.0 7.8 43.3 16.9 10.2 2.6 6.0 0.1 0.5 13.1 

1023250 0646750 C 6.2 7.9 47.9 19.7 16.2 2.6 7.9 0.1 0.7 18.1 

1032250 0647750 CL 7.6 8.0 42.6 25.9 11.3 1.4 6.4 0.2 0.3 14.3 

1035250 0645250 HC 8.0 8.1 49.5 27.2 20.2 2.3 12.6 0.1 0.7 18.3 

1037255 0648748 HC 6.6 8.0 61.7 22.3 19.5 1.3 6.5 0.1 0.7 14.8 

1038250 0650750 HC 7.6 8.0 41.8 26.5 10.9 1.0 6.8 0.1 0.6 11.0 

1030600 0645400 HC 5.3 8.1 54.1 20.8 13.2

0 

1.1 4.7 0.1 0.7 15.5 

Note: HC-heavy clay; C-clay; SiCL-silty clay loam; CL- Clay loom; Si- Silt 

 

CONCLUSIONS AND RECOMMENDATIONS  

From the results of the study it is possible to conclude that  soils of the project area are vey deep, fine 

textured with restricted drainage, dispersed with occurrence of sodicity causing increased possibility 

of prolonged water logging  upon introduction of irrigation.  Low hydraulic conductivity may restrict 

the water availability to plant roots for sugarcane crop.  There is a possibility of risk of considerable 

yield reduction which may affect the project's economic viability. In review of above it may be 

suggested that these soil may be reclaimed before introducing these soils for cultivation. Nutrients 

availability is low to moderate and further it can be improved by green manuring and applying 

organic and chemical fertilizers recommended for sugarcane production. To improve soil structure 

and hydraulic conductivity to facilitate water availability to roots ploughing back of crop residues as 

sugarcane leaves and stubbles, frequent green manuring, growing of legumes crops and addition of 

sufficient organic manure are recommended. As some soils exhibit sodicity problems, addition of 
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suitable amount of gypsum and appropriate leaching are also recommended for sustainable sugarcane 

production. 
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Abstract 

The study sought to ascertain the performance of rural cooperatives on marketing of agricultural inputs and 

outputs, with the challenges facing in West Gojjam Zone, Amhara National Regional State (ANRS). The survey, 

which employed multistage random sampling procedure, was conducted in six purposively selected woredas of 

West Gojjam Zone where 18 Multipurpose Cooperative Societies (MPCSs) were selected by simple random 

sampling.  Of which 180 sample member households were selected through systematic random sampling 

technique. Pre-tested structured interview schedule, key informant interview, focus group discussion and other 

secondary sources were used to collect primary and secondary data.  Frequency table, mean, standard 

deviation, t-test and x
2
-test were used for the purpose of data analysis. Ratio analysis was intensively employed 

to capture the financial performance of the rural cooperatives. Additionally, pair wise ranking was employed to 

see the challenges of rural cooperatives on input and output marketing in the study area. Ratios were analyzed 

by taking the three consecutive year’s financial data (20011/12-2013/14). The liquidity analysis showed that 

cooperatives’ liquidity status in the study area were below the satisfactory rate (current ratio of less than 2.00) 

which is 1.17. The financial leverage ratio (debt ratio) showed that cooperatives were used financial leverage 

(financed more of their total asset with creditors’ fund) which is 0.63.The profitability ratio also showed that 

cooperatives’  profitability was weak since they earn return on their asset below the interest rate of the financial 

institution extend credit (7%) which is 5.2%. The survey result also depicted that 26.7% of respondents grouped 

under Active Participating Members (APMs) while the remaining 73.3% were Passive Participating Members 

(PPMs). On average, APMs were participated in 88.72% of the major activities performed in cooperatives, 

whereas PPMs were participated only in 32.2% of the major activities. Generally, Poor management and 

corruption as a result of limited capacity of board of directors, poor participation of members, inadequate 

starting capital and lack of transparency and accountability were the major internal challenges, whereas price 

increment on agricultural inputs, high cost of production, and low price of agricultural products were the major 

external challenges that MPCSs face in the study area. Therefore, improving the financial as well as 

management performance of cooperatives to face the market competition especially in purchasing farmers’ 

produces, increasing the participation of farmers in the cooperative through provision of different services and 

benefits, appropriation of surplus in the form of patronage refund, increasing the productivity and 

specialization of farmers, continuation of distribution of fertilizer in credit to  farmers and above all continuous 

education and enlightenment of farmers about cooperative and its benefits were the utmost priority areas of 

interventions to improve the performance of  cooperatives in the study area. 

 

Key Words: MPCSs, Liquidity, Debt and Profitability Ratio 
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INTRODUCTION  

There has been encouraging progress in recent years in improving some basic aspects of life in 

Ethiopia. Since 1996, the literacy rate has increased by 50 percent, the rate of malnutrition has fallen 

by 20 percent, the share of the population with access to clean water has risen to 38 percent and 

according to the welfare monitoring survey (WMS) there has been a steady decline in the reported 

incidence of illness (MoFED, 2005). Nonetheless, human development indicators in Ethiopia still 

remain at low levels (MoFED, 2006). 

Co-operation as a way of life has been and continues to be a tradition in finding the solution to the 

socio-economic problems of the people in Ethiopia. Examples of such cooperation can be found 

everywhere in the working of mutual aid institutions such as Equb, Eddir, Wonfel or Jigii,senbete, and 

many others. Cooperative is a special group of people with mutual interest to solve their individual 

problems through common efforts and ultimately attaining economic and social empowerment to the 

group members and the community. The prime objective of cooperatives is to solve problems that 

individuals failed to address independently. Accordingly, cooperatives are involving in inputs/outputs 

marketing activities, credit provision and providing other services to the members (Zerihun, 1998). 

The weak performance of the agricultural marketing (both inputs and outputs markets) in Ethiopia has 

been portrayed in various studies as a major impediment to growth in the agricultural sector and the 

overall economy (Dawit, 2005). Within an inefficient marketing system, the surplus results from 

increased production benefits neither the farmers nor the country. This is particularly important as the 

country is following a policy of agriculture development led-industrialization and economic 

development where the agricultural sector is expected to produce surplus that can move to the other 

sectors of the economy (Eleniet al., 2004).  

However, there should be clear understanding on the bottlenecks in implementing the agricultural 

inputs/outputs marketing activities by cooperative societies. With the tremendous growth in size and 

operations and complexity of agricultural marketing, cooperatives are facing a big challenge from 

both their members and management, and the competitors. It is found that agricultural cooperatives 

have had limitations by meeting efficiently the needs of their farmer members.Another constraint 

being faced by cooperatives in playing their role is their limitation to keep continues the members‘ 

patron on their undertakings. The farmer members are expected to be loyal to cooperatives and vice 

versa. But it is apparently known that if cooperatives fail to meet members‘ demand or members do 

not get any definite benefits from the existing cooperatives, they do not keep on their membership or 

cease to participate in the activities of the cooperatives. This is so because the farmer members‘ 

participation on agricultural marketing can only is enhanced based on concrete or tangible benefits. 

As a result, it is very often complained that participation of members in the cooperatives is very poor 

(Dawit, 2005).Thus, the major challenge facing the agricultural cooperatives is how to operate and 

meet the needs of the members efficiently and effectively keeping in mind the basic principles of 

cooperation.  

Although cooperatives are considered as an appropriate tool of rural development they are facing 

critical problems, which retain them from their positive role. Some of the constraints of cooperatives 

are: low institutional capacity, inadequate qualified personnel, low entrepreneurship skill, lack of 

financial resources, lack of market information, poor members‘ participation in the different activities 

such as financing the cooperative, patronizing the business activities of the cooperatives, control and 

supports it. Moreover, the prices of agricultural inputs are increasing from year to year and farmers 
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are complaining on it. These multifaceted problems make very difficult the overall activities of the 

cooperatives in general and the agricultural inputs and outputs marketing in particular (Dawit, 2005). 

According to Nadezhda (2009), the financial performance of marketing cooperative enterprises 

operating in the agro-food market was examined empirically concluded that there are many other 

factors which affect the financial performance of the food cooperatives. Some of them are weak 

management, which causes problems of ineffective resource allocation in their use; high loan 

burdening and low liquidity levels; under developed marketing management, including the absence of 

certain market niches and non-recognizable brand names; and lack of knowledge concerning the rural 

society. Furthermore, the absence of competitive market strategies such as product differentiation, 

market segmentation, specialization, and diversification, prevents increases in profit margins and 

expansions in demand. To overcome the problems which were mentioned above, not only changes 

within the enterprises, but also government and cooperative organizational supports are required. 

Accordingly Kidane and Tamilarasu (2014) reported that finance is the blood of every business 

organization, needed to run their starting and operational activity. There are number of constraints in 

all aspects of the agricultural cooperatives, include; difficult in mobilization of finance, high rate of 

interest, very low possible for utilizing the funds, high transaction cost, poor financial management 

are the problems of an agricultural cooperatives. Similarly Biruk (2015) conveyed that the role of 

finance considered as passive in the development process in general and rural development in 

particular. Despite the importance there are limited financial institutions delivering financial services 

in rural Ethiopia. Most rural savings and credit cooperatives in the world have the problems of: 

inadequate capital base, restrictive capital structure, inadequate mix of financial products, poor 

investment decision making (without sufficient research on possible success and impacts on 

members), Lack of observance of basic principles of banking and financial management. Why is there 

still low financial intermediation in Ethiopia, particularly in rural areas? Main reason is that like in 

many other poor countries, the Ethiopian contexts also manifest structural problems of market failure 

and absence of markets as well as low attention to research and innovation to alleviate such problems 

Cooperative movement in Ethiopia in general and in Amhara in particular has shown a dramatic 

growth not only in number but also in membership size, capital and operational diversity. This mainly 

attributes to the efforts exerted by the government and other stakeholders. Cooperatives have been 

considered by the government as a potent instrument to lift the poor out of the realm of poverty and 

are much expected to contribute to the country‘s Growth and Transformation Plan. Cooperatives in 

Ethiopia in general and in Amhara in particular need to sustainably serve their members and meet 

what they are expected to contribute towards the country‘s national development. In effect, it is vital 

to monitor how these people‘s organizations are financially operating. Finance is a blood not only for 

corporate businesses but also for cooperative societies. Unless the financial position and financial 

performance of cooperatives are healthy, it may be a nightmare for cooperative societies to 

sufficiently serve their members and contribute to the national economic development. 

Therefore, to the knowledge of the researcher, there is dearth of studies on the marketing performance 

of rural cooperatives in agricultural inputs and outputs marketing in the study area. Hence the present 

study was unique and it makes an attempt to bring forth the performance of cooperatives, and 

challenges in agricultural inputs and outputs marketing in West Gojjam Zone, ANRS. 
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Figure 5. Conceptual framework of the study: sketched by the researcher  

 

 

MATERIALS AND METHODS 

Description of the Study Area 

West Gojjam is a Zone in the Amhara Region of Ethiopia. West Gojjam is named after the former 

province of Gojjam. West Gojjam is bordered on the south by the Abay River which separates it from 

the Oromia Region and Benishangul-Gumuz Region, on the west by AgewAwi, on the northwest 

by North Gondar, on the north by Lake Tana, and the Abay River which separates it from the South 

Gondar, and on the east by East Gojjam. Its highest point is Mount Amedamit. Based on the 2007 

Census conducted by the Central Statistical Agency of Ethiopia (CSA), this Zone has a total 

population of 2,106,596, of whom 1,058,272 are men and 1,048,324 women; with an area of 

13,311.94 square kilometers, West Gojjamhas a population density of 158.25. A total of 480,255 

households were counted in this Zone, which results in an average of 4.39 persons to a household, and 

466,491 housing units. The main source of economy for the zone is land which used majorly for crop 

and livestock production. The major crops grown in the zone are cereals, spices, pulses, vegetables 

and oil crops. The zone has been known for its high potential of maize, wheat, teff and pepper 

production for supplying the produce for domestic market consumption. Livestock is also reared by 

most of the households. Livestock production activity is one of the integral components of the 

farming system.  
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Sampling Design  

Generally, multistage sampling had been used for this study since it accommodates different 

techniques at a time. At the first stage, West Gojjam Zone is purposely selected for this study since it 

have more number of multipurpose cooperatives which working on agricultural inputs and outputs 

marketing services, and most of the farmers are getting their agricultural inputs and transacting their 

agricultural outputs from those of multipurpose cooperatives.  In the second stage also, purposive 

sampling technique used to come up with the six woredas in the zone which having relatively the 

maximum number of cooperatives. In the third stage, out of the total multipurpose cooperatives that 

comprised under the selected woredas, eighteen multipurpose cooperatives were selected via 

employing simple random sampling. Finally, a total of 180 cooperative members selected as a 

respondent mainly to collect primary data through employing systematic random sampling, i.e. 

circular systematic sampling technique, after taking a list of members from each multipurpose 

cooperative in each selected woreda (Table 1).  

 

Table 1.Distribution of sampled MPCSs and member household heads in each Woreda 

No. Purposely Selected 

Woredas’ 

Randomly Selected 

MPCSs 

HH Members Sampled HH 

Members 

MHHs FHHs Total MHHs FHHs Total 

1 YilmanaDiensa Adiet Hana 1799 170 1969 7 2 9 

Diensa Bata 2412 579 2991 10 10 20 

Enegdie 1001 178 1179 5 3 8 

2 DegaDamot ShewaFeresbiet 1553 279 1832 6 4 10 

Ta’emBirhan 829 221 1050 3 3 6 

SiwutMinyitim 612 189 801 3 3 6 

3 Jabitehnan Woynma 1575 183 1758 6 3 9 

Geray 1352 402 1754 5 7 12 

GanWuha 1371 212 1583 5 3 8 

4 Bahir Dar Zuria Meshenti 4807 247 5054 19 4 23 

Debre Genet 1810 150 1960 7 3 10 

FeresWoga 3450 398 3848 14 7 21 

5 Sekela KirasheFuafuatie 986 62 1048 4 1 5 

JemmaWonz 1513 53 1566 6 1 7 

Talia Wonz 981 114 1095 4 2 6 

6 North Achefer Ambessa 407 18 425 2 1 3 

Gasholla 479 35 514 2 1 3 

Chimba 1606 409 2015 7 7 14 

Total 28543 3899 32442 115 65 180 

Source: WCDPO and Own Computation (2014) 

 

Sources and Methods of Data Collection 

Data have been collected from both primary and secondary sources to answer the research question, 

and objectives of the study. Primary data were collected from primary sources such as from 

respondents through pre-tested individual interview schedule, key informant interviews and focus 

group discussions. Secondary data also collected from different sources such as baseline information 
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of the schemes, development plans (five-year strategic plans, annual plans), and annual reports of 

each selected Woreda, Unions, and ANRS  CPDA, Journals, CSA publications, etc.  

Methods of Data Analysis 

After completion of the data collection, entering the raw data in to SPSS version-22 computer aided 

statistical packages would be done for the analysis purpose. The collected data would be analyzed by 

using different quantitative statistical procedures and qualitative methods that help to address research 

objectives. Thus, descriptive statistical tools like frequency table, mean and standard deviation are 

extensively used to explain the household, economic and cooperatives characteristics of respondents, 

and other issues comprised the research objectives. Inferential statistical tools like chi-square and t-

test also used to testify the significance of results. The qualitative data partly analyzed on spot during 

data collection to avoid forgetting and to be able to identify the gaps to be covered through subsequent 

data collection.Ratio analysis by taking the three years financial data (20011/12, 2012/2013 and 

2013/14) like liquidity ratio, debt ratio and profitability ratio were intensively employed to capture the 

financial performance of the rural cooperatives. Additionally, pair wise ranking was employed to see 

the challenges of rural cooperatives on input and output marketing in the study area based on its 

degree of importance. 

RESULTS AND DISCUSSIONS  

Household Characteristics 

Households are important institutional units that for most development process including the 

development of cooperatives sector (Etenesh, 2001). Thus, discussing on the demographic features of 

respondents and the inferential results would have a vital role to see the extents of participations and 

perceptions among rural households in rural MPCSs performance. Similarly Kaba (2006), attempted 

to display the influencing power of demographic characteristics of the respondents in participation of 

different agricultural extension services including marketing services provided by cooperatives. 

Out of the total samples (180), 26.7% (48) were Active Participant Member (APM) who scored >0.5 

which is composed of 85.4% (41) and 14.6% (7) male and female headed households respectively, 

and the rest 73.3% (132) were Passive Participant Member (PPM) that scores less than 0.5 which is 

composed of 56.1% (74) and 43.9% (58) male and female headed households respectively. The mean 

age of the total sample respondents is 47.1 years with minimum and maximum age of 28 and 74 years 

respectively. The result of t-test indicated that there is a statistically significant difference (t= 1.66) 

between the mean age of APM and PMM at less than 10% significance level. The PPMs are more 

aged than APMs. The average family size of APMs and PPMs was found to be 6.2 and 5.81 

respectively. However, independent sample t-test indicated no significant mean differences between 

the two categories at 10% probability level. The educational level of sample respondents presented 

that 8.3% and 91.7% of APMs and 81.8% and 18.2% of PPMs are illiterate and literate respectively. 

The result showed that there is a significant mean difference ( = 82.341) between APMs and PPMs 

in terms of educational level at less than 1% significance level. 

According to the survey result, the mean years of membership of in MPCSs of APMs and PPMs are 

35.24 and 25.22 respectively. Hence there is a statistically mean significant difference (t= 1.77) at less 

than 10% probability level. Also there is a statistically mean significant difference (t= 1.89) at less 

than 10% probability level between APMs and PPMs in their years of farming experience with the 

mean value of 35.24 and 25.22 respectively. Additionally, the mean annual income of APMs and 

PPMs are 45,924.12 and 22,134.22 respectively. This result showed that there is a significant mean 
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difference (t= -11.123) between them at less than 1% significance level.Moreover, farmers with long 

experience in farming may have better and wide knowledge to perceive risks and constraints to 

effective transfer of new technologies (Legesse, 1992; Lapar and Pandey, 1999) as cited by 

(Muthyalu, 2013).  

Land is the primary source of livelihood for all rural households. The size of the land reflects 

ownership of an important farm asset. The larger farm size implies more resources and greater 

capacity to invest in farm and increased production. However, a noticeable gap exists in entitlement to 

this important resource between APMs and PPMs. The processes through which land was obtained 

and the size of the land differed from household to household (ANRS BoA, 2014).Nevertheless, 

almost all households had access to land even if the proportion of land acquired by PPMs were small 

in relation to APMs. According to the information obtained from FGDs, in the study area, households 

acquire farming land through transfer from government, inheritance and renting.  According to the 

survey result, the average means‘ land holding size of APMs and PPMs was 2.32 ha and 1.22 ha 

respectively.There is a statistically significant mean difference (t= -13.145) on land holding size 

between APMs and PPMs at less than 1% level of significance.Empirical studies carried out by 

Chilotet al. (1996), Bezabih (2000), and Techane (2002), describes that livestock are important source 

of cash income in rural areas, which are used for purchasing different types of packages. In addition, 

they stated that, farmers who owned a large number of livestock have the capacity to bear risks of 

using combination of packages. This probably leads to participate highly in agricultural extension 

services. Table 5 result clearly shows that, on average a household had 5.75 TLU (6.83 for APMs and 

4.66 for PPMs) with a standard deviation of 2.44 (2.36 for APMs and 2.52 for PPMs). The number of 

TLU owned by APMs was half times greater than PPMs. There was a significant mean deference (t=-

5.630) at less than 1% level of significance be. tween APMs and PPMs. The reason for the differences 

is socio-economic status of PPMs to own such important assets.Generally with related to household 

characteristics of sample households, the same result had been profound by Muthyalu (2013) on his 

survey result entitled the Performance of Multipurpose Cooperatives in Input and Out Agricultural 

Marketing in Adwa Woreda, Tigray Region, Ethiopia.  

Ratio Analysis 

Financial ratios have been widely used and testified to study the financial performances of 

cooperatives (Boyd et al., 2007, and Sobohet al., 2009). Nevertheless use of financial ratios to 

evaluate the performance of cooperatives is not an outcome of economic theory (Sexton and Iskow, 

1993). Agricultural marketing cooperatives are vertically integrated businesses, linking the production 

and marketing steps of the food marketing chain under the ownership of the agricultural producer.  

Liquidity is the ability of the society to meet current demands for loans, saving deposit withdrawals 

and to meet other necessary expenses (Biruk, 2015).Liquidity management which is measured by 

current ratio is commonly used in the agribusiness literature to assess the financial performance of 

cooperative firms (Barton et al., 1993; Kenkelet al., 2002; Richards and Manfredo, 2002; Boyd et al., 

2007). Liquidity ratios measure the short-term solvency of a firm. High liquidity reflects an ability to 

repay debts and is valuable for obtaining debt capital. It also reflects a management team‘s disposition 

for using its cash and other short-term assets efficiently. 

The satisfactory rate of current ratio that is accepted by most lenders as condition for granting or 

continuing commercial loan is 2.00(Kidane and Tamilarasu, 2014). With this yardstick when the 

reference years (2011/12, 2012/13 and 2013/14) are observed, all cooperatives in the six districts 

performed below the desirable standard (Table 2). In 2011/12 the average current ratio for the 
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eighteen selected cooperatives in the six districts was 1.209. The highest ratio was 1.975, which was 

scored by Meshenti and the lowest was 0.425, which was scored by Ta‘emBirhan. In 2012/13 the 

average current ratio was 1.189. The highest ratio was 1.945, which was scored by Meshenti and the 

lowest ratio was 0.585, which was scored Ta‘emBirhan. In 2013/14 the average current ratio was 

1.114. The highest ratio was 1.902, which was scored by Meshenti and the lowest ratio was 0.645, 

which was scored Ta‘emBirhan. In 2011/12 production year, three MPCSs couldn‘t liquidate since 

their ratios were less than 1. Where as in 2012/13 five MPCSs, and in 2013/14 nine MPCSs in general 

couldn‘t liquidate. This result shows that the performance of the cooperatives in their liquidity ratio 

have been continually decreased in the consecutive years of 2011/12, 2012/13 and 2013/14. This 

implies that their current liabilities are rising faster than their current assets. Though the cooperatives 

got credit from financial institution, in most cases the government being their collateral, the ability to 

get cash (credit) by their own to meet their short-term demand for money is endangered. Lenders may 

not be willing to extend short-term loan to these cooperatives i.e. lenders require current ratio to 

remain at or above 2.00 as a condition for granting loan. 

Generally, Biruk (2015) on his survey result conducted on the financial performances of Saving and 

Credit cooperatives in East and West Gojjam Zone declared that, the overall liquidity position in the 

study areas in the study periods is showing unhealthy condition.The same result had been profound by 

McKee (2008) on a survey sample of 58 North Dakota agricultural input supply and grain marketing 

cooperatives which experienced decreases in liquidity, as measured by the current ratio, between 2002 

and 2007. The current ratio for this group declined from 1.66 (e.g., 1.66 units of current assets to 1 

unit of current liabilities) in 2002 to 1.35 in 2005, then increasing to 1.43 in 2006.Similarly, Yuvaraj 

and Biruk (2013) reported that, the financial health on the liquidity position of Gohe cooperatives 

saving and credit union was unhealthy in condition.The union failed to satisfy the deposit withdrawal 

request due to the fact that the union has no liquid reserve funds to come across the request; 

deteriorating liquidity position provides members with unsafe place to deposit their money.Kidane 

and Tamilarasu (2014) also founded the same result with the aforementioned authors. However 

Dorsey and Boland (2009) reported that certain level of liquidity is essential to the operation of a 

business, but that excessive liquidity tends to reduce efficiency. Generally, Kehoe and Levine (2001) 

stated that research in the overall economics literature supports the idea of increased liquidity with 

decreased profitability. 
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Table 2. Distributions of MPCSs based on its financial ratios 

S.N MPCSs Financial Ratios 

Current Ratio (CR) Debt Ratio (DR) Return on Total Asset 

(RoTA) 

2011/12 2012/13 2013/14 2011/12 2012/13 2013/14 2011/12 2012/13 2013/14 

1 Adiet Hana 1.21 1.18 1.190 0.465 0.556 0.648 0.065 0.07 0.081 

2 Diensa Bata 1.887 1.875 1.776 0.587 0.589 0.610 0.05 0.07 0.101 

3 Enegdie 1.115 1.015 0.969 0.582 0.642 0.670 0.031 0.035 0.042 

4 ShewaFeresbiet 1.143 1.001 0.734 0.502 0.543 0.703 0.028 0.031 0.039 

5 Ta’emBirhan 0.425 0.585 0.645 0.986 0.875 0.718 0.025 0.029 0.039 

6 SiwutMinyitim 0.554 0.656 0.782 0.865 0.724 0.695 0.055 0.059 0.062 

7 Woynma 1.775 1.875 1.773 0.6 0.568 0.610 0.038 0.042 0.045 

8 Geray 1.245 1.315 1.259 0.675 0.598 0.642 0.032 0.04 0.046 

9 GanWuha 0.645 0.715 0.740 0.795 0.742 0.702 0.035 0.04 0.050 

10 Meshenti 1.975 1.945 1.902 0.564 0.597 0.604 0.061 0.065 0.073 

11 Debre Genet 1.125 1.012 0.907 0.587 0.634 0.678 0.0008 0.001 0.002 

12 FeresWoga 1.255 1.245 1.227 0.594 0.601 0.645 0.081 0.088 0.091 

13 KirasheFuafuatie 1.155 0.957 0.812 0.598 0.675 0.691 0.018 0.023 0.030 

14 JemmaWonz 1.545 1.455 1.307 0.421 0.578 0.638 0.064 0.065 0.079 

15 Talia Wonz 

1.011 0.875 0.670 0.411 0.576 0.714 

-

0.00007 

-

0.00004 

-

0.00002 

16 Ambessa 1.201 1.242 1.281 0.701 0.693 0.640 0.095 0.115 0.127 

17 Gasholla 1.255 1.232 0.938 0.415 0.475 0.674 0.02 0.025 0.032 

18 Chimba 1.245 1.225 1.132 0.595 0.612 0.653 0.1 0.125 0.147 

Average  1.209 1.189 1.114 0.608 0.627 0.663 0.044 0.051 0.060 

Source: Own computation (2015) 

All of the cooperatives in the sample districts used financial leverage (finances a portion of assets 

with debts). The MPCSs under investigation was financed more of their total asset with creditors‘ 

fund. In 2011/12 the average proportion of debt-asset ratio was 60.8% (Table 2). This implies that 

60.8% of the total asset of the cooperatives was financed with creditors‘ fund. In 2012/13 the average 

debt-asset ratio increased to 62.7%. Also in 2013/14, the average debt ratio reaches to 66.3%. Only 

Ta‘emBirhan and SiwutMinyitim MPCSs from DegaDamot woreda, Geray and GanWuha MPCs 

from Jabitehnan woreda, and Ambessa MPCSs from North Achefer woreda have shown slight 

decrease in debt-asset ratio in 2012/13 and 2013/14 as compared to their preceding year except Geray 

MPCSs which recorded slight increment in 2013/14 from previous year. When we observe the three 

years data of how the cooperatives were financed, creditors have supplied on overage more than 63% 

of the cooperatives finance. The smaller the proportion (in most cases <50%) of the total asset 

financed by the creditors, the smaller the risk that the firm unable to pay its debt (William et al., 

2003). Having higher proportion of asset financed by the creditors fund may lead the cooperatives to 

the risk of bankruptcy if the management seek to increase the debt any further by borrowing 

additional funds. According to the survey result reported byKidane and Tamilarasu (2014), Debt-to-

asset ratio was 92%, 90%, 89%, 90% and 91% from year 2008 to 2012 respectively, which fluctuates 

time to time. This illustrates the cooperative asset is financed by creditors fund during the study 

period. The average is 78%. 

The profitability ratios demonstrate how well the firm is making investment and financing decisions. 

According to William et al. (2003) firms need to earn return on their asset that enables them to pay 

the interest of the money they borrowed i.e. they need to have return on their asset which is equal or 

better than the interest rate of the money they borrowed. One can observe from Table 2, the 

profitability ratios of the cooperatives under investigation were so much low. When we look at the 

earning of the cooperatives under investigation in 2011/12, the highest was 9.5%, which was scored 
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by Ambessa MPCSs and the lowest was -0.00007%, which was scored by Talia Wonz. In 2012/13 the 

highest ratio was 12.5%, which was scored by Chimba and the lowest was -0.00004%, which was 

scored by Talia Wonz.  In 2013/14 the highest ratio was 14.7%, which was scored by Chimba and the 

lowest was -0.00002%, which was scored by Talia Wonz.  In 2011/12 the average profitability of the 

cooperatives under investigation was 4.4% and one of the cooperative was not profitable. In 2012/13 

the average ratio increased from 4.4% to 5.1% and also only one cooperative was not profitable. In 

2013/14 the average ratio increased from 5.1% to 6.0% and also only one cooperative was not 

profitable. The average profitability ratio for the consecutive three years was 5.2%.Even though there 

was a general improvement in profitability ratio on those three consecutive years, the cooperatives 

had less effective operation as the profitability ratio show combined effects of liquidity, asset 

management and financial management. Even they couldn‘t achieve the profitability ratio which is 

equal or better than the interest rate (7%) with which they borrowed money from the financial 

institutions. The plausible reasons for the difference in profitability among the cooperative lies on 

how effectively the cooperative management is generating profit on sales, total assets, money they 

borrowed and most importantly members‘ investment (share capital).Nevertheless, Profitability ratios 

can also be deceiving. Cooperatives are generally not profit motivated. They are more concerned 

toward serving member-owners. Therefore, low profit ratios can be misleading to the analyst, 

especially with some pooling cooperatives (Chesnick, 2000). 

Generally the result showed that even if the total asset sizes of the cooperatives are high, the 

proportions of returns over the total asset are low.Boyd et al. (2007) extensive literature review 

reported only one study that found a positive relationship between asset size and profitability.Because 

an increase in the amount of assets relative to equity (e.g., financing these assets with debt) which is 

an increase in the solvency ratio (assets over total equity) leads to a decrease in profitability (McKee, 

2008). 

Jemal, (2008) used ratios analysis to evaluate performances of cooperatives taking the two years 

financial data (2001/2 and 2002/3) in the study districts of Tigray. The liquidity analysis showed that 

the cooperatives under investigation were below the satisfactory rate (a current ratio of less than 2.00) 

for two consecutive years. All of the cooperatives under investigation in the two districts use financial 

leverage (financed more of their total asset with creditor‘s fund that is on average 89.35 per cent of 

the assets of the cooperatives was financed with creditors fund in the two years). The profitability 

ratio of the cooperatives under investigation in the two districts showed that the profitability of the 

cooperatives was weak. All the cooperatives earn return on their asset below the interest rate the 

financial institution extend credit. The debt ratio shows the financial risk thatis as debt becomes an 

increasing percentage of the cooperatives‘ financing source, the cooperatives face inability to meet 

debt obligations.  

Functional and Organizational Performances 

Cooperatives‘ functional and organizational performances refer to the ability of cooperatives in 

accomplishing their planned activities within specified time and required budget allocated. The 

functional performance of cooperatives in input and output marketing, credit service provision, capital 

accumulation, membership number, and profit and loss using simple percentage analysis were 

evaluated based on the data available at the woreda cooperative promotion and development offices, 

the union and each sample multi-purpose cooperative societies. Majority of peoples in the study area 

are engaged in agricultural activities which is dominantly the major means of earning income for 

consumption of goods and services. Moreover, sample respondents that were interviewed for the 

purpose of this study were fully engaged and fully allotted their ability of innovativeness, time, money 
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and energy on the agricultural related activities for their livelihood. Therefore, for greater production 

and productivity in organic fertilizer and improved seeds as well as agro chemicals were played a 

great role as we can crosschecked from the past experience of agrarians in our locality. 

 

According to the survey result, the mean amount of input distributed by the sample MPCSs in three 

consecutive years was 8218.33 Quintal fertilizer (DAP, UREA), 489.9333 Quintal improved seed, and 

24.5 Litre agro chemicals. Additionally, the mean amount of credit delivered was 848435.5 Birr, 

which of 209357.975 Birr was repaid. Hence, the mean repayment performance of the sampled 

cooperatives was 24.67%. According to the information obtained from FGDs and key informant 

interviews, the supply of seed is much below the required even less than that of fertilizer. Therefore 

all stakeholders need to come together to solve these shortage. In addition to solving the shortage 

problems, the current high seed prices and uneven distribution could be solved through the 

engagement of the cooperative sector in seed marketing, as they (cooperatives) already showed their 

ability to stabilize market in fertilizer marketing. 

The mean amounts of outputs merchandized by the sampled cooperatives in those three consecutive 

years for major crops (Maize, Teff, Wheat and Oil crops) were 276.3Quintal, 61.36 Quintal, and 93.7 

Quintal respectively. The general trend in output marketing shows promising future. Although the 

sampled cooperatives are far from meeting its yearly plan the actual marketed grain has been 

increasing from time to time. But as compared to the total agricultural production in the zone, the role 

of rural cooperatives in output marketing is very low since they marketed only less than 1% of the 

total agricultural production of the zone. 

Extent of Participation  

Members‘ extent of participation refers to the tendency of the members to actively associate in 

planning, executing and monitoring and evaluation of activities related to cooperatives. Participation 

Index (PI) is the yardstick or standard to measure the extent of the participation of members in various 

activities related to cooperatives. In order to measure extent of participation in cooperative 

undertaking, the researcher would identify the most important indicators of participation.  

Table 3.Distributions of respondents based on their involvement in major activities 

S.N Descriptions of Participation Members’ HH Category Total Sample 

APM PPM 

Yes No Yes No Yes No 

n % n % n % n % n  % n  % 

1 Attending Annual Meeting 48 100 0 0 65 49.25 67 50.75 113 62.8 67 37.2 

2 Approving the By-law 35 72.9 13 27.1 5 3.8 127 96.2 40 22.2 140 77.8 

3 Annual Plan and Budget 48 100 0 0 48 36.4 84 63.6 96 53.3 84 46.7 

4 Audit Report 48 100 0 0 48 36.4 84 63.6 96 53.3 84 46.7 

5 Determining Share Values 35 72.9 13 27.1 5 3.8 127 96.2 40 22.2 140 77.8 

6 Sharing Responsibilities 48 100 0 0 48 36.4 84 63.6 96 53.3 84 46.7 

7 Evaluating and Approving 

Executed Activities Report 

 

47 

 

97.9 

 

1 

 

2.1 

 

48 

 

36.4 

 

84 

 

63.6 95 52.8 85 47.2 

8 Members Willingness to Exercise 

Their Democratic Rights 

48 100 0 0 48 36.4 84 63.6 

96 53.3 84 46.7 

9 Buying and Selling of Agricultural 

Inputs and Outputs 

48 100 0 0 65 49.2 67 50.8 

113 62.8 67 37.2 

10 Using Available Loan 48 100 0 0 65 49.2 67 50.8 113 62.8 67 37.2 

11 Using the Services Rendered 48 100 0 0 65 49.2 67 50.8 113 62.8 67 37.2 

12 Buying Additional Share Capital 10 20.8 38 79.1 0 0 132 100 10 5.6 170 94.4 

Source: Own computation (2015 
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Accordingly, the researcher would select the following indicators: Attending annual meeting, 

approving the by-law/amendment, annual plan and budget, audit report, determining share values, 

sharing responsibilities, evaluating and approving executed activities report to measure members‘ 

involvement,  members‘ willingness to exercise their democratic rights; and buying and selling 

(Input/output), using available loan, using the services rendered, and buying additional share capital to 

measure members‘ economic participation. This information would be collected from the sample 

households through pre tested personal interview schedule. The qualitative nature of the indicators 

would also measure by scoring which organized to develop participation index, simply adding the 

scorings and divide to the total possible maximum score in order to identify whether the member is 

participating actively or not. Depending on the index result of each respondent, the respondents would 

be categorized into two groups: passive and active members. The respondents who scored 0.5 and 

above values could be grouped as actively participating members (APMs), while the others who 

scored below 0.5 values grouped as passive participant members (PPMs). 

Hence, based on the survey result, 26.7% (48) of respondents grouped under APMs while the 

remaining 132 respondents (73.3%) were PPMs. Additionally there was an assessment made so far to 

see their extent of involvement in majorly identified cooperatives activities (Table 4).  On average, 

APMs were participated in 88.72% of the major activities performed in the cooperatives, whereas 

PPMs were participated only in 32.2% of the major activities. Thus, the extents of farmers‘ 

participation in rural cooperatives were too low. This showed that most of the farmers were registered 

in rural cooperatives for the sake of getting agricultural inputs only. 

  

Table 4. Distributions of respondents based on their perception on the current performance of MPCSs 

Descriptions of 

Current Performance 

Members’ HH Category Total Sample 

APM PPM 

n % n % n % 

Good 3 6.25 0 0 3 1.7 

Not Good 45 93.75 132 100 177 98.3 

Source: Own computation (2015) 

Most of the sample farmers (98.3%) feel that the cooperative didn‘t solve their major common 

problems currently (Table 4). These farmers were asked to rank their major common problems and 

the farmers raised the limited capacity of board of directors, price increment of agricultural inputs, 

high cost of production and shortage of supply of household consumable items such as salt, soap, 

cloths etc. as their major common problem to be solved by the cooperatives. Some of the sample 

farmers mentioned that they sell their farm produces in the district markets in search for these items 

there.  The farmers also raised credit in cash and inadequate supply of other farm inputs (pesticide, 

herbicide and improved seed) as their major common problem.  

 

Table 5. Distributions of respondents based on their perception on the future performance of MPCSs 

Descriptions of 

Future Performance 

Members’ HH Category Total Sample 

APM PPM 

n % n % n % 

Good 12 25 54 40.9 66 36.7 

Not Good 36 75 78 59.1 114 63.3 

x
2
 

Source: Own computation (2015) 



70 
 

Although more than half of the sample farmers (63.3%) believed that the cooperatives will not enable 

themto overcome their major common problems in the future whereas 36.7% of the sample farmers 

don‘t think so (Table 5). Out of these pessimist farmers, limited capacity of board of directors, poor 

participation of members, inadequate starting capital, and lack of transparency and accountability 

were the major reasons for not the cooperative enable them to overcome their major common 

problems for the future.  

 

 Opportunities and Challenges of MPCSs in Input and Output Marketing 

Opportunities of MPCSs in input and output marketing 

Cooperatives are now a day‘s play important roles in agricultural activities and saving and credit 

functions. Hence, based on the results of FGDs, key informant interviews and different literatures, the 

following general opportunities were identified in the study area. 

 Government support was increasing time to time through crating market linkages and 

coordinating different organizations to strengthen the cooperative movement. World Food 

Organization is becoming one of the key stakeholders in strengthening the cooperatives 

institutions in the study area. 

 Policies and legislations proclaimed by government also a great opportunity to future 

development of cooperatives in Ethiopia, as those legislations lead the way how cooperatives 

perform their functions and further expand their functions with their institutional 

development. 

 The market economic system that the new government brought as the main transformation in 

the privatization policy also play a great opportunity now a days and for the future as it pays 

the way to improve the  cooperatives function and competitive in the business environment. 

 The Ethiopian Cooperative Development Program (CDP) works with farm cooperatives 

members to improve productivity and competitiveness of key agricultural sector to improve 

farmers‘ income and insure great food security in the region. Activities include farmer 

training and coaching on technical assistance and strategic management. 

 In the five years Growth and Transformation Plan (GTP) cooperatives believed by 

government to market input and output of the farmers. The five year program will also 

establish a cooperative learning and information center (CLIC) to ensure that Ethiopian 

cooperatives continue to benefit from distance learning and sharing of best practices and 

materials. 

 The cooperative promotion bureaus starting from kebele administration to the federal 

ministers also a great opportunity for cooperatives to grow as fast as possible with an 

improved technical assistance, audit service and supervision and control activities. 

 Cooperatives have tax free privileges in their business activity that strengths the financial 

performance of organizations to provide additional services to members with fair price than 

that of private traders.   

 Providing training for members and management committees, loan opportunity and 

development of infrastructure were the other opportunities that play an important role for 

future growth and development of cooperatives. 

This indicates the members and employees as well as other stakeholders believe that the cooperative 

will successfully supply the agricultural inputs required for the farmer members and collects 

agricultural outputs in the future better than today. 
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Challenges of MPCSs in input and output marketing 

Physical and financial properties, the systems and procedures, management committee, general 

assembly and cooperatives‘ employees constitute the internal or organizational part of cooperatives. 

Therefore, Poor Participation of Members, Limitation in Exercising Rights, Lack of Transparency and 

Accountability, Lack of Equal Opportunity for passing Decision, Failure to Notify Annual Meeting, 

Lack of Knowing of Rights and Responsibilities were used as indicators to measure the internal or 

organizational problems of cooperatives (Biruk, 2015). Hence, an assessment was made to identify 

the major internal challenges of the cooperatives with their degree of importance by using pair wise 

ranking (PWR) method (Table 7).  

Table 6. Distributions of internal challenges based on its proportions 

S.N Descriptions of Challenges Total Count Rank Remark 

1 Poor management and Corruption as a Result of 

Limited Capacity of Board of Directors 1080 

1  

2 Poor Participation of Members 900 2  

3 Inadequate Starting Capital 720 3  

4 Lack of Transparency and Accountability 540 4  

5 Lack and Limitations of Knowing  and Exercising 

Rights and Responsibilities  360 

5  

6 Lack of Equal Opportunity for Passing Decision  100 6  

7 Failure to Notify Annual meeting 80 7  

Source: Own computation (2015) 

As described by Tsegay, (2008) the system of cooperatives is suffering by many problems like poor 

management and corruption as a result ofLimited Capacity of Board of Directors andPoor 

Participation of Members. Furthermore, despite of its inherent characteristics of cooperative, it is true 

that different social, cultural, economic and political scenarios determine their success and failure. 

Mostly the potential of cooperatives and the extent of their development have in many cases failed 

due to low standard of performance and bad management. 

Out of the total (180) respondent; all of them were selected Poor management and Corruption as a 

Result of Limited Capacity of Board of Directorsas the prime internal challenges for the cooperatives 

not to be successful which have a total count of 1080. Additionally, Poor Participation of Members‘, 

inadequate starting capital, lack of transparency and accountability, Lack and Limitations of Knowing  

and Exercising Rights and Responsibilities, Lack of Equal Opportunity for Passing Decision, and 

Failure to Notify Annual meeting  were also the internal challenges identified by the respondents 

which having a total count of 900, 720, 540, 360, 100 and 80 respectively that preferred by 83.33%, 

66.66%, 50%, 33.33%, 9.26%, and 7.41% of the respondents (Table 7). 

External challenges were important problems that retarded the growth of cooperative and which are 

out of the control of the organization. Cooperative societies are working in areas where government 

and non-governmental as well as private enterprises are operated that might have a suppressive effect 

on cooperatives healthy functioning (Biruk, 2015). In line with this statement, an assessment was 

made to identify the common external challenges faced by the rural cooperatives in the study area 

(Table 8).  
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Table 7 Distributions of internal challenges based on its proportions 

S.N Descriptions of Challenges Total Count Rank Remark 

1 Price Increment on Agricultural Inputs 720 1  

2 High Cost of production 540 2  

3 Low Price of Agricultural Products 360 3  

4 High Influence of Vested Interest 120 4  

5 Existence of Other Competitors 60 5  

Source: Own computation (2015) 

Based on the result from the above table 7, Price Increment on Agricultural Inputs, High Cost of 

production, Low Price of Agricultural Products, High Influence of Vested Interest, and Existence of 

Other Competitors constitute the major external challenges based on their degree of importance which 

have a total count of  720, 540, 360, 120, and 60 respectively. According to Muthyalu (2013), Activity 

of the cooperative societies as poor communication between members and managements, poor 

auditing service, limited capacity of BoD, high price of agricultural inputs lack of trained or 

professional manpower, inadequate initial capital, lack of access to agricultural produce with best 

price, lack of information on market to produce market oriented product , poor storage and 

transportation facility , high influence of vested interest, Poor participation of members in decision 

making, Lack of Transparency and accountability, and Poor Linkage with Financial institution are the 

most important constraints of the MPCSs in sequential order. 

Similarly Bantyergu (2014) reported the major challenges of rural cooperatives as; Lack of adequate 

amount of credit, Competition from private traders, untimely release of credit, Tendency to invest on 

union instead of investing at primaries, Lack of trust of the union on the primaries, Lack of adequate 

Follow up and support from government, Infrastructural problems, Embezzlement of funds in the 

primary cooperatives, and Lack trained man power at the primary cooperatives level 

The rural financial services faces many challenges in study areas during the study periods, however, 

they strive to provide financial intermediation by resisting these problems. Low population density of 

the rural members creates high transactions costs; limited technological advancement; poor 

infrastructure; lack of education and training to committees; short of professionals, difficulties in 

assessing the creditworthiness of a member and the limited possibility to ask for collateral add to the 

high transaction costs. Governance problems primary cooperatives are managed by elected committee 

members this is the very challenge that primary RUSACCOs encountered those who have no 

sufficient education and prioritize their personal work and lack of sufficient assistance from Zonal and 

Woreda level government employees or promotion officers. Lack of sincere attention from 

government unlike other sectors, (education, agriculture, health and others), employees those who 

have been assigned as Woreda and Zonal cooperatives promotion officers are those who have poor 

performance and pended from other sectors; who have no the skills and knowledge of even 

international cooperatives principles and values; there is also high turnover and government did not 

encourage or support formation of Cooperatives Federation and League (Biruk, 2015). 

 

CONCLUSIONS AND RECOMMENDATIONS  

As the results of this study revealed, the liquidity ratio (current ratio) of the cooperatives in the study 

area is below the desirable rate. The cooperatives‘ current asset base is its members i.e. cooperatives 

should make the members contribute certain amount of money as additional share capital (Chukwu, 

1990). And this money, which is contributed as additional share capital, will improve the cooperatives 
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liquidity position. In the meantime, the contribution also improves the operating/working capital of 

the cooperatives rather than depending on external sources.It was found that the debt ratio shows the 

financial risk i.e. as debt becomes an increasing percentage of the cooperatives‘ financing source, the 

cooperatives face inability to meet debt obligations. This ratio showed that the cooperatives have 

shortage of their own capital to meet their objective of rural development so the government should 

be their source of capital until they strengthen and this is common in most developing countries 

(Chukwu, 1990; Taimni, 2000) as the government is the major initiator of cooperatives.  

The profitability ratio measures how effectively the cooperatives‘ management is generating profits 

on sales, total assets, money they borrowed and members‘ investment (share capital). The 

cooperatives in the study area perform below the desirable rate i.e. even their profitability ratio 

couldn‘t reach bank interest rate with which they borrowed money from financial institution. 

Increasing the qualified manpower in the field, upgrading the management capacity of the 

cooperatives‘ management body (board of directors and other employed workers) through education 

and trainings, improving the financial capacity of the cooperatives and the participation of the farmers 

in the cooperative are among the possible solutions. 

Farmers‘ usage of the cooperative as marketing agent for farm produces increase if the cooperative 

provide them with different services such as grain mill service, consumable goods and service etc. and 

other benefits. Hence, provision of different services and benefits indispensable means in increasing 

the participation of the farmers in marketing their farm produces through the cooperatives.  Farmers 

sell their products for other marketing agents in their area. They also travel long distance to main 

market (district market) in search for better price. The cooperatives need to charge competitive price 

for the farmers‘ products so as to be a marketing agent. 

One of the aims of establishing cooperatives in the rural area is to increase the efficiency of marketing 

system. For this to be so, first the farmer has to get good yield i.e. produce surplus. The cooperatives 

are performing a significant role in increasing the productivity of the farmers by supplying farm 

inputs especially improved seed and fertilizer in credit. Other development partners should also give 

due emphasis with regard to this issue. Appropriate and effective extension services should be 

continued in the area in order to enhance the productivity of the farmer. The other issue to be 

concerned is the specialization of the farmer. As the cooperatives in the study area encourage and 

purchase maize, wheat, teff, farmers should be encouraged to produce this item. According to Klien et 

al. (1997) with specialization comes an increased polarization of the demands on cooperatives. 

The study result indicated that all of respondents were suggesting that there must be fair price for 

agricultural inputs. Cooperative societies have to decrease the margins that the cooperative societies 

were collect from members as well. The fair price for agricultural input encourages farmers to use the 

recommended amount of inputs for their production purpose and this will lead to farmers to success of 

maximum production. Supplying the agricultural inputs on time has to be crucially performed because 

of the seasonality (rain fall dependent) nature of farming system in the study area. 

Maximizing agricultural output price is one of the important decisions to maximize the farmers‘ 

earnings and standard of living. If cooperatives are capable and competent to capture members market 

by offering fair prices, the access of alternative market opportunities would never be so crucial issue 

to cooperatives. 

As the study revealed that all of the respondents were suggested that the importance of maximizing 

the amount of agricultural inputs were an important function the cooperative societies have to apply 
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for their farmer members‘ wellbeing and increment of competitiveness in the market economic 

system. On time lading of agricultural products must be applied for getting a good market for the 

products as well as to control pests that damage most of agricultural produces.  

One of the fascinating features of agricultural cooperatives in the study districts is their distribution of 

fertilizer in credit for the farmers with some prepayment. The credit is extended with bank interest 

rate (7%) and paid in installment. Farmers pay this credit in the harvesting seasons i.e. starting from 

December. Fertilizer is distributed to the farmers staring mid-May. As it is known, this time is a 

critical time for most farmers i.e. they are in short of money to pay for the amount of fertilizer they 

need. Had the cooperatives not extended credit for fertilizer, the only options for most farmers would 

have been either to sell their assets or lend from other micro finance institutions or local money 

lenders with a higher interest rate. Hence, this function of cooperatives in the study area should be 

strengthened and continued. 

Above all, changing the attitudes of the farmers towards their cooperatives is a crucial factor in 

improving the performances of the cooperatives in the study area. Most of the sample farmers need 

only immediate economic advantages from the cooperatives i.e. getting fertilizer in credit. They don‘t 

pay attention to the sum total of the different advantages they can get in the long-run if they actively 

participate and strengthened their cooperatives. The concerned bodies should create awareness about a 

cooperative and the agricultural development it can bring to the area in the long-run. Continuous 

education and enlightenment of the farmers will have a positive impact on their attitudes towards the 

cooperatives. 
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Abstract 

A study was conducted in 2013 at Yigossa watershed, Northwestern Ethiopia to study the morphological and 

physicochemical characteristics and classify soils using FAO/WRB criteria. Four soil profiles, at slope classes 

of 0-2, 2-5, 5-8 and 8-15% were described in-situ using FAO/WRB guideline. Soil samples were collected from 

pedogenic horizons and analyzed for soil color, bulk density, texture, structure, pH, organic carbon (OC), total 

nitrogen (TN), available phosphorus (AvP), cation exchange capacity (CEC), exchangeable bases (Ca2+, Mg2+, 

K+ and Na+) and percent base saturation (PBS). FAO/WRB soil classification legend was used to classify the 

soils. Geographical Information System (GIS) software was employed to produce slope and soil maps of the 

watershed.Results of the study indicated that Yigossa soil profile No. 4 and No. 2 (i.e., YSP-4 and YSP-2) were 

very shallow (< 30 cm) and moderately shallow (50-100 cm), respectively; whereas profile No. 1 and No. 3 (i.e., 

YSP-1 and YSP-3) were very deep (> 200 cm). Surface soil color was 5YR4/3 for YSP-1 and 2.5YR3/3 for 

YSP-2 and it was 10YR4/2 and 10YR 2/1 for YSP-3 and YSP-4, respectively. All profiles, except YSP-4, were 

clay in texture. Highest and lowest bulk density values of 1.48 g cm-3 in YSP-3, and 0.7 g cm-3 in YSP-1 and 

YSP-4 were recorded. Highest OC (2.3%) and TN (0.2%) were registered at the surface of YSP-3. Highest CEC 

(36.2 cmolc kg-1) and PBS (83%) were recorded from subsurface horizons of YSP-3. Generally, YSP-1, YSP-2, 

YSP-3 and YSP-4 were identified as Nitisols, Luvisols, Gleysols and Regosols at 2-5, 5-8, 0-2 and 8-15% slope 

classes, respectively. 

Keywords: Soil analysis, soil classification, soil profile, slope, Yigossa watershed 
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INTRODUCTION 

Background and Justification 

Ethiopia is believed to have a considerable land resource for agriculture. About 73.6 million ha (66%) 

of the country‘s land area is estimated to be potentially suitable for agricultural production (Fasil 

Kebede, 2002). Agriculture has proven potential to increase food supplies faster than the growth of 

the population (Davidson, 1992).However, the country has remained unable to feed its people for 

many years due to archaic agricultural practices and climate variability. Agriculture is the mainstay of 

the national economy where agricultural production has been highly dependent on natural resources 

for centuries (Akililu Amsalu and Graaff, 2007). Thus, increased human population coupled with 

agricultural land expansion has degraded natural resources in the country and became a threat to 

sustainable agriculture (GeteZeleke and Hurni, 2001). 

Soil degradation is one of the challenges faced in Ethiopia not only of increasing crop productivity on 

sustainable basis but also maintaining soil resource for the future generation. In addition, the capacity 

of a soil to produce is limited by its intrinsic characteristics, agro-ecological settings, use and 

management. The country‘s soil cover occupied by highly weathered soils is 21%. Hence, it is 

essential to understand their nature and characteristics to preserve soils for future generations and for 

their most efficient use (FAO, 1998).  

Soil is a vital natural resource of a country on which the socio-economic development of its people 

depends. Thus soils are getting more and more attention due to rapidly declining land area for 

agriculture, declining soil fertility, increasing soil degradation, defective land use policy and irrational 

and imbalanced use of inputs. Successful agriculture to meet the increasing demands of the ever 

increasing population requires the sustainable use of soil because soil is an important non-renewable 

land resource determining the agricultural potential of an area. Thus, the nonrenewable resource like 

soil should be managed in a sustainable manner to increase per capita food production and meet the 

needs of development are brought without diminishing the potential for their future use (Kanwar, 

2004).  

Statement of the Problem 

Soils of the Amhara Region were studied by DSA and SCI (2006) at 1:250,000 scale and identified 15 

soil types. These included Leptosols (74222.38 km
2 

or 52.26%), Vertisols (26738.29 km
2
 or 18.83%), 

Cambisols (13244.82 km
2
 or 9.32%), Luvisols (8277.61 km

2
 or 5.81%), Alisols (7484.62 km

2
 or 

5.27%), Fluvisols (3778.13 km
2 
or 2.45%), Regosols (1483.59 km

2
 or 1.04%), Calcisols (1358.74 km

2
 

or 0.96%), Andosols (903.3 km
2
 or 0.64%), Arenosols (789.04 km

2
 or 0.62%), Acrisols (554. 49 km

2
 

or 0.4%), Gleysols (526.06 km
2
 or 0.36%), Solonetz (138.4 km

2
 or 0.1%), Phaeozems (90.55 km

2
 or 

0.06%) and Nitisols (1433.76 km
2
 or 0.01%). The digital soil map is; however, not inclusive enough 

to provide spatially and thematically accurate and functional soil databases and information for land 

planners, users and policy makers and draw development planning at watershed level. Consequently, 

the current soil maps have limited use in management interventions for crop production. 

Therefore, today‘s unwise use of croplands in the region in general and the study watershed in 

particular caused severe degradation due to soil erosion and nutrient depletion.The net soil loss from 

erosion ranged from 20 to 100 t/ha per year, with an annual productivity loss on cropland of 0.1% to 

2% of total production for the country (Hurni, 1993). As a result, it calls soil survey studies including 

classification, characterizing and evaluating soils, mapping and then interpreting soils for making 

recommendations about their suitability for desired land use (Soil Survey Staff, 2006). There has been 
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an increasing need for obtaining site specific soil information in recent years for maximizing crop 

production. Han et al. (1996) reported that using soil maps could be helpful for site specific soil and 

crop land management practices. 

One of the strategies for achieving food security and sustainable environment management is by 

studying the soil resources through soil classification and their evaluation for crop suitability (Esu, 

2004). However, detailed soil spatial information is lacking to take up proper planning in the study 

watershed. Hence, it was necessary to classify, characterize and evaluate the soil for crop production. 

Classification and characterization of soils helps in generating soil data which are ultimately useful in 

sustained use of soil resource for crop production.  

Crop production plays a vital role in generating surplus capital to speed up the overall socio-economic 

conditions of the farmers. The potential of the land for crop production to sustainably satisfy the ever-

increasing food demand of the ever increasing population is declining as the result of severe soil 

degradation (Lal, 1994). To meet the increasing demand for food, farmers have to produce more. 

However, under present situation, where land is a limiting factor, it is impractical to bring more area 

under cultivation to satisfy the ever growing food demand (Fischer et al., 2002).  In order to 

sustainably use and manage soil resources and increase crop productivity, thus there was a need to 

study the genesis of soils and interaction of soils, climate and crops through land suitability 

evaluation. 

Understanding of soil properties and their distribution over an area has proved useful for the 

development of soil management plan for efficient utilization of limited land resources. Moreover, it 

is very important for agro-technology transfer (Buole et al., 2003). The proper understanding of the 

nature and properties of the soils and their management based on their potentials and constraints is 

crucial for optimization of crop production to the potential limits (Abayneh Esayas and Berhanu 

Deborah, 2006). However, soil classification, characterization and its crop suitability evaluation of the 

study watershed was not well done. 

Objective of the Study 

Main objective 

 To spatially classify, characterize and evaluate soils for selected crop production of Yigossa 

watershed in Dera district 

Specific objectives 

 To classify soils of Yigossa watershed; 

 To characterize soils of the study watershed; 

 To make crop specific land suitability classification of the study watershed  

MATERIALS AND METHODS 

Description of the Study Watershed 

Location and topography 

Yigossa watershed, the study watershed is located in Dera district, South Gondar Administrative 

Zone, Amhara Region at about 597 km far from Addis Ababa, capital city of Ethiopia. Its 

geographical extent ranges from 11
0
46'24.5" north - 11

0
48'40.8" north latitude and 37

0
30'40.3" east - 

37
0
34'15.6" east longitude and has altitudes ranging from 1802 to 1970 m.a.s.l. (Figure 3.1). Its area is 

about 1092.68 ha of land including Metsele, Zhara and Wenchite kebeles. As shown in Figure 3.2 and 
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Table 3.1 the study watershed is dominated by a land with 2-5% slope covering an area of 630.86 ha 

(57.73%). The foot slope bordering Lake Tana covers the plain areas. 

 
Figure 3.1: Location map of the study watershed 

 
Figure 3.2: Slope map of the study watershed 

 

Table 3.1: Slope of the study watershed 

Slope (%)     Area (ha) Area (%) 

0-2  125.55  11.49  

2-5  630.86  57.73 

5-8  256.95  23.52 

8-15  79.34  7.26 

Total 
1092.68 

100 

Source:  EMA, 2012 
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Climate and altitude 

The agro-climatic resource of the Amhara Region is available at scale of 1:250,000 developed from 

long term year records (1994-2003) of annual rainfall and temperature data collected from Bahir Dar 

Branch Metrological Station. Accordingly, annual mean minimum and maximum temperature of the 

study watershed are 17.5
o
c and 20

o
c, respectively whereas the average annual rainfall ranges from 

about 1200 mm-1500 mm (DSA and SCI, 2006). Based on the traditional classification of agro-

climatic zones of Ethiopia, the climate of the study watershed is moist tepid. The altitude of the study 

watershed ranges from 1802 to 1970 m.a.s.l. (Figure 3.3). 

 
Figure 3.3: Altitude map of the study watershed 

 

Geology and soil 

The geological formation of the study watershed generally belongs to the basaltic Tapp Series of the 

Tertiary volcanic eruptions in general and Gunna mountain shield volcano in specific. The volcano 

corresponds to the eruptive events that occurred during the early Miocene to Pliocene period and 

classified in the shield group basalt (BCEOM, 1999; Kieffer et al., 2004). The common litho type for 

this material is basalt with large amount of interbedded lava, volcanic ash and other acidic rocks such 

as rhyolite and trachyte. 

Geology, climate and vegetation have been the major soil forming processes active within the study 

watershed. The dominant major soil type of the study watershed was Luvisols at scale of 1:250,000. 

Its soil texture and soil depth were clay and greater than 150 cm deep (DSA and SCI, 2006). 

2.1.4 Land use and/or cover 

Generally, the study watershed is under intensive crop cultivation (776.9 ha, 71.1%). The intensively 

cultivated areas are generally gentle sloping areas and where as moderately cultivated areas are 

covered with strongly sloping. Crops such as teff (Eragrostis tef), maize (Zea mays), finger millet 

(Eleusine coracana) and rice(Oryza sativa) are the major ones. The forest land allotted the least share 

(1.9%). This indicated the natural vegetation has almost been completely cleared. However, the 

dominate trees and shrubs such as eucalyptus spp, juniperus spp, acacia spp, bissana (Croton 
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macrostachys),warka (Ficus vasta) and others as a homestead plantation are the most common 

species in the study watershed. Land use and/or cover of the study watershed is shown in Figure 3.4 

and summarized in Table 3.2. 

 

 
Figure 3.4: Land use and/or cover map of the study watershed 

 

Table 3.2:  Major land use and/or cover of the study watershed 

Source:  EMA, 2012 

 

Materials 

The materials used were hand GPS (Garmin 760 and ±6 m accuracy), core sampler, soil auger, 

geological hammer, shovel, digging hoe, tape meter, sample bags, Munsell soil color bookand digital 

camera. A range of originally collected and derived data (DEM, slope map, agro-climatic map and 

soil map at scale of 1:250,000) were also used. 

 

 

 

 

Land cover/use Area (ha)  Area (%)  

Built up area 149.45  13.68  

Cultivated land 776.9 71.1  

Grass land 90.84  8.31  

Forest land 20.75  1.9  

Shrub and bush land 32.04  2.93  

Seasonal wetland 22.68  2.08  

Total 1092.68 100%  
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Methods of the Study 

Soil classification 

Soil profiles were opened and vertically and horizontally described to classify major soil types of the 

study watershed in April and May 2013. To do this, the study watershed was first stratified into four 

slope classes as there is strong relation between slope and soil types and their characteristics (FAO, 

1998). The slope classes were 0-2% (foot slope), 2-5% (gentle sloping), 5-8% (sloping) and 8-15% 

(strongly sloping). Slopes were extracted from DEM having 30*30 m resolution with the help of GIS. 

Based on soil color, texture and slope, major soil types and their boundaries were identified and 

delineated in the field by augering through intensive traversing and purposive soil survey method. In 

addition, soil depth from road cut, gullies and river cuts were considered while delineation.  

A soil profile sampling point was then selected in each major soil type. A soil profile having a volume 

of length (2 m)*width (1 m)*depth (2 m) unless limited or impracticable due to stoniness was opened 

and described for soil morphological and physicochemical characteristics in each major soil type.  

For soil classification purpose, a total of 8 undisturbed and 19 disturbed soil samples were collected 

from genetic horizons (Figure 3.5) of profile and sent to Bahir Dar, Amhara Design and Supervision 

Works Enterprise (ADSWE) soil laboratory for analysis following the standard procedures.Site 

observation and in-situ profile description were carried out following FAO (2006) guideline. In 

addition, soil profiles were carefully studied wherever road cut, gullies and river cuts have been 

found.  

 
Figure 3.5: Soil profile locations along soil types 

Spatial soil classification was made at scale of 1:25,000 based on the information obtained from field 

soil profile morphological description and laboratory analysis result following FAO/WRB (1998) 

legend. 
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Soil analysis 

All laboratory analyses were done following standard procedures. Accordingly, soil samples collected 

from surface and horizon of the soil profiles were air dried and ground to pass through 2 mm sieve for 

all the soil parameters except for TN and OC passed through 0.5 mm sieve to remove the coarser 

materials. Soil bulk density was determined by method as described in Black (1965) where first 

undisturbed soil samples taken from soil horizons by core sampler of known volume (height 5 cm and 

diameter 7.2 cm) weighed at field moisture condition. Then the soil samples were oven dried at 105
0
c 

for 72 hours until constant weight was obtained and the oven dried sample was weighed again.  

Finally, bulk density of the soil samples were computed by dividing the weight of oven dried soil 

samples to the volume of the sampler. Soil texture was determined by the hydrometer method as 

described in Bouyoucos (1962) where hydrogen peroxide was used to destroy OM and using sodium 

hexa-metaphosphate as dispersing agent. Then, hydrometer readings after 40 seconds and 2 hours 

were used to determine the silt plus clay and clay particles in suspension, respectively, whereas the 

percent of silt was calculated from the difference. Finally, soil textural classes were determined 

following the textural triangle of USDA system as described by Rowell (1997). 

The major chemical characteristics of soil such as pH, OC, TN, available P, exchangeable bases (Ca
2+

, 

Mg
2+

, Na
+
 and K

+
), CEC and PBS were analyzed. Soil pH was measured potentiometrically using a 

digital pH meter in the supernatant suspension of 1:2.5 (soil: water ratio). The OC content was 

analyzed following the wet digestion method described by Walkley and Black (1934) which involves 

digestion of the OC in the soil samples with potassium dichromate in sulphuric acid solution. The 

Kjeldahl procedure was followed for the determination of TN by oxidizing OM with concentrated 

sulphuric acid and converting the nitrogen in the organic compounds into ammonium sulphate during 

the oxidation (Bremner and Mulvaney, 1982). Available P was determined by Bray II method in 

which available P was determined by shaking the soil sample with extracting soil solution of 0.3 N 

ammonium fluoride in 0.1N hydrochloric acid as described by Bray and Kurtz (1945). The available P 

extracted then was measured by spectrophotometer (Murphy and Riley, 1962).  

Exchangeable bases (Ca
2+

, Mg
2+

) of the soils were extracted by excess ammonium acetate (1M 

NH4OAc at pH 7) solution and measured by atomic absorption spectrophotometer (Ca
2+

 and Mg
2+

) 

and flame photometer (Na
+
 and K

+
). The CEC of the soil was determined from ammonium-saturated 

samples that were subsequently replaced by Na
+
 from a percolating sodium chloride solution. The 

excess salt was removed by 96% ethanol alcohol and the NH4
+ 

that would be displaced by Na
+
 was 

measured by the Kjeldahl (Chapman, 1965) procedure. The PBS of the soils was computed by 

dividing the value of exchangeable bases (Ca
2+

, Mg
2+

, K
+
 and Na

+
)  by the value of CEC and 

multiplied by 100 (Bohn et al., 2001).  

Surface soil characterization and correlation of soil attributes 

Surface soil characterization  

Each major soil type was further stratified into a number of soil sampling sites based on color and 

texture. For surface (horizontal) soil characterization, mapping and crop suitability evaluation 

purposes, a number of auger observations were taken by Edelman auger at surface layer (0-30 cm) 

and bulked into 12 composite soil samples. Auger observations per soil type ranged from 9-15 

samples depending on soil variability within the soil sampling sites (Figure 3.6). 
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Figure 3.6: Auger observation and composite sampling sites along soil types 

The surface soil samples were analysed and soil characterization was then carried out based on the 

information obtained from soil laboratory analysis result. Soil pH, TN, OM and available P were 

thematically mapped using Kriging interpolation provided in Arc GIS 9.3 software at scale of 

1:25,000 and their potentials and limitations were rated according to FAO (1998) guide line.  

Crop-land suitability classification 

In this study the method which was used to evaluate the physical land suitability for selected crop 

LUTs was based on FAO (1976) guideline which has procedures to evaluate the suitability of the land 

for intended land use. Land cannot be graded from best to worst irrespective of the kind of use and 

management practiced, as each kind of use has its own requirement. Therefore, to attain this objective 

of the study, the procedures were as follows: 

Selection and description of crop land utilization types 

The crop LUTs were selected through discussion with the informant farmers and development agents. 

When crop selection was carried out, area coverage, importance of the crops in the livelihood of the 

concerned community, physical observations of soils and agro-climatic conditions of the study 

watershed, etcwere considered (FAO, 1998).  Accordingly, a total of 4 different crop LUTs including 

maize (Zea mays), finger millet (Eleusine coracana), teff(Eragrostis tef) and rice (Oryza sativa) 

produced under rainfed system were identified.  

A land-use type is a kind of land use described in terms of its products and management practices. 

Accordingly, the rainfed crop production of study watershed is characterized by low capital, labor 
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intensive and non-mechanized agriculture. The size of farm fields is less than one ha per household 

and the major source of traction for plowing are oxen. Such descriptions are served to determine the 

requirements of crop LUTs and the management specifications. 

Land characteristics, land use and crop requirement selection  

Land characteristics selection can be done based on land evaluation guidelines and data availability 

(FAO, 1984; Landon, 1991; Sys et al., 1993). However, based on the crop requirements for specific 

soil parameters, climate and topographic data, FAO (1984) has given a framework for land suitability 

analysis from S1 to N (Table 3.3).  

Hence, the evaluation criteria used to address the suitability of the selected crop LUTs in the study 

watershed were soil physical characteristics (depth), soil chemical characteristics (pH, OC, TN and 

available P), climatic factors (temperature and LGP) and topographic factor (slope). In this study, the 

factors were selected based on agronomic knowledge of local experts and reviews of existing 

literatures such as FAO framework for land evaluation.  

Matching of land characteristics with crop requirements  

To carry out the matching, a model in Arc GIS environment was used. Digital data of land 

characteristics of major soil types and crop LURs (classifier look up tables) were properly encoded to 

the Microsoft Office excel sheet as database file to be used in Arc GIS model for spatial analysis. 

Point data of land characteristics (soil pH, OM, TN and available P) generated from composite 

samples were spatially interpolated using Kriging tool in Arc GIS environment (Figure 3.7). In 

addition, these spatially generated LCs were reclassified based on crop LURs as shown in Appendix 

Table 1-4.  Individual crop land suitability evaluation at present condition was then made in an area of 

about 1092.68 ha by matching between reclassified LCs of major soil types with crop LURs using 

GIS model builder (Figure 3.7). The model builder uses maximum limitation method so that the most 

limiting land qualitydictates the final suitability (Sys et al, 1991; Van Diepen et al., 1999).  

According to FAO (1976) standards, which are widely used to classify land suitability for specified 

objectives of land utilization types, a land can be divided in to four classes based on land benefits and 

limitations mentioned in Table 3.3. Thus, soil specific crop suitability classes of the study watershed 

were spatially mapped with the help of GIS techniques in to three classes at scale of 1:25,000 and 

interpreted. 
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Figure 3.7: Procedures followed and outputs produced by model builder in Arc GIS 

Table 3.3: Land suitability classification 

Classes Descriptions 

Class S1 (highly suitable) Land having minor limitations to sustain a given LUT 

without significant reduction in productivity 

Class S2 (moderately suitable) Land having limitations which reduce productivity to the 

extent that expected from class S1. 

Class S3 (marginally suitable) Land having limitations that reduce productivity and will 

only be marginally justified. 

Order N (currently     not suitable)   Land having limitations which may be corrected within the 

existing knowledge at acceptable costs. 

 

RESULTS AND DISCUSSION 

Soil Profile Description and Classification 

Results of the analysis of morphological and physicochemical characteristics of four soil profiles 

opened were vertically described and characterized for classification purpose and presented under.  

Morphological and physicochemical characteristics of Yigossa soil profile-1 

The depth of Yigossa soil profile-1 (YSP-1) was very deep (> 200 cm) although the genetic horizons 

had variable thickness (Table 4.1). The profile showed profile development from Ah to B5. The 

thickness of the profile varied from 25 to 75 cm at Ah and B5 horizons, respectively. The genetic 

horizon underlying the Bt5 was thick for 75 cm which may be caused by deep diffuse colluvial 



87 
 

materials. Similar observations were made by Sawhney et al. (2000) and Mahapatra et al. (2000) in 

submontane tract of Punjab. The varying thickness of the profile development is due to the removal 

and deposition of soil particles from different physiographic features. 

The color of surface and subsurface soils was reddish brown (5YR 4/3, dry) and strong brown (7.5YR 

4/6, dry). The color patterns suggest that soil color became relatively lighter with depth of the profile 

(Table 4.1). The variation in color is a function of chemical and mineralogical composition, 

topographic position, and textural makeup and moisture regimes of the soils (Fisher and Binkley, 

2000).The profile had nutty blocky granular structure with shiny ped faces. This could reflect the 

existence of relative accumulation of clay and biological pedoturbationin the profile (FAO, 1998). 

Singh and Agrawal (2003) reported that structural variability could due to moisture, soil OM and clay 

contents.The profile had heavy clay texture throughout. The result was corresponding to the findings 

of Wakene Negasa (2001) and Ahmed Hussein (2002) in that clay content was not generally uniform 

with depth in Nitisols of Bako area. A study in Ayehu research substation (Amhara Region) also 

found similar result where higher clay content exhibited in Bt horizons (Getachew Fisseha and Heluf 

Gebrekidan, 2007). 

The migration and accumulation of clay in the subsurface horizon could have been contributed by the 

in-situ synthesis of secondary clays, the weathering of primary minerals in the B horizon, or the 

residual concentration of clays from the selective dissolution of more soluble minerals of coarser 

grain sized in the B horizon (Buole et al., 2003). Similarly, the illuviation process also affected the 

vertical distribution of silt and sand content.   

Higher percentage of sand was noticed at surface while silt and clay sizes are smaller in size and 

lighter in weight hence easily illuviated down. This brings consequent enrichment of sand fractions at 

surface. Silt decreased from 25 to 15% and exhibited an irregular trend with depth. This might be due 

to temporal variation in weathering of parent material. The result was in agreement with the finding of 

Naidu (2002), who noticed an irregular trend in silt content with depth in soils of Karnataka. Similar 

results were also reported by Arun et al. (2002) in India 

The decrease pattern of bulk density values from 1.27 g cm
-3 

to 0.7 g cm
-3 

with increase in depth in the 

first three upper horizons of the profile reflects the general increase in contents of sand in the same 

pattern. This implies that no excessive compaction and no restriction to root development (Werner, 

1997). Similarly, Wakene Negasa (2001) reported that lower bulk densities were observed at 

subsurface horizons in Bako area. Conversely, Getachew Fisseha and Heluf Gebrekidan (2007) 

disagreed with this result in that lower bulk density was observed at surface in Ayehu research station.  

The pHvalues of YSP-1 varied from 5.15 to 5.76 (neutral). However, the irregular pattern of pH 

values with soil depth might be due to downward movement of bases and clay and they get adsorbed 

sporadically at different layers. This is in agreement with Buole et al. (2003). The organic carbon 

(0.5% to 1.45%) and total nitrogen (0.04% to 0.12%) contents varied irregularly with the soil depth 

(Table 4.2). However, higher organic carbon and total nitrogen were recorded at surface which could 

be attributed to the addition of farmyard manure and plant residues. Similar conclusion that is higher 

organic carbon content at surface was obtained by Getachew Fisseha and Heluf Gebrekidan (2007) in 

Ayehu substation (Amhara Region).This pattern suggested that the main source of organic carbon and 

total nitrogen was organic matter. 

The available P content showed an irregular variation with depth and ranged from 2.66 to 7.9 mg kg
-1

 

(Table 4.2). Available P at soil surface was greater than that of the subsoils due to sorption of the 
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added P, greater biological activities, accumulation of organic materials and the increment of sand 

content. Similarly, Tekalign Mamo et al.(1988) reported that phosphorus is usually greater than that 

of the subsoils due to sorption of the added P. 

The concentrations of the sum of the exchangeable bases varied from 64.76 to79.93 cmolc kg
-1

. 

Higher concentration of exchangeable bases recorded at subsurface than surface horizon indicates 

high weathering intensity. CEC varied from 16.6 to 20.6 cmolc kg
-1 

soil and showed an irregular 

variation with depth of the profile. Higher CEC and organic carbon recorded at surface shows the 

strong association between organic carbon and CEC. However, lower CEC recorded below the 

surface may be due to the decrease in organic carbon and contribution of clay colloids to hold cations 

against leaching (Idoga and Azagaku, 2005).The range of CEC indicates that the dominant clay 

mineral of the soil is low activity clay (illite). The base saturation is greater than 50% reflecting the 

dominance of basic cations in the exchange complex. The profile had an Ah and Bt horizons with 

accumulation of enough clay in the Bt horizons. Higher base saturation at Bts horizons is an indicative 

of illuviation of basic cations translocated after intensive leaching from the surface horizons. 

Based on the field observations and the laboratory analysis results, YSP-1 represents Nitisols. 

According to FAO/WRB (1998), Nitisols are clayey soils with nitic subsurface horizon of high 

aggregate stability. They have ABtC profiles and are normally deeper than 150 cm, well-drained, red, 

iron rich soils with diffuse horizon boundaries and a subsurface horizon with more than 30 percent 

clay and moderate to strong angular nutty blocky structure elements that easily fall apart into shiny 

ped faces. They should also have Bthorizons with cation exchange capacity less than 24 cmolc kg
-1

 

clay. This result was in harmony with the finding of Gete Zeleke (2000) in Anjeni watershed 

(Gojjam). 

Table 4.1: Soil physical characteristics of the YSP-1 

Horizon  

Depth (cm) 

Textural analysis     

Sand (%) Clay %) Silt (%) Textural Class BD (g cm
-3) 

Color 

Ah 0-25 9 66 25 heavy clay 1.27 5YR 4/3 

Bt1    25-50 3 80 17 heavy clay 0.9 5YR 4/3 

Bt2    50-75 5 80 15 heavy clay 0.8 7.5YR 4/6 

Bt3    75-100 3 82 15 heavy clay 0.7 7.5YR 4/6 

Bt4    100-125 7 80 13 heavy clay 0.7 5YR 4/3 

Bt5 125-200
+
 3 82 15 heavy clay 0.7 7.5YR 4/6 

 

Table 4.2: Soil chemical characteristics of YSP-1 

Note: OC = Organic carbon; TN = Total nitrogen; Ava. P = Available phosphorus; CEC = Cation exchange 

capacity; PBS = Percent base saturation 

Horizon Depth 

(cm) 

pH(H2O) 

(1:2.5) 

OC 

(%) 

TN 

(%) 

Ava. P 

(mg kg
-1

) 

Exc.bases 

(cmolc kg
-1

) 

CEC 

(cmolc kg
-1

) 

PBS 

Ah 0-25 5.56 1.4 0.12 7.9 13.41 20.6 65.11 

Bt1    25-50 5.76 0.9 0.08 5.37 13.74 18 76.35 

Bt2    50-75 5.36 0.5 0.04 3.78 13.48 18.4 73.28 

Bt3    75-100 5.54 0.8 0.07 4.25 14.26 19.4 73.50 

Bt4    100-125 5.15 0.9 0.07 5.25 13.27 16.6 79.93 

Bt5 125-200
+
 5.16 0.6 0.05 2.66 12.18 18.8 64.76 
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Morphological and physicochemical characteristics of Yigossa soil profile-2 

The depth of YSP-2 was moderately shallow (50-100 cm) as shown in Table 4.3. Reddish black 

(2.5YR 2.5/1, dry) color was found throughout the profile might be due to low organic content and the 

occurrence of various hydrated iron oxides forms. The result was in conformity with the findings of 

Walia and Rao (1996) and Sidhu et al. (1994) at Uttar Pradesh in northern India.  

Soil texture class varied from clay in the surface to heavy clay in subsurface horizons could be 

probably due to clay migration within the profile. The profile had an Ah and Bt horizons with 

accumulation of high clay and base saturation greater than 35% (Table 4.3). This could be attributed 

to eluviations of clay size particles. The accumulation of clay in the subsurface could have been 

contributed by the in-situ synthesis of secondary clays, the weathering of primary minerals in B 

horizon, or the residual concentration of clays from selective dissolution of more soluble minerals of 

coarse grains in B horizon (Buole et al., 2003). 

The contents of silt were high in the profile and revealed an irregular decrease with depth. This 

decrease may reflect the weathering process of silt to clay size particles in the subsoil horizons. The 

bulk density values of YSP-2 ranged from 1.14 g cm
-3 

at the surface horizon to 1 g cm
-3 

in the sub 

horizons suggesting a decrease in sand contents with increasing depth of the profile or increase in 

compaction rates. This result was supported by Swarnam et al. (2004). Conversely, this result was 

disagreed with Brady and Weil (2002) who indicated that the bulk density increased with increasing 

soil depth. 

The pHvalues of YSP-2 varied from 5.55 to 5.92 (slightly acid). As shown in Table 4.4, values of pH 

decreased with depth except Bt2 horizon. This case may be due to the leaching of basic cations 

particularly Ca
2+

 and Mg
2+

. This is in agreement with the finding of Buole et al. (2003). The lower 

content of organic carbon throughout the profile may indicate little return of decomposable matter 

from cultivated crops as well as existence of high rates of oxidation and degradation pattern 

accentuated through long periods of cultivation. The contents of soil organic carbon showed a similar 

pattern as pH values. This could be attributed to the vertical migration of finer organic colloids. It may 

also implicate presence of historically deposited organic matter. The low levels of organic C and total 

N might be caused by harvest of biomass coupled with little nitrogen fertilization. The profile had low 

content of total nitrogen that varied from 0.05% to 0.07%. This pattern could be associated with 

degradation of total nitrogen content occurred in the area. This result is in line with the findings of 

Belay Tegene (1996) in Tigray region. 

Table 4.3: Soil physical characteristics of YSP-2 

Horizon Depth (cm) Particle size analysis BD (g cm
-3

) Color 

  Sand (%) Clay (%) Silt (%) Textural 

Class 

  

Ah 0-15 15 52 33 Clay 1.14 2.5YR 2.5/1 

AB 15-30 7 80 13 Heavy clay 1.07 2.5YR 2.5/1 

Bt1 30-45 7 74 19 Heavy clay 1.01 2.5YR 2.5/1 

Bt2 45-70 5 78 17 Heavy clay 1 2.5YR 2.5/1 

C >70 Unconsolidated material 

 

The level of available P was generally low. This might be due to its fixation by Al and Fe (Tisdale et 

al., 1993). The CEC varied from 16.2 to 22.2 cmolc kg
-1

 soil and showed an irregular variation with 
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depth of the profile (Table 4.4). Higher pH and PBS values recorded at surface horizon might be due 

to the accumulation of basic cations from weathering of its parent materials (Brady and Weil, 2002).   

Based on analysis results, YSP-2 could be classified as Luvisols.Luvisols are soils that have higher 

clay content in the subsoil than in the topsoil as a result of clay illuviation-eluvation process. They 

should have moderately fine to moderately coarse textured, reddish brown and dark reddish brown to 

brown and dark brown colored, ABtC profiles and normally slightly acid in reaction at surface soils 

(FAO/WRB, 1998). This result was complaint with the finding of Belay Tegene (1996) due to 

Luvisols developed on very gently to gently sloping land in Tigray.  

Table 4.4. Soil chemical characteristics of YSP-2 

 

Morphological and physicochemical characteristics of Yigossa soil profile-3 

The depth of YSP-3 was very deep (> 200 cm). As shown in Table 4.5, the soil of the profile showed 

profile development from Ah to BC. The thickness of the profile varied from 25 to 125 cm at Ah and 

BC horizons, respectively. The genetic horizon underlying the Bt2 was thick for 125 cm which may 

be caused by deep diffuse of alluvial-colluvial materials. The soil color varied from dark grayish 

brown (10YR4/2, dry) to dark yellowish brown (10YR3/6, dry) due to the presence of organic matter 

and hydrated iron oxides which are the main colouring agents in surface soil (FAO, 1998). This result 

was in line with the findings of Mohammed Assen et al. (2005) in Chercher highlands of Eastern 

Ethiopia.. The dark colour prevails because of the extended saturation by water, high organic matter 

and reduced iron content. The greenish and bluish shades are attributed to the influences of various 

iron-based compounds. In most of the soils, clay content increases with depth, though this is not a 

characteristic of argic (clay-rich) B horizon.  

The mottling or redoximorphic features observed in the subsoil of the soils of the foot slope may be 

due to loss (depletion) or gain (concentration) of pigment compared to the matrix colour which is 

formed by oxidation/reduction of iron and/or manganese coupled with their removal and translocation 

(Fanning S. and Fanning C., 1989). Mottling of the subsoil is an evidence of seasonal rise in water 

table or water logging and hence drainage problem (Akamigbo et al., 2002). According to Foth 

(1990), reddish color is also due to the presence of iron compounds in various states of oxidation.  

Hence, the possible reason for the relative dark colour of the soils of the foot slope could be due to 

differences in forms of iron oxide. Therefore, the variation in colour observed across slope is usually 

attributed to the sequence of drainage. The brown color indicates low contents of OM that lightens its 

color. The profile had strong to moderate angular blocky structure. Organic matter and clay in the 

profile might be the reasons why the topsoil and subsoil were structurally developed and stabilized. 

Horizon Depth 

(cm) 

pH(H2O) 

(1:2.5) 

OC 

(%) 

TN 

(%) 

Ava. P 

(mg kg
-1

) 

Exc. bases 

(cmolc kg
-1

) 

CEC 

(cmolc kg
-1

) 

PBS 

 

Ah 0-15 5.92 0.8        0.07 4.37 14.47 18.8 76.95 

AB 15-30 5.71 0.6 0.05 5.49 13.25 18.4 71.99 

Bt1 30-45 5.55 0.5 0.05 3.6 12.17 22.2 54.80 

Bt2 45-70 5.68 0.6 0.05 4.6 12.13 16.2 74.88 
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The desirable effects of OM in the formation of soil granules and in stabilizing soil aggregates have 

also been reported (Daniel et al., 2000).  

The amount of clay ranged from 52 to 60% with clay and heavy clay texture classes. The bulk density 

values varied between 1.2 g cm
-3 

to 1.48 g cm
-3 

at subsurface and surface, respectively (Table 4.5). 

This implies that no excessive compaction and no restriction to root development (Werner, 1997). 

Higher bulk density at the surface could be caused by repetitive cultivation of the surface soil and 

intensive reduction processes in the surface layer and translocation and precipitation of iron and 

manganese compounds in the subsoil (FAO, 1998). 

As shown in Table 4.6, the pH values increased from 5.77 to 8.3 (slightly alkaline) with soil depth. 

Soil OC content showed irregular pattern with depth. However, its content recorded at the surface 

horizon was relatively higher than that of in sub-surface horizon. This finding was similar with the 

works of Mitiku Bekele (2000); Abayneh Esayas (2001) and Ahmed Hussein (2002). In other study, 

OC in the soils of inter-hill valleys exhibited an irregular trend with depth (Bhaskar et al., 2004). 

The lower concentration of available P in the subsoil is attributed to the increment of clay content and 

clay type which can cause high P fixation and less mineralization of OM. Available P can increase as 

organic P is mineralized or as sorbed P becomes available. On other hand, available P at soil surface 

was greater than that of the subsoils due to sorption of the added P, greater biological activities, high 

inherent P content of the parent material and increased mineralization. This result was similar with the 

findings of Tekalign Mamo et al.(1988). Low OC content throughout the profile and high level of TN 

at surface could show organic matter was not source of nitrogen (Yihenew Gebreselassie, 2002).  

Based on FAO (1998) ratings, the PBS values were high, greater than 50% throughout the profile. 

Higher pH values and PBS of sub surface horizons might be due to less H
+
 ions released from 

decreased organic matter decomposition, which is caused by decreased organic matter content with 

depth influx of basic cations from predominantly basaltic rocks of the adjacent slopes.This is in 

agreement with Buole et al. (2003). 

As per the field observation and the laboratory analysis results, YSP-3 fulfills the criteria for Gleysols. 

According to FAO/WRB (1998), Gleysols should have gleyic characteristics evidenced by 

reductomorphic (gley colours) and oximorphic (reddish brown, ferrihydrite) mottles; conditioned by 

excessive wetness at shallow depth; normally a spongy or matted litter layer resting on a dark grey 

Ah-horizon that change sharply into a mottled grey; heavy clay surface layers that continue down to 2 

m or more; no diagnostic horizons other than histic, mollic horizon and medium blocky structure. 

Gleysols are generally considered to be comparatively fertile because of their fine soil texture, slow 

rate of organic matter decomposition and influx of ions from adjacent uplands. They have greater 

cation exchange capacity and PBS of 50% or more at least between 20 cm and 100 cm from the soil 

surface.  
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Table 4.5: Soil physical characteristics of YSP-3 

 

Table 4.6: Soil chemical characteristics of YSP-3 

Horizon Depth 

(cm) 

pH
 

(H2O) 

OC 

(%) 

TN 

 (%) 

Ava. P 

(mg kg
-1

) 

Exc. bases 

(cmolc kg
-1

) 

CEC 

(cmolc kg
-1

) 

PBS 

 

Ah 0-25 5.77 2.30 0.20 10.50  32.80 62.02 

Bg1    25-50 7.12 0.70 0.06 2.78  34.60 79.32 

Bg2   50-75 7.12 1.00 0.08 2.31  33.80 75.00 

Bg3 75-200
+
 8.30 0.50 0.04 0.37  36.20 82.69 

Note: OC = Organic carbon; TN = Total nitrogen; Ava. P = Available phosphorus; CEC = Cation exchange 

capacity; PBS = Percent base saturation 

Morphological and physicochemical characteristics of Yigossa soil profile-4 

The described profile had shallow soil depth (< 30 cm). It has AC-profile with a consequence of 

young age and/or slow soil formation by colluvial deposits. The unconsolidated material was 

recognized as a C horizon. The color of the surface horizon was black (10YR 2/1, dry). This color 

changed to a very dark gray (10YR 6/1, dry) color in the underlying horizon (Table 4.7). This color 

difference could be an indicator of the variation in organic matter content of the horizons, which 

became lighter with depth as content of soil organic carbon decreased. This finding was also similar 

with the works of Belay Tegene (1996). The surface and subsurface horizons had moderate and coarse 

angular blocky structures due to organic matter and clay contents. 

The texture class varied from loam in the surface to clay loam in subsurface horizon in the profile. 

This result was similar with the finding of DSA and SCI (2006) and Mohammed Assen et al. (2005). 

The amount of clay increased with depth of the YSP-4 from 22% in the surface to 32% in the 

subsurface horizon that shows stages of weathering and a presence of vertical movement of clay size 

particles. The bulk density value in the surface and the subsoil horizons was 0.7 g cm
-3

 (Table 4.7).  

As shown in Table 4.8, the pH values revealed a decreasing trend with depth, ranging from 6.14 in the 

surface to 5.62 in the subsurface (moderately acid) horizon suggesting that lateral water transport was 

not a significant hydrologic process at this landscape and lateral transport of weathered solutes was 

minimal. The available P content varied from 5.37 mg kg
-1 

soil in the surface to 20.1 mg kg
-1 

soil in 

the subsurface horizon, indicating an increasing trend with depth of this soil. This could be due to the 

influence of soil parent material on pH value which increased P availability. The result disagreed with 

the finding of Tekalign Mamo et al.(1988). Higher organic carbon and total nitrogen contents at Ah 

horizon might be due to nutrient bio-cycling (Ogunwale et al., 2002).  

  

Depth (cm) 

Particle size analysis   

Horizon Sand (%) Clay  

(%) 

Silt  

(%) 

Textural 

  class        

BD  

(g cm
-3

) 

Color 

Ah 0-25 5 58 37 clay 1.48 10YR4/2 

Bg1    25-50 7 60 33 heavy clay 1.38 10YR2/1 

Bg2   50-75 11 58 31 clay 1.3 10YR2/1  

Bg3 75-200
+
 13 52 35 clay 1.2 10YR3/6 
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Higher CEC within AC horizon could reflect the increased clay colloids. On the other hand, the low 

base saturation within the B horizon is likely a result of the lateral flow of water down slope and 

removing soluble cations.  

This is in agreement with other studies that indicate a decreased pH, base saturation, OC and TN at 

steep slope.  However, PBS values of the surface and subsurface horizons recorded were high (> 

50%) throughout the profile (Table 4.8). The possible reason for this could be weathering of parent 

materials, leaching and accumulation of basic cations from the adjacent mountains.  

According to the field observations and the laboratory analysis results, YSP-4 fulfills the criteria for 

Regosols. As per FAO/WRB (1998), Regosolsare soils in unconsolidated mineral material of some 

depthand have no diagnostic horizons other than an ochric horizon. Regosols usually are shallow and 

moderately deep soil. They are well drained, brown to dark brown. These soils are very weakly 

developed mineral soil in consolidated materials. It is often with clear gradual horizon boundaries 

having a sub surface horizon with loam, clay or heavy clay texture. It has moderate, angular blocky 

structure.  

This finding was in conformity with the conclusion of Gete Zeleke (2000) given that the upper slopes 

of Anjeni watershed (Amhara Region) covered Regosols and Leptosols. On the other hand, Kassa 

Teka and Mulu Haftu (2012) showed that Regosols in association with Leptosols occurred at 3-8% 

slope in Tigray Region.  

Table 4.7: Soil physical characteristics of YSP-4 

 

Horizon 

Depth 

(cm) 

Particle        size  analysis BD  

(g cm
-3

) 

Color 

Sand (%) Clay (%) Silt (%) TexturalClass 

Ah 0-15 37 22 41 Loam 0.7         10YR 2/1 

AC    15-30 31 32 37 Clay loam 0.7         10YR 3/1 

C > 30                   `Unconsolidated materials 

 

Table 4.8. Soil chemical characteristics of YSP-4 

Horizon Depth 

(cm) 

pH 

(H2O) 

OC 

(%) 

TN 

(%) 

Ava. P (mg 

kg
-1

) 

Exc.e bases 

(cmolc kg
-1

) 

CEC  

(cmolc kg
-1

) 

PBS 

 

Ah 0-15 6.14 1.2 0.11 5.37 17.44 26 67.06 

AC    15-30 5.62 1.1 0.09 20.1 17.44 30.8 56.61 

 

Surface Soil Characterization 

Based on FAO (1998) soil classification legend, major soil types identified in the study watershed 

wereLuvisols (630.86 ha), Nitisols (256.95 ha), Gleysols (125.55 ha) and Regosols (79.33 ha) at 

slopes of 2-5, 5-8, 0-2 and 8-5%, respectively (Figure 4.1 and Table 4.9). The identified soils were 

horizontally characterized based on selected soil chemical parameters and presented below. 

Table 4.9:  Soil types, their areas and chemical characteristics of the study watershed 

Soil type  Area (ha) Area  (%) pH (H2O) (1:2.5) OM (%) TN  (%) Ava. P (mg kg
-1

) 

Nitisols (NT) 256.94 23.52 5.6-7.87 1.88-3.23 0.09-0.16 1.78-13.4 

Luvisols (LV)  630.86 57.73 6.23-6.34 3.16-3.43 0.16-0.17 10.8-14.9 

Gleysols (GY) 125.55  11.49 5.99-6.17 3.03-3.56 0.15-0.18 8.19-9.78 

Regosols (RG) 79.33 7.26 5.62-6.14 2.49-3.56 0.12-0.18 10.6-12.3 
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As indicated in Table 4.9, the pH values of surface soils of the study watershed varied from 5.6 to 

7.87. Figure 4.2 also showed that Nitisols, Luvisols, Regosols and Gleysols were neutral, slightly 

acid, moderately acid and slightly alkaline, respectively as per FAO (1998) ratings. Belay Tegene 

(1996) revealed that Luvisols found in the steep slopes are slightly alkaline in reaction. However, 

acidic nature of Nitisols was reported by Yihenew Gebreselassie (2002); Getachew Fisseha and Heluf 

Gebrekidan (2007) and Abebe Nigussie and Endalkachew Kissi (2012). 

 

 
Figure 4.1: Major soil types identified in the study watershed 

Slightly alkalinity of Gleysols at soil surface may be attributed to the influx of the exchangeable bases 

particularly Ca
2+

 and Mg
2+

 by alluvial-colluvial deposits from adjacent upper slopes and less 

mineralization rate of organic matter. Moderately acidic soils in the study watershed may be caused 

by one or a combination of crop removal, continuous cultivation practices, leaching of basic cations 

the use of inorganic fertilizers and/or decomposition of organic residues (Landon, 1991; Ahmed 

Hussein, 2002). According to FAO (1998) moderately acidic soils may be deficient in phosphorus, 

calcium, magnesium and molybdenum. Therefore, application of nitrogen containing fertilizers which 

may increase the acidity is not encouraged. 
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Figure 4.2: Reclassified thematic maps of soil pH ratings 

As shown in Table 4.9, the available P content varied from 1.78 to 14.9 mg kg
-1

. It was generally 

medium throughout the study watershed (Table 4.10). This might be due to the influence of soil 

parent material and organic matter on pH value which increased P availability and the confinement of 

crop cultivation to the rhizospher and supplementing of the depleted phosphorus through P containing 

fertilizers (Sharma et al., 2008).  

However, low available P in 23.76 ha (18.92%) of Gleysols might be due to more mineralization and 

higher P fixation by the clay colloids. Ethiopian soils particularly Nitisols have low available P due to 

their inherently low P content, high P fixation by Al and Fe and complete removal of the biomass 

from the fields (Yihenew Gebreselassie, 2002; Birru Yitaferu and Heluf Gebrekidan, 2003; Abebe 

Nigussie and Endalkachew Kissi, 2012).  

Studies made in Liberia also showed that acidic soils of the tropics are generally deficient in available 

P (Getachew Agegnehu and Sommer, 2000). This soil and other soils with low available P would 

most likely respond phosphorus containing fertilizer application (FAO, 1998). 

Table 4.10. Available phosphorus ratings and their area coverage of the study watershed 

Soil type Area(ha) Area (%) FAO (1998) ratings 

Gleysols 101.79 81.08 Medium (5-15 mg kg
-1

) 

 23.76 18.92 Low (< 5 mg kg
-1

) 

Luvisols 630.86 100 Medium (5-15 mg kg
-1

) 

Nitosols 256.94 100 Medium (5-15 mg kg
-1

) 

Regosols 79.33 100 Medium (5-15 mg kg
-1

) 

 

As revealed in Table 4.9, the organic matter content of surface soils ranged from 1.88% to 3.56% and 

total nitrogen varied from 0.09% to 0.18%. However, in other study the total nitrogen content of soils 
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ranges from less than 0.02% in subsoils to greater than 2.5% in peat soils (Tisdale et al., 2002). As 

shown in Figure 4.2-3 and Appendix Table 7, almost medium to high contents of organic matter and 

total nitrogen at surface were recorded. This could be attributed to poor drained condition of the soil 

that reduces the rate of organic matter decomposition, the addition of farmyard manure and plant 

residues rich in carbon and nitrogen. Similarly, higher organic carbon and nitrogen were revealed by 

Ahmed Hussein (2002); Yihenew Gebreselassie (2002) and Getachew Fisseha and Heluf Gebrekidan 

(2007). Conversely, high organic matter and low nitrogen contents in Nitisols were reported by 

Shimeles Damene et al., (2006) and Luvisols had low total nitrogen in highlands of Ethiopia (Belay 

Tegene, 1996).   

 
Figure 4.3: Reclassified thematic maps of total nitrogen ratings 



97 
 

 
Figure 4.4: Reclassified thematic maps of organic matter ratings 

Crop-land Suitability Evaluation  

The crop suitability result confirmed that the study watershed was classified into three land suitability 

classes as moderately suitable (S2), marginally suitable (S3) and currently not suitable (N) (Table 

4.13). Because of one or more limitation(s) of the land characteristics, none of the area in the study 

watershed falls in to highly suitable (S1) class for the selected crops.  

Suitability analysis indicated that 41.27, 34.68 and 24.05% of the study‘s area was S2, S3 and N for 

maize production, respectively (Table 4.12 and Figure 4.4). Specifically, 60.93% of Nitisols, 38.22% 

of Gleysols, 36.13% of Luvisols and 23.38% of Regosols were S2 for maize cultivation (Table 4.14-

17). However, soil depth of Luvisols and Regosols, low available P in all soils and pH in Gleysols 

were the major amendable limitations. This is in line with the study of Henok Mulugeta (2010) and 

Kassa Teka and Mulu Haftu (2012) in the Tigray Region. Woubet Alemu et al. (2013) also found 

maize (40%) and teff (40%) were moderately suitable in Anjeni watershed (Gojjam).  

A study in India showed that 50.28% of area is marginally suitable for maize cropping while 24.34 

and 6.34% were highly and moderately suitable, respectively (Mustafa et al., 2011). Another study in 

Iran indicated that maize was non-suitable due to limitations of high pH, low organic matter, high 

salinity and alkalinity (Ali et al., 2008).  
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Table 4.11: Individual crop-land suitability evaluation 

 

Suitability class 

Maize Millet Teff Rice 

Area (ha) Area 

(%) 

Area (ha) Area 

(%) 

Area  

(ha) 

Area 

(%) 

Area  

(ha) 

Area  

(%) 

S2 451 41.27 665.77 60.93 661.38 60.53 665.77 60.93 

S3 378.94 34.68 364.72 33.38 344.84 31.56 364.72 33.38 

N 262.74 24.05 62.19 5.69 86.46 7.91 62.19 5.69 

 
Figure 4.5: Land suitability map for maize 

The result indicated that 60.93% of the study‘s land was S2 for finger millet cropping and about 

33.38% and 5.69% of the land categorized under S3 and N suitability classes (Table 4.12 and Figure 

4.5). Almost 32.49% of the Nitisols, 50.59% of Gleysols, 72.95% of Luvisols and 73.89% of 

Regosols were S2 for finger millet (Table 4.13-16).  

However, soil depth of the Luvisols and Regosols and pH in Gleysols were the major limitations for 

millet production. A study in India showed that millet is extensively cultivated in poor fertile soils, 

largely grown for home and local consumption. About 60.04% of area was moderately suitable (S2) 

whereas 11.26% and 13.92% of area are highly and marginally suitable for millet production, 

respectively. High pH was the major limitation which excludes about 14.78% of area from cultivation 

(Mustafa et al., 2011) 



99 
 

 
Figure 4.6: Land suitability map for finger millet 

As shown in Table 4.12 and Figure 4.7 approximately 60.53, 31.56 and 7.91% of the study watershed 

were categorized under S2, S3 and N, respectively for teff crop production. Specifically, suitability 

analysis indicated that 51.39% of Nitisols, 38.22% of Gleysols, 68.73% of Luvisols and 60.23% of 

Regosols were moderately suitable (S2) for teff (Table 4.13-16).  

The major limitations faced by teff cultivation in the study watershed were due to low available P, 

shallow soil depth and LGP. Part of this result disagreed with the conclusion of Rabia (2012). He 

revealed that out of the total surface of Kilte Awulaelo district (Tigray Region), the 3.6% of the land 

is high suitable for teff. However, the slopes had the major impact on its suitability.  

 
Figure 4.7. Land suitability map for teff 

As the whole 60.93, 33.38 and 5.69% of the land was S2, S3 and N, respectively for rice production 

(Table 4.12 and Figure 4.8). Suitability analysis indicated in Table 4.13-16 that 32.49% of Nitisols, 
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50.59% of Gleysols, 72.95% of Luvisols and 73.81% of Regosols were S2 for rice. The major 

limitation rice cultivation in the study watershed was only low available P.  

A study in Nigeria indicated that rice was S1, S2 and S3 in wetland soils of Nigeria. However the 

major limitations to rice cultivation were organic carbon and available P. Mostly soil phosphorus 

deficiency is remedied by application of phosphate fertilizers (Olaleye et al., 2002). A study in India 

indicated that about 48% of the area was S2 for cultivation rice. Another study in Kenya showed that 

67% was S2 to S3, 14% was S2, and 10% was S3 for rice production. About 9% of the study area 

classified as Eutric Fluvisol was found to be currently unsuitable for rice cultivation, due to texture, 

low water retention and high hydraulic conductivity (Josephet al., 2013). Dengiz (2013) did a similar 

study in Turkey and found that the land S2 and S3 for rice cropping covered an area of about 55.5%.  

 
Figure 4.8: Land suitability map for rice 

Table 4.12:  Crop-land suitability evaluation of YMST-1 (Nitisols) 

 

Suitability Class 

Maize Millet Teff Rice 

Area (ha) Area (%) Area (ha) Area 

(%) 

Area (ha) Area 

(%) 

Area (ha) Area 

(%) 

S2 156.55 60.93 83.49 32.49 132.05 51.39 83.49 32.49 

S3 93.76 36.49 157.92 61.46 47.78 18.60 157.92 61.46 

N 6.63 2.58 15.53 6.04 77.11 30.01 15.53 6.04 
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Table 4.13. Crop-land suitability evaluation of YMST-3 (Gleysols) 

 Maize Millet Teff Rice 

Suitability class Area 

(ha) 

Area 

(%) 

Area 

(ha) 

Area 

(%) 

Area (ha) Area 

(%) 

Area 

(ha) 

Area 

(%) 

S2 47.98 38.22 63.51 50.59 47.98 38.22 63.51 50.59 

S3 68.22 54.34 22.98 18.30 68.22 54.34 22.98 18.30 

N 9.35 7.45 39.06 31.11 9.35 7.45 39.06 31.11 

 

Table 4.14. Crop-land suitability evaluation of YMST-2 (Luvisols) 

 

Suitability class 

Maize Millet Teff Rice 

Area (ha) Area (%) Area (ha) Area 

(%) 

Area (ha) Area 

(%) 

Area (ha) Area 

(%) 

S2 227.92 36.13 460.22 72.95 433.57 68.73 460.22 72.95 

S3 191.55 30.36 163.04 25.84 197.29 31.27 163.04 25.84 

N 211.39 33.51 7.6 1.2 - - 7.6 1.2 

 

Table 4.15: Crop-land suitability evaluation of YMST-4 (Regosols) 

 

Suitability class 

Maize     Millet  Teff Rice 

Area 

(ha) 

Area (%) Area  

(ha) 

Area (%) Area 

 (ha) 

Area  

(%) 

Area 

(ha) 

Area 

 (%) 

S2 18.55 23.38 58.55 73.81 47.78 60.23 58.55 73.81 

S3 25.41 32.03 20.78 26.19 31.55 39.77 20.78 26.19 

N 35.37 44.59    -    -    -    -    -     - 

 

Table 4.16: Overall crop suitability evaluation 

Suitability classes Area (ha) Area (%) 

S2_Mz_Mt_Tf_Rc 338.49 30.98 

S3_Mz_S2_Mt_Tf_Rc 125.39 11.48 

S3_Mz_Mt_Tf_Rc 628.8 57.55 

Note: S2 = moderately suitable, S3 = marginally suitable, Mz = Maize, Mt = Millet, Tf = teff, Rc = Rice 

 

The overall crop land suitability analysis was obtained after conversion of the raster data to vector 

data performed in a vector overlay analysis in a GIS environment using analysis tool. The overall 

crop-land suitability result revealed that the condition where a piece of land is suitable for one or more 

than one crop LUTs at the same level of suitability class. This indicated competing nature of crop 

LUTs for the same parcel of land. As seen in Table 4.17 and Figure 4.9, 30.98% and 57.55% of the 

study area was moderately and marginally suitable for all crops. Specifically, Nitosols & Regosols 

were S2 for all crop production. Luvisols was S3 for all crop cultivation. Gleysols was S3 for maize & 

S2 for millet, teff & rice production.  

Therefore, further studies are required to identify the best use of a specific soil type for a crop LUT by 

considering socioeconomic and other biophysical parameters. However, assessing soil specific crop 

suitability evaluation is difficult because most soil chemical properties either change very slowly or 

have large seasonal fluctuations (Yifru Abera and Taye Belachew, 2011). 
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Figure 4.9: Spatial suitability map for all crops 

Other limitations of the study watershed such as slope, temperature and shallow soil depth cannot 

easily be improved and do not indicate that the soil cannot be used for other purposes. Further studies 

rather could be required to search other land use types and suitable crops. Only available P for all soils 

and pH for Nitisols, Luvisols and Gleysols that should be increased and optimized for sustainably 

increased for crop production and for effective use of the soils of the study watershed. In addition to 

integrated soil water conservation and management practices, application of organic manures, 

inorganic fertilizers containing phosphorus and ammonium and crop rotation with legumes could, 

therefore, be followed in these soils.   

CONCLUSIONS AND RECOMMENDATIONS 

On the basis of the soil profile descriptions and laboratory analysis, Nitisols, Luvisols, Gleysols and 

Regosolswere identified in gentle slope, sloping, foot slope and strongly sloppy areas of Yigossa 

watershed, respectively. It is also possible to conclude that slope has a major effect on soil formation 

and its characteristics.The study has produced map on the suitability of the different soil types of the 

watershed that will allow growing the right cereal crop at the right site for optimum yield and 

optimum return to investment for each of maize, finger millet, teff and rice. Thus, the result could be 

adapted and extrapolated to watersheds having similar geomorphology, topography and agro-climatic 

zones. Moreover, the data and information generated from this study would be beneficial especially 

when its accuracy of interpolation and crop suitability evaluation could be validated. Therefore, it 

needs further soil and its crop suitability studiesto provide conclusive and comprehensive 

recommendations in the study watershed. 
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Abstract 

A study was conducted in Ambo forest with the objective of investigating woody plant diversity, structure and 

regeneration status. A total of 70 quadrants, each 25 m by 25 m were selected following systematic random 

sampling technique and were led at an interval of 100 m along the transect line. For the assessment of seedlings 

and saplings, two sub quadrants each 2 m x 10 m were laid at opposite sidesof every main quadrant. Data of 

species diversity, abundance, structure, life form, basal area, density, frequency and regeneration statuswere 

collected and analysed following standard procedures using SPSS version 16. For socio-economic data 

collection, formal (questionnaire) survey was conducted and fourty respondents were involved. According to the 

investigation result, a total of 58 woody plant species were identified between the altitudinal ranges of 2028-

2149 m.a.s.l. Of these species, 40 (69%) were tree, 9 (16%) were shrubs, 7(12%) were tree/shrubs and two (4%) 

were climbers. The whole species belonged to 29 families. Fabaceae was the most species-rich family 

comprising 17 species (29%) of the total woody plant species identified. The Shannon-Weiner Diversity Index 

and evenness were 2.73 and 0.67, respectively, demonstrating the area has medium diversity and more or less 

even representation of individuals of species. The population structure in cumulative diameter class frequency 

distribution revealed an interrupted &inverted J shape with very high decrease in higher diameter class, which 

is an indication of poor regeneration status or selective cutting of mature trees. Density and frequency of the 

woody species varied considerably among speciesAcacia lahai (49%) was the most important woody species 

with the highest IVI. The socio-economic analysis of some variables also revealed that Ambo State forest 

vegetation is affected by different factors, the most important being convention in to agricultural land. In order 

to maintain balanced structure, regeneration enhancement and protection of the forest from selective cutting is 

recommended.  

Keywords: Ambo State Forest, Diversity, Structure, important value index 

 

 

INTRODUCTION 

Biodiversity has become one of the main topics of many studies in forest condition assessment and 

management designing. Biodiversity is the varity of life on earth at all its levels, from genes to 

ecosystems, and the ecological and evolutionary processes that sustain it. Species diversity refers to 

the number of species found within a given area.Where as genetic diversity refers to the variety of 

genes within a particular species, variety or breed, and plant diversity refers to the totality and 

variability of all plants and their ecosystems (IBC, 2004; CBD, 2009). 

Forest contains as much  as  90%  of  terrestrial  biodiversity, site with  tropical  forests  being 

particularly important in terms of both species richness and their concentrationof  endemic 

species(Brooks  et  al.,  2006). Especially countries like Ethiopia with broad latitudinal and altitudinal 

ranges, encompasses an extraordinary number of ecological zones, which in turn host rare and 

endangered species and high rates of endemism (USAID, 2008). Ethiopia is one of the few countries 

in the world that possesses a unique and characteristic flora and fauna with a high level of endemism 

(WCMC, 1991).However; they are threatened by irreversible loss of biodiversity as a result of 
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resource mismanagement leading to genetic erosion (IBD, 2005). Besides, currently an increasing 

pollution rate, global warming, thinning of ozone layer, selective logging, burning of vegetation, 

commercial logging, deforestation for agricultural land, grazing livestock, above all increased human 

population encroaching natural habitats (Kibret Mamo,  2008), and fire wood (Dereje Mekonen, 

2006) are the major causes for disappearances of species.  

Vegetation type in Ethiopia are highly diverse, with its wide range of ecological conditions ranging 

from the arid lowlands in the east to rainforests in the west and high altitude afroalpine vegetation in 

the central highlands, is rich in its biodiversity (EPA 1997). The vegetation of Ethiopia has been 

described by various scientists such as Pichi -Sermolli (1957), Ratray (1960) and White (1983) made 

considerable contribution towards understanding the importance of vegetation in the country. Recent 

studies made by Sebsebe Demissew (1980), Ensermu Kelbessa et al., (1992), Tamirat Bekele (1993), 

Tesfaye Hawas et al., (2001), Kumilachew Yeshitila & Tamirat Bekele (2002) are some of the 

vegetation surveys made in different parts of the country,  the vegetation resources, including forests, 

are being destroyed at an alarming rate because of a number of factors. The major factors for the 

destruction of natural forests are agricultural expansion and overexploitation for various purposes 

such as fuelwood, charcoal, construction material and timber, all spurred by rapid human population 

growth. As the size of human population increases, the demand for use of agriculture and forest 

resources increases simultaneously. This has resulted in gradual resource depletion in the country, 

particularly in the central highlands of Ethiopia.Productivity has already declined and environmental 

resources are deteriorating. Although information on the severity of the situation, the problems have 

not been studied and clearly identified. 

Deforestation in Ethiopia is one of the biggest challenges that threaten the bio-diversity. Deforestation 

and land degradation led to ecological and socio-economic crises in Ethiopia (Tewolde berhan Gebre- 

Egziabher 1986; Nigatu 1987). Generally, the remaining forests are only small remnant patches 

mostly confined to inaccessible areas (mountaintops and steep slopes) and sacred places (churches, 

monasteries and mosques) (Alemayhu, 2005; Alemayhu, 2009a). With the prevailing alarming rate of 

deforestation, the remaining natural forests could disappear within a few decades, unless appropriate 

and immediate measures are taken.  

Plants maintain and expand their populations in time and space by the process of regeneration.In 

Ethiopia, studies that focused on population dynamics and regeneration ecology of forests include 

Bekele (1994), Teketay (1996), Argaw et al. (1999), Hadera (2000), Bekele (2000), Aleligne (2001), 

Alemayhu (2002), Tesfaye et al. (2002), Shibru (2002), Yeshitela and Bekele (2003), Alemayhu et al. 

(2005), Alemayhu (2009a, b). Population growth and its demands are increasingly threatening the 

sustainable management and use of natural resources, including natural forests in the tropics. 

Consequently, in many parts of the tropics, a great proportion of natural forests and the associated 

biodiversity have either been modified into more open and species-poor secondary forests or 

converted to other land uses. As in many countries in the tropics forest destruction, land degradation 

and loss of biodiversity are major environmental problems in Ethiopia.  

Most of the studies conducted so far are concentrated on high state forests, however, we lack and 

forgetting pocket of forests which is the baseline information on the general plant diversity & 

composition, population structures and other ecological perspectives which profoundly contribute to 

the formulation of development and management plan for plant species growing in the areas and 

forest generic resource conservation areas (like Ambostate forest which is target of this 

research).Ambo State Forest has been classified as a forest reserve since 1985/86. It is one of 
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floristically, ecologically and socio- economically importance area, but no attempt was made to 

investigate the floristic composition and its socio-economic importance. This calls for theneed to 

generate relevant information in order to ensure the conservation, management and sustainable 

utilization of these forest resources in particular and the biodiversity ingeneral. 

With these back ground the current study is designed to investigate which species is presented, which 

specie is performed well, which is ecologically important, list of woody plant species diversity and 

Structure, regeneration status of woody plant species, the major threats of woody plant species and 

socio-economic aspects. 

MATERIALS AND METHODS 

Description of the Study Area 

The study was conducted in Ambo State Forest, Ebinat woreada, South Gondar zone; Amhara 

National Regional State. The geographic location of the study area is at 12
0
06'30'' N longitude and 

38
0
01'28'' E latitude. The study site is boarded by four Kebles; Debr Abajale in the northwest, 

Jemandergeha in the east, Zeha in the west and Mechena in the south. It is about 672 km north of the 

capital city, Addis Ababa and 115 km north of the regional capital city, Bahiar Dar and 7 km 

Southwest from Ebinat. According to EWAO (CSA, 2007), the population of Ebinat is 220,955 

people, of these 112,159 were males and 108, 796 were females. The total area of Ambo forest is 

about 160 hectares. 

According to EWOA (2000) (un published) the topography of the Wereda consists of gorges and 

rugged (40%), mountainous (45%), and plain (15%) and it is divided into three agro- climatic zones: 

Degas (2300- 3200 m.a.s.l), 15%, Weina-Dega (1500-2300 m.a.s.l), 35% and Kola (50%) 500 –1500 

m.a.s.l. The mean annual rainfall is 600-800 mm, of which 90% occurs in the months between June to 

September. The mean annual potential evapotranspiration is about 1000 mm and the mean annual 

temperature is 25
0
C (EWOA, 2000). The major soil types of the woreda are Vertisol (4%), Nitosol 

(19.4%), Luvisol (25.3%), Cambisol (38.2%), Rocky (3.6%) and litosol (9.02%) (Source EMA 

Supported by Arc GIS).  

The vegetation of Ambo state forest consists of different trees, herbs, shrubs interspersed with 

climbers, shrublands and mixed/enrichment plantations (plantation stands of exotic and indigenous 

species interspersed with stands of natural forest).The entire area believed formerlyto have been 

covered byhigh forest as reported by elders. Most of these trees were cleared in order to obtain more 

land for cultivation, grazing and settlement.The dominant woody tree species found on the study sites 

includes:Acacia lahai, Calpurnia aurea, Carissa edulis, Maytenus senegalensis and Acacia 

sieberiana. Ambo State Forest is a habitat of large and small wild animals including:vervet monkey 

(Cercopithecus pygeythrus), common bushbuck (Tragelaphus scriptus), spoted hyenas (Crocuta 

crocuta), golden jackle (Canis adustus) and greydicher (Silvicapra grimmia).Golden jackle is the 

dominat one. 

Socio-economic activities that increasingly modified the forest over time include cultivation land, 

livestock grazing, timber extraction, settlement and construction. Now various landuse changes were 

observed. Among the changes, Ambo State Forests is being converted to grazing lands, farm lands 

and settlement. According to the information from the local people there was forest with big tree 

before 40 years.  
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Data Collection 

Vegetation data collection 

Reconnaissance survey was made in November 10-16, 2011, in order to get a general impression on 

forest condition (the study site in general) and to determine the sampling method to be used for 

vegetation data collection. Furthermore, during this period, secondary information regarding the study 

area was collected from Districts‘Agriculturaloffice. The data collection was conducted from January 

17 to March 30, 2012. 

In this study, a systematic sampling method was employed to collect vegetation and other physical 

data. Vegetation data were collected by laying transects lines, which were spaced 100 m along the 

elevation gradient of the forest. The first transect line was laid out randomly at one side of the forest 

along the gradient, and the rest were set up parallel to this first transect line. Quadrants of 25 m x 25 

m (625 m
2
) were placed on the established transect line,following the homogeneity of the 

vegetation(Adefires Worku, 2006). For tree and shrub assessments, the main quadrants were used 

while for the seedling and sapling inventory, two sub quadrates of (2 m x 10 m) were laid at the 

opposite side(beginning and the end of the main quadrants) following the method of Simon Shibiru 

and Girma Balcha (2004). 

Transects covered the altitudinal range between 2028 m.a.s.l - 2149 m.a.s.l. totally, 70 plots were 

established in the entire forest. Within each sample plot, all woody species were recorded and 

identified in the field. Local elder people were used to provide local names of the encountered plants 

and share their knowledge on local uses of them. After vernacular names were known, scientific 

names were identified with the help of books such asreferring to the published volumes of Flora of 

Ethiopia and Eritrea (1994)and also guides of colored plant identification such as flora of useful trees 

and shrubs in Ethiopia (Azene bekele Alemayehu, 2007) and honey bee flora of Ethiopia (Benhard 

and Admassu Adi, 1994). 

Plant Specimens were collected and pressed for those species that were difficult for identification at 

field level and then taken to the National Herbarium, Addis Ababa University. Besides the list of plant 

species and their relative abundances were recorded in each plot and plant species encountered along 

the line transects between sample plots were also noted. At the same time, environmental variables in 

the study plots such as geographic location systemcoordinates, altitude, aspect, forest status 

(disturbance level), and the dominant species were recorded. 

Plant species in each plot was counted and recorded at individuallevel, and voucher specimens were 

collected following standard taxonomic method (Bridson and Forman, 1992).For all woody trees and 

woody shrubs, individual trees taller than 50 cm and greater than 2.5 cm diameter at breast height 

(DBH) were measured for height and diameter, respectively. For height and DBH measherment 

Hypso-clinometer and calliper, respectively, were used. For trees with DBH above the caliper size, 

circumference was measured with meter tape and converted to DBH. In cases where a tree/ shrub bole 

branched at breast height or below, the diameters were measured separately and were considered as 

two trees and in cases where tree/shrub boles buttressed, DBH measurement was undertaken from the 

point just above the buttresses. All the plant species in all quadrats were recorded. In all quadrats, 

additional trees and shrubs outside the quadrat boundaries but within 10-15m were collected and 

noted as present. Besides to this, additional field layer species that were encountered outside the sub 

quadrats were collected and noted as present. 
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For the purpose of regeneration assessment, from the two sub quadrats of 2 m x 10 m, seedling and 

sapling counting per species was made. In this study, aseedling was considered as those woody 

individuals having less than or equal to 2.5 cm in DBH and less than or equal to 50 cm in height, 

sapling was considered as those woody individuals grater than or equal to 2.5cm in DBH and having 

less or equal to 50m and above in heightfollowing the method ofSimon Shibru and Girma Balcha 

(2004) and Kibret Mamo (2008). The regeneration status of dominant and some rare trees was 

assessed based on density of their seedling and sapling. 

Socio-economic data collection 

Socio-economic survey was carried to assess community perception towards the forest and benefits 

they acquired.A total of 40 sample households who live around the forest from four Keble (16 from 

Debr Abajele, 12 from Zeha, 6 from Mechena, 5 from Jemna depended on area coverage and nearest 

to forest) were selected systematically. These people were important in giving information on the 

general overview of the socio-economic aspects. The socio-economic survey involved various data 

collection techniques, such as semi-structured questionnaire and key informat interview.Semi 

structured interviews as described by Martin (1995) and Cotton (1996) was used to obtain both 

qualitative and quantitative data from the community. 

Of the total households studied 80% were male headed households while 20% were female headed 

household. All of the respondents belong to the same religion(Orthodox)  from these 42.5% of the 

respondents was within the range of 41-60 years old, 30% within the range of 20 – 30 years, 17.5% 

within the range of 61 – 80 years and 10% within the range of > 81 years. With regard to education 

level, most of the respondents (37.5%) were illiterate although 30% can read and write 12.5% primary 

1
st
cycle (5-8), 7.5% primary 2

nd
cycle (1-4), 7.5% secondary school, and 5% church school. About 

47.5% of the respondents‘ family size was in the range of 4-6 members and about 20% of the 

respondents was in the range of 7 – 10 family size.   

Data Analysis 

Vegetation data analysis  

Species composition: Species richness is a biologically appropriate measure of alpha diversity and is 

usually expressed as number of species per sample unit (Whittaker, 1972). The number of species 

(species richness) was determined by summing up the number of species identified directly in the 

field and herbarium. Data from each plot were analyzed for the relative abundance, frequency, the 

Shannon-wiener index of diversity and density of forests. 

Abundance: is the number of individuals of a species in the area. Two sets of abundance value were 

calculated in this study. These were (1) Average abundance per quadrat, calculated as the sum of the 

number of stems of species from all quadrats divided by the total number of quadrats, and (2) Relative 

abundance, calculated as the percentage of the abundance of each species divided by the total stem 

number of all species per hectarefollowing the methods of Kindeya Gebrehiwot (2003). 

Plant diversity and equitability analysis 

For analysis, the cover-abundance value of each encountered species was used. Furthermore, the 

diversity curves were made to infer about species richness and species diversity pattern across the 

quadrats following Gotelli and Colwell, 2001). The plot number species accumulation curve was 

analysed by constructing a line curve using number of plots against the accumulated number of 

species. 



114 
 

The Shannon-Weiner of diversity index (H') was calculated following Magurran (2004). 

 

Where, H' = the Shannon-Weiner Diversity Index 

                 Pi = the proportion of individuals of in the i
th
 species 

                 S = total number of species (1, 2, 3…..n) 

The Shannon evenness index (E) was calculated from the ratio of observed diversity to maximum 

diversity using the equation. 
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Where, E= Equitability (evenness) index which has values between 0 (a situation in which the 

abundance of all species are completely disproportional) and 1 (all species are equally abundant). 

H' = the Shannon-Weiner Diversity Index  

Pi = is the proportion of individuals of in the i
th
 species 

S = total number of species (1, 2, 3…..s). 

Structural data analysis 

Population Structure: To analyze the population structure of the vegetation, height and diameter 

frequency distribution of all tree and shrub species was employed using the measure of height and 

DBH for each species in all quadrats. Population structure of tree stem diameter distribution has been 

used to infer past disturbances, regeneration patterns and successional trends in tree populations 

(Tamrat Bekele, 1994; Demel Teketay, 1996). To determine the population structure, individuals of 

each species encountered were grouped into a diameter class of size 4 cm and height class of size 2 m 

and structure of the species were depicted using frequency histogram of both diameter and height 

class distributions following (Peters 1996; Haile Adamu, 2009). 

The density of each naturally regenerated woody plant species per hectare was derived from the total 

number of individuals recorded in the sample plotsat the forest. To analyze the population structure, 

histogram and graph were used to visualize the grouped diameter and height classes. 

Regeneration Status: The regeneration status of woody species was summarized based on the total 

count of seedling and sapling of each species across all the two subquadrats and presented in tables 

and frequency histograms following Demel Teketay (1996). Regeneration or recruitment status as 

well as viability status of the population of species could be best expressed by patterns of species 

population structures (Demel Teketay, 2005; Feyera Senbeta, 2006). With the objective of assessing 

population regeneration analysis, percentage of seedling, sapling and tree of all tree species  together 

were calculated separately and represented in a bar diagram.  

The forest structure was described in terms of frequency, dominance, basal area per hectare (BA/ha) 

calculated from DBH>2.5 cm, important value index and mean maximum height (calculated from the 
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maximum height recorded in each sample plots). In  diameter size distribution analysis, the DBH of 

woody species were grouped into nine DBH classes :1=1 -4 cm; 2 = 4- 8 cm; 3 = 8-12 cm; 4 = 12- 16; 

5 =16-20;  6=20-24 cm ;7=24-28cm;8=28-32cm;9=>=32cm, Similarly eight  height classes  were 

designated as  Class 1 =1-2 m; 2 = 2-4 m; 3 = 4-6 m; 4 = 6-8 m; 5 = 8-10m; 6 = 10-12 m.;7=12-14m; 

8=>=14m following Haile Adamu(2009). Then, density- diameter and density-height graphs were 

developed for trees of each studied forest patch. The average density of individual species of forests 

was calculated based on the number of individuals observed at plot level and after conversion to a per-

hectare basis. The relative abundance of each species was also calculated based on the number of 

individuals encountered in each plot. According to their total frequency expressed as percentage, 

species were grouped in to the following five frequency classes: A= 81-100, B= 61-80, C = 41-60, D 

= 21-40, E = 0-20%. 

The following structural parameters of the species were analyzed following Mueller-Dombois and 

Ellenberg (1974) and Martin (1995). 

 

 

 

 

 

Where π=3.14 and dbh= diameter at breast height (cm) for woody species with DBH> 2.5 cm 

 

 

  

Important value index (IVI) is the most important parameter to understand the community 

organization in relation to the competitive ability (Uniyal et al., 2010). IVI gives a more realistic value 

Figure of dominance from structural standpoint (Abyneh Derero, 2003).The species having highest 

IVI was identified as dominant and the second highest IVI was defined as co-dominant species (Sagar 

et al., 2008).  

 Socio- economic data analysis 

Information obtained through semi-structured interview, field observation and use value were 

captured, summarized, described and tabulated bydescriptive statistics. The use values of these 
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species were calculated and ranked according to their results. Both qualitative and quantitative data 

were analyzed. The qualitative data were analyzed partially during the process of data collection to be 

able immediately identify gaps to be filled through subsequent data collection under the domain 

descriptive statistics (in which frequencies, tables, and histograms were used) and the quantitative 

data were first summarized, tallied, coded, processed and analyzed using of Statistical Package for 

Social Sciences (SPSS) version 16 software and with Microsoft Excel 2007. 

  

RESULTS AND DISCUSSION 

Floristic Composition 

Floristic composition of given vegetation can be described in terms of its richness in species, 

abundance, dominance, and frequency (Lamprecht, 1989).Vegetation assessment  results showed that 

58 plant species belonging to 29 families & 47 genera were identified in Ambo State Forest  in the 

altitudinal range between 2028 m-2149 m.a.s.l. (Appendix 7). Of these species, 40 (68.97%) were 

trees, 9 (15.52%) were shrubs, 7(12%) were tree/shrubs and two (3.45%) were climbers.  

Fabaceae was the most species-rich family comprising 17 (29.31%) of the total plant species 

identified in Ambo State Forest, followed by moraceae, olacaceae, with  8(14%) species each 

represented by four species. The next dominant families were euphorbiaceae, acanthaceae, 

anacaardiaceae, sapindaceae, apocynaceae, boraginaceae and myrtaceae each represented by 2 species 

and together accounted24.15% of the total identified species. The remaining 19 families (22.54%) and 

each represented by a single species (Appendix 3). A similar study by Ermias Aynekulu (2011), 

Kitessa Hundera and Tsegaye Gadissa (2008), Haileab Zegeye (2005) at Hugumburda forest, Belete 

forest, Tara gedam forest, respectively indicated the dominance of fabaceae family.Which might be 

attributed due to the adaptation potential of Fabaceae families‘ to wider agro-ecologies. 

Vegetation Structure 

Species diversity, richness and equitability 

The overall average Shannon-Wiener Diversity Index (H`) and the average evenness values for the 

entire forest were 2.736 and 0.674, respectively,which is higher than Harenna forest (H=2.60) (Feyera 

Senbeta, 2006). According to Kent and Coker (1992), the Shannon-Weiner diversity index normally 

varies between 1.5 and 3.5 and rarely exceeds 4.5. Equitability (evenness) index which has values 

between 0 (a situation in which the abundance of all species are completely disproportional) and 1 (all 

species are equally abundant) (Wilson et al., 1996). 

In this study, it can be said that the study forest is with medium diversity and more or less even 

representation of individuals of all species encountered in the studied quadrants except a few species 

are dominant. The medium Shannon-Wiener diversity index of a forest may be due to continuous 

harvest for fuel wood and timber, removing of shrubs/ trees to give space for agricultural land. It is 

clear that a species composition and forest structure is significantly affected by human activities. 

Anthropogenic disturbances create an environmental difference through favouring selected and 

suppressing the unwanted plant species. Low evenness is an indication of the existence of unbalanced 

distribution of the individuals of a species encountered at a given study area. The Analysis of 

evenness index showed more or less even distribution the different species in the forest which might 

be due to the impact of anthropogenic influence (management), slope and altitudinal difference of the 

site. 
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The species area curve is a cumulative curve that relates the occurrence of species with the area 

sampled, curves that grow up and flattened at the end indicate that the numbers of plots taken are 

sufficient (Lamprecht, 1989, Gotelli and Colwell, 2001).In agreement with the abovestatements ten 

sample plots was taken randomly and decided the species diversity curves of the vegetation of Ambo 

State Forest. The result showed that species richness across quadrants was good and pattern of 

diversity curve raised up and flatted and owing to the fairly enough number of quadrats observed 

(Figure3). 

 

 

Figure.3. Species richness curve of the whole vegetation 

The number of species (58) recorded in the study area was found to be also higher than the number of 

species recorded in other Ethiopian Afromontane forests: Bonga forest= 51 (Abayneh Derero et al., 

2003); and   Jibat =54 (Tamrat, 1994). How ever, the total number of species in the study area was 

lower than that of reported for Chilimo = 90 (Tadesse Woldemariam et al., 2000); Afer-Shala Luqa 

=216 (Teshome Soromessa et al., 2004), Belete forest =79 (Kitessa Hundera and Tsegaye Gadissa, 

2008); Hugumburda forest=79 (Ermias Aynekulu, 2011); Abebaye and Tara gedam forest= 

143(Haileab Zegeye, 2005) and Wof-Washa forest in central Ethiopia=252 (Demel Teketay and 

Tamrat Bekele, 1995). 

Generally, factors like human and environmental influences have a strong impact  on forest structure, 

composition and species richness (Espinosa and Cabrera, 2011) though it depends on  intensity and 

persistency  of influences (Kuffer and Senn-irlet, 2004). Possible reasons for these differences may be 

laid on forest size and landscape fragmentation. 

 Basal Area, Frequency and Importance Value Index (IVI) 

Basal area provides the measure of the relative importance of the species than simple stem 

count(Lamprecht, 1989).Species with largest contribution in dominance value through higher basal 

areacould be considered as the most important species in the study vegetation. Other wise, in most 

cases shrubs could be the dominant species if only we consider density as a measure to indicate the 

over all dominance of the species (Adefires Worku, 2006; Simon Shibru and Girma Balcha, 2004). 
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In this study, basal area analysis across individual species revealed that there was high domination by 

very few or small woody species.The basal area of all woody species was 95.83 m
2
per hectare.The 

following species made the largest contribution tothe basal area(33.81%): Acacia lahai (16.86%), 

Acacia sieberiana (5.44%), Calpurnia aurea (4.06%), Acokanthera schimperi (3.77%) and Rhus 

glutinosa (3.69%). But the remaining species contributed a total of 66.18%. This implies that the 

above mentioned five species are the most ecologically important woody species in Ambo State 

forest.
 

According to Lamprecht (1989), stands that yield more or less the same IVI for the characteristic 

species indicate the existence of the same or at least similar stand composition and structure, site 

requirements and comparable dynamics among species. The ten most important woody species with 

the highest IVI in decreasing order were Acacia lahai (48.68%), Carissa edulis (24.77%), Calpurnia 

aurea (23.97%), Maytenus senegalensis (22.36%), Acacia sieberiana (15.81%), Grewia ferruginea 

(13.46%), Acokanthera schimperi (13.06%), Rhus glutinosa (11.23%), Acalypha fruticosa (10.40%) 

and Pterolobium stellatum (8.40%).These contributed to over 64 percent of the total importance value 

indices.This indicating that those woody species are the most ecologically important woody species in 

the study area. Whereas, species with small contribution to the total IVI were Girardinia 

bullosa,Albizia malacophylla and Entada abyssinica, and others woody species which ranked less 

than ten in their IVI are threatened and needs immediate conservation measure. 

Frequency reflects the pattern of distribution and gives an approximate indication of the heterogeneity 

of a stand (Haileab Zegeye et al., 2006; Lamprecht, 1989). The highest relative frequency was scored 

by Acacia lahai which has relatively highest relative density and the highest relative basal area. These 

may be due to the fact that these species might have a wide range of seed dispersal mechanisms like 

by wind, livestock, wild animal, birds and the like. 

Studies pointed out that high values in lower frequency classes and low values in higher frequency 

classes on the other hand indicate a high degree of floristic heterogeneitySimon Shibru and Girma 

Balcha (2004). In the present study high values were obtained in lower frequency classes whereas low 

values were in higher frequency classes (Figure 6). This shows that floristicheterogeneityexists in 

Ambo State Forest. 

 

Figure.4. Frequency distribution of woody species of Ambo State Forest: Frequency class: (A= 81-

100%; B= 61-80%; C= 41-60%; D= 21-40%; E= 0-20%) 
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Population Structure of Woody Species 

These patterns were illustrated by the ten dominant species that had been selected based on their 

importance value indices. Accordingly, Carissa edulis (Figure5c), Calpurnia aurea(Figure5d), Rhus 

glutinosa (Figure5e),Grewia ferruginea (Figure5f),  Acacia sieberiana (Figure5b), Maytenus 

senegalensis (Figure5j) , Acokanthera schimperi (Figure5g) , Acalypha fruticosa (Figure5h) and 

Pterolobium stellatum (Figure5i), were depicted an interrupted Inverted-J-shape pattern. Acacia 

lahai,(Figure5a), depicted in the Bell-shape patern. This reflects a hampered regeneration status of the 

species due to possible reasons like human disturbance, livestock trampling or browsing in the area. 

 

 

           a)  Acacia lahai                                                          b) Acacia sieberiana 

 

           c) Carissa edulis d) Calpurnia aurea                                     

 

 e) Rhus glutinosa    f)   Grewia ferruginea 
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        g) Acokanthera schimperi                                          h) Acalypha fruticosa 

 

         i)  Pterolobium stellatum.                                j) Maytenus senegalensis 

Figure 5. Diameter class frequency distribution of selected tree species: DBH class: (1)<4cm; 2) 4-

8cm; 3) 8-12cm; 4) 12-16 cm; 5) 16-20 cm; 6) 20-24 cm; 7) 24-28cm; 8) 28-32cm; 9)>=32 cm) 

Accordingly, height class of Carissa edulis (Figure6c), Calpurnia aurea (Figure6d), and Rhus 

glutinosa (Figure6e), Grewia ferruginea (Figure6f), Maytenus senegalensis (Figure6i), Acokanthera 

schimperi (Figure6g), Acalypha fruticosa (Figure6h) and Pterolobium stellatum (Figure6f )were 

depicted an interrupted Inverted-J-shape pattern. Acacia lahai (Figure6a) andAcacia sieberiana 

(Figure6b) appeared to havenearly irregular shape (Bell-shape).  

 

  a)  Acacia sieberiana                                         b) Acacia lahai 

 

c) Carissa edulis                                              d) Calpurnia aurea 
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  e) Rhus glutinosa                                                 f)   Grewia ferruginea  

 

        g) Acokanthera schimperi                                h) Acalypha fruticosa 

 

i) Maytenus senegalensisj) pterolobium stellatum 

Figure.6. Height class frequency distribution of selected tree specices. Height class: (1)<2m; 2) 2-4m; 

3) 4-6 m; 4) 6-8m; 5) 8-10m; 6) 10-12m; 7) 12-14m; 8)>=14) 

Even though the patterens were different as illustrated in Figure 6 there arespecies with less density 

and IVI, but they are important tree species to local community selected by farmers and also 

economically important indigenous species like Cordia africana, Mimusops kummel, Podocarpus 

falcatus, Ficus vasta and Entada abyssinica, whichneedplanting or retaing, protecting and enriching 

this and other important tree/shrub species in the forest. 

Abundance, diameter and height of woody species 

Species-abundance measures are ways of expressing not only the relative richness but also evenness 

and there by assessing diversity (Barnes et al., 1998). A total of 4263 individuals of woody plants 

(974.4 individuals per ha) were encountered from 70 studied quadrants. 

The ten most abundat woody species in their order of highest density were Acacia lahai, Carissa 

edulis, Calpurnia aurea, Maytenus senegalensis, Acacia sieberian, Grewia ferruginea, Acokanthera 

schimperi, Acalypha fruticosa and Pterolobium stellatum. Species likeAlbizia malacophylla, Entada 

abyssinica and Girardinia bullosa were poorly reckoned in this study. 
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Generally speaking, only few species were dominating the vegetation of the study area in their 

abundance while many of the species were very rare or low in their abundance. Such a result reflects 

either adverse environmental situations or random distribution of available resource in the study area 

(Miranda et al., 2002 as cited in Feyera Senbeta et al., 2007, Tatek Dejene, 2008). It can be further 

inferred about this study result from the above two authors point of views in that the woody plants 

were distributed in uneven manner may be due to inability of individuals to cope up harsh 

environmental condition, human disturbance, livestock trampling and grazing, and other biotic and 

abiotic impairments in the area.  

In this study, both commutative diameter and height class distribution of the population structure of 

the study area reflected an interrupted reversed J-shape (L shape), which seemed to show a pattern 

where species frequency distribution had the highest frequency in the lower diameter classes and a 

gradual decrease towards the higher classes, but showing a little bit decrease in density somewhere in 

the lower classes or middle classes. Above sixty five percent of the total density restricted in the lower 

diameter classes(1-12cm), whereas, about 32.5% and 1.69% of the density were found to be in the 

middle diameter classes (12-24cm) and in the higher diameter classes (>24cm), respectively 

(Figure7). This indicated that there was drawing out of trees for various purposes by local dwellers 

(e.g. for fencing and fuel wood, or by livestock trampling or browsing, or may be by agricultural 

expansion) in the lower ormiddle and high classes of trees in the area. Similarly, the density 

distribution of woody individuals in different height classes also showed a similar pattern with 

diameter classes although there were a very high decrease in density of class two, three and four 

(Figure7). Generally, it showed a decrease in density with increasing height classes. 

 

Figure 7. Cumulative Diameter class frequency distribution of selected tree species, DBH class: 

(1)<4cm; 2) 4-8cm; 3) 8-12cm; 4) 12-16cm; 5) 16-20cm; 6) 20-24cm; 7) 24-28cm;8) 28-

32cm;9)>32cm) 
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Figure 8. Cumulative height class frequency distribution of woody species: (1) < 2m; 2) 2-4m; 3) 4-

6m; 4) 6-8m; 5) 8-10m; 6) 10-12m; 7) 12-14m; 8)>=14m) 

 Regeneration Status 

Composition and density of seedlings and saplings would indicate the status of regeneration in the 

study area. The population structure helps to study the regeneration pattern of a species (Swamy et al. 

2000).  A total of 2812 individuals (642.74 individuals/ha) seedlings and saplings belonging to 42 

species were counted from all quadrants, while a total of 1512 individuals (345.6 individuals/ha) 

saplings counted for 39 species, and a total of 1300 individuals (297.14 individuals/ha) seedling 

counted for 36 species.  

Accordingly, the following species made the largest contribution to the seedling counts per hectare: 

Maytenus senegalensis (74.29), Carissa edulis (49.8), Calpurnia aurea, (31), Pterolobium stellatum. 

(24) and Acokanthera schimperi, (23). (Figure7). On the other hand, species with largest contribution 

to sapling counts wereCalpurnia aurea, (68.57), Carissa edulis, (67.89), Maytenus senegalensis, 

(53.9), Pterolobium stellatum, (26.29) and Euclea racemosa(15.54) (Figure 9). 

Generally, in this seedling and sapling assessment, Maytenus senegalensis, Carissa edulis, Calpurnia 

aurea,Pterolobium stellatum, Acokanthera schimperi andEuclea racemosa were with good 

recruitment status relative to other species. On the other hand, some species like Syzygium guineense 

andErythrina abyssinica showed no seedling and sapling. This may be due to the selective browsing 

effect of animals in the study area. Generally, good regeneration was observed for most bush/shrub 

species than trees. 
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Figure.9. Regeneration status (seedling and sapling) of selected woody tree species 

 Socio-economic Characteristics 

Farmers’attitude toward Ambo State Forest 

Perception of local people is a key issue to the successful management of communal resources 

(Emiru, 2002). As indicated in Table 1, 97.5% of the communities were aware of the existence of 

local community by laws for the protection of the forest. A majority of the respondents showed, about 

75% knew the management of   forest is both by locality from their own experience (community it 

self) and through extension services from the Woreda Agricultural office (government) and a few 

community had (2.5%) protecting the forest. This is so probably due to the fact that the majority of 

the community members are not participated in the effort to maintain the forest (Table 1). 

 

Table 1.  Local people attitude towards the forest bylaws and responsiblity for managements of forest 

Knowledge of the presence of 

by law 

Frequency Percent Responsible body Frequency Percent 

Yes 39 97.5 Government 9 22.5 

No 1 2.5 Community 1 2.5 

Total 40 100 Both 30 75 

 

About 97.5% of the interviewed farmers expressed that they have a positive atitude towards the 

presence of the forests. According to respondents‘ view protecting the forest resulted an increase in 

species diversity (25%), increase regeneration status of tree and grass (52.5%) and reduced soil 

erosion (17.5%) at Ambo State forest, especially starting from Ethiopian millinum(Table2). Now they 

observed that there was a good regeneration of grasses, trees and increase species diversity due to the 

protection of forest from time to time. 
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Table2. Change due to protecting of forest 

 

The other reason why farmers have good atitude toward the forest is due to its contribution for honey 

production. Of the many plants that exist in the forest, five species were the most valued for their 

great potential as bee forage through providing flower and five species are the most valued for 

hanging beehiveCalpurnia aurea (37.5%) and Mimusops kummel (32.5%) are the most prefered 

species in this group for bee fodder and hanging beehive respectively (Figure10 &11). 

 

Figure 10. Woody species preference as afodder for honey production 

 

     
Figure 11. Woody species preference for hanging beehive  

 

Change  Frequency Percent 

Increase regeneration of tree and shrubs  21 52.5 

Increase species diversity 10 25 

Reduced soil erosion 7 17.5 

No idea 1 2.5 

Total 40 100.0 
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Socio-economic Significance 

All the respondents (100%) confirmed that they had benefited from the forest. The benefit includes 

grass for their livestock and construction (40%), fuel wood (12.5%), creategood environment (2.5%) 

and different uses (45%). However, at present, 77.5% of the respondents indicated that the benefit of 

local community from the forest require sharing of the costs. i.e. Buying of fuel wood, grass and 

construction materials with list cost. 

Selection of most common tree/shrub species for different uses 

The most common tree/shrub species managed previously in order of dominace of response include: 

Euclea racemosa (27.5%), Ficus sycomorus (20%), Capparis tomentosa (20%), Combretum molle 

(17%) and Croton macrostachyus (15%), respectively (Table 3). 

 

Table 3. List of trees & shrub species dominant previously in decinding order 

Species in order of dominance Percentage of respondents 

Euclea racemosa  

Ficus sycomorus 

Capparis tomentosa 

Combretum molle 

Croton macrostachyus 

27.5 

20.0 

20.0 

17.5 

15.0 

Total 100.0 

 

The most common tree/shrub species managed currently in order of dominance of response include: 

Acacia lahai (45%), Calpurnia aurea (20%), Carissa edulis (17%), Maytenus senegalensis (10%) and 

Acokanthera schimper (7.5%), respectively (Table 4). 

Table 4. List of trees & shrb species dominant these day in decinding order             

Speciies in order of dominace Percentage of respondents 

Acacia lahai 

Calpurnia aurea 

Carissa edulis 

Maytenus senegalensis 

Acokanthera schimperi 

45.0 

20.0 

17.5 

10.0 

7.5 

Total 100.0 
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The importance of trees in addressing the production and service function issues has been well 

understood by farmers through the centuries and has been clearly demonstrated in traditional tree-

based agricultural farming and land-use systems (Garrity et al., 2006). The respondents‘ ofthis study 

showed that the most important woody species in order of importance (preference) areXimenia 

Americana (45%), Cordia Africana (37.5%), Ficus vasta (35%), Ficus thonningii (45%), for animal 

fodder, timber, shading and human fodder, respectively (Table 5). 

Table 5. Uses of different tree species 

  uses                      Tree/ shrub         Frequency Percent (100%) 

Cattle fodder Ximenia Americana. 

Ziziphus abyssinica 

Mimusops kummel 

Syzygium  guineense   

Rhus glutinosa  

18 

6 

3 

1 

3 

45 

15 

7.5 

25 

7.5 

Timber  Cordia africana  

Acacia lahai  

Olea europaea  

Ficus vasta  

15 

4 

14 

7 

37.5 

10 

35 

17 

Shading 

 

 

 

 

Animalfood 

Ficus sycomorus. 

Acacia lahai  

Croton macrostachyus  

Ficus vasta  

Ficus thonningii. 

Ficus thonningii. 

Capparis tomentosa 

Dodoniaea viscosa 

Cordia Africana. 

Rhus glutinosa. 

8 

8 

6 

14 

4 

14 

5 

3 

1 

17 

20 

20 

15 

35 

10 

35 

12.5 

7.5 

2.5 

42.5 

 

Factors affecting forest & farmers view 

Even though, Ambo State Forest has been classified as a forest reserve since 1985/86, due to lack of 

information on its importance, the plant resources of this forest reserve has been used improperly and 

excessively. Some variables also revealed that the Ambo State forest vegetation is affected by 

different factors, the most important being convertion in to agricultural land. As a result, most of the 

respondents (57.5%, n = 40) believe that the forest area of study site is declining over time. On the 

other hand, about 40% of the respondents thought that the forest area is increasing and only 2.5% 

believes that it remained the same over time.  

According to respondents, major reasons mentioned for the decline of the forest area were clearing to 

get agricultural land (47.5 %), illegal cutting (40 %), uses for grazing land (4%) and expantion of 

infrastructure like road across forest (1%) respectively (Table 6). Those factors are influenced on 

forest structure, composition and species richness. 
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CONCLUISIONS AND RECOMMENDATIONS 

Concluisions 

The study provides useful information on the present condition of the woody species diversity, 

struacture, regeneration status and socio-economic aspects of Ambo State Forest. Based on the species 

area curves, it is clear that adequate samples had been taken for the study. However, the results of 

woody species revealed that only few species were scored high density and basal area. 

The Shannon diversity and evenness index possesses medium diversity and more or less even 

representation of individuals of all species, respectively.The most important vegetation type was a tree 

dominated byAcacia lahai, however, Acacia lahai relative to its basal area and frequency, 

regeneration status is poor. Economically important indigenous species like Podocarpus falcatus 

andFicus vasta are highly affected, therefore, it needs special management activities. 

The IVI values reveal the most economical and ecologically important woody species in the forests. 

Entada abyssinicawas the most critically hampered species followed by Albizia malacophylla and 

Girardinia bullosa. 

Both the cumulative diameter and height class frequency distribution patterns of woody individuals 

were resulted in an interrupted and inverted-J-shape, which is the reflection of a more or less poor 

regeneration profile in the study area.Similarly, the population structure of the selected important 

species revealed that most of them were in poor regeneration status though the degree of the problems 

varies from species to species. 

The socio economic survey results showed that there are some species which have multipurpose 

values for the local communities‘ interms of provision fuel wood, construction material, timber, 

shading, animal fodder, bee forage and edible fruits. Now concerning the current management status 

of the forest, many of the respondent farmers were very much interested for the protection of forest. In 

the study area the forest are protected against theft and grazing by guards. However, many of the 

respondent farmers indicated that, both government and community was the responsible body for the 

current management of the protected area. 

Despite their socio-economic and ecological importance, at present, the forests are under increased 

human pressure forlivestock grazing, tree cutting for various purposes and farmland expansion. These 

are are the major threats to the forest resources and the main causes for the irregularity and poor 

regeneration status of the vegetation of Ambo State Forest. 

 Recommendations 

A species having low IVI values (like: Girardinia bullosa,Albizia malacophylla and Entada 

abyssinica) and poor regeneration status (like: Syzygium guineense and Erythrina abyssinica) need to 

get special attention to mimize potential depletion and at the same time prioritized for conservation.  

It is now generally recognized that atitude and beneficiary participation of the local communities at all 

stages is essential for the successful management of communal and locally available resources. 

Enrichment planting particularly in the open spaces is necessary and encourages planting of 

indigenous and suitable exotic tree species. 

Further studies should be carried out in multi-disciplinary approaches in order to enhance holistic 

management and continuous development on socio-economic and biophysical environments. Like 
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wild life research on the diversity of fauna and their functional relationships with the development of 

woody vegetation. 

The main recommendation of this study is that an immediate and urgent strategy is needed to assist, 

improve the management and sustainably utilize the diversity of Ambo State Forest.  
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APPENDICS 

Appendix 1. List of plant species with their local name, botanical name, family and habitat of Ambo 

State forest 

No. Scientific name  Local name  Family Growth habitat  

1 Acacia abyssinica subsp. Abyssinica Bazra girar Fabaceae Tree 

2 Acacia hockii De. Wild Key girar Fabaceae Tree 

3 Acacia lahai Steud. Hochst. Ex Benth Tikur girar Fabaceae Tree 

4 Acacia persiciflora Pax Kento girar Fabaceae Tree 

5 Acacia saligna (racospperma saligna) saligna Fabaceae tree/shrub 

6 Acacia sieberiana Dc. Nech/bula/ Girar Fabaceae Tree 

7 Acalypha fruticosa Forssk Checho       Euphorbiaceae shrub 

8 Acokanthera schimperi(A.Dc) Schweinf Merenz Apocynaceae Tree 

9 Adhatoda schimperiana (Hochst.ex Nees) Smiza Acanthaceae shrub 

10 Albizia malacophylla var. ugadensis Qachena Fabaceae Tree 

11 Albizia lophantha (A.Rich)Walp Demt ayne   Fabaceae Tree 

12 Albizia schimeriana oliv Lemorna Fabaceae Tree 

13 Allophylus abyssinicus Embus  Sapindaceae Tree 

14 Buddleja polystachya fresen Anfar Loganiaceae Tree 

15 Calpurnia aurea (Ait.) Benth Digta Fabaceae shrub 

16 Capparis tomentosa Lam. Gumero Cappardaceae shrub 

17 Carissa edulis (Forssek.) Vahl Agam Apocynaceae shrub 

18 Cassipourea malosana (Bak.) Alston Qeret Rhizophoraceae shrub 

19 Celtis africana Burm. f. Kewot Ulmaceae Tree 

20 Combretum molle R. Br. ex G. Don Abalo       Combretaceae Tree 

21 Cordia africana Lam Wanza Boraginaceae Tree 

22 Croton macrostachyus Del. Hochest.ez Del Bisana Euphorbiaceae Tree 

23 Delonix (L)Gambl Sebkana Fabaceae tree/shrub 

24 Dichrosatachys cinerea (L.) Wight.&.Arn Gorgor girar       Fabaceae Tree 

25 Dodonaea viscosa L. f. Kitkita Sapindaceae tree/shrub 

26 Dombeya quinqueseta (Del.) Exell Wulkefa Sterculiaceae Tree 

27 Entada abyssinica Steud. ex A. Rich. Kontir            Fabaceae Tree 

28 Erythrina abyssinica Lam.ex.DC Kuara          Fabaceae Tree 

29 Eucalyptus camaldulensis Dehnh key bahir zaf Myrtaceae Tree 

30 Euclea racemosa subsp. Schimperi (A.DC.) 

F.White 

Dedho Ebenaceae shrub 

31 Ficus ingens(Miq)Miq Tulesa Moraceae Tree 

32 Ficus sycomorus L. Bamba Moraceae Tree 

33 Ficus thonningii Blume. Chibha Moraceae Tree 

34 Ficus vasta Fossk Warka Moraceae Tree 

35 Gardenia volkensii Gambelo Rubiaceae tree/shrub 

36 Girardinia bullosa (Hochst.)  Jajer kayna      Urticaceae Tree 

37 Grewia ferruginea Hochst.ex A.Rich Lenkoata Tiliaceae Tree 

38 Jasminum abyssinicum (Hochst,ex Dc.) Tembellel Oleaceae climber 

39 Maytenus senegalensis Atat        Celasteraceae shrub 



137 
 

40 Mimusops kummel Shiye Sapotaceae Tree 

41 Myrica salicifolia Shinet Myricaceae Tree 

42 Olea europaea subsp. Cuspidata Woyra              Oleaceae Tree 

43 Otostegia integrifolia Benth. Tinjut Lamiaceae shrub 

44 Pittosporium viridiflorum Sims Dengay seber Pittosporaceae Tree 

45 Podocarpus falcatus (Thunb.) Mirb. Zigab Podocarpaceae tree 

46 Pterolobium stellatum (Forssk.) Brenan. kentafa       Fabaceae climber 

47 Rhus glutinosa A.Rich Qamo Anacardiaceae tree 

48 Ruttya speciosa(Hochst)Eng Nanye            Acanthaceae tree 

49 Schinus molle Qundo berbere Anacardiaceae tree 

50 Schrebera alata (Hochst.) Welw Senef weyra Oleaceae tree 

51 Senna singueana Bibsha           Fabaceae shrub 

52 Steganotaenia araliacea Hochst.ex A.Rich Ye jib dula     Apiaceae tree 

53 Stereospermum Kuunthianum Cham Zana               Bignoniaceae tree 

54 
Syzygiumguineense(wild.)DC. Suvsp.guineense. Dokma Myrtaceae 

tree 

55 Tamarindus indica Dodna Fabaceae tree 

56 Trichilia emetica vahl Zanfok             Meliaceae tree 

57 Ximenia Americana L. Enkoy 
Olacaceae 

tree/shrub 

58 Ziziphus abyssinica Hochst. ex A. Rich Foch Rhamnaceae tree/shrub 

     

No. 

Scientific name  
Total 
mature 

Total 
sapling 

Total 
seedling  Total pi lnpi pilnpi 

1 Combretum molle  2.00 33.00 38.00 73.00 0.02 -4.07 -0.07 

2 Acacia saligna  5.00 0.00 0.00 5.00 0.00 -6.75 -0.01 

3 Carissa edulis  64.00 297.00 218.00 579.00 0.14 -2.00 -0.27 

4 Buddleja polystachya  1.00 3.00 1.00 5.00 0.00 -6.75 -0.01 

5 Maytenus senegalensis 4.00 236.00 325.00 565.00 0.13 -2.02 -0.27 

6 Ficus sycomorus  1.00 0.00 0.00 1.00 0.00 -8.36 0.00 

7 Acacia abyssinica  4.00 1.00 0.00 5.00 0.00 -6.75 -0.01 

8 Senna singueana 5.00 3.00 9.00 17.00 0.00 -5.52 -0.02 

9 Croton macrostachyus  1.00 3.00 30.00 34.00 0.01 -4.83 -0.04 

10 Acalypha fruticosa  25.00 59.00 39.00 123.00 0.03 -3.55 -0.01 

11 Ficus thonningii . 2.00 2.00 0.00 4.00 0.00 -6.97 -0.10 

12 Euclea racemosa  20.00 68.00 58.00 146.00 0.03 -3.37 -0.12 

13 Albizia lophantha 2.00 0.00 0.00 2.00 0.00 -7.66 0.00 

14 Calpurnia aurea  3.00 4.00 2.00 9.00 0.00 -6.16 -0.01 
15 Pittosporium viridiflorum  84.00 300.00 136.00 520.00 0.12 -2.10 -0.26 

16 Tamarindus indica 2.00 0.00 0.00 2.00 0.00 -7.66 0.00 

17 Syzygium  guineense  1.00 0.00 0.00 1.00 0.00 -8.36 0.00 

18 Allophylus abyssinicus 3.00 2.00 4.00 9.00 0.00 -6.16 -0.01 

19 Ximenia Americana  16.00 3.00 6.00 25.00 0.01 -5.14 -0.03 

20 Gardenia volkensii 8.00 2.00 2.00 12.00 0.00 -5.87 -0.02 

21 Ziziphus abyssinica  1.00 41.00 12.00 54.00 0.01 -4.37 -0.06 

22 Dichrosatachys cinerea  9.00 6.00 9.00 24.00 0.01 -5.18 -0.03 
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23 Capparis tomentosa 4.00 29.00 9.00 42.00 0.01 -4.62 -0.05 

24 Girardinia bullosa  0.00 0.00 1.00 1.00 0.00 -8.36 0.00 

25 Pterolobium stellatum  2.00 115.00 108.00 225.00 0.05 -2.94 -0.16 

26 Acacia persiciflora  15.00 7.00 9.00 31.00 0.01 -4.92 -0.04 

27 Celtis africana  5.00 0.00 0.00 5.00 0.00 -6.75 -0.03 

28 Eucalyptus camaldulensis  3.00 6.00 0.00 9.00 0.00 -6.16 -0.01 

29 Acacia hockii  6.00 11.00 14.00 31.00 0.01 -4.92 -0.01 

30 Dodonaea angustifolia 1.00 12.00 16.00 29.00 0.01 -4.99 -0.04 

31 Entada abyssinica 0.00 1.00 0.00 1.00 0.00 -8.36 0.00 

32 Erythrina abyssinica  12.00 0.00 0.00 12.00 0.00 -5.87 -0.02 

33 Albizia schimeriana  8.00 2.00 4.00 14.00 0.00 -5.72 -0.02 

34 Grewia ferruginea  53.00 55.00 52.00 160.00 0.04 -3.28 -0.12 

35 Acokanthera schimperi 77.00 50.00 101.00 228.00 0.05 -2.93 -0.16 

36 Ruttya speciosa 1.00 19.00 4.00 24.00 0.01 -5.18 -0.03 

37 Acacia sieberiana  95.00 29.00 19.00 143.00 0.03 -3.39 -0.11 

38 Albizia malacophylla  52.00 34.00 24.00 110.00 0.03 -3.66 -0.09 

39 Rhus glutinosa  0.00 1.00 0.00 1.00 0.00 -8.36 0.00 

40 Cassipourea malosana  5.00 0.00 0.00 5.00 0.00 -6.75 -0.01 

41 Schinus molle 4.00 0.00 0.00 4.00 0.00 -6.97 -0.01 

42 Delonix (L)Gambl 3.00 0.00 4.00 7.00 0.00 -6.41 -0.01 

43 Schrebera alata  1.00 5.00 7.00 13.00 0.00 -5.79 -0.02 

44 Myrica salicifolia 3.00 0.00 0.00 3.00 0.00 -7.26 -0.01 

45 Mimusops kummel 2.00 1.00 0.00 3.00 0.00 -7.26 -0.01 

46 Adhatoda schimperiana  1.00 5.00 4.00 10.00 0.00 -6.06 -0.01 

47 Jasminum abyssinicum  1.00 8.00 9.00 18.00 0.00 -5.47 -0.02 

48 Acacia lahai  774.00 47.00 32.00 853.00 0.20 -1.61 -0.32 

49 Otostegia integrifolia 1.00 0.00 7.00 8.00 0.00 -6.28 -0.01 

50 Ficus ingens 2.00 0.00 0.00 2.00 0.00 -7.66 0.00 

51 Cordia africana  3.00 6.00 3.00 12.00 0.00 -5.87 -0.02 

52 Ficus vasta  2.00 0.00 0.00 2.00 0.00 -7.66 0.00 

53 Olea europaea  7.00 0.00 0.00 7.00 0.00 -6.41 -0.01 

54 Dombeya quinqueseta  3.00 0.00 0.00 3.00 0.00 -7.26 -0.01 

55 Steganotaenia araliacea  4.00 2.00 1.00 7.00 0.00 -6.41 -0.01 

56 
Stereospermum 
Kuunthianum  3.00 0.00 0.00 3.00 0.00 -7.26 -0.01 

57 Trichilia emetica  2.00 0.00 0.00 2.00 0.00 -7.66 0.00 

58 Podocarpus falcatus  4.00 6.00 10.00 20.00 0.00 -5.36 -0.03 

  Grand Total 1422 1514.00 1327.00 4263.00 1.00 331.4 -2.74 

    
Diversity 2.74 

   

    
Eveness 0.67 
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Abstract 

Biomass equations are needed to correctly quantify harvestable stock and biomass for sustainability in forest 

management, but information of this kind are scarce in Ethiopia. Besides,the Chilimo forest is one of the few 

remaining dry afro-montane mixed forests found in Central Highland of Ethiopia and is composed of both 

broad-leaf and the more dominant coniferous species.The main species (based on density) include: Juniperus 

procera, Podocarpus falcatus, Olea europaea subspp. cuspidiata, Scolopia theifolia, Rhus glutinosa, Olinia 

rochetiana and Allophylus abyssinicus however information on above and below ground biomass for these 

species are lacking.Thus, the main objective of the study was to develop biomass equation models for the five of 

the most common native tree species in the Chilimo dry afro-montane mixed forest: Allophyllus abyssinicus, 

Olea europaea ssp. cuspidiata, Olinia rochetiana, Rhus glutinosa and Scolopia theifolia. A total of  90 trees, (20 

trees per species of O. europaea, O. rochetiana and S. theifolia and 15 trees per species of A. abyssinicus and R. 

glutinosa) from different diameter classeswere selected, felled and divided into sections: thin branches with 

leaves (< 2 cm), thick branches (2-7 cm), large branches (>7 cm) and stem with bark. Biomass equation models 

(the first developed for these five species) were selected and fitted using joint generalized regression to ensure 

the additivity property between the biomass components of tree fractions and total biomass. Diameter at breast 

height and total height were used as independent variables. The models were found to be accurate and 

consistent with other biomass estimations for sustainable fuelwood utilization of these species. A linear 

correlation between observed and predicted values was found for all five species, along a single, straight line. 

Thus, the models can be considered reliable for estimating aboveground biomass in the Chilimo forest and 

applied more generally in similar forest types. 

 

Keywords: Chilimo forest, tropical forest, biomass models, carbon stock, additivity, Ethiopia 

 

INTRODUCTION 

Forests play an important role in mitigating global climate change. The IPCC (2007) estimates that 

forests cover over 4 billion hectares of the earth‘s surface and contribute to around 50 % of global 

greenhouse gas mitigation. Tropical forests account for about 60 % of global forest cover and store an 

estimated 193-229 Pg of carbon in aboveground biomass (Baccini et al., 2012), roughly 20 times the 

annual emissions from combustion and changes in land use (Friedlingstein et al., 2010). Tropical dry 

forests represent around 42 % of all tropical forest ecosystems (Mileset al., 2006). 

The need for accurate estimates of forest biomass is increasing due to its importance in managing 

commercial and fuelwood, global carbon cycle budgeting and sustainable forest managementalong 

with the assessment of forest structure and condition, forest productivity or carbon fluxes based on 

sequential changes in biomass (Cole, 2006). In developing countries, about 38 % of primary energy 

mailto:meharialebachew25@gmail.com
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consumption comes from forest biomass (Sims, 2003). To successfully implement mitigating policies 

and take advantage of the REDD (Reducing Emission from Deforestation and Forest Degradation) 

programme of the United Nations Framework Convention in Climate Change (UNFCCC) (Miahet al., 

2011), these countries need well-authenticated estimates of forest carbon stocks.Consequently, 

through direct or indirect methods, it is both important and urgent to quantifytree biomass and how it 

is distributed among the different tree components (Brown, 2002). Destructive methods directly 

measure biomass by harvesting the tree and measuring the actual mass of each of its components 

(Kangas and Maltamo, 2006). Though, very accurate (Henry et al., 2011), cutting down trees is both 

costly and time consuming. In contrast, indirect methods using biomass models and biomass 

expansion factors (BEFs) to estimate tree biomass are inexpensive and time efficient (Peltier et al., 

2007). However, tools for biomass estimation are scare in the tropics and existing models do not 

accurately represent the actual forests (Henry et al., 2011). Most models for tropical rainforest species 

were developed in Latin America and South Africa. Though, some studies have recently emerged in 

east Africa and Ethiopia (Zewdie et al., 2009; Henry et al., 2010; Ngomanda et al., 2014), attempts to 

develop biomass equations for these places and Sub-Saharan Africa in general have been very limited 

(Henry et al., 2011). More research is needed in these areas. 

Forest was once naturally abundant in Ethiopia, covering about 40 % of the country in 1900. The 

numbers have declined drastically since then, to 16 % in 1985 and 2.7 % by 2004 (Nyssen et al., 

2004). National carbon stocks for the same years have been estimated at 153 Mt C by Houghton 

(1998), 867 Mt C by Gibbs et al. (2007) and 2.5 Gt C by Sisay (2010). Estimates of the naturally high 

forest carbon stock density range from 101 Mg C ha
-1

 (Moges  et al., 2010) to 200 Mg C ha
-1

 (Temam, 

2010), depending on the methodology and tools used soil classification, topography and forest 

types.Localized carbon stocking capacity studies are urgently needed to aid sustainable management 

of the existing forest (IBC, 2005;Moges et al., 2010). 

Located in the Central Highland plateau of Ethiopia, the Chilimo forest is one of the few remaining 

dry afro-montane mixed forests and is composed of both broad-leaf and the more dominant coniferous 

species. The main species (based on density) include Juniperus procera, Podocarpus falcatus, Olea 

europaea subsp. cuspidata, Scolopia theifolia, Rhus glutinosa, Olinia rochetiana and Allophylus 

abyssinicus (Kelbessa and Soromossa], 2004; Kassa et al., 2009). The forest represents a vital 

ecological space for birds, mammals and water supply. It is the source of several large rivers, 

including the Awash River. However, the Chilimo forest has been subjected to human impact for over 

2,000 years. The current rate of deforestation is extremely high due to clearing for fuel wood, 

agricultural land expansion, lumber and farm implements. Chilimo forest cover has shrunk from 

22,000 hectares in 1982 to its present-day size of 6,000 hectares (Shumi, 2009;Teshome and Ensermu, 

2013). The Ethiopian government has proclaimed this forest as a National Priority Protection Forest 

area. Since above  and below-ground biomass estimates for most Ethiopian species are non-existent, 

the main objective of this study was to develop biomass and carbon stock estimation models for use in 

developing sustainable biomass harvesting practices for five of the most common native species in 

dry tropical afro-montane forest: Allophyllus abyssinicus, Olea europaea ssp. cuspidata, Olinia; 

rochetiana, Rhus glutinosa and Scolopia theifolia. 

MATERIAL AND METHODS 

Study Site Location 

The experimental site was located in the Chilimo dry afro-montane forest of the Western Shewa zone, 

in the Dendi district of the Central Highlands of Ethiopia (38° 07′ E to 38° 10′ E longitude  and  9° 30′ 

to 9° 50′ N‘ latitude), at an altitude of 2,170-3,054 m above sea level (Figure 1).  
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Figure 1: Location map and sampling plots of Chilimo dry afro-montane mixed forest (Ethiopia). 

 

Exploration and Pilot Survey 

A preliminary discussion forum was held with the higher officials of the Oromiya Wildlife and Forest 

Enterprise in Addis Ababa. Subsequently, a field survey was conducted along Chilimo, Gaji and 

Gallessa forest patches. Prior to biomass data collection, an inventory was taken to compile 

information about species composition, diameter distribution and general forest conditions. A total of 

35,20 x 20 m square sample plots were used along altitudinal gradient. The plots were laid out along 

100 m of ground distance starting from the highest to the lowest ridges of the mountains.The distance 

between two consecutive transect lines varied from 300 m to 1 km. A total of 33 different native 

species (22 tree and 11 shrub species) were recorded. Similarly, the cumulative density of the five 

species studied varied from 198 stems ha
-1

 in the Chilimo patch to 143 stems ha
-1

 in the Gallessa patch 

(Table 1). 

 

Table 8: General description of Chilimo natural forest (mean± standard deviation) 

Forest 

patch 

Latitude Longitude Altitud

e (m) 

Aspe

ct 

(%) 

Plo

ts 

Tre

e 

spp 

Dens

ity 

(N 

ha
-1

) 

Densit

y 

studie

d spp 

ha
-1

 

Dg 

(cm) 

Gm
2 

ha
-1 

total 

forest 

Gm
2
 

ha
-1

 

studie

d spp 

Chilim

o 

N09°04´013´

´- 

N09°04‘857‘

‘ 

E038°08´557´´

- 

E038°09´960´‘ 

2470-

2770 

8-70 

% 20 26 

763.

75±2

8 198±5 

17.0

5±5.

3 

14.8±1

.29 

3.21±0

.6 

Galles

sa 

N09°05´162´

´- 

N09°05‘765‘

‘ 

E038°09´847´´

- 

E038°10´283´‘ 

2700-

2921 

25-

70 % 11 20 

561.

36±1

0 

143±3.

5 

12.1

5±2.

5 

19.68±

2.1 

0.75±0

.4 

Gaji 

N09°04´269´

´- 

N09°04‘340‘

‘ 

E038°09´861´´

- 

E038°10´025´‘ 

2680-

2793 

45-

50 % 4 18 

700±

20 187±5 

14.1

6±4.

4 

10.13±

1.2 

2.87±0

.5 

Total 

N09°04´013´

´- 

N09°05‘765‘

‘ 

E038°08´557´´

- 

E038°10´025´‘ 

2470-

2921 

25-

70% 35 

    

  

Dg: quadratic mean diameter, G:  basal area, spp: species, ha:  hectare, m:  meter. 
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Data Collection and Sampling 

Sampling and data collection were done in the measured plots of the mixed natural forest. Individual 

species were categorized into trees ( ≥ 5 cm diameter at breast height -dbh-), shrubs, saplings (height  

≥ 1.3 m and dbh 2.5-5 cm) and seedlings (height 0.30-1.3 m and dbh ≤ 2.5 cm) following Lamprecht‘s 

classification (Lamprecht, 1989). All trees and saplings found in the plots were then numbered and 

marked and tree diameters were measured with a calliper. Crown height, height at branching stems 

and total height were measured using a Vertex. Shrubs, seedlings and saplings were not recorded for 

the aboveground biomass equation work due to their minimal contribution in this forest. A. 

abyssinicus (4 %), O. europaea ssp. cuspidiata (8 %), O. rochetiana (5 %), R. glutinosa (3 %) and S. 

theifolia (5 %) accounted for 25 % of the total native tree population in terms of number of trees ha
-1

 

and 23 % (5.04 m
2 

ha
-1

) of total basal area in the overall population. These tree species were selected 

for developing aboveground biomass-based equations for sustainable fuel wood production. The 

studied species serve as a source of fuel wood for the local community and the nearby town of Ginchi 

(Kassa et al., 2009; Shumi, 2009;Teshome and Ensermu, 2013). Further attention and research is 

needed for the sustainable management of these species. 

Data 

Trees of each species were selected, cut and sampled based on diameter classes at 5-cm intervals that 

were obtained from inventory data. Prior to felling, diameter at breast height (dbh = 1.30 m), diameter 

at ground base (db), crown diameter (cd) and crown length (cl) were measured. After the trees were 

cut down, diameter at each meter interval, total height (h), commercial height (hc) and height at 

branching stems (hb) were measured. The branches were de-limbed and separated into: stem with 

bark (commercial volume, up to a stem diameter of 7 cm), large branches (diameter larger than 7 cm), 

thick branches (diameter between 2 and 7 cm) and thin branches (diameter smaller than 2 cm) plus 

leaves. Fresh weights of each component were recorded in the field andoven dried at 102 ºC to 

constant weight.Smalian´s formula (Nicholas et al., 2012)was used to calculate the volume of stems 

and large branches (Ø > 7 cm). The minimum dbh was recorded for O. rochetiana (6.15 cm) followed 

by O. europaea (6.20 cm). Inversely, O. europaea ssp. cuspidiata presented the maximum dbh (28.80 

cm), followed by O. rochetiana (27.50 cm) (Table 2). 

 

Table   9: Summary of main tree variables for the five most dominant species in Chilimo forest 

Studied 

variables 

A. abyssinicus O. europaea O. rochetiana R. glutinosa S. theifolia 

Mea

n 

Min Max Mea Min Max Mean Min Max Mea Min Max Mean Min Max 

Dbh (cm) 11.3 6.4 21.3 14.5 6.3 28.8 14.9 6.2 27.5 15.6 9.0 23.5 11.8 6.4 22.0 

db (cm) 13.9 0.2 27.3 18.2 9.9 31.9 17.9 7.6 34.8 18.8 12.7 27.5 14.6 8.0 22.9 

h (m) 10.6 7.0 17.0 10.6 5.9 14.5 12.6 7.3 19.4 11.3 6.0 17.4 8.2 5.6 13.0 

hc(m) 6.7 0.3 13.5 5.8 0.5 10.7 8.0 1.0 14.0 6.3 1.6 11.4 4.6 1.9 9.5 

hb (m) 4.7 2.0 12.7 4.0 1.7 7.0 4.7 2.0 7.4 4.6 2.2 9.2 13.7 1.8 215.0 

BS (kg) 32.3 0.0 130.4 84.2 4.9 302.9 93.5 0.0 349.9 65.2 9.0 168.8 36.3 5.3 129.3 

Br27(kg) 12.1 4.3 17.4 19.6 6.0 46.7 26.9 7.7 89.2 17.2 5.6 28.3 23.4 9.8 72.8 

Br2 (kg) 7.7 1.5 13.2 16.7 1.4 37.9 19.2 3.0 48.3 8.8 2.4 22.5 22.6 6.3 79.1 

Crown (kg) 19.8 5.8 28.3 36.3 7.4 84.6 46.1 11.7 129.8 26.0 8.1 49.6 46.0 17.8 151.9 

Above (kg) 52.1 11.6 157.6 120.5 14.3 366.7 139.5 13.7 451.9 19.2 17.2 202.4 82.3 23.0 281.1 

N 15 15 15 20 20 20 20 20 20 15 15 15 20 20 20 

Where, dbh: diameter at breast height (1.30 m), db: diameter at base, h: total height, hc: commercial height, hb: 

branching height, BS: biomass of stem, Br2: biomass of thin branches plus foliage (< 2 cm), Br27: biomass of 

thick branches (2-7 cm), above: stem+thick branches (2-7 cm) + (thin branches+ leaves) or stem+crown, N: 

number of observations. 
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Analysis 

A correlation analysis between the biomass weight of the different fractions and the biometric tree 

measurements was carried out using the Spearman method. To fit the biomass models, different linear 

and non-linear equations (Table 3) were evaluated for each biomass fraction. The best one was 

selected based on the MRES (mean residual for evaluating bias), the RMSE (root mean square error 

for evaluating precision) and biological behavior. The selected models were then simultaneously fitted 

using joint generalized regression (Seemingly Unrelated Regression, SUR), where cross-equation 

error correlation was taken into consideration to ensure the additivity property between biomass 

components and total aboveground biomass (Ruiz-Peinado et al., 2011 and 2012). Weighted 

regression was used to avoid heteroscedasticity: each observation was weighted by the inverse of its 

variance to homogenize the variance of residuals. Models were fitted using the MODEL procedure 

included in the SAS/ETS software (SAS Institute Inc., 1999). Biomass partitioning between species 

was studied by applying the best fitted models to the mean value of the diameter classes sampled and 

the mean height, which was calculated in a dbh-height relationship using field data. To compare the 

predictive accuracy of the general equations developed for tropical dry forests (Brown et al., 1989; 

Brown and Lugo, 1992; Brown, 1997; Chave et al., 2005), the Ethiopian site-specific fitted models 

were evaluated using average deviation (S) [equation 1], relative bias (RB) [equation 2], relative root 

mean square error (RRMSE) [equation 3] (Tedeschi, 2006)and a paired t-test for estimation values: 

 

Table 3: Biomass models evaluated for different tree components. 

Model Equation Model Equation 

1 W= β*(d*h) 7 W= (β*d
2
)+(λ*h) 

2 W= β*(d
2
*h) 8 W= 

(β*d
2
)+(λ*h)+(θ*d

2
*h) 

3 W= 

(β*d)+(λ*d
2
)+(θ*d

2
*h) 

9 W= (β*d
2
)+λ*(d*h) 

4 W= (β*d)+(λ*h) 10 W= β*(d
2
*h)+ λ *(d*h) 

5 W= (β*d
2
)+λ*(d

2
*h) 11 W= β*(d

λ
) *(h

θ
) 

6 W= β*(d
2
*h) 

λ
 12 W= β*d+ λ*d

2
 

Where W: biomass weight (kg),d: dbh (cm), h: tree height (m), β, λ, θ: parameters of the models. 

 

RESULTS AND DISCUSSION 

Correlation of Dendrometric Variables to Dry Biomass Fractions 

The aboveground, stem and thin branches plus foliage biomass fractions for all five species were 

strongly correlated to dbh and stump diameter (Table 4). Similarly, most biomass fractions were also 

correlated to total height and commercial height. However, the thick branches fraction of A. 

abyssinicus and R. glutinosa were non-correlated to dbh and stump diameter and most biomass 

fractions were not significantly correlated to tree branching height, crown length or crown diameter. 

Spearman‘s correlation results indicated that biomass models could use dbh and total height as 

independent variables. These variables are usually measured in forest inventories and commonly used 

for biomass estimation models of this type. The difference in dendrometric variables was due to 

difference in growth pattern, form and shape of the species. 
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Table 4: Spearman correlation coefficients between biomass components and dendrometric variables  

Spp Biomass fractions Dendrometric variables 

h hc hb dbh db cd cl 

 

A. abyssinicus 

Stem 0.72
**

 0.96
***

 0.32
ns

 0.85
***

 0.82
***

 0.13
ns

 0.46
ns

 

Thick branches (2-7) 0.20
ns

 0.02
ns

 0.01
ns

 0.22
ns

 0.25
ns

 0.05
ns

 -0.08
ns

 

Thin branches + L 0.64
*
 0.58

*
 0.38

ns
 0.65

**
 0.64

*
 0.10

ns
 0.29

ns
 

Crown 0.48
ns

 0.36
ns

 0.19
ns

 0.54
*
 0.48

ns
 0.11

ns
 0.15

ns
 

Above 0.86
***

 0.93
***

 0.24
ns

 0.91
***

 0.89
***

 0.07
ns

 0.50
ns

 

O. europaea Stem 0.71
***

 0.81
***

 0.09
ns

 0.95
***

 0.89
***

 0.67
**

 0.48
*
 

Thick branches (2-7) 0.70
**

 0.86
***

 0.08
ns

 0.89
***

 0.84
***

 0.81
***

 0.39
ns

 

Thin branches + L 0.54
*
 0.76

***
 -0.11

ns
 0.92

***
 0.88

***
 0.51

*
 0.36

ns
 

Crown 0.62
**

 0.84
***

 -0.02
ns

 0.95
***

 0.91
***

 0.67
**

 0.39
ns

 

Above 0.68
**

 0.85
***

 0.05
ns

 0.96
***

 0.93
***

 0.68
*
 0.48

*
 

O .rochetiana Stem 0.84
***

 0.87
***

 0.36
ns

 0.92
***

 0.93
***

 0.75
***

 0.69
**

 

Thick branches (2-7) 0.69
**

 0.57
**

 0.41
ns

 0.76
**

 0.83
***

 0.64
**

 0.64
**

 

Thin branches + L 0.67
***

 0.56
**

 0.29
ns

 0.82
***

 0.82
***

 0.55
*
 0.62

**
 

Crown 0.69
**

 0.57
**

 0.37
ns

 0.83
***

 0.87
***

 0.62
**

 0.82
***

 

Above 0.83
***

 0.83
***

 0.40
ns

 0.94
***

 0.95
***

 0.74
***

 0.68
**

 

R. glutinosa Stem 0.49
ns

 0.88
***

 0.19
ns

 0.98
***

 0.94
***

 0.44
ns

 0.69
**

 

Thick branches (2-7) 0.63
*
 0.36

ns
 -0.38

ns
 0.41

ns
 0.44

ns
 0.58

*
 0.59

*
 

Thin branches + L 0.61
*
 0.59

*
 0.04

ns
 0.68

*
 0.68

*
 0.14

ns
 0.73

**
 

Crown 0.61
*
 0.52

ns
 -0.26

ns
 0.68

*
 0.71

**
 0.47

ns
 0.73

**
 

Above 0.63
*
 0.83

***
 0.10

ns
 0.92

***
 0.89

**
 0.46

ns
 0.74

**
 

S. theifolia Stem 0.90
***

 0.89
***

 0.14
ns

 0.92
***

 0.88
***

 0.34
ns

 0.48
*
 

Thick branches (2-7) 0.79
***

 0.81
**

 0.02
ns

 0.73
***

 0.71
**

 0.35
ns

 0.47
*
 

Thin branches+ L 0.49
*
 0.53

*
 0.17

ns
 0.70

***
 0.70

**
 0.33

ns
 0.39

ns
 

Crown 0.76
***

 0.81
***

 0.05
ns

 0.85
***

 0.88
***

 0.40
ns

 0.48
*
 

Above 0.87
***

 0.90
***

 0.16
ns

 0.89
***

 0.83
***

 0.41
ns

 0.53
*
 

Note: Above: stem+thick branches (2-7 cm) + (thin branches plus leaves) or stem+crown,* = p ≤ 0.05, **= p ≤ 

0.01, *** = p ≤0.001, hc:  commercial height, hb:  branching height, h:  total height, dbh:  diameter at breast 

height, db:  tree basal diameter, cd:  crown diameter, cl: crown length. L: leave. 
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Fitted Models  

Based on goodness-of-fit statistics and biological behaviour, models 1, 2, 5 and 7 (Table 3 and 5) 

were selected for different components and species. Due to fitting problems, biomass forall branches 

and leaves were combined into a crown fraction for O. rochetiana, R. glutinosa and S. theifolia and 

one model was fitted for this fraction. Similarly, the model that treated all components together as 

aboveground biomass provided the best fit for A. abyssinicus. These calculated model parameters 

were statistically significant at the 99 % confidence level (p < 0.001) (Table 5). All fitted models for 

stem biomass showed R
2
-Adj values higher than 0.75. Due to high variability, branch or crown 

models presented lower values ranging from 0.79 for the thick branches fraction in O. europaea to 

0.55 for crown biomass in S. theifolia. Aboveground biomass models fitted with SUR (except for A. 

abyssinicus) showed high R
2
-Adj values ranging from 0.96 for O. europaea to 0.79 for S. theifolia. 

The selected models were also tested for accuracy based on observed and predicted data. The 

observed vs predicted values for total aboveground biomass revealed that no bias in the fitted models, 

though, efficiency varied among the species (Table 5). The results indicated that the selected models 

are efficient. Figure 2 shows how observed and predicted aboveground biomass values are close to 

1:1 line.  

The models developed in this study included dbh and total height as independent variables in all the 

biomass fractions. Several authors have advocated the combined use of dbh and heightas independent 

model variables (Ruiz-Peinado et al., 2011 and 2012), because height could incorporate indirect 

information about site conditions (competition, fertility...). Feldpausch et al. (2012) found that 

including total height in models improved the accuracy of biomass estimates in tropical forest because 

it avoided biomass overestimation in large trees. Chave et al. (2005) also found dbh, wood specific 

gravity, total height and forest type (in decreasing order) to be important variables for predicting tree 

biomass in tropical forests. Brown et al. (1989) developed general biomass models for wet, moist and 

dry tropical mixed forests by including dbh and height as predictive variables.Such models facilitate 

practical, effortless and timely applications, because the independent variables are easily measured in 

the field and commonly recorded in forest inventories (Ketterings et al., 2001). Equations were 

developed for each biomass fraction according to species (Table 5). Models were developed for all 

biomass fractions of O. europaea; but only an aboveground biomass equation could be developedfor 

A. abyssinicus, possibly due to the low crown and foliage biomass of this species. Models were 

developed for stem and crown biomass fractions of the other three species studied (O. rochetiana, S. 

theifolia and R. glutinosa). Combining thick branches and thin branches with leaves into a crown 

biomass fraction resulted in better fitting efficiency, due to the high variability in these fractions. 

Similar results reported by other authors corroborate the lower prediction potential of the branch and 

foliage biomass models over the stem model (Negash et al., 2013). In mixed forest, inter-specific 

competition strongly influenced crown geometry, resulting in high biomass heterogeneity. All the 

estimator parameters of the biomass models showed positive coefficient values for all species and 

biomass fractions, except one parameter for crown biomass in R. glutinosa. It affected total height as 

an independent variable and could indicate that taller trees allocate less biomass to crown due to light 

competition processes for this species (Vanninen and Mäkelä, 2000). Although, some authors have 

proposed the use of generalized equations to estimate aboveground biomass in African tropical forests 

(Brown et al., 1989; Brown and Lugo, 1992; Brown, 1997; Chave et al., 2005) others advocate the 

use of species-specific and site-specific equations. Such equations reflect the great variability in tree 

architecture and wood gravity among and within the species (Henry et al., 2011), making it possible 

to more accurately quantify harvestable biomass for fuel wood and other purposes. Several authors 
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have also reported that generalized equations were unsuitable for African tropical forests (Ngomanda 

et al., 2014). 

Table 5: Simultaneous fit of biomass models for the most important native species of Chilimo natural 

forest. 

Species Fraction MRES RMSE R
2
_A

dj. 

Selected model Estimated 

parameters 

Pr > |t| 

A.abyssinicus Above 0.01 10.27 0.84 Wa= β*(d*h) 0.3937 <.0001 

Olea europaea Stem 0.72 12.01 0.93 Ws= β*(d
2
*h) 0.02746 <0.0001 

Br27 -0.53 4.47 0.79 Wbr27= (β*d
2
)+(λ*h) 0.05744 <.0001 

0.6856 0.0008 

Br2 0.09 5.29 0.69 Wb2= β*(d
2
*h) 0.006584 <.0001 

Above 0.27 12.03 0.96 Wa=∑Wi   

Olinia rochetiana Stem 0.25 35.06 0.76 Ws=β*(d*h) 0.3990 <.0001 

Crown 1.31 14.41 0.58 Wc= 

(β*d
2
)+λ*(d

2
*h) 

0.4550 <.0001 

-0.02163 <.0001 

Above 1.56 33.38 0.85 Wa=∑Wi   

Rhus glutinosa Stem 3.34 10.57 0.79 Ws=β*(d
2
*h) 0.01604 <.0001 

Crown -1.24 6.28 0.68 Wc= (β*d
2
)+(λ*h) 0.04867 0.0017 

1.3033 <.0001 

Above 2.11 11.11 0.88 Wa=∑Wi   

Scolopiatheifolia Stem 1.52 6.94 0.75 Ws=β*(d
2
*h) 0.02107 <.0001 

Crown 0.65 7.67 0.55 Wc= β*(d*h) 0.4253 <.0001 

Above 2.17 11.04 0.79 Wa= ∑Wi   

Where, Above:  stem+Br2+Br27 or stem+crown, Wi:  biomass weight (kg) of the different fractions, d: dbh 

(cm), h: tree height (m), β, λ: parameters of the models, Br2: branches with a diameter less than 2cm plus leaves, 

Br27: thick branches between 2-7cm, MRES: mean residual, RMSE: root of the mean quadratic error (kg), R2-

Adj.: r2 adjusted correlation coefficient. 

 

 

Figure 2: Observed vs predicted values for aboveground biomass of the studied species 
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Biomass Partitioning 

Aboveground biomass partitioning of O. europaea subspp Cuspidiata, O. rochetiana, R. glutinosa and 

S. theifolia into stem and crown biomass fractions are summarized in Figure 3. The biomass 

proportions were estimated by applying the fitted models to the sample diameter classes and the 

corresponding estimated total height. O. europaea and O. rochetiana exhibited similar biomass 

allocation: the stem fraction accumulated more biomass than the crown fraction (60-70 %) in all 

diameter classes. R. glutinosa crown fractions accumulated more biomass (53 %) than stem fractions 

(47 %) in the 10 cm diameter class; but stem fractions accumulated more biomass than crown 

fractions in the 15 and 20 cm diameter classes (61 % and 69 %, respectively). The S. theifolia crown 

fraction was greater than the stem fraction in all diameter classes. Biomass partitioning is an 

important factor in quantifying exploitable dendromass (for timber yield or firewood). Stem biomass 

proportions in O. europaea and O. rochetiana were nearly constant across the diameter classes 

(Figure 3), but increased with increasing diameter in R. glutinosa and S. theifolia. However, the crown 

fraction in S. theifolia was always greater than the stem fraction. This might be due to its umbrella-

shaped crown, which contributes significantly to branch volume. Tropical species vary greatly in leaf 

morphology and crown structure, leading to differences in biomass allocation among species (Poorter 

et al., 2006). Henry et al. (2010)found mean Figures with higher biomass accumulation in the stem 

fraction (72 %) than in crown fractions (28 %) for 16 tropical species in Africa. The results of Mate et 

al. (2014)for three tropical species showed mean biomass partitioning values that ranged between 46 

% and 77 % for stems and from 23 % to 54 % for crowns. Likewise, Henry et al. (2010)found that 

stem biomass tended to decrease as crown biomass increased, and vice versa. This finding was not 

corroborated for the species we examined, where the stem fraction always increased with tree size and 

diameter range.  

 

Figure 3: Aboveground biomass partitioning for the main sampled tree species. 

Model Comparison 

Comparison of the generalized models (Brown et al., 1989; Brown and Lugo, 1992; Brown, 1997; 

Chave et al., 2005)to the fitted models for the studied species (Table 6) showed that accuracy varied 

according to species. The comparison of fitted models using generalized equations developed for 

tropical forest (Brown et al., 1989; Brown and Lugo, 1992; Brown, 1997; Chave et al., 2005) showed 

that the equation developed by Brown et al. (1989) presented the poorest results (32-59 % average 

deviation) for aboveground biomass predictions. The deviation values were species-dependent and the 
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highest average deviation (86 %) occurred when the Brown model (Brown, 1997)was applied to R. 

glutinosa (Table 6). Deviation for the other species ranged from 28 % to 39 %. Relative bias showed 

over-or- underestimation of the generalized models, showing the Brown et al. (1989) model 

overestimation in all species. The t-test also revealed the inadequacy of the Brown et al. (1989) model 

for four of the five species studied (A. abyssinicus, O. europaea, O. rochetiana, R. glutinosa). 

Similarly, the Chave et al. (2005)model was also unsuitable for three species (A. abyssinicus, O. 

rochetiana, R. glutinosa).In light of the above results and the high heterogeneity of species in tropical 

mixed forests, we advise the use of site-specific models (Fayolle et al., 2013)and the advantages of 

site-specific equations (Ngomanda et al., 2014). Deo (2008)argued that the relatively small sample 

number of trees used for developing generalized biomass equations in the tropics led to biased 

predictions and emphasized the need for site-specific equations. In recent years, several site-specific 

models have been developed for tropical and sub-Saharan species in particular; which are described in 

the review of Henry et al. (2011). 

Table   6: Comparison of models for aboveground biomass estimation in tropical forest  

 

CONCLUSIONS AND RECOMMENDATIONS 

Tree diameter and total height were considered the best independent variables for biomass estimation 

of the species studied species. Crown biomass models were fitted for three of the five species studied 

(O. rochetiana, R. glutinosa and S. theifolia) due to high variability in branch biomass fractions 

Species Model reference 

Av.deviati

on(%) 

Relative 

bias (%) 

Relative 

RMSE 

t-test 

t-Statistic p-value 

A. abyssinicus This study 21.09 -7.41 0.280 0.004 0.9969 

Generalized Brown et al. (1989) 38.95 36.14 0.416 4.4287 0.0006 

Generalized Brown & Lugo (1992) 23.36 -2.58 0.342 -0.8096 0.4327 

Generalized Brown (1997) 33.75 -19.19 0.495 -1.7582 0.1022 

Generalized Chave et al. (2005) 19.61 6.99 0.271 0.4332 0.6720 

Olea europaea This study 14.32 -5.29 0.204 0.0955 0.9251 

Generalized Brown et al. (1989) 43.21 40.81 0.445 6.2926 <.0001 

Generalized Brown & Lugo (1992) 18.41 15.12 0.216 4.0902 0.0008 

Generalized Brown (1997) 28.30 -9.95 0.341 -1.9002 0.0756 

Generalized Chave et al. (2005) 21.76 -16.51 0.276 -3.5292 0.0028 

O. rochetiana This study 29.18 -19.43 0.408 0.2015 0.8427 

Generalized Brown et al. (1989) 46.50 44.16 0.497 4.2731 0.0005 

Generalized Brown & Lugo (1992) 22.23 9.46 0.303 -0.2241 0.8253 

Generalized Brown (1997) 39.38 -8.31 0.507 -1.7996 0.0897 

Generalized Chave et al. (2005) 19.33 11.02 0.249 0.5996 0.5167 

Rhus glutinosa This study 13.32 4.17 0.156 0.6595 0.5244 

Generalized Brown et al. (1989) 32.05 13.07 0.374 0.4016 0.6965 

Generalized Brown & Lugo (1992) 29.77 -22.89 0.390 -2.126 0.0593 

Generalized Brown (1997) 85.98 -78.59 1.082 -2.7029 0.0222 

Generalized Chave et al. (2005) 37.45 -36.47 0.461 -2.8738 0.0166 

S.theifolia This study 13.59 2.43 0.168 0.4193 0.8290 

Generalized Brown et al. (1989) 58.71 55.45 0.582 10.1593 <.0001 

Generalized Brown & Lugo (1992) 43.31 40.91 0.444 9.2180 <.0001 

Generalized Brown (1997) 31.25 19.47 0.344 1.9076 0.0750 

Generalized Chave et al. (2005) 38.94 36.78 0.401 8.4323 <.0001 
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resulting from inter-specific competition in the mixed tropical forest. An aboveground model was 

developed for A. Abyssinicus based in its biomass heterogeneity and small weight of crown biomass. 

The generalized models proved unsuitable for this type of forest. To improve estimation accuracy and 

reduce uncertainty, we suggest the application of the species-specific models developed in this study 

to similar Ethiopian mixed forests and other tropical montane forests. Such equations can be used for 

estimating the carbon stock of the forest, identifying its role as a carbon sink, establishing its carbon 

trade value and informing management policies regarding sustainability and biomass harvesting for 

these species for fuel wood. 
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Abstract 

The purpose of this study was to explore agricultural product diversification, from the conventionally grown 

cereals and root crops to apple, and its role on farmers’ livelihoods. It was attempted to examine the challenges 

of apple production and marketing in the study area. Besides; the study tried to assess the role of NGOs in 

fostering farmers’ productivity. The study was carried out in the purposefully selected kebeles of Chencha: 

Tolola, Doko-shaye and Doko-mosho. Primary data was generated from the survey of 15 % apple producing 

farmers which were selected using proportional sampling techniques and 3 separate FGDs which were made 

with key informants. Secondary data was obtained by reviewing published and unpublished documents. Data 

was analyzed quantitatively [using SPSS] and qualitatively [thematic description]. The result of the study 

revealed that apple production in Chencha has a multifaceted contribution to farmers’ livelihoods: constructing 

better dwelling units; educating children; change in dressing and feeding habits; leading urban lifestyles being 

in rural areas; saving money in banks and investment in various sectors of the economy. The study, however; 

revealed significant variation in the production of apple between the study kebeles. The length of years in apple 

production is found to be moderately correlated with the area of land used for its production [r= 0.61]. The 

study revealed fierce competition between the established 17 marketing associations [April 2014] as a major 

challenge for farmers productivity, because; it exposed them for the contraband system. Land fragmentation due 

to population pressure; lack of relevant agricultural inputs [watering jugs, storage boxes, grafting tools and 

cold rooms] and lack of ample knowhow for managing apple from seedling to marketing were also conceived as 

challenges. Despite these challenges, NGOs, namely; Gamo Kalehiwot Church and World Vision have been 

helping farmers in various forms: offering training; distributing apple varieties and advertising of farmers’ 

products to realize their productivity. Installation of cold rooms for preserving products; introduction of small-

scale processing units and monitoring and evaluation of apple production and marketing system in Chencha 

shall offset the challenges and enhance farmers productivity. 

Keywords: Apple, diversification, livelihoods, contraband 

 

Background and Justification  

Fruit crops play an important role in the national food security of people around the world. They are 

generally delicious and highly nutritious, mainly of vitamins and minerals that can balance cereal 

based diets. Fruits supply raw materials for local industries and could be sources of foreign currency. 

Moreover, the development of fruit industry will create employment opportunities, particularly for 

farming communities (Bezu et al, 2014). Fruits are versatile products that, depending on need, can be 

consumed within the household or sold. Marketing fresh and processed fruit products generates 

income which can act as an economic buffer and seasonal safety net for poor farm households. 

Diversification in to fruit production can generate employment and enable small-scale farmers to 

embark on a range of production, processing and marketing activities to complement existing income-

generating activities (Honja, 2014).  

Apples are fruits of worldwide horticultural importance. Apple trees grow well in temperate climatic 

zones where most commercial varieties satisfy their required chilling temperature, which is usually 

mailto:shukkatesfu@gmail.com
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expressed as hours at less than 7
0
C. The main challenge for producing temperate fruit crops in tropical 

areas is lack of effective accumulated chilling (Lopes et al, 2013; Ashebir et al, 2010.).  

Apple yield varies with varieties, age, tree management and agronomic practices. Depending on tree 

density, nevertheless; mature mother trees typically bear 40-200 kg fruits. Apples are grown for 

several values they provide to growers: income diversification, nutritional values especially vitamins, 

soil conservation, and to supplement seasonal production decrease for staple crops (Fetena et al, 

2014). More than 7, 500 varieties of apples are grown worldwide, and about 2, 500 of these varieties 

are raised in the United States. Out of almost 100 varieties of apples grown in the United States, only 

15 popular varieties accounted for more than 90 per cent of the 2006 production (AgMRC, 2015). A 

study by (Fetena et al, 2014) has identified about 60 varieties of apple on farmers‘ field and on 

nursery trials of tolola kebele in Chencha, Ethiopia. Nevertheless; only 5 varieties [BR, Crispin, 

Granny-smith, Jonagored and Red delicious] were found to be the dominantly grown ones. In Brazil, 

Gala and Fuji are the two dominant varieties accounting 90% of apple production (Lopez et al, 2013). 

By 2010, China could represent over 45 per cent of world production. The European Union [as a 

group] is the second largest producer of apples and the world‘s largest market of fresh apples. The 

United States remains the second largest individual country in producing apple (Desmond and 

Rourke, 2001).  

In general, Ethiopia has a great potential and encouraging policy to expand fruit production. Fruit 

crops are friendly to nature, sustain the environment, provide shade, and can easily be incorporated in 

any agro-forestry programs (Bezu et al, 2014). For most Ethiopian smallholder farmers, however, the 

production of fruits and vegetables is not the main activity, rather, it is considered supplementary to 

the production of main crops [cereals] and the cultivation is on a very small plot of land and is 

managed by a households. This low priority for horticultural crops cultivation was mainly due to the 

traditional food consumption habits that favour grain crops and livestock products in most parts of the 

country resulting in weak domestic market demand for horticultural products (Tufa et al, 2014) 

In Ethiopia, apple was first brought to chencha by missionaries about 60 years ago and established in 

the garden of Chencha Kale-Hiwot church (Ashebir et al, 2010; Fetena et al, 2014). Chencha has, 

therefore, nearly 60 years of experience in growing highland fruits including apple, pears and plums. 

The area is conducive to producing more than 100 varieties of apples and has been serving as a 

resource base for the rest of the country. Evidently, apple fruits and seedlings have been distributed to 

the rest of the country [Tigray, Amhara, and Oromiya regions] from Chencha. Currently, Chencha 

has a potential of producing about 15-20 metric tonnes of apple per year while the overall country 

production is estimated to be 50 metric tonnes. Since the total production does not meet the demand, 

the country [Ethiopia] imports about 350 metric tonnes of apple fruits mainly from South Africa, Iran, 

China and Israel. There is, therefore, an unmet market demand for chencha‘s apple (SNV, 2008).  

Various studies have been conducted by other researchers, namely: Girmay et al (2014) focused and 

studied the contribution of apple to income and food security status of producer farmers and 

concluded uneven distribution in the production of apple around chencha. The same study revealed 

that farmers‘ food insecurity in the district is associated with limited diversification of products by 

farmers. Fetena et al (2014) made a survey on identification of apple varieties in chencha. 

Accordingly, the study revealed that out of the 60 varieties identified, only 5 are dominantly 

cultivated in Chencha. Official reports of Gamo Kale-Hiwot Church and World vision Ethiopia 

[Chencha district] have shown that apple production in Chencha is increasing in response to 

increasing demand from year to year. It has also been understood that few decades have been elapsed 

since farmers of Chencha diversified their agricultural products from the conventionally grown ones 
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[wheat, barley, enset and other root crops] to new agricultural products [apple-malus domestica].The 

key research questions here are: What do apple production look like in Chencha? To what extent does 

agricultural product diversification in Chencha impacted farmers livelihoods? What are the challenges 

of apple production and marketing in chencha? What role do NGOs play to foster farmers‘ 

productivity?  

RESEARCH METHODOLOGY  

Chencha is a name which represents a town and a Woreda
4
 in Gamo Gofa Zone

5
 of SNNPRS. It is 

situated about 540 km south of Addis Ababa, Ethiopia.  The 1994 Population and housing census of 

the country reported a total population of 88,040 in the Woreda. Among these, 38,750 were men and 

49,290 were women. By then, 8.92% of its population were urban dwellers. Gamo ethnic groups were 

the largest people living in the Woreda accounting 98.7%. Other ethnic groups together constitute 

1.3% of the population. The population and housing census held in 2007, reported the total population 

of the Woreda to be 111,680 of which 51, 307 were men and 60, 373 were women with an urban 

population of nearly 12 per cent (CSA, 2008). In 2013 and 2014, the estimated total population of 

Chencha Woreda was 140, 328 and 145,002 respectively. By then, the urban population is estimated 

to be more than 15%. From the above discussions and Figures it is possible to realize that the number 

of urban population and the rate of urban growth in the Woreda are not negligible compared to the 

national level of urbanization which is 16 per cent (CSA, 2008). With a total area of 365 square 

kilometres, Chencha has an estimated population density of 348.5 people per square kilometre, which 

is more than two times the zonal average which is 156.5 people per square kilometre. Agro 

ecologically, 82% of Chencha woreda is dega (cold) and only 18% is woin-adega (sub-moist cool).  

Chencha woreda is found between 1300 and 3250 meter above sea level. It is located between 

37
0
28‘00‘‘ to 37

0
40‘00‘‘East and 6

0
8‘55‘‘ to 6

0
25‘30‘‘ North. It is bordered by Kucha and Boreda 

woredas in the North, Arba Minch Zuriya in the South and Dita in the West. Chencha town was 

serving as the administrative hub of the former Gamo Gofa Awraja. After the commencement of 

decentralization in the context of the country in 1991, it has been serving as the centre of the Chencha 

Woreda.  

Presently, Chencha woreda holds 50 kebeles [5 urban and 45 rural]. It is also believed that all the 50 

kebeles of the woreda have diversified their production since recent years. As a result, all these 

kebeles were considered as a sample frame from which the researchers took samples. Accordingly, 3 

kebeles, namely; kebele 03 [tolola], doko-shaye and doko-mosho were purposefully selected by 

taking in to account their distance from the woreda centre [chencha] and dynamicity in apple 

production through a pilot survey. Therefore, doko-mosho is located about 8-9 kilometres away from 

Chencha whereas doko-shaye and tolola kebeles are located at about 5 and 3 kilometres respectively. 

Apple producing farmer households in the three purposefully selected kebeles namely; Tolola 

[chencha 03], doko-shaye and doko-mosho were found to be 764, 285 and 520 respectively in 2014. 

Accordingly, 15 percent of the farmers [157] in these kebeles were surveyed using proportional 

sampling techniques. Accordingly, samples were distributed in the following proportion: doko-shaye, 

29; doko-mosho, 52 and tolola, 76.  Due to homogenous nature of the population, available sampling 

techniques were used to obtain data from farmer households during the time of data collection. 

Besides, 3 separate FGDs [5-8 individuals in each group] were made with farmers of the sampled 

kebeles who have already diversified their agricultural production. Finally, data was analysed both 

                                                           
4
 Woreda refers to a unit of administration which comprises many kebeles/lies one step up from the lowest 

    administrative unit Ethiopia. 
5
 Zone is an intermediate administrative unit which lies between region and woreda in the Ethiopian context.
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quantitatively [using percentages, ratios, correlation coefficients and so on] and qualitatively [through 

thematic description of issues]. In the meantime, quantitative and qualitative data were cross-checked 

and triangulated with literature and former research works as much as possible. 

 

 
Figure 1: Map of the study area 

RESULTS AND DISCUSSION  

Apple and Its Introduction to Chencha  

The introduction of apple to chencha dates back to the early years of 1950s [1951/2 specifically] and 

inseparable from the advent of missionaries to Chencha and its surrounding. Up on its introduction, 

apple was mainly meant for enhancing farmers‘ production and productivity. Missionaries have 

played significant role for the introduction and spread of apple production in the woreda. The local 

people in chencha, however, have given lesser attention to the production of apple due to lack of 

knowhow about its nutritional and market value. Until few decades ago, farmers of the woreda use 

apple for fencing their agricultural as well as dwelling units. Between 1950s and 1960s, many 

missionaries visited chencha and this has created a great opportunity to raise local people‘s awareness 

about its value. Accordingly, more and more farmers began to grow the new plant near the boundary 

of their dwelling units and agricultural fields as a fence. The missionaries were continually advising 

the local farmers about the productivity of apple “…If you plant two mother trees, you will pay your 

annual tribute or land tax; buy exercise book to students. Missionaries also advised the farmers to 

combine apple production with dairy farming and distributed apple seedlings to the local farmers 

with little or no payment”.  But, the farmers did not easily familiarize themselves with its value. In 

this regard, NGOs namely; Gamo Kale Hiwot Church [first] and World Vision [later] have played 
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substantial role. Later on, however, when apple tree began to deliver fruits it has got much attention 

from both farmers and local residents of the woreda. In response to an effort made by missionaries 

and Gamo Kale Hiwot Church apple as a fruit was tasted in chencha woreda for the first time in the 

current tolola kebele where Gamo Kalehiwot Church [Chencha District] is instituted with the advice 

of a white expatriate from Germany called Ralph. Then; small children of the woreda began enjoying 

with apple while looking after their cattle in their surroundings. Then, children from the woreda center 

had begun to visit tolola frequently to taste the new plant. This has created greater awareness about its 

nutritional value. Most farmers of chencha, nevertheless, did not know even the name of the new plant 

during this time. Cognizant of its value, however, farmers of tolola kebele requested the woreda 

administrators to obtain a plot of land for the production of the new plant. Accordingly, the then 

woreda administration offered these farmers about 5 acres of land in their locality. This has partly 

raised farmers‘ motivation towards the production of apple. The then woreda‘s agricultural office has 

also played major role in advertising and marketing of the new product. By early 1970s, the then 

ruling government called Dergue has considered missionaries as imperialists. Then, some of the 

missionaries were returned to their country and some were jailed before they fully teach and train 

local residents and farmers on how to plant and manage apple. In the same fashion, some of the local 

farmers working with the missionaries were jailed and some other farmers fled to neighboring 

countries. This was the first great challenge to the expansion of apple in the woreda. Before its fall in 

1990/1991, the Dergue regime has declared a mixed economic policy. This partly contributed for 

farmers to produce a relatively more and more apple in the woreda than before. Moreover, after the 

fall of the Dergue regime, some of the farmers who were jailed and fled to neighboring countries 

returned to home. Hence, they continued teaching and training farmers about the value of the new 

plant apple-malus domestica. 

The data obtained from farmer household survey has revealed that there is significant variation in 

apple production between the sampled kebeles [both in the length of years in apple production and 

intensity of production]. Field observation has revealed that farmers of tolola are producing apple at 

commercial level. They have larger apple fields compared to doko-shaye and doko-mosho which 

produce apple as any other garden crops with very smaller fields. Presently, farmers of tolola have 

integrated apple production with dairy farming. This could be taken as an excellent practice which 

should be expanded to the rest of the rural kebeles in Chencha, because; it shall reduce waste of 

agricultural product leftovers [apple residues in this case] and raises farmers productivity.  

As can be seen from Table1, farmers of chencha, namely; tolola kebele [8.22%] have been producing 

apple since the previous 25 years intensively. On average, however, nearly 70% of farmers in the 

sampled areas have been producing apple for sale for 5 to 15 years. 25% of the farmers have been 

producing apple for 15 to 25 years. From the data, therefore, it can be concluded that there is time lag 

in intensive apple production in the study areas, because; apple was introduced to chencha in the early 

1950s, but; the production is still dominated by few farmers [namely; of tolola kebele] and seen as a 

garden crop instead of cash crop which is produced with a relatively larger agricultural fields. 

Therefore, much work is expected from the concerned stakeholders, namely; agricultural experts at 

local, regional and national levels and NGOs to further expand apple production and let the majority 

of subsistent farmers to benefit from apple production given the agro-ecological potential of Chencha 

and apples productivity as a cash crop. 
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Table 1: Length of years since producing apple in sample kebeles 

                 Length of years since producing apple Total 

  1-5 years 5-10 years 10-15 years 15-20 years 20-25 years 

Place of 

residence 

Tolola 2 12 16 21 12 63 

Doko-mosho 4 48 1 0 0 53 

Doko-shaye 6 9 11 4 0 30 

Total 12 69 28 25 12 146 

 Percentage 8.2 47.3 19.18 17.12 8.22  

           Source: Field Survey, 2014 

 

Table 2 reveals moderate correlation (r=0.605) between farmers involvement [the length of years] in 

apple production and their amount of land used for apple production. This obviously shows that 

farmers perception to apple and its productivity [mainly market value] is increasing from time to time. 

Farmers of the sampled kebeles were asked whether they gained any support for enhancing their 

agricultural productivity or not. Accordingly, 96% of the respondents witnessed that they have 

obtained technical [professional], and material support from the woreda’s agricultural office (20%) 

and from NGOs, namely Gamo Kale-Hiwot Church and World Vision Ethiopia-Chencha district 

(77%). 

Table 2: Correlations between length of years since apple production and size of land used for 

producing it 

   Land used for apple production 

Length of years since 

producing apple 

Pearson Correlation  .605
**

 

Sig. (2-tailed)  .000 

N  146 

**. Correlation is significant at the 0.01 level (2-tailed). 

        Source: field survey, 2014 

 

This data coincides with interviews made with key informants in the sampled kebeles [see section 

3.3]. As far as support obtained by farmers is concerned, awareness creation for apple production; 

training farmers on how to use agricultural inputs; and, distribution of fertilizers and seeds were found 

to be the major ones accounting 55%, 27% and 14% respectively. The effort mainly made by these 

NGOs and Chencha Woreda‘s agricultural office has paramount importance to raise farmers‘ 

knowhow and increase their productivity. Nevertheless, data shows that there are negligible concern 

to water and soil conservation schemes by the Woreda’s agricultural office and NGOs operating in 

various development activities of the Woreda. Agricultural productivity, however, greatly depends on 

water and soil conservation activities. Concerned stakeholders, therefore, should give much emphasis 

to these resources, because; as explained in the upcoming sections, population of the woreda has been 

increasing [putting heavy pressure on the existing land and soil resources] on one hand and rainfall 

reliability is decreasing on the other hand due to climate change making farmers to be less confident 

on their productivity. 
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        Table 3: Kind of support provided by stakeholders 

  Frequency Percent 

 

 

 

 

Kind of  

support 

Distributing  

fertilizers and seeds 

21 14.4 

Training on how to use inputs 39 26.7 

Introducing additional crops like apple 80 54.8 

Training on soil and water conservation 1 .7 

Training on modern agricultural 

technologies 

1 .7 

Total 142 97.3 

Missing  4 2.7 

Total 146 100.0 

           Source: field survey, 2014 

 

Apple Production and Its Impacts on Farmers’ Livelihoods  

Chencha has been known for the production of cereal crops like barley, wheat, peas, beans, enset 

[false banana] and other root crops like potato. These crops were mainly grown for household 

consumption. Weaving was a relatively better source of revenue to farmer households in chencha for 

long years. Since few decades, however, farmers of the woreda started growing apple which is mainly 

meant for sale.  

Given its agro-ecological advantage [82% dega and 18% woina-dega] all the 50 kebeles of Chencha 

woreda are believed to be favorable for apple production. Field data, nevertheless; shows significant 

variation in apple production even in the 3 sampled kebeles. At gross average level, the great majority 

of sampled households (66%) confirmed that they produce multiple crops in their agricultural fields. 

This is a highly recommendable practice so as to boost households‘ income and ensure their food 

security.  Besides, farmers produce barley and wheat (19%); enset (10%) and apple (5%). The major 

crops grown in the sampled kebeles is found to be apple (41%) and enset (37%). Nevertheless; the 

data in table 4 reveals that there are significant variation in the production of apple and enset between 

the sampled kebeles. For instance, out of the total apple production in the sampled kebeles, tolola 

kebele alone accounts 88.3% [this clearly shows the predominance of apple production in this kebele]. 

This might be due to the historical introduction of apple to tolola which in turn influenced farmers‘ 

motivation to expand its production. Besides, farmers of tolola have a relatively better access to 

information [production and marketing] due to the fact that Gamo Kale-Hiwot Church itself is 

instituted in their locality. 
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Table 4: Major crops grown in sampled kebeles 

                                        Major crops grown 

  Barley  Wheat Cabbage and 

potatoes 

Enset Apple Multiple 

 

Place of 

residence 

Tolola 0 0 1 0 53 9 

Doko-mosho 14 0 0 39 0 0 

Doko-shaye 0 2 0 15 7 6 

Total 

Percent 

14  

(9.6%) 

2 

(1.4%) 

1 

(0.7) 

54 

(37%) 

60 

 (41.1%) 

15     

(10.27%) 

          Source: field survey, 2014 

 

It is also a naked reality that farmers of tolola have a better understanding about the nutritional and 

market value of apple [table 4 and 5; Figure 2]. Doko-mosho and doko-shaye dominate the production 

of enset accounting 72% and 28% respectively. Farmers of doko-shaye kebele have a tendency to 

expand their apple production. Compared to doko-mosho kebele [8-9 kilometers away from Chencha], 

farmers of tolola [3-4 kms away] and doko-shaye [4-5 kms away] have a better access to information 

[distribution of agricultural tools like watering jugs, grafting scissors and boxes for storing fruits and 

seedlings during the time of harvest; and  marketing of apple products]. It would be, therefore, 

concluded that geographical proximity to Chencha, could impact farmers production and productivity. 

Table 5 clearly reveals that apple products vary between the sampled kebeles. Accordingly, 92% 

tolola and 77% doko-shaye farmers‘ produce and sale apple both in fruit and seedling form. Farmers 

of doko-mosho, however, greatly rely (77%) on the production of mother tree and selling of only fruit 

apple. FGD informants of the sampled kebeles have underlined that there has been a general decline 

in the demand for apple seedlings from year to year. This might partly force farmers to only rely on 

the production of apple fruit. The decline in demand for apple seedlings is partly explained by the 

expansion of apple products to the rest of the country, namely: woredas of SNNPRS which have 

similar agro-ecological zones with Chencha [Bonke, Dita, Kamba, and Boreda in Gamo Gofa and 

Hagereselam in Sidama zone of the same region]; and other regions of the country [Tigray, Amhara, 

and Oromiya]. Evidently, there have been recurrent visits to Chencha from the aforementioned 

woredas and regions of the country to obtain training and share experience regarding apple 

production. In 2014 only for example, about 500 farmers have obtained training from World Vision in 

Chencha. Farmers of the sampled kebeles also claim that the demand for apple seedlings has been 

partly reduced due to the expansion of the contraband system which always opt for expanding profit 

regardless of the quality of apple products. In this regard, therefore; farmers have noted that 

contrabandists have been violating Chencha‘s image in apple production, and this has in turn reduced 

the demand for apple seedlings. Farmers of the sampled kebeles have noted that lesser attention has 

been given to intra-regional expansion of apple production in SNNPRS. Because; most of the trainees 

who received training with regard to apple production and management came from other regions of 

the country, namely; Tigray, Amhara, and Oromiya respectively. 
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Table 5: Apple production by place of residence 

   Apple products 

Total 

   Only apple 

seedlings 

Apple Tree and 

selling fruits only 

Both Seedlings 

and fruits 

 

 

 

Place of 

residence 

Tolola Frequency       1 4 58 63 

Percentage       1.6% 6.3% 92.1% 100.0% 

Doko-mosho Frequency       10 41 2 53 

Percentage       18.9% 77.4% 3.8% 100.0% 

Doko-shaye Frequency       3 4 23 30 

Percentage       10.0% 13.3% 76.7% 100.0% 

Total Frequency       14 49 83 146 

Percentage       9.6% 33.6% 56.8% 100.0% 

Source:  field survey, 2014 

 

Despite the challenges framers faced from its production [field preparation, seedling and tree 

management] to marketing, apple has become a major source of cash to Chencha and its farmers‘ 

since recent years. Most of the informants in the sampled kebeles have also witnessed the 

multifaceted importance of the new plant to farmers‘ livelihoods in that: it became possible for 

farmers to construct a better house using corrugated iron; educate their children who remained home 

as farmers; become food secure due to a relatively better income obtained from apple. Some other 

informants noted that the new plant-apple also helped them to experience urban life being in rural 

areas [their feeding and dressing styles have been changed and they become able to afford for 

luxurious household goods like sofa, television, refrigerator and so on]. In this regard, field 

observation of the researchers witnessed rural farmers experiencing city life styles being in rural 

kebeles of the study area mainly of tolola, doko-mosho and doko-shaye. However, this is only real to 

few framer households. There are also evidences of farmer households who bought medium level 

public transport buses and constructed extra houses for rent both in Chencha and Arba Minch towns. 

FGD informants of the sampled areas noted that there are evidences of frequent calls for 

congratulating people who constructed a better house due to apple production… Before the 

introduction of apple we were called for wedding, funeral or any other social ceremonies. FGD 

informants in tolola kebele underlined that “ወዯ ጨንቻ እንዯዚህ ያሇ ገንዘብ ገብቶ አያዉቅም፡፡ በአፕሌ ግን 

በሚሉዮኖች የሚቆጠር ገንዘብ ገብቷሌ” meaning, Chencha has never attracted a huge amount of money 

which is counted in millions. This, however, become real with apple production. As a result, a huge 

amount of money is circulated in chencha, particularly during the harvest season.  
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 Figure 2: Farmers reason for growing apple 

 
                 Source: field survey, 2014 

Surveyed households and key informants in the sampled kebeles of chencha significantly believe that 

the great majority of the farmers did not benefit much from apple production as expected. Before the 

introduction of apple, the dega part in Chencha grows only few crops like enset, barley, wheat, and 

other root crops which are heavily dependent on rain-fed agriculture [see table 4]. Coupled with this, 

it seems that there has been a huge land fragmentation in Chencha due to population pressure [see 

Figure 3]. As can be seen from Figure 3, the average household size of the sampled kebeles falls 

between 5-7 and 7-10. The national and regional household sizes of Ethiopia are, however; 4.7 and 

4.8 respectively (CSA, 2014; Macro International Inc, 2007). Therefore, this clearly indicates that 

there is population pressure over a fixed agricultural land in the study area, and; it negatively affects 

agricultural productivity and households‘ food security. The introduction of apple, however, has 

raised farmers‘ confidence due to the fact that it is more productive than the conventionally cultivated 

crops. According to field data, it was understood that a fully matured mother tree would provide about 

100-150 kg of apple fruit which could cost 3500-5250 Birr [175-263 dollar] in 2014. During the time 

of harvest, about 5 to 6 ISUZU [a car which on average carries 35-50 quintal which is nearly 3500-

5000 kg which costs 612, 500-1,050,000 Birr [30, 625-52,500 dollar] is uploaded with fruit apple 

daily. This amount is excluding the revenue which is entering to Chencha through marketing of 

seedlings. Astudy (Fetena et al, 2014) revealed that depending on tree density, mature apple trees 

typically bear 40-200kgs. The writers of this study, however; believe that the amount of harvest 

greatly varies between the study kebeles [tolola, doko-shaye and doko-mosho] depending on agro-

ecological difference, management practices [ranging from field preparation to harvesting], 

application of modern agricultural inputs and so on. Girmay et al (2014) has equated this with 

agronomic practices [application of manure, using appropriate tools during grafting and the use of 

adequate spacing while planting]. 
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Figure 3: Average household size in sampled kebeles 

 
                          Source:  field survey, 2014       

The Role of NGOs in Apple Production: Gamo Kalehiwot Church and World Vision 

During our field work we found that there are about 20 registered NGOs working in Chencha woreda 

with various development objectives and activities. For the sake of our research, however, we 

purposefully selected Gamo Kale Hiwot Church [GKHC] and World Vision [WV] and investigated 

their role in enhancing farmers‘ productivity in the woreda. Formerly, world vision mainly works on 

poverty reduction and children. Later on they took training from GKHC on the production of apple. 

Afterwards, they began working on apple in simultaneous with their former tasks. Accordingly, it has 

offered training to farmers of the woreda. For instance, in 2006 only, world vision has offered training 

to 500 farmers and agricultural workers in 4 rounds. It has distributed apple seedlings [mother-tree] 

for farmers for free. It has opened shops in the center of chencha for advertising and selling apple and 

milk products. Unfortunately, farmers began re-selling seedlings which were given by world vision, 

Gamo Kale Hiwot Church and the woreda’s agricultural office to a third party due to greater demand 

for apple seedlings. At the beginning, there was lack of monitoring by the concerned administrators of 

the woreda and NGOs to halt this problem. Due to this challenge, therefore, NGOs [WV and GKHC] 

and others began selling seedlings to local farmers with lower price which ranges from 2-5 Birr [0.1-

0.25 dollar] to make farmers feel that they paid something to seedlings. Moreover, increased demand 

for seedlings introduced theft and contrabands to the extent that some thieves steal a newly planted 

seedling for sale through the contraband system. FGD informants have also witnessed the presence of 

brokers [human pests] who exacerbated the contraband system. When researchers were in the field for 

data collection in April 2014, about 2000 apple seedlings which cost 120,000 Birr [5000-6000 dollar] 

were stolen from tolola kebele.  

The major contribution of WV and GKHC in Chencha ranges from offering persistent training [field 

preparation, mother tree management, harvesting, and storage] to delivering apple seedlings; and 

marketing of apple products. Besides, WV has been offering agricultural tools like scissors, plough, 

watering jugs, boxes and so on for cultivation and management and tables and shelves which help 

farmers for managing their products and documents. WV has also made a series of discussions with 

woreda administrators and urged agricultural households of the woreda to plant up to 20 mother trees 
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in their garden. With regard to marketing of farmers‘ production, WV has played vital role for 

preventing illegal marketing of unripe fruits and seedlings which is locally called contraband. In the 

long-run, these NGOs have a plan to launch processing plants in the woreda and this would greatly 

enhance farmers‘ productivity. This plan of NGOs, however; needs huge support of administrators 

from the local to federal levels. This was done through offering training to farmer households 

recurrently. Very recently, Chencha woreda administration has established a team of experts from 

different governmental and non-governmental sectors so as to control illegal transaction of apple 

which largely reduce farmers‘ profitability and create bad image to Chencha‘s apple production. To 

this end, WV is one of the members of the team for controlling the contraband system. According to 

field data, most of the trainees come from Tigray, Amhara, and Oromiya Regions. Informants have 

witnessed the lesser attention given to intra-regional transfer of knowledge and skills in the 

production of apple. Training of farmers coming from other parts [regions and institutions] of the 

country has created further demand for apple seedlings. Accordingly, more and more farmers began 

producing apple seedlings due to increased demand and market value. For example, the market value 

of seedlings which were sold with 25-30 Birr [1.25-1.5 dollar] before few years has increased to 40-

43 Birr [2-2.15 dollar] and later to 50-60 Birr [2.5-3 dollar]. Increased knowhow of apple‘s economic 

value, nevertheless, attracted the attention of contrabandists first and thieves [which are locally called 

human pests] second. This is, however; a dangerous challenge to farmers productivity. Generally, the 

contribution of NGOs, namely; World Vision and Gamo Kale-Hiwot Church include: 

Offering training to farmers coming from other regions, zones and woredas‘ of the country, namely; 

Tigray, Amhara and Oromiya Regions. Training of farmers coming from other parts [regions and 

institutions] of the country has created further demand for apple seedlings. Accordingly, more and 

more farmers began producing apple seedlings due to increased demand and market value; 

Making processing tools accessible to MAs. Tools like scissors for grafting; watering jugs; boxes for 

storing harvests and shelves for managing documents were offered by WV; 

Making apple seedlings accessible to farmers of chencha is with little or no payment. At the 

beginning, world vision was offering seedlings [5 to 15] to the farmers for free [with no payment]. 

WV has also paid 15 Birr per diem to farmers who work on apple to raise their motivation towards the 

new plant-apple. This, nevertheless, has increased theft and denial of farmers in that they began to 

resale seedlings they obtained from WV and report that these seedlings are stolen by thieves. This was 

due to lack of awareness about the value of apple. It was, therefore, in response to this challenge that 

WV begun selling seedlings with negligible price 0.50 cent to 1 Birr [0.025-0.05] to farmers and made 

them feel that they paid something to these seedlings; and 

Advertising farmer`s product at different workshops and sales [bazzars] within SNNPRS to secure 

reliable market to the farmers;  

Apple Production and Its Marketing Challenges  

Interviews with various groups [FGD and key informant interviews with farmers, and marketing 

associations themselves] endorsed that there are three ways of marketing apple in chencha since 

recently. These include: through individual farmer households’ presentation to the local market; 

through the legally established MAs and; through the contraband system. In the same fashion, as 

shown in table 6, the major modes of marketing in the sampled kebeles were found to be: through 

marketing cooperatives [associations] (56%); and retailing in the market (38%). Though negligible, 

household survey data shows that some farmers sell their apple products through brokers. Focus 
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group discussions made with farmers of the sampled kebeles, however, reveal that it is scarcity of the 

local market or unjust treatment of the established marketing associations which is exposing producer 

farmers to what is called the contraband system in which the involvement of brokers is predominant. 

These marketing modes also seem the only ones which are reserved for farmers.  

 Table 6: Mode of marketing apple products 

  Frequency Percent 

 

 

Mode of 

Marketing 

 

 

 

 

Retailing in the market 55 37.7 

Wholesaling being at home 5 3.4 

Through cooperatives 82 56.2 

Through brokers 2 1.4 

Missing 2 1.4 

Total 146 100.0 

        Source: field survey, 2014 

 

A German white named Ralph has initiated the establishment of cooperatives which was locally 

called ye hibret sira mahiber during the Dergue regime. Accordingly, 25 farmers were organized in to 

an association by the then woreda agricultural bureau. The association had got a legal ground with 

which it administers its members. The members have increased through time. Additional plots were 

bought to expand apple production; a shop was opened at Chencha town for selling apple products. 

Eventually, the association was renamed Highland Fruits Marketing Association and it still holds the 

same name. This marketing association is believed to be the first and the largest marketing association 

in Chencha woreda. Ralph also collected apple fruits from farmers, transported it to Addis Ababa and 

sold it. He, then, distributed the money to the local farmers accordingly. This has become a greater 

energy to farmers of tolola. Before few decades, therefore; Chencha‘s Highland Fruits Marketing 

Association [CHFMA hereafter] was the oldest [renamed in 1990], largest and only dominant 

association for marketing apple at chencha woreda. By then, there were little or no problems up on the 

production and marketing of apple. Conflict and competition was intensified after the number of 

marketing associations [MAs] increased dramatically. The numbers of MAs have increased gradually.  

Until 2013, there were only 10 MAs that operate in the woreda. As of 2014, however; about 7 new 

MAs were added to the existing ones making total MAs to be 17 in April 2014. CHFMA supervises 

other marketing associations and also dominates other relatively younger and newly established MAs 

in the woreda. It was, therefore, in response to this that most subsequent [about 16] MAs were 

established. Up on establishment, most MAs were aimed at raising farmers‘ productivity. 

Nevertheless, problems intensified with an increase in the number of MAs, because; fierce 

competition followed on apple pricing [both fruits and seedlings]. According to interview results, 

when farmers‘ sale their apple through the marketing associations there are challenges which reduce 

farmers‘ productivity. In the first place, CHFMA greatly dominates the other associations in searching 

for market and providing apple to companies. Besides, once the local representatives of the respective 

kebeles [mostly members of the 17 MAs] collect apple products [fruits and seedlings] from farmers, 

they submit it to one of the associations with which farmer households are members. These MAs, 

nevertheless, did not buy/accept all products from farmers. Rather, they select only few kilograms of 

these products [ripen and non-spoiled fruits and seedlings] and return the unripe and spoiled fruits or 

seedlings to the respective farmers who sent their products through their representatives. This scenario 
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has greatly reduced farmers‘ productivity. Likewise, apple is less-durable and requires good storage. 

Farmers of the woreda, however, lack important materials like storage boxes and cold rooms to better 

store their products until they get a reasonable market. Accordingly, most farmers prefer for selling 

the remaining ones with a relatively lesser price. According to interviewed farmers, if 100 kilogram of 

apple fruit is presented to a marketing association in chencha, it is nearly 35 to 50 kilogram of the 

product which will be accepted. As a result, most farmers of the woreda opt for selling their products 

in an open market or through the contraband system, because; they accept their products 

unselectively [the unripe and spoiled altogether with the ripe and non-spoiled ones]. In this case, 

however, contrabandists fake producers with their scale during measurement plus they pay them a 

relatively lower price than the MAs. 

When competition between various MAs introduces many challenges, chencha woreda‘s 

administrators have organized a team of experts who could supervise the production and sale of apple 

in the form of seedlings and fruits. Accordingly, the new team of experts has fixed the price of a 

kilogram of fruit apple to be 33 and 35 Birr (1
st
 and 2

nd
 level fruits respectively) [1.65-1.75 dollar] and 

a seedling to be 60 Birr [3 dollar] as of 2014. Some MAs, however; began selling a seedling with 38, 

40, and 48 Birr [1.9-2.40 dollar]. This has again further fuelled the competition between the 17 MAs 

and this greatly made farmers to be victims [it exposed them to contrabandists who again exacerbated 

theft]. Some farmers remained loyal to the agreement as a legal and binding rule [or as a rule of 

thumb]. But, others violated it to optimize their profit at the expense of the farmers and innocent 

producers. Producer farmers of the woreda were not happy when the price of a seedling was made 38 

Birr [1.9 dollar], because; it allowed the emergence of contrabandists. Similarly, some members of 

the formal associations have also begun involving themselves in the contraband system. MAs also 

began conflicting each other and this has by and large paved the way for further expansion of 

contrabandists. Besides, there are tendencies of becoming members in two or more MAs to take the 

advantage of marketing. Eventually, it seems that MAs have become enemies to one another and to 

the farmers. In 2014, MAs paid 30-35 Birr [1.5-1.75dollar] to a kilogram of apple fruit produced by 

farmers. However, MAs accept only selective fruits. Dissatisfied with this situation, farmers began to 

sell a kilogram of apple with 15-20 Birr [0.75-1 dollar] to contrabandists, because; they are not 

selective of farmers produce. Contrabandists, however, fake farmers with their kilograms. Producer 

farmers sale their products [seedling or fruit] with lesser price they get from contrabandists because; 

they get a comparably higher income which they did not experience through weaving and the 

production of cereal crops. አመራር ሆነዉ ይመረጣለ ግን ግሇኝነት አሇ፡፡ችግኝ ሲሸጥ አርሶ አዯሩን አንረከብም ይሊለ፡፡ 

በጎን ግን አራክሰዉ ይገዛለ፡፡ ማህበራት ይመርጣለ፡፡ ማህበራት እጅ በእጅ አይገዙም፤ግሇሰብ ነጋዴዎች ግን አይመርጡም፤ እጅ 

በእጅ ይገዛለ፡፡ ነገር ግን ኪል ያጭበረብራለ፡፡ ሇምሳላ 5 ኪል 3 ብል መግዛት፡፡…elected as administrators within 

MAs, nevertheless; they remain partial. They fail to accept farmers’ products legally…members of 

MAs buy farmers products with cheaper price secretly. MAs do not pay cash hand in hand and they 

are selective of farmers’ products. Merchants and contrabandists, however; pay cash to farmers up 

on transaction hand in hand, and they are not selective of products. But, contrabandists fake farmers 

through their scale during measurement, for example they measure 5kg of apple as if it is only 3 kg. 

Due to these reasons, most producer farmers prefer to sale for merchants and contrabandists. 

As can be observed from Table 7, the overwhelming majority of apple producing households (95%) 

sell their products in Chencha. According to interviewed informants and surveyed households, 

however, Chencha town does not provide ample market options from which farmers choose to market 

their products. Of course, it seems that farmers are optionless to bargain over the price of their 

products to enhance their productivity.  
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 Table 6: Main market for apple products 

                            Main markets 

                         Statistics 

Frequency Percent 

 Chencha 138 94.5 

Hawassa  1 .7 

Arba Minch  4 2.7 

Chencha and Addis Ababa 3 2.1 

Total 146 100.0 

         Source: Field Survey, 2014 

 

problem observed with in the MAs is their organizational structures. Members of MAs are with varied 

backgrounds related to age, sex, level of education, level of capital, exposure to information and so 

on. In 2014, the 17 MAs have a total of 4045 farmers [3200 male and 845 female]. The total number 

of members with in the 17 cooperatives varies greatly from 1227 in mafo and zulo apple marketing 

cooperatives to 634 in Chencha dega ferafere apple marketing cooperatives and then to  otte and 

losha apple marketing cooperatives which have 47 and 50 members only. Rehobot apple marketing 

association has only 16 members [this are, however; believed to be large scale producers]. 9 out of the 

17 MAs have only 52 member farmers on average. The rest 8 MAs have an average of 445 members. 

At gross level, nevertheless; the 17 MAs have an average membership of 238 farmers. The baseic 

question here is, hence; the fate of the overwhelming majority of Chencha‘s farmers who have 

diversified their production, because; during the time of harvest, almost all MAs give priority to sale 

products of their members. According to respondents, it has no clear difference from the associations 

known during the Dergue regime. This is a great challenge in that: only few members dominate 

decision making process during meetings; some members fear to speak against another member‘s idea 

due to power imbalance and so on. According to one of the FGD informants….I hope technology 

preceded knowledge of the 17 MAs. Members, particularly, managers of these MAs lack reasonable 

knowhow to properly manage their members. The same thing happened during the Dergue regime
6
 

through associations which was called ye hibret sira mahiber which were instituted by only looking 

their benefits like sugar, inputs for weaving which lastly ended up with failure. In the same fashion, 

the presently 17 MAs in Chencha have opened 17 warfare [competitions explained in terms of 

economic benefit]. The establishment of more and more MAs before the already established ones get 

stronger has become a great challenge for the success of the respective MAs. Managers of the 

respective MAs do not fully feel that the profitability of apple producing farmers is their own success. 

There is a tendency that the managing committees prioritize their own benefit. Interviewed farmer 

households witnessed that the committee which is organized to search for market went mainly to 

Addis Ababa in the name of MAs; nevertheless, they end up in marketing their own products [given 

priority to their own interest instead of farmers].The 17 MAs have 15-17 managing committees. Profit 

sharing was there before 3-6 years. Now a day, however, there is no benefit sharing. 

 

 

                                                           
6
 Military government which administered Ethiopia from 1974-1991   
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In general the major challenges to apple production and marketing in chencha include: 

 The overwhelming majority of the farmers produce apple in traditional form by considering it 

as one of the garden crops like cabbage, carrot, sweet potato and so on. Hence, it is not very 

much commercialized to the extent that it is expected. Besides, apple in Chencha is 

predominantly produced by urban residents who have shortage of land relative to rural 

counterparts. Given the climatic potential of Chencha [82% dega and 18% woina-dega], 

however; this product could be expanded further and boosts households‘ livelihoods and 

Chencha‘s development. Land fragmentation due to population pressure, nevertheless, could 

still halt expanding apple and its production, because; land is a naturally fixed asset and 

scarce resource. Of course; the productivity of land could be enhanced with the use of 

traditional as well as modern agricultural inputs. Farmer households‘ capacity to pay for 

modern agricultural inputs is still another question to enhance their productivity with their 

current holdings; 

 Apple is produced more at household level than at farm [commercial level] except the case 

observed in tolola kebele. Farmers of tolola are the 1
st
 in its introduction and tasting of its 

economic benefit. They had a better exposure to the missionaries who introduced apple to 

Chencha through GKHC. Their children have got the chance for obtaining training on how to 

plant and manage the new plant even outside Ethiopia [Kenya, Tanzania and so on…]. That is 

why farmers of tolola kebele have apple production at commercial level unlike doko-shaye 

and doko-mosho;  

 Irrespective of the two different agro-ecological zones in Chencha [dega and woina-dega], 

farmers are forced to harvest their fruits and seedlings at the same time.  Not to miss market 

opportunities, farmers harvest their products in response MAs request. Obviously, however; 

products from woina-dega part mature a bit earlier than the dega part. This situation would, 

therefore; negatively impact the productivity of farmers in the dega part;  

 Geographical proximity also creates information gap between the sampled kebeles, namely; 

tolola, doko-mosho and doko-shaye. According to interviewed farmers, kebeles which are 

nearer to chencha have a better access to information during the time of harvest [to sale their 

products] and obtaining of agricultural tools like, scissors for grafting, boxes for storage and 

jugs for watering distributed by GOs and NGOs. Besides, it seems that farmers of tolola have 

a better social capital compared to farmers of doko-shaye and doko-mosho. This is, because; 

apple itself was 1
st
 tasted at tolola; they have a better exposure to modern agricultural inputs; 

planting and management of apple in the form of seedlings and fruits and so on due to the fact 

that their children have got a better education from missionaries. On the whole, tolola could 

be considered as a center of innovation with regard to apple and its production; 

 The greatest challenge emerging out of the production and marketing of apple is the 

contraband system. According to field data, contraband stands for an illegal transaction of 

unripen apple fruits or seedlings which could reduce farmers‘ productivity.  

 Conflict of interest between producer farmers and MAs and between MAs themselves is 

another challenge in the study area. Representatives of the MAs only accept the ripen fruits 

and leave the immature and spoiled ones. Conversely, though merchants [legal and illegal] are 

not selective of the types of fruits, they fake farmers through their kilograms. All this things 
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force apple producer farmers to sale their products through the contraband system even if 

merchants pay lower price per kilogram and fake them through their kilograms; 

 There are people who are quasi-legal. These are groups of people who win the transaction 

through auction in the name of MAs they represent. But, they sale their own products in the 

name of MAs. This is against the interest of the local farmers being represented by the 

associations. There are people who are outside the MAs but aggressively involved in 

contraband. There are evidences of informal networks between members of the associations 

and contrabandists. This would largely expose the farmers to contrabandists;  

 Farmer households remained less patient to wait for their fruits to be fully matured [actually, 

some farmers even need assistance to identify the matured from the immature ones]. Because; 

farmers are pessimistic of future demand for their products since there are fierce competition 

between MAs; contrabandists; producer farmers and so on. As a result, farmers‘ harvest less 

matured fruits and sell them through the contraband system which is, however; at lower 

prices. Farmers also sell the leftovers [probably returned fruits from MAs] through this 

system. Many seedlings and fruits have been sold from the woreda this way. For example, 

while MAs buy a seedling with 50-60 Birr [2.5-3 dollar], contrabandists, however, buy the 

same product with only 20-25 Birr [1-1.25 dollar] but, seedlings sold through the contraband 

system might remain ineffective at their destinations [particularly seedlings]. Because; they 

are mostly less matured during the time of harvest and might be stored for longer time before 

replanting. This would, again, reduce Chencha‘s good image in the production of apple. This 

might also be one of the causes which gradually reduced the demand for apple seedlings in 

Chencha;  

 Another serious challenge to producer farmers is the bureaucratic nature of obtaining license 

for marketing of apple at large scale;  

 Paying a non-returnable 100 Birr [5 dollar] for registration and a monthly payment of 5 Birr 

[0.25 dollar] is to MAs a membership criteria;   

 Expansion of thefts [some writer equate this group as human pests];  

 The absence of a binding legal document [policy, strategy] to control, monitor and evaluate 

apple production and marketing is another serious challenge. In the sampled kebeles, it seems 

that apple production and marketing is monitored through the rule of thumb. In this regard, 

therefore, it would have been nice if apple production and sale is governed through the 

promulgation of policies and strategies [like other cash crops such as coffee, oil seeds and so 

on] which could enhance farmers‘ productivity. The absence of a legal binding rule made the 

woreda‘s police lenient to take immediate measures against crimes related to apple. 

Despite the challenges mentioned in the foregoing sections, future opportunities to enhance apple 

production include: 

 Before 2014, each MAs compete for selling the products of its members. As of 2014, 

however, all MAs collect production from their members and submit it to the dominant and 

oldest MA called CHFMA. This has somehow reduced market competitions between MAs; 

 Chencha woreda‘s administration, established of a legal team of experts primarily aimed at 

controlling the production and marketing of apple in 2013/2014. The team is composed of the 
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woreda police; representatives of MAs; NGOs; representatives of agricultural office and so 

on. During 2013-2014, about 11728 seedlings of apple which costs 703, 680 Birr [35, 184 

dollar] were caught by the woreda police while transported illegally from the woreda in 9 

months‘ time [September 2013 – May 2014]. Nearly 1000 kilogram of unripen apple fruit 

[ranging from 12kg to 160kg which could cost 35 000 Birr [1, 750 dollar] was caught by the 

woreda police. The established team of experts, therefore, discussed on the issue and decided 

to bury [dump] these products in a hole in April 2014. This decision, nevertheless, created 

dissatisfaction and sorrow among apple producer farmers of the woreda. Because; the 

overwhelming majority of interviewed farmer households in Chencha believe that apple is a 

fruit which is given to Chencha as a blessing by God. The establishment of team of experts 

for controlling apple and its production and sale is an opportunity for farmers, because; it 

become successful in fixing the price of a kg of fruit apple to be 33 Birr [2
nd

 level] and 35 Birr 

[1
st
 level]. The introduction of a fixed price to a kg of fruit apple and a seedling as of 2014 

can be taken as an opportunity, because; there was a worse competition between the MAs to 

the extent that one association waits the disclosure of another association‘s price for buying a 

kg of fruit and a seedling.  

In January 2014, Memorandum of Understanding (MoU) was signed between ETFRUIT and LUNA 

and the MAs in Chencha. This would create an opportunity to rank farmers‘ production and sale their 

products with reasonable price with all its challenges; and 

Furthermore, farmers of tolola kebele which is situated at GKHC are continually experimenting to 

further process apple in to juices and jams. This would be the greatest opportunity to raise farmers‘ 

productivity. This, however; requires the involvement of various stakeholders. 

Conclusions 

The introduction of apple [malus domestica] dates back to the early years of 1950s in Chencha. This 

study, however; revealed that there is a time lag between its introduction and intensive production by 

farmers. Evidently, only 8.22% of the surveyed households have been intensively producing apple 

since the previous 25 years, whereas 70% of the farmers have been producing apple for only 5 to 15 

years. Despite the fact that the amount of land used for apple production has been increasing through 

time [with Pearson‘s correlation coefficient r = 0.605], the study revealed significant variation in 

apple production between the sampled kebeles, namely: tolola, doko-shaye and doko-mosho [in terms 

of intensity and type of production]. For instance, 92% of farmers in tolola and 77% of farmers in 

doko-shaye produce apple both in seedling and fruit form where as 77% of farmers in doko-mosho 

produce apple in the form of fruit only. In the same fashion, apple is relatively cultivated at 

commercial level in tolola kebele than doko-mosho and doko-shaye.  

Given its agro-ecological advantage [82% dega and 18% woina-dega] all the 50 kebeles of Chencha 

woreda are believed to be favorable for apple production. Field data, nevertheless; shows significant 

variation in apple production even in the sampled kebeles. At gross average level, the great majority 

of sampled households (66%) confirmed that they produce multiple crops in their agricultural fields. 

This is a highly recommendable practice so as to boost households‘ income and ensure their food 

security.  Besides, farmers produce barley and wheat (19%); enset (10%) and apple (5%). The major 

crops grown in the sampled kebeles is found to be apple (41%) and enset (37%). Nevertheless; the 

data in table 4 reveals that there are significant variation in the production of apple and enset between 

the sampled kebeles. For instance, out of the total apple production in the sampled kebeles, tolola 

alone accounts 88.3% [this clearly shows the predominance of apple production in this kebele]. This 
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might be due to the historical introduction of apple to tolola which in turn influenced farmers‘ 

motivation to expand its production. Besides, farmers of tolola have a relatively better access to 

information [production and marketing] due to the fact that Gamo Kale-Hiwot Church itself is 

instituted in their locality. 

Regardless of the challenges framers face from its production [field preparation, seedling and tree 

management] to marketing, apple has become a major source of cash to Chencha and its farmers‘ 

since recent years. Most of the informants in the sampled kebeles have also witnessed the 

multifaceted importance of the new plant [malus domestica] to farmers‘ livelihoods in that: it became 

possible for farmers to construct a better house using corrugated iron; educate their children who 

remained home as farmers; become food secure due to a relatively better income obtained from apple. 

Some other informants noted that the new plant-apple also helped them to experience urban life being 

in rural areas [their feeding and dressing styles have been changed and they become able to afford for 

luxurious household goods like sofa, television, refrigerator and so on]. In this regard, field 

observation of the researchers witnessed rural farmers experiencing city life styles being in rural 

kebeles of the study area mainly of tolola, doko-mosho and doko-shaye. There are also evidences of 

farmer households who bought medium level public transport buses and constructed extra houses for 

rent both in Chencha and Arba Minch towns. However, this is only real to few framer households. 

Given its agro-ecological potential, apple production in Chencha could be expanded more and more to 

the extent that the overwhelming majority of the farmers benefit from it. This, however; requires 

integration between stakeholders [GOs and NGOs] at the local, zonal, regional, and national levels. 

The study revealed major roles played by NGOs, namely; Gamo Kale-Hiwot church and World Vision 

Ethiopia [Chencha district]: offering training to farmers coming from SNNPRS and other regions, of 

the country, namely; Tigray, Amhara and Oromiya; making processing tools [like scissors for 

grafting; watering jugs; boxes for storing harvests and shelves for managing documents] accessible to 

farmers and MAs; making varieties of apple seedlings accessible to farmers with little or no payment; 

and advertising farmers product at different workshops and sales [bazzars] within SNNPRS to secure 

reliable market to the farmers. Survey result has also indicated that 77% of the sampled households 

gained technical and material support from the aforementioned NGOs. Awareness creation on apple 

production and training on the use of agricultural inputs were found to be major support areas 

accounting 55% and 27% respectively. Nevertheless; the study has shown that little attention has been 

given by stakeholders [GOs and NGOs] to water and soil conservation schemes [it only accounts < 

1%]. 

The study has shown three ways of marketing apple in chencha since recently: through individual 

farmer households’ presentation to the local market; through the legally established MAs; and, 

through the contraband system. 

The result of the study has uncovered multifaceted challenges which would reduce farmers‘ 

productivity. Some of  these include: lack of important agricultural tools [scissors for grafting, 

watering jugs, boxes for storage and so on]; farmers limited knowhow for mother tree management 

and harvesting; rapid increase in the number of MAs before the already established ones get stronger; 

the prevalence of the contraband system in response to fierce competition between the established 

MAs; the emergence of brokers and thieves [locally called human pests]; lack of consideration of 

agro-ecological zones by MAs during the time of harvest; absence of advance payment schemes by 

MAs; land shortage for extensive production and land fragmentation due to population pressure; 

decrease in the demand for seedlings from time to time; lack of cold rooms for storing harvests; lack 
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of legal document for monitoring apple production and marketing; and lack of promising market for 

farmers products.  

Future Policy Options 

 Introducing advance payment scheme by MAs 

 Considering agro-ecological zonation during the time of harvest 

 Establishment of cold rooms 

 Launching further processing options 

 Farmers capacity building 

 Participatory approach to decision making 

 Promulgating a legal document for monitoring apple production 

 Monitoring and evaluation of MAs 
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Carbon Stock of Jatropha curcas L in Different Land Use Systems in Bati Woreda, 

Amhara Region - Yirdaw Meride 

Hawassa University, Wondo Genet College of Forestry and Natural Resources 

Abatract  

Jatropha curcas (Linnaeus) belongs to the family Euphorbiaceae, closely related to other important cultivated 

plants like castor, rubber tree and cassava. A study was conducted to determine the potential of physic nut in 

sequestering carbon in plantations established to rehabilitate degraded forest lands and in live fences. 

Systematic sampling method was used to collect the biophysical data of Physic nut in plantations and purposive 

sampling method for live fences. Diameter at breast height and height of Physic nut trees were measured for 

above ground biomass estimation. Litter samples were collected from plot using a sub-plot of 1 × 1 meter 

quadrates. Soil samples were collected from land under physic nut plantations, live fences and near natural 

vegetation. Soils were sampled in the same sub-plots as litter. The biomass of Physic nut in plantations and live 

fences was estimated by using allometric relationships after measuring their diameter and height, while the 

biomass of litter was estimated by a direct measurement of litter fall from a defined area. Above ground carbon 

stock of physic nut in plantations and live fences were 5.41 and 137.36 tons per hectare, respectively.  Below 

ground carbon stock estimation of Physic nut in plantations (1.53tons per hectare) and live fences (41.21tons 

per hectare). This study indicated that above and below ground carbon stock of Physic nut in live fences 

storedsignificantly high carbon than plantations. Soil organic carbon stock of Physic nut in plantations 

(49.80tons per hectare) and live fences (65.94tons per hectare) was not statistically significant. Soil organic 

carbon of Physic nut in live fences was significantly differentfrom near natural vegetation (44.94 tons per 

hectare). No significant difference was found in the carbon stock of litter in plantations (0.93tons per hectare) 

and live fences (0.93tons per hectare). The present investigation showed that Physic nut in plantations (above 

ground and below ground carbon) was smaller than those estimates obtained in some countries and comparable 

to estimates obtained in similar environmental conditions. But carbon stock estimation of Physic nut in live 

fences was greater than those estimates obtained from other plantation studies. 

Keywords: Biomass carbon stock, carbon sequestration, litter fall, soil organic carbon 
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INTRODUCTION 

Background 

Physic nut (Jatrophacurcas L.) is considered in many countries as a wonder plant due to its potential 

as a source of biodiesel. Physic nut bears seed containing oil suitable for biodiesel either in sole or 

blend. Therefore, physic nut is expanding in the tropics and subtropics particularly South East Asia 

(India, Indonesia and Malaysia), Central America and Africa (Mali, Togo, Ethiopia, Kenya and 

Tanzania). In addition its ability to withstand extreme moisture stress as well as low fertility makes it 

the best candidate for land rehabilitation. Physic nut is highly adaptable to different ecological 

conditions. It is well adapted to semi-arid and arid climate and its occurrence has been observed in an 

annual rainfall ranging between 250 and 3000 mm (Foidl et al., 1996). The grouwth variation  and 

production of physic nut is line with the range of this rain fall.The plant is monoecious and flowers 

are unisexual and pollination is by insects. The life span of the plant is more than 50 years (Heller, 

1996).  

Physic nut grows well with more than 600 mm of rainfall per year, and it withstands long period of 

drought however, the minimum is highly dependent on local conditions. Physic nut succeed within 

250 mm of rainfall per year in Cape Verde due to the high humidity. In times of drought, the plant 

sheds most of its leaves in order to reduce water loss. In addition, the plant can also be cultivated 

where there is a great deal of precipitation. It is very partial to warm weather and tolerates only light 

frost (Schmid, 2003). In addition, thecultivation of physic nut leads to the regeneration of soils. In this 

regard, it helps protect the soilfrom erosion and to retain water (Jongschaap et al., 2007; Francis et al., 

2005).  

The Physic nutis still a wild plant and basic agronomic practices are lacking and its effect on the 

environment is not known yet. However, it is expected that land occupation impact of physic nuton 

the soil will be positive (Kumar et al., 2009). Traditionally, the cultivation of physic nut has been 

undertaken primarily for protection of crops as a fence to exclude livestock or as hedge for erosion 

control or wind break. The ability of physic nut to establish and be productive across a wide range of 

growing conditions and extreme moisture stress makes it desirable species for degraded lands and 

erosion control. In equatorial regions where moisture is not a limiting factor, physic nut is able to 

bloom and produce fruits throughout the year (Heller, 1996).  

The Physic nut is growing in different parts of Ethiopia with the greatest density in North Shewa and 

South Wello of the Amhara region, South Omo,Gamo Gofa and Wolaita Zone of the Southern 

Nations and Nationalities, Central Rift Valley and East Shewa in Oromia region. It grows mainly in 

dry warm areas and from low to mid altitudes. Like any other plant, physic nut does well under best 

conditions of soil, water and spacing. Ideally, a pH range of 6 to 8 suits the plants well, as well as 

adequate irrigation and fertilization. Physic nut plant is highly suitable at 25-50 cm soil depth and best 

survive at sandy loam soil in Ethiopia. However, physic nut will survive under harsh conditions (poor, 

dry soils) but fruit and oil yields will be measurably lower.Recently regional states are planting physic 

nut on degraded lands on the onset of the national Biofuel Policy and Strategy.  In the Amhara region 

alone eight million seedlings in eight Woredas were planted in recent years. Of this, 3000 ha was 

covered using direct planting of seeds and cuttings in Bati Woreda alone.   

The purpose of Physic nut planting was for soil erosion control, biofuels and to sequestratecarbon. 

The potential of trees  as carbon sinks is very important to adress global warming, which occured due 

to increasing levels of carbon dioxide was risen over time. Physic nut as any other trees are capable of 

removing carbon from atmosphere through the carbon stored in their biomass. 
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Carbon sequestration (CS) refers to the provision of long-term storage of carbon in the terrestrial 

biosphere, underground, or the oceans so that the buildup of carbon dioxide (the principal greenhouse 

gas) concentration in the atmosphere will be reduced or slowed (Bijaya, 2008). Carbon dioxide (CO2) 

is the largest single greenhouse gas in the atmosphere. It is currently trapping about half of the total 

heat that contributes to global warming. Removing atmospheric carbon and storing it in the terrestrial 

biosphere, such as through planting trees, has been one of the methods stated under the Kyoto 

Protocol for countries to meet their national carbon reduction targets (FAO, 2009). 

The 3
rd

 Conference of the Parties (COP3) of United Nations Framework Convention on Climate 

Change (UNFCC) in Kyoto recognized that afforestation and reforestation (A/R) could be counted as 

sinks and used for achieving green house gases emission reduction commitment in 1997. Participants 

of A/R project under the Clean Development Mechanism (CDM) must measure and monitor all 

significant changes in the five carbon pools within the project boundary: aboveground biomass , 

below-ground biomass, litter, dead wood and soil organic matter. One of the more reliable ways to 

achieve an estimate of biomass and carbon sequestration by a forest stand is to select sample trees 

obtained from the forest stand (Sequra and Kanninen, 2005). 

 Statement of the Problem 

Physic nut is reciving national attention with the onset of the biofuel policy and strategy that states the 

plant as a primary source of biodiesel (Ministry of Water and Energy, 2007). As a result of 

enviromental, economic, rural development and poletical issues, biodiesel is getting global attention 

in oil importing  countries such as India, China and Ethiopia as well as petrolium producing countries 

such as Malysia (Heller, 1996; Francis et al., 2005).Physic nut iswell adapted to semi-arid climates 

andcan be planted oneroded lands under harsh climatic conditions. Bati woreda is one of those areas 

where the rural people use Physic nut as a source of household energy, live fences and soil erosion 

control. The forest cover of the area is decreasing from time to time in which one of the main reasons 

is fuel wood consumption. The area is endowed with Physic nut plants predominantly for fencing of 

homes and agricultural fields and rehabilitated degraded lands.  

So far studies on provenance testing, cultivation techniques, utilization of the oil for various purposes 

including biodiesel, and water use of physic nut has been done by many researchers (Raphae et al., 

2010; Wiesenhutter, 2003). 

However, information about the carbon stock of physic nut in plantations and live fences has not been 

done and documented in Ethiopia, but there is a growing interest in exploiting its potential as carbon 

stock services. Physic nutcan be found at different elevations, aspects and site quality of Bati which 

require assessment of total carbon stock in different land use system like plantations and live fences. 

Therefore, this study aims to establish the base line information for carbon stock of Physic nut in 

plantations and live fences. 

Scope of the Study 

The study was conducted in Bati Woreda of the Amhara National Regional State of Ethiopia. The 

study only assessed the carbon stock of physic nut in plantations and live fences. This study focuses 

on the above ground biomass (trees), bellow ground biomass, litters and soil organic carbon. Due to 

the lack of dead wood of physic nut plantation it was not included in this calculation of biomass.  
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Objectives 

General objective  

This study is conducted to determine the potential of Physic nut plantations in sequestering carbon in 

established plantations of Physic nut to rehabilitate degraded forest lands and live fence in Bati 

Woreda, Ethiopia.  

 Specific objectives 

 To estimate above and below ground carbon stock of physic nut in plantations and live fences. 

 To compare soil organic carbon stock of land under physic nut plantations, live fences and 

near natural vegetation. 

 To estimate carbon stock of litter fall under physic nut plantations and live fences.  

 To provide information for carbon stock of physic nut in plantations and live fences. 

 

MATERIALS AND METHODS 

Description of Study Area 

Location 

The study was conducted in Bati Woreda located 415 km North East of Addis Ababa. Bati is one of 

four Woredas in the oromia administrative zone of the Amhara National regional state (Figure 1).The 

geographical location of the study area is between N1211213, N 1264871 and E 590159, E 631705 at 

UTM coordinate system. 
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Figure 1. Map of study area  

Climate 

The agro-ecology of Bati Woreda includes warm to cool semi-humid and semi-arid with 19% and 

81%, respectively (BWARDO, 2007).The  rain fall and  temperature data (2000-2010)  collected by 

Ethiopian National Meterological Agency (NMA) from Bati station was used to describe the climate 

the study area.The annual rainfall is 260-500 mm/year and the mean annual rainfall is 350 

mm/year.The annual mean maximum and minimumtemperature are 33 
0
C and 23.8 

0
C respectively.  

Topography 

The altitude of the Woreda ranges from 916 to 2638 with average altitude of 1660 meters above sea 

levels (masl). Generally the topography of the Woreda is classified under lowland and most of the 

land is not suitable for agriculture. 

Bati has three topographic landscapes: The first type includes the plain lands of pastures and 

agricultural fields, which are found on the foothills gentle slopes along rivers or streams. The 

mountain base is the second feature; ranging from gentle to steep slope (Table 1). The third and the 

last topographic features are the ridges and the plateaus found at the top of the mountains. 
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Table 1. Topography of Bati Woreda 

   No Slope % Total land covered  (ha) % from the total land 

1 0-30 41823 33.5 

2 30-50 62,266 49.9 

3 > 50 20,755 16.6 

Sources; BWARDO, 2007 

Geology and soil 

The geology of Bati is dominated mainly by tertiary volcanic strata and superficial graven fill 

sediments.  According to FAO classification system, major soils in the Woreda are Eutric cambisols, 

Eutric leptosols (cambic) and Lithic leptosols. Most of the soils are Leptosols (76%) which are very 

shallow soils which makes them unattractive for agriculture, 24% of the area is covered with Eutric 

cambisols which are relatively attractive for agriculture.The soil color is predominantly brown, red, 

black and gray that constitutes 54%, 12%, 23% and 11%, respectively. The soil type and texture is 

mainly sandy loam, which is medium textured and has medium water holding capacity. The pH values 

range from 6.5 to 8.3 (CHF/ORDA, 2004). 

Water resources 

The primary source of water in the study area is streams, springs and seas. Bati Woreda suffers from 

extreme shortages of dependable water for both household purpose and as well as crop and livestock 

production.  

Energy resources 

The major energy source of the Woreda is fuel wood. In the Woreda about 33,317 tons of crop residue 

and 28,556 tons of manure are burned as fuel and it‘s Urea and DAP equivalent loss is 400 and 126 

tons, respectively (Eyob  and Temesgen, 2008).  

Land use land cover 

Table 2. Land use land cover of Bati woreda 

No Land use 1994-1999 year/ (ha) 

1 Cultivated land 22,333 

2 Uncultivated land 23,940 

3 Forest land 613 

4 Grazing land 18,900 

5 Bush and shrub land 61,631 

6 Others 8443 

Sources; BWARDO, 2007 
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Vegetation 

In the study area shrubs primarily dominated the life form composition consists of 43% of the total 

species.  Herbs, apart from grasses, are the next dominant groups (28%) and grass species comprise 

13.4% of the total composition.  Relatively few tree species (10.6%) are found and climbers are the 

least represented growth forms (4.6%) (Eyob and Temesgen, 2008). 

Population 

The population of the Woreda is estimated to be 116,174 (CSA, 2008).It has four urban and twenty 

eight rural kebeles, of which 82% of the population is living in rural areas and 18% in urban. The 

active age group (15-65 years) constitutes 53% of the population and children under 14 years make up 

approximately 47% of the population in the area.The main ethnic groups in Bati Woreda are Oromo 

(92%), Amhara (7%) and Afar (1%). The main spoken languages of the Woreda are Oromifa (88%), 

and Amharic (12%), while the main religions are Muslim (97%) and Orthodox Christian (2%). 

Livelihood and land holding  

Bati is characterized by continual food shortages and high vulnerability of the people. People are poor 

both in terms of access to and availability of food (Fisseha et al., 2011).  There is up to to 3000 tons 

food deficit in the Woreda in any year. Currently 60,800 people are sustaining their lives with 

emergency food aid. The average land holding size per household is 0.77 ha. Farmers‘ land holding 

system unlike other areas of the country; each household has large-sized mountainous land usually 

inherited from her/his parents (Eyob and Temesgen, 2008). 

Data Collection 

Selection of sampling sites 

Selection of the sample sites were done with the help of Woredas Agricultural Office based on their 

data availability of all the 32 kebeles (four urban and twenty eight rural) five rural Kebeles (Birra, 

Salmene, Urrungo, Kamme and Mammed) in which there is a vast distribution of Physic nut and their 

proximity to town were selected for the study.  

Sampling 

The data was collected from five sites in Bati Woreda. Systematic sampling method was used to 

collect the biophysical data of Physic nut in plantations. The plots were taken systematically using 

transects for physic nut plantations. But sample plot of live fences were taken using purposive 

sampling method, due to the areas are not 

obtained continuously (not accessible to take 

systematic sampling method). From each site 

five sample plots were laid systematically 

for Physic nut plantations. A total of ten 

sample plots were taken for each site both 

plantations and live fences and a total of fifty 

sample plots from five sites (Table 3). At 

each sampling site, a transect was 

established at least 10 m of Physic nut 

plantations from the nearest path or access 

point. Five 20 m x 20 m plots were placed 

systematically along two 300-m transects, 

Main economic source of Bati 
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50m apart from each other and 100 m between plots along a straight line. Exact locations of each plot 

were recorded using GPS. 

Physic nut tree diameter and heightwere measured in a sample plot of 20 m x 20 m and in 1 m x1 m 

for litters and soil samples and the wet weight data was recorded. The area of sample plot in live 

fences was 2 m width x 10 meters length and samples were collected from both sides of the fence. 

Sampling procedures for live fence was identical to that of plantation except that in case of live fences 

samples were taken using purposive sampling and from both sides of live fences and homogenized in 

the end. 

 

Table 3. Location and exact sites and number of plots in the study area 

 

Tree data measurement 

Diameter at breast height (DBH) of each tree within 20 m x 20 m and 2 m x 10 m sample plots were 

measured by using caliper and height of each tree was measured by using hypsometer. Trees with 

multiple stems at 1.3 m height were treated as asingle individual and DBH of the largest stem was 

measured.  A canker, gall or branched trees at 1.3 m were measured the smallest point below it where 

the stem assumes near cylindrical shape. Trees with multiple stems or fork below 1.3 m height were 

treated as a single individual stem (Pearson et al., 2005). For above ground biomass estimation, all 

tree diameters at breast height within selected site were recorded 

Litter Sampling 

The litter sample was collected from the four corners and at 

the center in sub-quadrate of 1 m × 1 m in each sample plot 

(Figure 3). All litter samples in the sub-plot were collected 

manually. The weight of each sample was recorded for wet 

weight and 100 gm sub-sample was taken for laboratory 

analysis.  The litter samples were oven dried at 70 °C for 

48 h. Samples were cooled for 1 h and weighed to provide a 

bulk estimate of litter mass for each site.   Figure 3 Collecting  of litter at 1m x 1m quadrant 

Site Location  No of plots 

in Plantation 

No of plots 

inFence 

Area of  Plots Total sample 

plot/site 
Plantation Fence 

Kamie 0606817N, 

1235555 m E 

5 5 20 x 20m, 2x10m 10 

Ourrungo 0604710N, 

1241795 E 

5 5 20 x 20m 2 x10m 10 

Mamed 0608703N, 

1230906 E 

5 5 20 x 20m 2mx10m 10 

Birra 0611461N, 

1238062 E 

5 5 20 x 20m 2x10m 10 

Salmene 0610822N, 

1234530 E 

5 5 20 x 20m 2 x10m 10 

Total      50 
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Soil sampling 

Soil samples were collected from land under physic nut plantations,live fences and near natural 

vegetations. Soils were sampled in the same sub plots for litter. Before collection of soil samples, all 

litter and vegetation was removed from the site. Soil samples were taken at 30 cm depth from the four 

corners and center of each plot using soil auger. The soil samples were mixed homogeneously and 

100 gm sub-samples were taken from each sample for organic carbon determination in Addis Ababa 

(Jije Analytical Service Laboratory). 

 Estimation of Biomass 

Aboveground biomass estimation 

According to IPCC (2003) tree biomass can be estimated on permanent plots in a non-destructive 

manner by utilizing biomass regression equations developed from other research or equations 

developed for specific tree species in the local area. Regression equations typically relate a tree‘s stem 

diameter or stem basal area to its total mass. For many tree species it is possible to estimate biomass 

from a single common regression equation. To estimate above ground biomass with the allometric 

method, consideration must be first given to the basal area (BA) of the tree, where this basal area was 

recorded with conventional forest inventory using diameter at breast height (1.3 m). Basal area of the 

trees was estimated by the following equations: 

BA= π x r
2
---------------------------------------------------------------------- (eq.1) 

Or BA = 0.785DBH
2  

Where: BA is basal area of tree, π = 3.1415927; and ris the radius of the tree at breast height. 

Therefore aboveground biomass of trees were estimated using  allometric equation developed by 

Brown (1997) based on rain fall less than 900mm for dry tropical forests, with the maximum  tree 

diameters were 30cm.  

This equation was as follows:          

Biomass(Y) = 10
(-0.535+log

10
BA

) --------------------------------------------------------- (eq.2) 

Where Yrepresents the total dry aboveground biomass of a tree in kg and BA the basal area of tree in 

cm
2
.   

This dry tropical general allometric equations was used by UNFCCC (2008) to estimate carbon stock 

of Physic nut in plantation project activity in Democratic Republic of Congo. 

Belowground biomass estimation 

According to FAO (2000) one of the most common descriptors of the relationship between root 

(below-ground) and shoot (above-ground) biomass is the root-to-shoot ratio, which has become the 

standard method for estimating root biomass from the more easily measured shoot biomass. 

Belowground biomass estimation is much more difficult and time consuming than estimating 

aboveground biomass. To simplify the process for estimating below-ground biomass, it is 

recommended that root-to-shoot ratio value to estimate below-ground biomass as 30% of above-

ground tree biomass broad leaved vegetation.  

In this study below ground biomass was estimated by using the following equations:    
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 Groundbiomass (BGB) = 0.3 x (AGB) -----------------------------------------(eq.3) 

Where, AGB is above ground biomass, 0.3 is conversion factor for broad leaved vegetation (FAO, 

2000). The mean belowground tree biomass per unit area was estimated based on field measurements 

of aboveground parameters in sample plots.  

Litter biomass estimation 

The forest floor, or litter layer, is defined as all dead organic surface material on top of the mineral 

soil. Some of this material will be still recognizable (for example, dead leaves, twigs, dead grasses 

and small branches) and some will be unidentifiable decomposed fragments of organic material 

(Pearson et al., 2005). The estimation of the biomass of litter was by using the following equation:  

LB =   *  ----------------------------(eq.4) 

 Where: LB = Litter (biomass of litter t ha
-1

)  

W field   = weight of wet field sample of litter sampled within an area of size 1 m
2 
(g); 

A = size of the area in which litter will be collected (m
2
); 

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) (Pearson et al., 2005). 

Aboveground carbon estimation 

The total carbon stock in above biomass of Physic nut in plantations and live fences was determined 

by multiplying the total plant biomass by convertible factor which is representative of the average 

carbon content in plant biomass. This conversion factor (0.50) assumes 50 % of total plant biomass is 

equal to Carbon. This factor is used worldwide (IPCC, 2003), hence it was applied in this study for 

calculation of total carbon in above ground biomass of both physic nut plantations and live fences. 

C (AGB) = AGB X 0.5---------------------------------------------------------------------- (eq.5) 

Where, C(AGB) is above ground carbon, AGB above ground biomass 

The mean carbon stock in aboveground biomass per unit area was estimated based on field 

measurements in sample plots. Mean carbon stock in above ground biomass was calculated by the 

following equation; 

CAB = -----------------------------------------------------------(eq.6) 

Where; CAB,     Mean aboveground biomass carbon stock in total sample plot 

CAB-tree,         Mean boveground biomass carbon stock of trees  

N,                 Number of sample plot  

 

To estimate the amount of carbon dioxide sequestered in the above ground biomass of tree: 

CO2 is composed of one molecule of Carbon and 2 molecules of Oxygen. 

The atomic weight of Carbon is 12. 

The atomic weight of Oxygen is 16. 



182 
 

The weight of CO2 is C+2*O=44. 

The ratio of CO2 to C is 44/12=3.67. 

Therefore, to determine the amount of carbon dioxide sequestered in the tree, multiply the weight of 

carbon in the tree by 3.67. 

Belowground carbon estimation 

Root-shoot ratio was the simplest way to quantify below ground biomass. After estimating total below 

ground biomass, the carbon content of below ground biomass was estimated multiplying of total 

below ground biomass and carbon fraction of 0.5 as suggested by the IPCC (2003).  

Carbon content of BGB= Total BGB X C fraction (0.5) -----------------------------(eq.7) 

Where, BGB is below ground biomass, C is carbon fraction. 

The total carbon storage was then multiplied with the CO2 factor of 3.67 to convert carbon stored into 

CO2. 

Litter carbon estimation 

The carbon content in litter was estimated by collecting all the litter samples in 1 m x 1 m of quadrant. 

Samples were dried and weighed individually for 48 h at 70°C. Portions of dried samples of each 

quadrate were mixed for homogeneity. The carbon concentrations of the resulting powders were 

measured in a carbon analyzer (Jije Analytical Service Laboratory). The carbon content of litter was 

estimated by multiplying its mass by the carbon fractionand converted to tone carbon per hectare. 

Total carbon content of litter (ton/ha) = Total litter biomass x Carbon fraction 

Or  LC (ton/ha) = -------------------------(eq.8) 

Where , LC is carbon content of litter, FW fresh weight of the sample(g), SDW dry weight of sub- 

sample(ton), SFW fresh weight of sub-sample(g),  C carbon fraction of litter.To determine the amount 

of carbon dioxide sequestered in the litter, multiply the weight of carbon in the tree by 3.67. 

Soil organic carbon estimation 

In order to obtain  an accurate inventory of organic carbon content in mineral or organic soil, three 

types of variables must be measured: (1) soil depth, (2) bulk density (calculated from the oven-dried 

weight of soil from a known volume of sampled material), and (3) the concentrations of organic 

carbon within the sample (Pearson et al., 2005).  

To estimate the amount of carbon in Physic nut plantations, live fences and near natural vegetation 

soils, samples were brought into the laboratory for further analysis. The carbon concentration in the 

soil was determined as oxidizable organic carbon according the method of Walkley and Black (1934) 

as outlined in McLean (1982). The following procedure was adopted for analysis of each sample: 1 

gm of soil sample was put in 500ml flask and shaked with 10ml of Potassium dichromate (0.167 M). 

Then 20 ml of concentrated sulphuric acid (conc.H2SO4) was added rapidly and shaked for 30 

minutes. Then  200 ml of water and 10ml of phosphoric acid was added with 10-15 drops of 

Diphenylamine, followed bytitration against Ferrous ammonium sulphate {Fe(NH4)2(SO4)} solution. 
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A blank titration was also made (without soil) to standardize the solution. The total organic carbon 

was determined by formulae: 

Carbon Conc. = ------- (eq. 9) 

           Where:  

B = mL of (Fe(NH4)2(SO4) solution used to titrate blank  

S = mL of (Fe(NH4)2(SO4) solution used to titrate sample  

12/4000 = milliequivalent weight of C in g. 

To conversion of oxidizable organic C to total C was performed by multiplying with 1.30 correction 

factor according to Walkley–Black(1934). The C Concentration (%) was further multiplied with 

calculated bulk density (gm cm
3
) to estimate total carbon stocks (t C ha-1) in soils of these forests.  

Total soil organic carbon was calculated using the formula given below (Awasthi et al., 2005).  

SOC= Organic carbon content % x soil bulk density (g/cm3) x soil depth (cm) 

Where, SOC is soil organic carbon (t ha
-1

). 

Bulk density 

Soil bulk density was determined using core sampling method (Lasco et al., 2005).Soil cores of 5 cm 

in diameter and 10 cm length were used for determining the bulk density of the soil samples. The 

fresh soil samples extracted by bulk density cores were bagged in a plastic bag, sealed and labeled. 

Then the samples were transported to the laboratory for oven drying and measured after 24 hours at 

constant temperature of 105 
0

C. The dried soil was passed through a 2 mm sieve, the soil was weighed 

and volume of stones was recorded for stone correction.  The following formula was used to calculate 

the bulk density using stone correction (Pearson et al., 2005).  

ρb  =  -------------------------------------------------------------(eq.11) 

ρb= Bulk density of the < 2mm fraction, (g/cm
3
) 

ODW = Oven-dry mass of fine fraction (<2 mm) in g 

CV = Core volume (cm
3
) 

RF = Mass of coarse fragments (> 2 mm) in g 

PD = Density of rock fragments (g/cm
3
). The density of rock fragments was determined by 

submerging a known mass of coarse fragments in a known volume of water; the displacement gives 

an estimate of rock volume, which can be used to calculate density. 

Estimation of total carbon stock 

Once all of the individual components of the plantation were accounted for it is possible to simply add 

all of the components together to get total biomass and carbon per plot expressed as tone per ha. Total 

carbon content of the area: 

C (T) = C (AGB) +C (BGB) +C(LB) +SOC-------------------------------------------- (eq. 12) 
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Where, 

C (T) = total carbon content for study area (t C ha
-1

) 

C (AGB) = carbon in above-ground biomass (t C ha
-1

) 

C(BGB) = carbon in below-ground biomass (t C ha
-1

) 

C(LB) = carbon in litter (t C ha
-1

) and 

SOC = soil organic carbon (t C ha
-1

) 

The total carbon stock is then converted to tons of CO2 equivalent by multiplying it by 44/12,or 3.67 

(Pearson et al. 2005). 

Data Analysis 

Student t-test was applied to compare the means of physic nut in plantations and live fences to test 

significant differences in carbon stocks. Total Physic nut tree carbon stock was also compared, 

including the cumulative carbon stock of trees, litter, and soil. All these statistical analyses were 

conducted using the SPSS version 15.0 and Ms-Excel. 

 

RESULTS 

Biomass 

The diameter of Physic nut trees in plantations wereranging from 2.0 to 18.0 cm and Physic nut live 

fences 2 to 21 cm. Physic nut plants in plantations had mean diameter and height of 4.92 cm and 3.6 

m respectively and mean above ground biomass of 6.75 kg per tree. Mean diameter and height of 

Physic nut plants in the live fences were 6.72 cm and 4.10 m respectively and mean above ground 

biomass of 12.51 kg per tree (Table 4). According to the result Physic nut tree in live fences were 

higher than in diameter, height and biomass which compared to Physic nut tree in plantations. 

Table 4.Tree parameter of Physic nut plantations and live fences 

 Tree parameter Stem  No Minimum Maximum Mean SD 

Diameter of plantations (cm) 1512 2.00 18.00 4.92 2.28 

Height of plantations (m) 1511 2.00 6.50 3.60 0.85 

Above ground biomass of 

plantations(kg) 

1512 0.92 74.20 6.75 7.19 

Diameter of live fences tree 1098 2.00 21.00 6.72 3.09 

Tree height of live fence (m) 

Above ground biomass of live 

fence tree (kg) 

1098 

1098 

2.00 

0.92 

10.00 

101.00 

4.10 

12.51 

0.97 

11.83 

 

Aboveground biomass 

Statistical analysis indicated that there was strong relationship between diameter of Physic nut and 

above ground biomass. This positive correlation coefficient (R=0.965) and (p=0.001) indicates that 

there was a statistically significant (p< 0.01) linear relationship between these two variables such that 

the more diameters of the tree have the more above ground biomass (Table 5 and Figure 6). 
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Table 5. Correlations between diameters and above ground biomass of Physic nut 

  Diameter at Breast height Above Ground Biomass 

DBH Pearson Correlation 1.00 0.965 (**) 

 Sig. (2-tailed)  0.001 

AGB Pearson Correlation 0.965(**) 1.00 

 Sig. (2-tailed) 0.001  

** Correlation is significant at the 0.01 level (2-tailed) 

 

 

Figure 6. Linear regression of the stem diameter and the aboveground biomass of 

Physic nut 

The total above ground biomass of Physic nut was 285.53 t ha
-1

 which was the sum of 10.82 t ha
-

1
mean above ground biomass of plantations and 274.71 t ha

-1
 ofmean above ground biomass of live 

fences (Figure7).The minimum and maximum above ground biomass for plantation was 3.26 and 

21.70 t ha
-1

 and 56.10 and 381.00 t ha
-1

 for live fences, hence the above ground biomass of live fences 

were greater than the above ground biomass of plantations. 

 
Figure 7. Aboveground biomass of Physic nut in plantations and live fences  
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Aboveground carbon stock 

The carbon stock ofPhysic nut in plantations and live fences were calculated according to standard 

conversion factor of 0.5 C x biomass (IPCC, 2003).  The total above ground carbon stockof Physic 

nut in plantations were5. 41  t C ha 
-1

and live fences were 137.36 t Ct ha
-1

.Thus total mean above 

ground carbon stock of Physic nut in  plantations and live fences were 142.77 t ha
-1

 (Table 6). The 

result indicated that aboveground carbon stock estimation was higher in live fences than plantations. 

The minimum and maximum above ground carbon stockof Physic nut plantations were 1.63 and 

10.85 and live fences were 28.00 and 190.50t ha
-1

, respectively.  

Table 6. Above ground carbon of Physic nut in plantations andlive fences (t ha
-1

) 

 

A total of 50 samples were analyzed for above ground carbon stock estimation, 25 samples from 

plantations and live fences each. The comparison was carried out using independent t-test for means 

and Levene's test to identify equality of variances.  Levene‘s test for equality of variances shows F 

value (19.132) at significance valuep=0.001, hence unequal variances were assumed. The t-test 

indicated that mean carbon content of above ground Physic nut plants in plantations were 5.41 and 

that of live fences 137.36 (p= 0.001).The result showed there was highlysignificant difference 

between above ground carbon stock of Physic nut in plantations and live fences at p<0.05. Therefore, 

carbon content of physic nut inlive fences was greater than carbon content of Physic nut in 

plantations. Carbon dioxide sequestration of plantations and live fences were obtained by multiplying 

above ground carbon content of plantations and live fences by 3.67. Therefore above ground carbon 

dioxide sequestration of plantations and live fences was 19.85 and 504.11 t ha
-1

respectively. The total 

carbon dioxide (CO2) sequestration of above ground Physic nut in plantations and live fences were 

523.96t ha
-1

. 

Belowground biomass 

The total mean belowground biomass of Physic nut was 85.47 t ha
-1

, the sum of 3.06 t ha
-1

mean below 

ground biomass of Physic nut in plantations and 82.41 t ha
-1

mean below ground biomass of live 

fences (Figure 10).The minimum and maximum below ground biomass for plantations were 0.98 and 

6.51 t ha
-1

 and live fences were 16.80 and 114.30 t ha
-1

, respectively.This result indicated that below 

ground biomass of Physic nut inlive fences were greater than plantations. 

 Minimum Maximum Mean SD     P-value 

Above ground carbon  of  

Physic nut plantation (t ha-1) 

1.63 10.85 5.41 2.56  

Above ground carbon of 

fence (t ha-1) 

28.00 190.50 137.36 35.84  

Total  29.63 201.35 142.77 38.30 0.001 
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Figure 8. Belowground biomass of Physic nut in plantations and live fences  

 

Belowground carbon stock 

Total below ground carbon stock per hectare was estimated from the aboveground carbon stock in 25 

sample plot of plantations. Mean below ground carbon stock of Physic nut in plantations were 1.53 t 

C ha
-1

. Likewise, total belowground carbon stock of Physic nut in live fences are estimated from the 

aboveground carbon stock in 25 sample plot.Mean below ground carbon stock of Physic nut in 

livefenceswere 41.21 t C ha
-1

. Again, mean below ground carbon per hectare of livefences were 

higher than plantations. The minimum and maximum below ground carbon stock in plantations were 

0.49 and 3.26 and live fences were 8.40 and 57.20, respectively. Mean total below ground carbon 

stock of Physic nut in plantations and live fences were 42.74 tons ha
-1

. Table 7 presents the mean, 

maximum, minimum, standard deviation and significance value   of carbon stock of Physic nut in 

plantations and live fences. 

Table 7. Belowground carbon stock of Physic nut plantations and live fences   

 Minimum Maximum Mean SD P-value 

Below ground carbon of 

Physic nut plantations (t ha-1) 

0.49 3.26 1.53 0.72  

Below ground carbon live  

fences (t ha-1) 

8.40 57.20 41.21 10.75  

Total 8.89 60.46 42.74 11.47 0.001 

 

According tothe result in t-test analysis indicated that mean belowground carbon stock of Physic nutin 

plantations (1.53 t ha
-1

) and live fences (41.21 t ha
-1

) was highlysignificant difference at (p=0.001), 

hence, below ground carbon stock of Physic nut in live  fences was greater than plantations (p<0.05).  

Carbon dioxide sequestration of Physic nut inplantations and live fences were obtained by multiplying 

below ground carbon content of plantations and live fences by 3.67. Therefore below ground carbon 

dioxide sequestration of plantations and live fences was 5.62 and 151.24 t ha
-1

, respectively.  The total 

mean carbon dioxide sequestration capacity of below ground Physic nut in plantations and live fences 

were 156 .86 t ha
-1

.                               
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Litter biomass 

Total mean litter biomass was 4.22t ha
-1

, the sum of 2.12 t ha
-1

 mean litter biomass of Physic nut in 

plantations and 2.10t ha
-1

 mean litter biomass of live fences. The minimum and maximum litter 

biomasses of physic nut in plantations were 0.99 and 3.65 t ha
-1

 and live fences were 1.17 and 3.42 t 

ha
-1

. This study indicated that mean litter biomass of Physic nut in plantations were relatively equal to 

live fence as shown (Table 8). 

Table 8.Statistical description of litter biomass of Physic nut in plantations and live fences (in t ha-1) 

 Minimum Maximum Mean SD 

Litter biomass of plantations   0.99 3.65 2.12 0.73 

Litter biomass of live fences 1.17 3.42 2.10 0.55 

Total  2.16 7.07 4.22 1.28 

 

Litter carbon stock 

Litter biomass carbon stock per hectare was estimated from 25 sample plot of Physic nutin plantations 

within 1 m x 1 m quadrate. The meanlitter biomass carbon was 0.93 t C ha
-1

. Likewise, mean litter 

biomass carbon stock per hectare was estimated from 25 sample plot of Physic nut in live fence of 1m 

x 1m quadrate. It was estimated that mean biomass carbon per hectare for Physic nut in live 

fenceswere 0.93 t C ha
-1

. The total litter carbon stock estimation in plantations and live fences were 

1.86t ha
-1

. The result clearly showed that mean litter carbon per hectare of Physic nut in live fences 

were equal to plantations (Table 9).  The minimum and maximum litter carbon stock estimation of 

Physic nutin plantations were 0.44 and 1.56 t ha
-1

and live fences were 0.50 and 1.51 t ha
-1

, 

respectively. 

Table 9.Carbon stock estimation ofPhysic nut litter in plantations and live fences (t ha-1) 

 Minimum Maximum Mean SD        P-value 

Carbon stock of litter biomass 

in plantations  

0.44 1.56 0.93 0.31  

carbon stock of litter biomass 

in live fences 

0.50 1.51 0.93 0.26  

Total 0.94 3.07 1.86 0.57 0.951 

 

The t-test  analysis showed that mean carbon stock ofPhysic nut litter in plantations were 0.93 t C ha
-1

 

and live fences 0.93 t C ha
-1

 (t=0.06, p=0.951 (p > 0.05). The result indicates that there was no 

significant difference between litter carbon stock estimation of Physic nutin plantations and live 

fences. Therefore, the mean carbon stock per hectare of Physic nut in live fences was equal to 

plantations.  

Carbon dioxide sequestration potential of Physic nu tlitter in plantations and live fences were obtained 

by multiplying litter carbon stock of plantations and live fences by 3.67. Therefore carbon dioxide 

sequestration potential of Physic nut litterin plantations and live fenceswere 3.42 and 3.40 t ha
-1

, 

respectively. The total carbon dioxide sequestration estimation of Physic nut litter in plantation and 

live fences were 6.82t ha
-1

.               
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Soil Carbon Stock 

Bulk density 

The soil bulk density (g/cm
3
) at soil depth of 0-30 cm of Physic nut in plantations were ranging from 

1.19 to 1.74, live fences 0.93 to 1.63 and near natural vegetation soil 1.06 to 1.93. The higher value of 

bulk density indicates that lower soil organic carbon. The mean soil bulk density of Physic nut in 

plantations (1.46 g/ cm
3
), live fences (1.30 g/ cm

3
) and near natural vegetation soils (1.49 g/ cm

3
). The 

result shows mean bulk density (1.30 g/ cm
3
) of Physic nut inlive fences had higher soil organic 

carbon and lower bulk density than plantations and near natural vegetations (Figure 9). 

 

 
Figure 9. Mean bulk density of soil in Physic nut plantations, live fences and near natural vegetation. 

Soil organic carbon 

The soil organic carbon in forest soil depends upon the forest type, climate, moisture, temperature and 

types of soil. The maximum organic carbon concentration (OCC) of 4.44% and minimum of 0.17% 

was found for Physic nut inplantations, 0.45% to 6.59% in live fencse and 0.34 to 3.45% near natural 

vegetations. The laboratory results for the organic carbon of the sample soils are shown in (Appendix 

5). The mean value of soil organic carbon of Physic nutin plantations, live fences and near natural 

vegetations were 49.80, 65.94 and 44.96  t C ha-1, respectively (Table 10). The result shows that 

mean soil organic carbon ofPhysic nut in livefences were higher than plantations and near natural 

soils.  

Table 10.  Soil organic carbon of Physic nut in plantations, live fences and near natural vegetations (t 

C ha-1). 

Soil type  Minimum Maximum Mean SD     P-value 

Soil organic carbon of plantations  2.16 207.79 49.80 43.57 0.19 

Soil organic carbon of live fences  16.20 183.85 65.94 41.80 0.64 

Soil organic carbon of near natural 

vegetations 

16.73 155.25 44.96 26.43 0.04 
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The result showed that there was no significant difference between soil organic carbon stock 

estimation of Physic nut in plantations and live fences (t= 1.34, p= 0.19). Likewise, there was no 

significant difference between mean soil organic carbon of Physic nut in plantations and near natural 

vegetations (t= 0.46, p= 0.64).  But the mean soil organic carbon of Physic nut in live fenceswas 

significant difference from soil organic carbon of near natural vegetations (t= 2.12, p=0.04) (p<0.05).  

Carbon dioxide sequestration estimation of Physic nut in plantations, live fences and near natural 

vegetation soils were obtained by multiplying soil organic carbon stock of plantations, live fences and 

near natural vegetations by 3.67. Therefore soil organic carbon dioxide sequestration of plantations, 

live fences and near natural vegetations were 182.77, 242.00 and 165.00 t ha
-1

, respectively. 

 

Total carbon stock in plantations and live fences 

Total carbon stock of Physic nut in plantations and live fences were the sum of aboveground carbon, 

below ground carbon, litter and soil organic carbon.Total carbon stock estimation of Physic nut  was 

high in live fences (245.44 t ha-1) and low in Physic nut tree plantations  (57.67 t ha-1) ).Total Carbon 

stock of Physic nut in live fences was found 27% in soil, 55% in above ground, 16% in below ground 

and 2% in litter (Figure 10). Similarly, total carbon stock ofPhysic nut in plantations was 86% in soil, 

9% in aboveground, 3% in root and 2% in litter (Figure 11). 

 

Figure 10.Total carbon stock of Physic nut inlive fences (in %) 
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Figure 11. Total carbon stock of Physic nut in plantations 

 

DISCUSSIONS 

Total aboveground carbon stock of Physic nut was high in live fences (137.36 t ha-1) and low in 

plantations (5.41 t ha-1) (Table 6).This study clearly showed thatthere was significant difference of 

mean above ground carbon stock of Physic nut in plantations and live fences. Larger above ground 

carbon stock was found in live fences and smaller stock in plantations, which is related to the size and 

height of tree stands and tree density. The tree density and tree size (diameter at breast height and 

height) were higher in Physic nut live fences compared to plantations. 

The mean aboveground carbon of Physic nut in plantations were compared with similar studies 

elsewhere.Reinhardt et al. (2008) studied destructively sampled 3.5-year old trees planted at 2 x 3 m 

spacing, and found biomass at the stand level to be 6.5 tons of above ground carbon per hectare, this 

results are confirm with present study. The results of this study are slightly lower than the value 

obtained by Firdaus and Husni (2010) estimated above ground carbon stock in three years old of 

Physic nut plantations (7.84 t C ha
-1

) and  slightly greater than the results of plantations (4.4 t C ha
-1

 ) 

reported by CMSCRI (2007). Similar study by Bailis and McCarthy (2011) indicated that the Physic 

nut in plantations store 8–10 t C ha
-1

 in above ground carbon when managed with regular pruning in 

both India and Brazil. This value is greater than the present study probably due to management 

practice. Mature Physic nut trees in Tanzania contain 50 kg dry matter (40 t C ha
-1

) (Struijs, 2008), 40 

t C ha
-1

 from irrigated plots in Egypt (Henning, 2003) and 12.4 t C ha
-1

 in un irrigated plots in India 

(Francis et al., 2005).  Hence the values obtained are lower than the values reported by Struijs (2008) 

and Henning (2003) for mature and irrigated Physic nut in plantation due to age of trees and 

irrigation. 

The mean below ground carbon stock of Physic nut in plantations were 1.53 t C ha
-1

 and that of live 

fences 41.21t C ha
-1

. This study indicates that there was significantly different between below ground 

carbon of Physic nut in plantations and live fences. Thus mean below ground carbon stock estimation 

of Physic nut in live fences was greater than plantations, due tomaturity of tree and high plant density. 

The results of this study are relatively similar with that reported by Firdaus et al. (2010) for 1.5 year 

old Physic nut trees in plantations ( 1.81 t C ha
-1

) of total below ground carbon stock,  but lower than 

(3.09 t ha
-1

 ) for  2.8 year old trees. Similar study by CSMCRI (2007) estimated that below ground 

carbon of Physic nut in plantations was 1.33 t C ha
-1

, which was slightly lower than the value obtained 

in this study.  According to Struijs (2008) Physic nut trees spaced at 2 x 3 m (1667 trees/ha) would 



192 
 

give mean below ground biomass of 2.3 kg per plant and below ground carbon of 1.91 t C ha
-1

. In 

another study, Firdaus and Husni (2010) estimated below ground carbon of Physic nut in plantations 

was 2.64 t C ha
-1

,which was higher than the values obtained in this study. These differences due to 

climatic condition, age of plantations, plant density. 

Total litter fall biomass was 2.12 t ha
-1

 of Physic nut plantations and  2.10 t ha
-1

 live fences, which 

include litter carbon 0.93 t C ha
-1

 in  plantations and 0.93 t C ha
-1

 of live fences. Carbon stock of 

Physic nut litter was not significantly different in plantations and live fences and agrees with the result 

of Abugre et al. (2011) who reported that the litterfall biomass of physic nutplanted at planting 

distances of 1 m x 1 m, 2 m x 1 m and 3 m x 1 m to be 2.27, 1.10 and 0.79  t ha
-1

, respectively. On the 

other hand values obtained in this study are higher than the values reported by Firdaus and Husni 

(2010) who found the biomass of litter fall under physic nut plantation was 1.29 t ha
-1

 with carbon 

content of litter fall 0.6t C ha
-1

. According to Ordonez et al. (2008) the carbon content of litter in 

different land class ranging from 0.6-4.0 t C ha
-1

.The present studies lies with Ordonez et al. (2008) 

estimation as shown (Appendix 11). 

The result in this study indicated that soil organic carbon stock of Physic nut in plantations, live 

fences and near natural vegetation were 49.80, 65.94 and 44.96 t C ha
-1

, respectively. The mean soil 

organic carbon stock estimation of Physic nut in plantations and live fences was not statically 

significant different. Likewise no significant different was foundin soil organic carbon of plantations 

and near natural vegetations. Butthere was significant different in soil organic carbon stock of live 

fences and near natural vegetations. Higher values were obtained in this study than reported byBailis 

and McCarthy (2011) for pruned Physic nut plantation (38.6 t C ha
-1

) and unpruned plantations (31.0 t 

C ha
-1

)and 32 t C ha
-1

 estimated by Romijn (2008).The results obtained in this study were relatively 

lower values as compared with broadleaf species and almost similar with conifers species reported by 

Tsai et al. (2009) (Appendix 13).According to Carre et al. (2010) soil organic carbon in different land 

use categories was almost equal except annual cropland (tobacco) (Appendix 13).   The results of this 

study are complements with Carre et al. (2010) who estimated soil organic carbon of perennial Physic 

nut plantations and other land use types. 

The above ground biomass, below ground biomass, and their carbon stock was higher for the physic 

nut of the live fences. In addition the soil from the live fences had higher organic carbon.  Elders 

people in Bati said that physic nut was introduced about 40 years ago probably from Eastern Ethiopia 

and since then the plant spread very fast using cuttings mostly as hedge or as a live fences.  The first 

plant introduced and planted in Bati has been observed by the investigator. Physic nut is usually 

planted around fields to protect animals or homesteads that enjoy relatively better fertile soil and 

moisture. In addition, physic nut protects the soil from erosion and captures moisture in to the ground. 

Therefore, it has been rehabilitating the ground and accumulating organic carbon and nitrogen for 

many years.  On the other hand, planned physic nut plantations in degraded lands and hill sides are a 

recent introduction following the biofuel policy and strategy in 2007.  

Bati is highly degraded and drought prone area and most of the population is under food aid for many 

years. The Woreda Administration and Agriculture Office think that Physic nut is the only 

economically important crop that can be grown successfully in the area. The two moisture stress 

tolerant crops namely sorghum and mung bean have been failing in recent years. Mung bean is a very 

early crop that matures within 60 days after planting.   It is true that physic nut adapts well in Bati and 

bears significantly higher seed yield than other areas.  Hence the woreda has planted 3000 ha of 

physic nut during the last three years. In the current fiscal year alone 1.5 million seedlings will be 

planted.  The Woreda Administration has already erected a Physic nut press and Biodiesel processing 
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plant.  The physic nut plantations considered in this study are three to one year old. The effect of 

physic nut in rehabilitating the land is not yet fully realized and not much carbon and nitrogen has 

been accumulated.   

Therefore the differences in above ground biomass, below ground biomass, carbon sequestration, bulk 

density and organic carbon between live fences and plantations of physic nut was as a result of age 

difference and plant density. This study warrants for a similar study when the plantation has fully 

accumulated sufficient amount of organic carbon. 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

This study illustrates carbon stock estimation of above ground, below ground, litter and soil organic 

carbon of Physic nut inplantations and live fences. The total above ground carbon stock ofPhysic nut 

in plantations and live fences as estimated were 5.4 t C ha
-1

 and 137.36 t C ha
-1

, respectively. Below 

ground carbon stock estimation of Physic nut in plantations and live fences was 1.53 and 41.21 t C ha
-

1
, respectively. According to the present study soil organic carbon stock of Physic nut in plantations 

(49.80 t C ha
-1

) and live fences (65.94t C ha
-1

) was not statisticallysignificant different. Soil organic 

carbon of Physic nut in live fences was significantly different from near natural vegetation (44.94 t C 

ha
-1

). Similarly litter carbon stock of Physic nut in plantations (0.93 t C ha
-1

) and live fences (0.93t C 

ha
-1

) was no significantly different.  

Percentage of carbon stock in the aboveground, belowground, litter and soil organic carbon of Physic 

nut in plantations were 9%, 3%, 2% and 86%, respectively. Percentage of carbon stock in the 

aboveground, belowground, litter and soil organic carbon of Physic nut in live fences were 55%, 16%, 

2% and 27% respectively. It could be concluded that the present result of Physic nut in live fence 

store more carbon than plantations.This total carbon stock in above ground, below ground, litter and 

soil organic carbon of Physic nut in plantations and live fences were substantial, when compared to 

other individual plant species. But not large as natural forest and plantations established for different 

purposes.  

The present investigation showed that Physic nut in plantations (above ground and below ground 

carbon) was smaller than those estimates obtained in some countries and comparable to estimates 

obtained in similar environmental conditions. But carbon stock estimation of Physic nut in live fences 

was greater thanthose estimates obtained fromother plantation studies.  Thus the present estimation 

will add a significant value to the regional estimates and to the global estimates of above ground, 

below ground, litter and soil organic carbons in similar environments. 

The expansion of Physic nut plantations in open land in Bati woreda and other similar climatic region 

of Ethiopia have great potential to sequestrate more carbon as well as restore the degraded land, 

although more long term research is warranted to evaluate biomass and carbon accumulation of 

Physic nut plantations over time. 

Recommendations 

Based on results of this study the following recommendations are forwarded: 

 Further researches on different aspects, altitude, locality, climate, soil and elevation range 

(site quality) should be conducted for carbon estimation of Physic nut in plantations and live 

fences. 
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 Economic analysis for Carbon stock of Physic nut in plantations and live fences should be 

carried out.  

 Specific allometric equations should be conducted for carbon stock estimation of Physic nut 

and other Jatropha species. 

 More long term research is necessary to evaluate biomass and C accumulation of Physic nut 

in plantations over time.  

 Physic nut cultivation as a living fence is the most important system found in this study from 

carbon sequestration point of views. Therefore, this study calls for more research on carbon 

stock potential of Physic nutas a living fence. 

 Improuved management of Physic nut in plantations and live fences will enhance both the 

vegetation and soil carbon stocks. 

 Planting of Physic nut in degraded & marginal lands should be encouraged to control soil 

erosion, water conservation and to enhance carbon stock. 
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Abstract 

 The aim of this review is to highlight the issues of carbon ownership and resource governance approaches and 

to recommend for policy in Ethiopia. To pinpoint this we have used different literature such as articles, 

proceedings, proclamation and constitutional documents as our method.  The Constitution of Ethiopia vests the 

ownership of land and natural resources in the State, which means, if forest carbon is considered as natural 

resource, it could be argued that forest carbon rights also vest in the State.  The question of who has the right to 

carbon is the question of who owns the land and trees in land. From our review we found that, to give value for 

forest carbon there is a need to estimate and value how much carbon is there in a particular forest. In Ethiopia 

there is commencement of carbon valuation in the forests. But there is variation in forest carbon stock quantity 

assessment in the country as indicated by different sources even if the question of who owns forest carbon stocks 

is hardly underscored. Good forest and carbon governance is built up on legality, participation and legitimacy. 

Land and forest tenure is a central issue of concern for future carbon use policies and measures at country 

level. Tenure regimes define rights over forest resources and they determine who should be held responsible for 

making decisions on forest management and land use and who should be held responsible for losses or gains in 

forest carbon. Property rights to resources in Ethiopia are weak, often much weaker for carbon as its idea is 

just infant and complex. To benefit from the newly emerging carbon fund in Ethiopia, people centered forest 

administration approaches which can guarantee carbon and forest ownership should be settled and previous 

forest policy should be revised accordingly.  

Key words: Carbon fund, legality, property rights, participation, tenure regimes 

 

INTRODUCTION 

According to the Forest Development, Conservation and Utilization Proclamation No. 542/2007 of 

article three [1], there are two types of forest ownership: private and state forests. Under this 

Proclamation of article one, ―state forest‖ means any protected or productive forest, which is under 

the ownership of the Federal Government or a Regional State; and ―private forest‖ means a forest 

other than state forest developed by any private person and includes a forest developed by members of 

a peasant association or by an association organized by private individuals, investors and 

governmental and non-governmental organizations. In this case the proclamation has ignored 

community forest ownership including PFM, and from the definition of private forest that the power 

given to the private ownership seems partial empowerment. In the case of carbon ownership, it is 

more complex because the carbon issue includes more complex international conventions and 

agreements in addition to national policy issues. The question of who has the right to carbon is the 

question of who owns the land and trees in land. 

Uncertainty around forest use rights is a major cause of deforestation given that insecurity of land 

tenure provides little incentive for sustainable management and conservation of forested land [2]. As a 

prerequisite for creating forest carbon, work to clarify the use rights attached to forests has been 

identified as an important part of Ethiopia‘s carbon use strategy [3]. 

The Constitution of Ethiopia 1994 [4] vests the ownership of land and natural resources in the State. 

This establishes a precondition for centralized forest management and tenure arrangements. If forest 

carbon is defined as a natural resource, it could be argued that forest carbon rights also vest in the 

mailto:zenebemg2014@gmail.com


197 
 

State. However, the Constitution of Ethiopia 1994 [4] also permits every Ethiopian to the right to own 

―private property‖, where private property is either a tangible or intangible product flowing from the 

work of individuals, collectives or communities. 

If an alternative view of forest carbon defines it as something ―produced‖ by the communities that 

manage a carbon project and/or the private operators who invest in projects, the forest carbon rights 

might be considered to be private property – even though there is a presumption of state ownership 

over natural resources. The Ethiopian government has given delegation of authority of governing 

forests to regional governments which enable them to take a lead role in defining an approach to 

forest carbon rights. These need to be addressed in order for carbon rights to be both established and 

appropriately shared. 

Nowadays carbon marketing, with the orientation to climate change mitigation option, has become a 

hot issue of global concern and Ethiopia is one of the candidate countries to the REDD+ initiatives. 

However, undefined natural resource tenure arrangements make it difficult to get a clear picture of 

carbon benefit sharing in Ethiopia. Hence, there is an urgent need to review the current understanding 

of the efforts made so far on carbon initiatives and the capacity to implement it in Ethiopia. In this 

paper, we have reviewed both the ranges of possible efforts made so far and challenges for future 

implementation of carbon initiatives that operate at regional and national levels: based on articles, 

policy and programme documents, reports and strategy papers.  

CARBON RESOURCES IN ETHIOPIA 

To place a value on the carbon-bearing potential of any forested area, there is a need to accurately 

estimate how much carbon is being stored there. New technologies such as satellite imaging and 

computer modeling are making the measurement of carbon stocks both swift and accurate [5]. A 

transparent system to measure and verify emission reductions now looks feasible. In Ethiopia there is 

beginning of carbon initiatives in order to give value for the carbon in the forest. But there is variation 

in forest carbon stock quantity assessment in the country as indicated by different sources (table 1). 

An assessment done to estimate the carbon stock in the forest has been made by Woody Biomass 

Inventory and Strategic Planning Project by Ministry of Agriculture [6] (Figure 1).  

 

Table 1: Carbon stocks in Ethiopia‘s Forests based on different sources 

SNO. National  carbon stock in forests (Million tonnes) Sources 

1 2764 [6] 

2 2500 [8] 

3 153 [9] 

4 867 [10] 

5 593 [11] 

                

A study  [7] on Carbon Baseline‖ and Payments for Carbon Environmental Services from Protected 

Areas in Ethiopia by World Institute for Conservation and Environment and the Maanaki-Whenua 

Land care Research Institute on behalf of the Ethiopian Wildlife Conservation Authority has showed 

that there is considerable quantity of carbon stock in woody biomass. However, in all of these studies, 

the question of who owns these carbon stocks is hardly underscored. 
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Figure 1: Estimated Carbon stocks in Ethiopia‘s forests by region  

 

FOREST - CARBON OWNERSHIP AND GOVERNANCE 

Governance refers to who makes decisions and how decisions are made, from national to local scale, 

including formal and informal institutions and rules, power relations and practices of decision making 

(Figure 2). It also refers to the kinds of decisions that are made and whether they are clear, consistent 

and comprehensive. Good forest governance means decisions are fair, transparent and just, rights are 

respected, laws and rules are enforced equitably, decision makers are accountable, and decisions are 

made based on the analysis of what is good for people and forests in general and not personal interest 

(12).  

     

Figure 2: The three pillars of good forest and carbon governance  

It was evoked that achieving better forest governance for REDD in Ethiopia, where tenure is not 

defined, is an ambitious agenda that covers more than the institutional architecture for administering 

funds and monitoring results (13, 14).  Because good governance involves a range of issues including: 

 Recognition and enforcement of forest, land or carbon rights, including those of indigenous 

groups; 

 Inclusion, participation and influence of forest communities and civil society in policy 

processes, institutional arrangements and setting management priorities; 
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 Effective, transparent and accountable forest management practices, and third party 

verification and scientific advisory groups to provide technical input; 

 Effective, fair and proportionate enforcement and sanctions for illegal activities (including 

corruption); 

 Responsive decentralized government, coordination between local and higher levels of 

government, inter-sectoral coordination, checks and balances to prevent domination by any 

one level or branch of government;   

 Mechanisms for managing conflict effectively; 

 Coherent actions built on accountable, transparent and participatory systems of governance is 

key requirement in climate change management including carbon uses; 

 Good governance and capable institutions allows users to participate more fully in decision-

making processes and to articulate the specific needs and demands of a diverse society; 

 In resource ownership and governance including carbon ownership, it is critically important 

to address the issues of inequality, fairness and opportunity for all members of resource users; 

 To effect carbon ownership and carbon market it requires an effective rule of law to prohibit 

illegal activities;  

 Governance weakness for forest decline includes concentration of ownership to the state, 

weak or non-existent ownership and land tenure arrangements, illegal activities and 

corruption, etc. 

Resource ownership issues  must consideration i) conflict over resource use (cross-sectorial interests 

between agriculture & conservation, limited resources, limited conflict resolution institutes, exclusion/ 

restriction on resource use); ii) lack of integration of indigenous knowledge and modern conservation 

methods; iii) inadequate capacity of locals to manage resources; iv) land tenure (land ownership 

system, lack of user rights, unequal access to land resources & land degradation); and v) lack of clear 

land use policy [15]. World Resources Institute (WRI) [16] stated that good governance is 

participatory, consensus oriented, accountable, transparent, responsive, effective and efficient, 

equitable and inclusive and follows the rule of law. It assures that corruption is minimized, the views 

of minorities are taken into account and that the voices of the most vulnerable in society are heard in 

decision-making. It is also responsive to the present and future needs of society. 

Tenure Arrangements 

Land tenure refers to the full set of institutions and policies that determine how the land and its 

resources are accessed, who can hold and use these resources, for how long, and under what 

conditions [17,13],. Land tenure therefore includes the broader collection of rights associated with the 

land and the institutions that uphold those rights. Land and forest tenure is a central issue of concern 

for future carbon use policies and measures at country level. This is because tenure regimes define 

rights over forest resources and, as such, they determine who should be held responsible for making 

decisions on forest management and land use and who should be held responsible for losses or gains 

in forest carbon [18]. Forest tenure regimes also determine who can claim ownership and access to 

ecosystem services and their benefit streams, and these regimes will thus critically mediate the ability 

of carbon use policies and measures to achieve their outcomes [19]. Addressing tenure can help 

strengthen forest governance and improve prospects for forest conservation. 

To claim for carbon ownership, an individual or group needs to have a well-defined land use, for 

instance, a forest that can secure carbon sequestration and storage in order to be purchased by a 

voluntary carbon buyer. The state-policy-conflict-resource-institution relationships affect and 
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determined how forest resources including carbon should be governed. Tenure is therefore, a socially 

defined agreements held by individuals or groups, recognized by legal statutes or customary practices, 

regarding the ‗bundles of rights and duties‘ of ownership, holding, access and/or usage of a particular 

land unit or the associated resources there within that unit [20]. The Rural Land Proclamation [21] of 

Ethiopia has given the authority for land administration to the regional governments and regional 

instruments must adhere to environmental law. But not all regions have enacted local laws. This 

indicates that tenure in Ethiopia is fragmented, customary tenures have been diminished and statutory 

tenure dominates and forms the basis of carbon rights [3]. Many laws in Ethiopia, including the Forest 

Development Proclamation [1], deals with community consultation and participation but they do not 

reflect the extent to which they are translated in to practice, rather they give less emphasis regarding 

ownership and control of resources which in turn leads to undesired power disparity between 

communities and the State. 

Property Rights and Institutions 

Forest property rights including carbon rights in Ethiopia remained politically prompted, unjust, ill-

defined and insecure at which the state failed to regulate the utilization of private and state forests [2]. 

The repercussion of this situation were/are: i) overutilization and widespread deforestation, ii) 

creation of conflicts among resource users and in return these conflicts have consumed the forest 

resource and become incompatible with forestry development in the country. The forest property 

types in Ethiopia vary from regime to regime. During Imperial regime there were state, private and 

community forests; Military regime, there were state and community forests; EPRDF regime, there 

are state and private forests [2, 22].  

Property rights are the products of rules, as mediated by formal and informal institutions, which 

liberate and constrain human action [23, 19]. They liberate by authorizing an individual or collective 

to undertake particular actions, while at the same time constraining someone else to observe this right. 

While the full set of property rights can be held by public, private, or community entities, it is often 

the case that an entity holds only a subset of the bundles of property rights (use, decision-making and 

alienation rights). In Ethiopia, particularly in pervious regimes, like in other African countries the 

state typically holds administration rights to forests. However, in recent years there has been an 

increase in the formal devolution of use and decision-making rights, and in some cases alienation 

rights, to individuals and community groups in the form of PFM (e.g. Chilimo, Adaba-Dodola, 

Yabelo and Bonga PFMs)  [24]. In some cases informal rights are more secure than formal rights in 

many forested areas of Ethiopia because the effective presence of the state to enforce formal rights is 

weak.  

In Ethiopia, property rights to resources are weak (which is much weaker for carbon as its idea is just 

infant and complex), as a result competition to acquire them can be wasteful and be characterized by 

rent-seeking and violent conflict. The link to political systems comes about because ownership claims 

are most likely to be weak or ambiguous where the rule of law is not well established. Political 

institutions affect property rights, and property rights in turn affect resource use. Political institutions 

also determine the State‘s ability to cooperate, coordinate and coerce. In the absent of appropriate 

political institutions property rights may not provide incentives for efficient resource use [25]. 

Resource Use Conflicts & their Management 

Forest use conflicts are disagreements and disputes over access to, and control and use of forest 

resources. Conflicts often emerge because people have different uses for forests, or want to manage 
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them in different ways, or existence of conflicts of interest between user groups [26]. Understanding 

that conflict is a common feature of any resource use system and having proper approaches to manage 

and resolve them (table 2) is a prerequisite for sustainable resource management that is participatory 

and equitable. Conflicts may also arise during policy, programme and project implementation 

(especially it need a thoroughly assessment in the case of carbon projects that are more complicated) 

due to one of several reasons: i) policies imposed without local participation, ii) uncoordinated 

planning, iii) inadequate information sharing, iv) lack of harmony and coordination between bodies of 

law and legal procedures, v) poor identification and inadequate consultation with stakeholders, vi) 

lack of effective mechanisms for conflict management, vii)  limited institutional capacity, and viii) 

inadequate monitoring and evaluation of programmes. Therefore, policies should be implemented in 

the ways that can avoid conflicts by minimizing the above mentioned deficiencies [27]. 
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Table 2:  Approaches to forest use conflict management and resolution-Adapted from FAO (2000) [26] 

C
u

st
o

m
ar

y
 

Negotiation 

Mediation 

Arbitration 

Coercion 

 

-Encourage participation by community members & respect local values and 

customs 

-Are more accessible because of their low cost, flexibility in scheduling and 

procedures, and use of local language 

-Encourage decision-making based on collaboration, with consensus 

emerging from wide-ranging discussions ,often fostering local reconciliation  

-Contribute to processes of community empowerment 

-Have been supplanted by courts and administrative laws 

-Are often inaccessible to people on the basis of gender, class, caste and other 

factors 

-Are challenged by the increasing heterogeneity of communities due to 

cultural change, population movements & other factors that have eroded the 

social relationships that supported customary conflict management 

-Often cannot accommodate conflicts between communities or a community 

and the state 

N
at

io
n

al
 l

eg
al

 Adjudication 

Arbitration 

-Are officially established with supposedly well-defined procedures 

-Take national and international concerns and issues into considerations 

-Involve judicial and technical specialists in decision-making 

-Result in decisions that are legally binding 

-Are often inaccessible to the poor, women, marginalized groups and to remote 

communities because of cost, distance, language barriers, political obstacles, 

illiteracy and discrimination 

-May not consider IK, local institutions and long-term community needs in 

decision-making 

-May involve judicial & technical specialists who lack the expertise, skills & 

orientation required for PNRM 

-Use procedures that are generally adversarial and promote winner- loser 

situation 

A
lt

er
n

at
iv

e 

 

Negotiation 

Mediation 

-Promote conflict management and resolution by building upon shared 

interests and finding points of agreement 

-Involve processes which resemble those already existing in most local 

conflict management systems, including flexible and low cost access 

-Foster a sense of ownership in the solution process of implementation 

-Emphasize building capacity within communities so local people become 

more effective facilitators, communicators, planners and handlers of conflicts 

-May encounter difficulties in getting all stakeholders to the bargaining table 

-May not be able to overcome power differentials among stakeholders, so that 

vulnerable groups such as the poor, women and indigenous people remain 

marginal 

-May result in decisions that are not legally binding 

-May lead some practitioners to use methods developed in other countries and 

settings without adapting them to local contexts 
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CARBON BENEFITS 

There is no any forestry law in Ethiopia that deals with specific benefit-sharing mechanism that could 

be used as the starting point for conferring clear entitlements to forest carbon revenues for forest-

dependent peoples except the Readiness Preparation Proposal [28] reports that benefit-sharing 

mechanisms have been agreed between communities and governments under the backing of 

Participatory Forest Management (PFM) initiatives [3]. Who involved in efforts to reduce 

deforestation and degradation? Who conserve the forests? Who improve forest management? Can 

carbon fund, if it becomes real, cover all the livelihood options people deliver from forests? And how 

much of the revenue from carbon trading will go to the government purse and how much to the local 

communities? These are the leading questions regarding carbon ownership and benefit sharing.  

 Carbon ownership and taking the advantages from carbon resource needs pre-requirements such as 

cognizant forest management that result in a quantifiable carbon sink, knowledge and understanding 

of terms such as baseline, additionality, leakage and permanence, and a forest resource, as a carbon 

sink, should be registered and certified for its emission reduction [29].The question of whom exactly 

to pay for carbon can be considered on fairness and efficiency bases [15]. First, carbon benefit can be 

paid on Fairness bases mainly depending on negotiation; political feasibility which includes 

perception of fairness; legality, particularly vis-a vis land tenure and ethics, since some actors may 

loss illegal revenues, corrupt payoffs, and unjust profit. Second, carbon benefit can also be paid on 

Efficiency bases: to those who have credible site-specific claims, to communities who have a vital 

stake and act as a direct local guardians, regional governments strengthened by decentralization 

regardless of the pros and cons and to those who have de facto land-and resource-use control 

capabilities (the right to exclude and can control access). 

  
RECOMMENDATIONS  

The essence of this review is not just to give a concrete policy options but to highlight some policy 

direction to be taken in the area of forest (carbon) governance in Ethiopia. Some of the policy 

directions include:  

The decentralization process in Ethiopia must overcome corruption and establish new structures of 

governance at the local level: 

 Mechanisms should be created to incorporate traditional knowledge into policy making 

processes (close gaps between de jure & de facto rights) 

 Careful monitoring and reporting must take place on the national forest porgrammes‘ 

processes to insure that the outcome of these processes accomplish substantive and desirable 

policy change and are not purely symbolic in order to certainly be a core components of any 

international governance regime 

 Natural resource management, including forests and carbon related policies should be based 

on sound scientific evidence and reliable information, and research and development funding 

must be maintained 

 Government must have carbon policy amalgamated with forest policy and be committed to its 

implementation 

 Natural resource policies should be reviewed to enable involvements of communities and 

other stakeholders in management and utilization of forest resources including carbon in order 

to define clear tenure rights and  threatened  forest as open access should be rebuilt 



204 
 

 Policies that have impacts on forests should be reviewed to address issues of incompatibility 

 Tenure should be a start-point than an afterthought in carbon ownership arrangements 

(REDD+) and close the gap between rights on paper and rights in practice. 

  

REFERENCES  

1 Negarit Gazeta of the Federal Democratic Republic of Ethiopia (FDRE), proclamation no. 

542/2007. Forest Development, Conservation and Utilization Proclamation. Addis Ababa, 

Ethiopia.  

2 Melaku Bekele 2003. Forest Property Rights, the Role of the State and Institutional Exigency: 

The Ethiopian Experience. PhD Thesis, Swedish University of Agricultural Sciences, Uppsala, 

Sweden. 

3 Hedges, A. 2010. Forest carbon rights in REDD+ countries: a snapshot of Africa. Norton Rose 

LLP, London, UK. 

4 Constitution of The Federal Democratic Republic of Ethiopia, 1994. Addis Ababa, Ethiopia. 

5 CIFOR 2008. Monitoring forest emissions: A review of methods. Working Paper No. 39. 

Bogor, Indonesia. 

6 WBISPP 2005. A national strategy plan for the biomass sector. Addis Ababa, Ethiopia. 

7 Vreugdenhil, D., Payton, I.J., Vreugdenhil, A., Tamirat Tilahun, Sisay Nune, and Weeks E., 

2011. Establishing a “Carbon Baseline” and Mechanisms for Payments for Carbon 

Environmental Services Discharged by Protected Areas in Ethiopia. World Institute for 

Conservation and Environment, USA. 

8 Sisay Nune, Menale Kassie, and Mungatana, E. 2009. Forestry Resource Accounting: The 

Experience of Ethiopia. In: Proceedings of the National Workshop on Sustainable Land 

Management and Poverty Alleviation. Addis Ababa, Ethiopia. 

9 Houghton, R. A. 1999. The annual net flux of carbon to the atmosphere from changes in land 

use 1850-1990. Tellus B 51: 298-313. 

10 Gibbs, H. K. and Brown, S. 2007a. Geographical distribution of woody biomass carbon stocks 

in Tropical Africa: an updated database for 2000. DOI: 10.3334/CDIAC/ lue.ndp055.2007. 

11 FRA 2010. Global forest resources assessment 2010: Country Report, Ethiopia. FAO, Rome, 

Italy. 

12 Larson, A.M. and Petkova, E. 2011. An Introduction to Forest Governance, People and 

REDD+ in Latin America: Obstacles and Opportunities. Forests 2: 86-111.  

13 CIFOR 2010.  REDD, forest governance and rural livelihoods: the emerging agenda. Bogor, 

Indonesia. 

14 ADF (African Development Forum) 2010. Governance and Leadership Responses to Climate 

Change. Seventh African Development Forum: Acting on Climate Change for Sustainable 

Development in Africa. Issue Paper No. 1. Addis Ababa, Ethiopia. 

15 CIFOR 2005. Payments for Environmental Services: Some nuts and bolts. CIFOR Occasional 

Paper No. 42. Jakarta, Indonesia.  

16 World Resources Institute (WRI), 2002. Closing the Gap: Access to Information, Participation, 

and Justice in Decision-Making for the Environment. Washington, DC.USA. 

17 CIFOR 2009. Recognizing community rights: The potential and challenges of forest tenure 

reform. Info Brief No. 22, Indonesia. 

18 Sunderlin, W., Larson, A.M., Cronkleton, P. 2009. Forest tenure rights and REDD+: From 

inertia to policy solutions, pp. 139-150. In: Realizing REDD+: National Strategy and Policy 

Options; Angelsen, A., (Ed.), CIFOR: Bogor, Indonesia. 



205 
 

19 Corbera, E., Estrada, M., May, P., Navarro, G. and Pacheco, P. 2011. Rights to Land, Forests 

and Carbon in REDD+: Insights from Mexico, Brazil and Costa Rica. Forests 2: 301-342. 

20 CIFOR (Center for International Forestry Research) 2000. The underlying causes of forest 

decline. Occasional Paper No. 30. Jakarta, Indonesia.  

21 The Federal Rural Land Proclamation 89/1997. Addis Ababa, Ethiopia. 

22 Alemayehu Negasa, Arts, B. and Wiersum, K.F. 2013. Historical development of forest policy 

in Ethiopia: Trends of institutionalization and deinstitutionalization. Land Use Policy 32: 186– 

196. 

23 Naughton-Treves, L., and Wendland, K. 2013. Land Tenure and Tropical Forest Carbon 

Management, World Development, http://dx.doi.org/10.1016/ j.worlddev.2013.01.010. 

24 Alemayehu Ameha, Larsen, H. O., and Mulugeta Lemenih 2014. Participatory Forest 

Management in Ethiopia: Learning from Pilot Projects. Environmental Management, DOI 

10.1007/s00267-014-0243-9. 

25 Deacon, R.T. and Mueller, B. 2006. Political Economy and Natural Resource Use. In López R 

and Toman MA (Eds.) Economic Development and Environmental Sustainability: New Policy 

Options, pp.122-153. Oxford University Press Inc., New York, USA. 

26 FAO 2000. Conflict and Natural Resource Management. Rome, Italy. 

27 Mery, G., Alfaro, R., kanninen, M., Lobovikov, M., and Pye-Smith, C. (eds.) 2005. Forests for 

the New Millennium: Making Forests Work for People and Nature. Ministry for Foreign 

Affairs of Finland and International Union of Forest Research Organizations, Helsinki, 

Finland. 

28 Readiness Preparation Proposal–Ethiopia 2010. Draft report, Addis Ababa, Ethiopia. 

29 Assefa Tofu 2010. Humbo Assisted Natural Regeneration project report. World Vision 

Ethiopia, Addis Ababa. 

 



206 
 

PARALLEL SESSION II 

 



207 
 

Nodulation, yield and yield component of common bean (Phaseolus vulgaris L.) in 

response to Rhizobium inoculation, N rates of application and soil fertility - 

Anteneh Argaw1* and Abere Minalku2 

1
Haramaya University, College of Agriculture and Environmental Sciences, School of Natural Resources 

Management and Environmental Sciences, Dire Dawa, Ethiopia  
2
Ethiopian Institute of Agricultural Research, Holleta Agricultural Research Center, Holleta, Ethiopia 

*
Corresponding author: antarga@yahoo.com 

 Abstract 

In Ethiopia, common bean (Phaseolus vulgaris L.)  is the major and cheap source of protein. However, the 

productivity of common bean is very low which is less than 1ton per hectare. The major cause of low 

productivity is depletion of Soil fertility including low soil N. Therefore, the overall aim of this study was to 

evaluate the effect of inherent soil fertility on the effectiveness of Rhizobium leguminosarum bv. Phaseoli and N 

fertilizer in selected areas of eastern Ethiopia. The experiments were conducted in four major common bean 

growing areas of Ethiopia, namely, Babillae, Fedis, Haramaya and Hirna experimental sites, located in eastern 

part of Ethiopia.  Six level of N fertilizer application (0, 20, 40, 60, 80, 100 kgN ha
-1

) and two levels of 

inoculation (inoculated and uninoculated) were factorially combined and laid out in randomized complete block 

design (RCBD) with three replications. Soil samples were collected before planiting from each location to 

analyze soil physical and chemical properties. The result of this experiment indicated that significant effect of 

Rhizobium leguminosarum by Phaseoli and N fertilizer on yield and yield traits of common bean in all soil 

types. The highest NN and NDW were observed at 20 kgN ha
-1

 application of N fertilizer, excluding Hirna soil. 

However the highest NN (282.00) and NDW (0.8182 g) was observed at Haramaya and Hirna sites, 

respectively, in which the inherent soil fertility including total N was high. The result also indicated the needs of 

different rates of N application to achieve the highest shoot dry weight (SDW), number of pods per plant (NPP), 

number of seeds per pod (NSP) and 100 seeds weight in different soil types. The highest plant total tissue N 

(PTTN) at Babillae, Fedis, Haramaya and Hirna sites were 3.2433% at 20 kgN ha
-1

 application alone, 4.2000% 

obtained from 100 kgN ha
-1

 alone, 4.5567% at 40 kgN ha
-1

 alone and 4.8267% at 100 kgN ha-1, respectively. 

Significantly higher total biomass yield at Babillae, Fedis, Haramaya and Hirna sites were 3648.1 kg ha
-1

 and 

4740.7 kg ha
-1

 obtained from Rhizobium inoculation together with 100 kgN ha
-1

 , 6474.1 kg ha
-1

obtained form 

100 kgN ha
-1

 alone and 8638.9 kg ha
-1

 obtained from Rhizobium together with 20 kgN ha
-1

 , respectively. 

Similarly the highest grain yield (GY) at Babillae, Fedis, Haramaya and Hirna sites were 2089.54 kg ha
-1

, 

1653.89 kg ha
-1

, 2475.28 kg ha
-1

 and 2441.57 kg ha
-1

, respectively, indicating the high fertile soils enhance the 

productivity of common bean production. The highest harvest index (HI) was observed at Babillae site, although 

Haramaya and Hirna sites produced the higher GY and TBY of common bean.  Hence, N requirement to get the 

highest common bean production in different locations is highly depending on the soil native N content and 

status of soil fertility. While the effectiveness of Rhizobium inoculation on the common bean production was not 

affected by the native soil fertility and soil N content. Therefore, further research would be recommended to 

investigate the effect of environmental condition on the effectiveness of Rhizobium species across different 

location with varies soil fertility. 

Keyword: Common bean Ethiopia, Rhizobium leguminosarum, soil fertility  

 

 

INTRODUCTION 

Common bean has a wide range of adaptation and grow well between 1400 and 2000 meter above sea 

level (m.a.s.l.), with maximum and minimum temperature of 10 
o
C and 32 

o
C, respectively, and 

ranging from 350 to 500 mm of rainfall (Assefa et al. 2006). It is one of the major grain legumes 

cultivated in Ethiopia, with its production centred in small farmers‘ fields where the use of chemical 

fertilizer is limited and average yields are low, usually less than 1ton ha
–1

 (Abebe et al. 2006). In 

mailto:%20antarga@yahoo.com
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contrast, up to 4600 kg ha
-1

 seed yield of common bean has been achieved under experimental 

condition in eastern Ethiopia (IAR 1997; IAR 1998), with the use of adequate technology. 

Comparable yields of improved genotypes of common bean in eastern Ethiopia at farmer field and 

experimental station   has been observed when they managed by researcher (Tesso and Moges 2012). 

A poor technology level and cropping in low fertility soils, especially with low nitrogen (N) content is 

the most important limiting factor for common bean production in the Ethiopia (Haile 1990). N is the 

major yield limiting nutrient for common bean production (Wortmann et al. 1998; Fageria et al. 

2014), and this causes more than 40% yield loss (Thung and Rao 1999). Use of inorganic N fertilizers 

by smallholder farmers to increase common bean production in sub-Sahara Africa has been limited 

due to increasing the price of N fertilizer which beyond the purchasing capacity of most farmers. 

These conditions has therefore emphasized biological N2 fixation (BNF) with selection of superior 

rhizobial strain. Common bean is considered to be a poor fixer of atmospheric N compared with other 

crop legumes (Buttery et al.1987; Fageria, 2002) and generally responds poorly to inoculation of 

rhizobia in the field conditions (Graham, 1981; Buttery et al. 1987; Handarson, 1993). Therefore, 

common bean is needed mineral N to achieve substantial yields increase under the existing cropping 

system in sub-Saharan Africa, although common bean is often fertilized with N owing to poor 

nodulation and lack of responses to inoculation under field conditions (Graham 1981; Buttery et al. 

1987; Graham et al. 2003). N amendments, however, can inhibit nodulation and N2 fixation due to the 

high ability of common bean to uptake N from the soil and the high sensitivity of bean symbiosis to 

soil nitrate (Leidi and Rodríguez-Navarro 2000; Kimura et al. 2004). Low rates of inorganic N 

application have enhanced the nodule formation and function as well as N and grain yields (Hungria 

et al. 2003) but are not sufficient to achieve maximum yields (Sistachs 1970; Rosas and Bliss 1986). 

Tsai et al. (1993) found the non-significant effect of higher inorganic fertilizer application, although it 

has improved the plant total N accumulation. 

Soils fertility in sub-Saharan Africa is highly diverse and heterogeneous. Variability in soil fertility 

may be associated with topography, soil types, land-use history (Prudencio 1993; Tittonell et al. 

2005).  The difference in the soil characteristics could influence the success of rhizobia-legume 

symbiosis (Rodiño et al. 2011). The variability of soil fertility due to management has influenced the 

grain yield of common bean due to the presence of different amounts of cation nutrients in the soils 

(Fageria et al. 2010). Adamu et al. (2001) determined that the inherent soil fertility affected the 

response of faba bean for nitrogen, phosphorus and Rhizobium inoculation. The significant effect of 

Soil organic carbon, pH and cation exchange capacity of soils on number of rhizobia was also 

previously observed by Yousef et al. (1987) and Rys and Bonish (1981). The deficiencies in soil 

nutrients including micronutrients limited the nodulation and N2 fixation by many legumes (Craswell 

et al. 1987), through restricting the proliferation of free-living rhizobia in the rhizosphere, limit the 

growth of the host plant, restrict nodulation itself, and cause impaired nodule function (Giller and 

Wilson 1991). A sufficient number of appropriate rhizobia in the rhizosphere of legumes and adequate 

soil nutrients are a prerequisite for good nodulation and nitrogen fixation. Some evidence indicates 

that low levels of N fertilizer applied together with Rhizobium isolate to the common bean can 

stimulate plant growth; N2 fixation and grain yield (Hungria et al. 2003). However, the information 

regarding the effect of Rhizobium inoculation and inorganic N application on nodulation and yield of 

common bean grown in different inherent soil fertility status is scarce. Hence, the objective of this 

experiment was to investigate the effectiveness of different rates of inorganic N fertilizer application 

with Rhizobium sp. inoculation in soil types having different inherent soil fertility in selected areas of 

Eastern Ethiopia. 
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MATERIALS AND METHODS 

Describtion of the Study Areas 

Field experiments were conducted on four selected sites of eastern Ethiopia, located in the Hirna 

(N09
0
13.157‘‘ and E041

0
06.488‘‘) at an altitude of 1808 m.a.s.l., Fedis (N09

0
06.941‘‘ and 

E042
0
04.835‘‘) at an altitude of 1669 m.a.s.l., Babillae (N09

0
13.234‘‘ and E042

0
19.407‘‘ at altitude of 

1669 m.a.s.l. and Haramaya (N09
0
24.954‘‘ and E042

0
02.037‘‘) at an altitude of 2020 m.a.s.l. 

agricultural research centers in 2012 cropping season. The soils had not been inoculated before with 

rhizobia strain nodulating common bean. Before sowing, soil samples were taken from top soil (0-20 

cm depth) to determine baseline soil properties. Soil samples were air-dried, crushed, and passed 

through a 2-mm sieve prior to physical and chemical analysis. Details of physical and chemical 

characteristics of the soil of experimental sites are given in Table 1. 

Table 1: Soil analysis of experimental sites before sowing 

Soil properties Hirna soil Babillae soil Haramaya soil Fedis soil 

pH in H2O 7.25 6.66 7.84 7.76 

EC(mS/cm) 0.06 0.04 0.14 0.06 

Organic carbon (%) 1.65 0.56 1.96 1.32 

Total nitrogen (%) 0.16 0.06 0.12 0.12 

Available P(mg Kg
-1

) 27.11 2.22 2.13 1.78 

Ca (cmol(+)Kg
-1

) 39.88 4.18 31 23.12 

Mg (cmol(+)Kg
-1

) 9.00 3.5 8.7 12.87 

Na (cmol(+)Kg
-1

) 0.14 0.15 0.33 0.12 

K   (cmol(+)Kg
-1

) 0.80 0.34 0.14 1.09 

CEC (cmol(+)Kg
-1

) 40.03 6.59 25.98 32.22 

Zn(mg kg
-1

) 0.95 0.26 0.11 0.10 

B(mg kg
-1

) 0.83 ND 0.15 0.75 

NH4-N(mg Kg
-1

) 33.77 25.57 - 20.10 

NO3-N (mg Kg
-1

) 33.74 27.98 - 27.75 

Clay (g Kg
-1

) 49 18 33 36 

Silt (g Kg
-1

) 39 6 18 45 

Sand (g Kg
-1

) 12 79 49 19 

Textural class Clay Sandy loam Sandy clay loam Silty Clay loam 

 

Sources of Seeds and Rhizobium Strain 

A common bean var. Dursitu was supplied by Lowland Pulses Research Project, Haramaya 

University, Ethiopia. Variety was selected based on its yield, maturity time and adaptable for all 

experimental locations. Strain of Rhizbium spp. (HUPvR-16) was obtained from Biofertilizer 

Research and Production Project, Haramaya University (Haramaya, Ethiopia). 

Inoculums Preparation 

Agar slope of HUPvR-16 culture was supplied by Soil Microbiology Research Laboratory, Haramaya 

Univeristy, Ethiopia. For purification, strain was preliminarily cultured in YEMA medium (10 g 

mannitol, 1 g yeast-extract, 1 g KH2P04, 0.1 g NaCl, , and 0.2 g MgS04 .7H20 per liter, pH 6.8) and 

incubated at 28 
o
C for five days. The pure colony of the isolate was later transferred to YEM broth 

medium with and inoculated in shaker incubator with gentle shaking at 120 rpm for five days. By this 

procedure, the Rhizobium culture reached the middle or late logarithmic phase, and cell density in the 
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culture was estimated by measuring optical density (540 nm) using UV-spectrophotometer. 

Rhizobium inoculant was prepared by mixing 30 g of sterilised decomposed filter-mud with 15 ml of 

broth cultures of HUPvR-16 in polyethylene bags. After incubating the inoculated filer-mud for 2 

weeks at 28 
o
C, the count of the Rhizobium was 1 x 10

9
 g

–1
 carrier material. Populations of rhizobia in 

the inoculants were determined by duplicate plate counts (Vincent 1970). 

Experimental Design 

Field trials were conducted in order to investigate the effects of inherent soil fertility status on the 

effect of inorganic N fertilizer and Rhizobium inoculation on nodulation, yield and yield components 

of common bean. The experimental design was laid out in randomized complete block design with 

spilt plot arrangement, replicated three times. Main plot treatments consisted of six N fertilizer rates: 

0, 20, 40, 60, 80 and 100 kg N ha
−1

. Subplot treatments were two levels of inoculation treatments 

(inoculated and uninoculated). N fertilizer in each level was divided into two equal parts; the first part 

of the N (20 kgN ha
-1

) was applied along the furrow by hand and incorporated before planting time, 

and the remaining parts were applied in the flowering stages. 

The size of the main plots was 3 x 5 m
2
 and subplots were 3 x 2 m

2
. There were five rows per sub plot 

and the spacing was 40 cm between rows, 10 cm between plants, 1m between sub plots and 1.5 m 

between main plots.  Disinfected seeds of common bean were planted after they were moistened with 

a 20% solution of sucrose and then inoculated (7 g inoculant per kg seed) with Rhizobium. The area 

was moldboard-plowed and disked before planting. Phosphorus (P) was applied at planting to each 

plot at 20kgP ha
-1

 as triple superphosphate. Inoculated seeds were hand planted on July 7, 2012. Two 

seeds were sown per hill. After germination, the plants were thinned to one seedling per hill to obtain 

about 30 plants per row. Weeds were controlled over the growth period with hand hoeing. At late 

flowering and early pod setting stage, five plants from each sub plot were randomly chosen and 

harvested from central rows to record number of nodule plant
-1

 (NN), nodule dry weight plant
-1

 

(NDW) and shoot dry weight plant
-1

 (SDW). Shoots of the plants were dried and later ground to pass 

a 0.5 cm sieve. Total N determinations were done by the Kjeldahl method of Bremner (1965). At 

physiological maturity stage on October 30, 2012, yield and yield attributed of common bean were 

recorded from three central rows. Number of pod plant
-1

 (NPP), number of seed plant
-1

 (NSP), 100 

seeds weight, total biomass yield (TBY) and grain yield (GY) at 13% moisture content and plant total 

tissue N (PTTN) were properly determined.   

Data Analysis 

The experiments were performed in a complete randomized block design with three replicates. Data 

were submitted to analysis of variance (SAS Institute 1999). Statistically significant differences 

between means were also determined by the LSD test. Regression analysis and bar graph was also 

performed using Microsoft excel sheet version 10. 

RESULT AND DISCUSSION 

Four experimental locations had different soil chemical and textural properties as indicates in Table 1. 

The organic carbon and total N in Haramaya, Hirna and Fedis sites were higher than that observed at 

Babillae site. The soil pH and EC in in all locations were ranged from 6.66 to 7.84 and from 0.06 to 

0.2mS cm
-1

, respectively. According to Fageria and Santos (1998), Hirna soil had high available P 

while it was low in the other experimental sites. Hirna, Haramaya and Fedis sites had optimum 

amounts of exchangeable Ca, Mg K, and CEC while they were low in Fedis site.  Babillae soil had 

higher sand content compared to the other experimental site. Based on these inherent soil chemical 
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textural properties, Hirna, Haramaya and Fedis soils were grouped under fertile soils, while Fedis soil 

was infertile soil.  

The result of the experiment conducted at four sites indicated significant variation of all investigated 

traits, except the harvest index, in different treatments (different rates of N fertilizer application with 

Rhizobium inoculated and uninoculated treatments) at P <0.05.  The treatments significantly affected 

NN and NDW at P <0.05 in all experimental locations (Table 2). Regardless of inoculation 

treatments, NN and NDW were significantly reduced with increasing application of N fertilizer, as 

previously confirmed on the same host plant by Li et al. (2009).   Rhizobium sp. with 20 kgN ha
-1

 at 

Babillae site resulted in significantly higher NN (161.67) and NDW (0.3900 g) than the other 

treatments. Beside this, inoculation together with the control, 20 kgN ha
-1

 and 40 kgN ha
-1

 gave 

significantly higher NN than those produced in respective N rates of application alone (Figure 1a). 

Inoculation together with the control, 20 kgN ha
-1

, 40 kgN ha
-1

 and 60 kgN ha
-1

 of N rates gave 

significantly higher NDW than those produced respective N rates of application alone (Figure 2a).  

At Fedis site, Rhizobium inoculation together with 20 kgN ha
-1

 and 40 kgN ha
-1

 resulted in 

significantly higher NN than those induced at the respective rates of N application alone (Figure 1b).   

In contrast, Inoculation with 20 kgN ha
-1

, 40 kgN ha
-1

, 60 kgN ha
-1

 and 80 kgN ha
-1

 resulted in 

significantly lower NDW than those produced at respective N rates of application alone (Figure 2b) at 

Fedis site. In Fedis site, statistically the highest NN (146.6) and NDW (0.4097 g) of common bean 

was observed at sole application of 20 kgN ha
-1

 compared to the other treatments, indicating the 

presence of competitive indigenous rhizobia nodulating common bean.  

The sole application of 20 kgN ha
-1

 at Haramaya site resulted in significantly higher NN (282.00) than 

the other treatments, but this did not differ significantly with those NN produced at Rhizobium sp. 

inoculation alone and together with 20 kgN ha
-1

. However, the significant effect of inoculation on NN 

in comparison to the uninoculated treatment at Haramaya site was observed at the control N treatment 

(Figure 1c), indicating the negative effect of N application on inoculated treatments..  Moreover, 

regardless of N rates of application, inoculation gave significantly higher NDW than that of 

uninoculated treatment (Figure 2c), indicating non-competiveness of indigenous rhizobia nodulating 

common bean. However, significantly higher NDW (0.7446 g) was observed Rhizobium inoculation 

with 20 kgN ha
-1

 followed by Rhizobium sp. with 40 kgN ha
-1

. The synergetic effect of low N mineral 

together with inoculation resulted in yield increase as has been confirmed by Hungria et al. (2003); 

through increasing nodule occupation by the inoculated Rhizobium sp. (Vargas et al. 2000), regardless 

of the soil N content (Tsai et al. 1993).  It is obvious that 20 kgN ha
-1

 applications stimulate the plant 

growth and increases the formation of more nodule in common bean (Tsai et al. 1993). Furthermore, 

the total N in Babillae soil was very low which could need external supplement of N fertilizer for 

early development of common bean until starts N2 fixation (da Silva et al. 1993).  Beside this, the 

plant growth promoting properties of the inoculated isolate could also improve the nodulation 

development (Saxena et al. 2006).   

Significantly higher NN (216.67) at Hirna site was observed at the control treatment (without 

inoculation and N application) followed by at Rhizobium inoculation alone as compared to all 

treatments, but this did not differ significantly with those produced at 20 kgN ha
-1

 regardless of 

Rhizobium inoculation. The highest NDW (0.8182 g) at Hirna site was obtained from Rhizobium 

inoculation together with 20 kgN ha
-1

 followed by Rhizobium inoculation alone compared to those 

produced in other treatments.  This could be related with higher total N and available P in the Hirna 

soil, which could be sufficient for early growth of common bean in addition to the N derived from N2 

fixation (Ankomah et al. 1996).  In this experimental site, inoculation of Rhizobium sp. affected the 
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NN significantly as compared to the uninoculated treatment only at 20 kgN ha
-1

 (Figure 1d) as 

previously indicated by Daba  and Haile (2001). The significant effect of inoculation on NDW over 

the uninoculated treatments at Hirna site was observed at the control, 20 kgN ha
-1

 and 40 kgN ha
-1

, 

while beyond 40 kgN ha
-1

, significantly higher NDW was produced in uninoculated treatment than 

those produced at inoculated treatments (Figure 2d). This indicates that the antagonistic effect of 

higher rates of N application is higher in inoculated Rhizobium sp. than the indigenous rhizobia.  The 

highest nodulation prevailed at Haramaya and Hirna sites was correlated with their higher inherent 

soil fertility including high available P (Pacheco et al. 2012) and this may lead to higher native 

rhizobia as previously observed by (de Oliveira et al. 1998; Rys and Bonish 1981).   

The lowest NN at Babillae, Haramaya and Hirna sites were 19.67, 35.33 and 90.00 at combined 

application of 100 kgN/ha and Rhizobium sp, respectively. The lowest NN at Fedis site was 20.00 at 

sole application of 100 kgN/ha N fertilizer.  This indicates the negative effect of N fertilizer on nodule 

development in all experimental sites.  However, the lowest NN produced at Hirna and Haramaya 

sites was higher than those produced at Fedis and Babillae sites. The adverse effect of water stress 

prevailed at Babillae and Fedis sites on the survival of rhizobial could have been reduced the 

nodulation, as previously confirmed on common bean by Mnasriet et al. (2007) and Figureueiredo et 

al. (2008).   

The SDW at flowering stage exhibited significant difference along different treatments at P <0.05 

(Table 3). Generally, SDW was significantly increased with increasing rates of N fertilizer application 

regardless of Rhizobium inoculation. Similar finding was also previously observed by Chemining‘wa 

and Vessey (2006) who found that increased in above ground biomass yield with increasing rates of N 

application was observed, even though higher N rates reduced the nodulation. In Babillae site, 

significantly higher SDW (52.93 g) was observed at Rhizobium sp. inoculation with 40 kgN ha
-1

. This 

treatment gave significantly higher SDW (64.90 g) at Fedis site. This result is in corroborate with the 

finding of the La Favre and Eaglesham (1987) who synergetic effect of starter N and inoculation on 

shoot biomass yield. Higher total N content in Fedis site and lower inherent soil fertility at Babillae 

site are probably negatively affected the further increases of SDW with increasing rates of N 

application (Tsai et al. 1993). Fageria and Baligar (1997) reported the remarkable reduction of above 

shoot biomass of common bean due to low p availability. The nodulation increase accompanied by a 

significant improvement of shoot dry yield was previously observed on common bean by Mnasri et al. 

(2007).  

Significantly higher SDW at Haramaya site was observed at inoculation with 60 kgN ha
-1

 compared to 

the control, but the non-significant difference with those obtained from inoculation with 40 and 80 

kgN ha
-1

. Although Hirna soil had higher total N, significantly higher SDW was observed at sole 

application of 100 kgN/ha. This could be probably due to high responsiveness of Haramaya and Hirna 

soils of N fertilizer (Vanlauwe et al. 2011) due to the presence of high SOM which can be the source 

of many micronutrients (Li et al. 2007). Bliss (1993) suggested the need of N application to increase 

the common bean productivity even the inherent soil is fertile. 

In table 3 indicates that significant difference in NPP among the different treatments at P <0.05, 

although this trait is genetically controlled and also influenced by environmental factors (Fageria and 

Santos 2008). In Babillae site, sole application of 20 kgN ha
-1

 resulted in significantly higher NPP 

(18.66) than the Rhizobium inoculation alone and the control treatments, probably related with lower 

inherent soil fertility in experimental soil leading to less response for N fertilization (Rys and Bonish 

1981). Inoculation with 60 kgN ha
-1

 resulted in significantly higher NPP (24.99) than the control 

treatment at Fedis site.  Higher inherent soil fertility could enhance the symbiotic N2 fixation and also 
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increases the responsiveness of plants for N fertilizer application (Tsai et al. 1993).   The highest NPP 

(33.55) in Haramaya site was produced at inoculation with 40 kgN ha
-1

.  Inoculation and application 

of 20 kgN ha
-1

 at Hirna site gave significantly higher NPP (33.56) at P <0.05.  Highest total N at 

Hirna site could probably help to get higher NPP at lower N fertilizer application (Gan et al. 2009). 

Overall, the highest NPP was produced at Haramaya site along each treatment, suggesting that the 

environmental condition rather than the inherent soil fertility causes this difference as previously 

observed by Mulas et al. (2011). This NPP produced in this experiment is higher than previously 

reported at eastern Ethiopia in which the highest NPP was 11.7 (Fininsa and Tesso 2006). 

NSP was exhibited significant difference at P <0.05 along different treatments, except those NSP 

produced at Hirna site (Table 4). Regardless of inoculation, increasing of NSP with increased rates of 

N application was observed, although it was an inherent property of the plant (Fageria and Santos 

2008). Similarly, a significant difference in NSP of common bean was produced by N application and 

Rhizobium inoculation at Northern Spanish soil (Mulas et al. 2011).  The highest NSP at Babillae site 

was obtained from 80 kgN ha
-1

 regardless of Rhizobium inoculation. N treatments, excluding the 

control, had the non-significant difference in NSP.   At Fedis site, significantly higher NSP was 

obtained from 60 and 100 kgN ha
-1

 application alone compared to the control and Rhizobium 

inoculation alone. Similar finding was observed on common bean by Mulas et al. (2011) who found 

that N fertilizer and effective local Rhizobium inoculation improved the NSP. Significantly higher 

NSP at Haramaya site was observed at 20 kgN/ha as compared to the control but the non-significant 

difference with the other N fertilizer and Rhizobium treated plants. This could be related with low 

amount of available P in soil which might not sufficient for further increases of growth traits with 

increasing application of N fertilizer (Adamu et al. 2001).  However at Hirna site, the treatments did 

not enhance the NSP significantly as compared to the control. Similar result was observed in Turkey 

soil by Karasu et al. (2011). Higher inherent soil fertility, especially total N and SOM are probably 

deliver sufficient amount of N and leading to  non-responsive for N fertilization (Gan et al. 2009). The 

highest NSP at Babillae, Fedis, Haramaya and Hirna sites was 6.99, 6.97, 7.87 and 6.87, respectively. 

These values are higher than those previously reported in eastern part of Ethiopia, which was 5.4 

(Fininsa and Tesso 2006). Fageria and Santos (2008) also reported ranging from 3.1 to 6.0, with an 

average value of 4.4 per pod 4.  

The significant increase in 100 seeds weight was observed only at Babillae and Fedis sites along 

different treatments at P <0.05 (Table 4). Similarly, significant difference in seed weight along 

increasing application of N fertilizer and Rhizobium inoculation was observed on chickpea by El 

Hardi and Elsheikh (1999).  The positive effect of N mineral application and Rhizobium sp 

inoculation on 100 seeds weight common bean  at Babillae and Fedis sites  is probably related with 

lower total N at Babillae soil (Gan et al. 2009) and balanced plant nutrients supplied at Fedis soil 

(Tsai et al. 1993). 100 kgN ha
-1

 alone and Rhizobium sp with 60 kgN ha
-1

 at Babillae site had 

significantly higher 100 seeds weight compared to the control. However, the non-significant 

differences of NSP in N treatments, excluding the control treatment, were observed.  The highest 100 

seeds weight at Fedis site was obtained Rhizobium inoculation with 100 kgN ha
-1

. The highest 100 

seeds weight at Babillae, Fedis, Haramaya and Hirna sites were 22.57, 24.07, 18.67 and 20.70 g, 

respectively. These 100 seeds weight are lower than those previously observed at eastern part of 

Ethiopia, in which the highest was 36.5 from ‗Ayenew‘ and ‗Ikinnimba‘ genotypes (Fininsa and 

Tesso 2006).  

TBY was significantly affected by the treatments at P <0.05 (Table 5). Rhizobium inoculation with 

100 kgN ha
-1

 at Babillae site had statistically higher TBY, even though the highest nodulation and 

PTTN was observed at lower rate of N application. Similar finding was previously observed on 
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common bean by (Vlassak et al. 1996) who found that significant enhancement of nodulation and 

symbiotic N2 fixation did not express on plant dry weight.   Similarly, statistically higher TBY at 

Fedis site was obtained from inoculation with 100 kgN ha
-1

 compared the control and Rhizobium 

inoculation alone, although the soil had high total N.  Tsai et al (1993) observed the stimulatory effect 

of N fertilizer on N2 fixation at high fertility and the highest N rate application. Higher N application 

reduced the nodulation and symbiotic N2 fixation without affecting the common bean productivity 

(Rai 1992).  

100 kgN ha
-1

 application alone at Haramaya site gave statistically the highest TBY compared to the 

control, 20 kgN ha
-1

 and 40 kgN ha
-1

 alone. This finding was in agreement with previously indicated 

on common bean by Ruiz Diaz et al. (2009). The non-significant difference in TBY among 

inoculation with different rates of N application was observed. High total N in Haramaya soil causes 

non-significant difference in TBY with increasing application of N fertilizer (Gan et al. 2009).  

Common bean has been also cultivating for long time at Haramaya site, which is consequently leads 

to the presence of effective and higher number of rhizobia nodulating common bean (Vlassak et al. 

1996). This causes non-effectiveness of inoculated Rhizobium sp. (Vargas et al. 2000).     

Significantly higher TBY at Hirna site was obtained from inoculation with 20 kgN ha
-1

 compared to 

the control and Rhizobium inoculation alone. The non-significant improvement of TBY was also 

observed with increasing application of N fertilizer. The higher inherent total N and better inherent 

soil fertility could satisfied the plant N needs at lower N fertilizer application and which also favored 

higher symbiotic N2 fixation (Rys and Bonish 1981). The highest TBY obtained from Babillae, Fedis, 

Haramaya and Hirna sites were 3648.1, 4740.7, 6474.1 and 8638.9 kg ha
-1

, respectively. Higher TBY 

at Hirna site could relate with higher inherent soil fertility, for instance, higher SOM, total N, 

available P and CEC as compared to the other experimental site as previously confirmed on faba bean 

cultivated in Ethiopia by Adamu et al. (2001) and on common bean by Tsai et al. (1993).    

It was also noted that significant difference in GY along different treatments in all experimental sites 

at P <0.05 (Table 5). At Babillae site, significantly higher GY was produced at inoculation with 100 

kgN ha
-1

 as compared to the other treatments, even though the highest nodulation was observed at 20 

kgN ha
-1

 application N fertilizer. This result was in agreement with the previous report indicated by 

Rai (1992). Okogun and Sanginga (2003) also found that nodule formation improvement did not 

result in an increase of yield of soybean and enhance the N2 fixation.  Beside this, the significant 

effect of inoculation on GY over the uninoculated treatment at this site was also observed only at 100 

kgN ha
-1

 N rate of application (Figure 3a).  Very less amount of N derived from symbiotic N2 fixation 

(Isoi and Yoshida 1991) could be cause of high responsiveness of common bean for N mineral 

application. Similar trend of response of common bean for N mineral fertilizer up to 200 kgN ha
-1

 was 

previously confirmed by Daba and Haile (2002). da Silveria et al. (2005) recommended >100 kgN ha
-

1
 of N fertilizer to get grain yield above 2000 kg ha

-1
. The highest GY obtained from this site was 

produced 1063.89 kg ha
-1

 higher than that of the control.  

Statistically higher GY at Fedis site was produced at inoculation with 100 kgN ha
-1

 in comparison to 

the control and Rhizobium inoculation alone. Furthermore, significantly higher GY with inoculation 

of Rhizobium sp. over the uninoculated treatment was observed at and beyond 40 kgN ha
-1

 rates of N 

application (Figure 3b).   In this site, the GY difference between highest GY and that obtained from 

control treatment was 571.76 kg. A significant increase of GY with increasing rates of N application 

both inoculation treatments were observed at Babillae and Fedis sites. Moreover, GY produced in 

inoculation with N fertilizer were higher than those produced in respective rates of N fertilizer alone 

in both experimental sites. This indicates the remarkable effect of Rhizobium inoculation, even though 
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Fedis soil had higher total N.  In contrast Hungria et al. (2003) found that inoculation improved only 

the common bean yield in soil having low N content which increased from 63 to 290 kg ha
-1

 over the 

uninoculated treatments. Higher N fertilizer application substantially reduced the nodules and did not 

increase the bean yield as compared to 20 kgN ha
-1

 treated plants (da Silva et al. 1993).   

The effect of N rates of application in both inoculations, excluding the control, had the non-significant 

GY at Haramaya site. Significantly higher GY at this site was obtained at 100 kgN ha
-1

 alone 

compared to the control, even though higher nodulation and plant N accumulation was observed at 

low rate of N application. Beside this, the effect of inoculation over the uninoculated treatment along 

respective N rates of application was non-significant at P <0.05 (Figure 3c). This indicates the 

indigenous rhizobia in this study site could be more effective and/or competent over the inoculated 

Rhizobium isolate. This probably due to the fact that common bean has been cultivating as main crop 

in the experimental area, which could leading to higher native rhizobia nodulating common bean 

(Pryor and Crush 2006). This condition might have reduced the nodule occupation by the effective 

inoculated isolate. Similar finding was observed on common bean by Vargas et al. (2000). In contrast 

of this, Fesenko et al. (1995) found direct and significant correlation between seed yield and Plant N 

accumulation.   

At Hirna site, significantly higher GY was obtained at inoculation with 40 kgN ha
-1

 compared to the 

control. Beside this, the significant improvement of GY with inoculation of Rhizobium sp as 

compared to uninoculated treatments was obtained at 40 kgN ha
-1

 and 60 kgN ha
-1

 (Figure 3d).  The 

better performance of inoculation in high soil inherent fertility with high P content was previously 

confirmed by Ankomah et al. (1996). This also indicates the needs of Rhizobium inoculation to boost 

GY. This effect was recoded in previous experiment performed on common bean (Hungria et al. 

2000). Hungria et al. (2003) found that inoculation with 15 kgN ha
-1

 at planting and 30 kgN ha
-1

 at 

early flowering stage gave the highest yield of common bean. They also reported 310 kg ha
-1

 GY 

improvement which was lower than 590.9 kg ha
-1

 enhancement of GY at Hirna site.  At this site, the 

GY of common bean was increased with increasing rates of N fertilizer alone. Slight reduction of GY 

with increasing rates of N application beyond 40 kgN ha
-1

 with Rhizobium inoculation was observed. 

This could be the fact that the high native soil fertility at this site enhanced the effectiveness of 

Rhizobium inoculation and satisfy the need of N at 40 KgN ha
-1

 to get the highest GY of common 

bean at Hirna site. Similar finding was also reported by Tsai et al. (1993) who found that N 

application improved the plant N accumulation, while inoculation with N application improved yield 

of common bean. The highest GY obtained from Babillae, Fedis, Haramaya and Hirna sites were 

2089.54, 1653.89, 2475.28 and 2441.57 kg ha
-1

, respectively. The highest GY observed at Haramaya 

followed by Hirna site could be related with higher native soil fertility (Adamu et al. 2001) and also 

the presence of conducive environmental condition of common bean production (Fageria and Santos, 

2008). This GY produced here is higher than those reported somewhere in eastern Ethiopia (Fininsa 

and Tesso 2006) in which the highest yield of common bean obtained was 1830 kg ha
-1

 from 

‗Ikinnimba‘ genotype. The GY obtained at Haramaya and Hirna sites was comparable those obtained 

at 224 kgN ha
-1

 treated plants (Buttery et al. 1987).  

The regression analysis indicated strong negative and concave upward association between GY and 

NN, with higher coefficient of determination at Fedis site (R
2
=0.494 at P <0.05) followed by Babillae 

site (R
2
=0.411 at P <0.050) (Figure 4a). Similarly, strong negative and concave upward association 

between GY and NDW, with higher coefficient of determination at Fedis site (R
2
=0.564 at P <0.05) 

followed by Babillae site (R
2
=0.513 at P <0.05) (Figure 4b). The lowest GY at these sites were 

obtained at 100 and 0.3000 g of NN and NDW, respectively. Above these nodulation values, the GY 

was increased   with increasing NN and NDW. This indicates the importance of inoculation for higher 
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GY at Babillae and Fedis sites. In contrast, Tajini et al. (2008) found that the common bean 

productivity was decreased with increasing NN beyond 80. Common bean is not continuously 

cultivated these two experimental locations that can leads to lower native rhizobia of common bean 

and thus inoculation could perform better (Thies et al. 1991). In the case of Haramaya and Hirna sites, 

the association between GY with NN and NDW was significant and inverse but the non-significant 

association was present between GY and NDW at Hirna site. The Figure also indicated the GY of 

common bean decreased with increasing NN in Hirna site. While in Haramaya site, the lowest GY 

was obtained at 200 numbers of nodules. Above this NN, the GY was increased with increasing NN. 

This indicates the importance of N application in Haramaya site to boost the common bean production 

even though the nodulation and PTTN was drastically reduced (Buttery et al. 1987).   

The data in table 6 indicated the non-significant difference in harvest index (HI) regardless of the 

experimental sites. The HI observed at Babillae site was higher than those obtained from other 

experimental sites. This could be due to the semi-arid nature of Babillae site that trigger the plant to 

induce flower earlier and to pod setting, and this leading to higher HI at Babillae site due to the short 

vegetative stage. The HI obtained from this experiment is comparable with previously reported on 

varies common bean genotype by Snyder and Carlson (1984).   

Significant difference in PTTN among different treatments was observed in Table 6 at P <0.05.  As of 

nodulation, PTTN was decreased with increasing rates of N application in both inoculation treatments 

were observed in all experimental sites, except PTTN at Hirna site and Fedis sites. 20 kgN ha
-1

 alone 

resulted in significantly higher PTTN at Babillae site. At Haramaya site, statistically higher PTTN 

was obtained at 40 kgN ha
-1

 alone.  Similar trend of nodulation and plant N accumulation was 

previously confirmed by Mothapo et al. (2013). This slight reduction of PTTN could be due to 

inhibitory effect of higher N fertilizer application on nitrogenase enzyme (Tsai et al. 1993) and 

consequently reducing symbiotic N2 fixation (Sanginga et al. 1996; Voisin et al. 2002).  N2 fixation 

improvement due to increasing nodulation for common bean was previously confirmed by Asad et al. 

(1991).  

Statistically the highest PTTN at Hirna and Fedis sites were obtained from 100 kgN ha
-1

 alone, even 

though the highest nodulation was observed at low rates of N application. Similar trend of plant N 

accumulation with increasing N mineral application was previously indicated on soybean by Tewari et 

al. (2007). Thuita et al. (2012) found that nodule improvement did not enhance N2 fixation. Increased 

in plant N accumulation by N mineral application rather than inoculation was previously observed in 

common bean by Asad et al. (1991). The highest PTTN (4.8267%) was obtained at Hirna site, 

followed by 4.5567% from Haramaya site.  High native soil fertility is probably increases efficient 

utilization of soil N and effective symbiotic N2 fixation (Ankomah et al. 1996; Sanginga et al. 1990). 

 

CONCLUSION 

In general, the result of this experiment indicated that the Rhizobium leguminosarum bv. viciae 

inoculation and rates of N application had varies effect on nodulation, yield and yield components of 

common bean cultivating in different inherent soil fertility condition. All investigated traits of 

common bean were higher in the high fertile soil than the low fertile soils. The need of starter N to 

increase nodulation was varied depending on the total soil n and inherent soil fertility. The inherent 

soil fertility affected the responsiveness of the common bean for inorganic N application. The native 

soil fertility including the total soil N had also remarkable effect on the need of N for maximum 
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common bean production. The effectiveness of Rhizobium was varied regardless of inherent soil 

fertility and soil total N. This result could be related with the prevailed environmental condition in the 

study sites. Therefore, further research would be recommended to investigate the effect of 

environmental condition on the effectiveness of Rhizobium species across different location with 

varies soil fertility.  
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Table 2. Nodulation status of common bean var. Dursitu along different rates of N application with and without inoculation of Rhizobium leguminosarum bv. 

phaseoli at selected areas of eastern Ethiopia 

Treatments NN NDW (g plant
-1

) 

Babillae Fedis Haramaya Hirna Babillae Fedis Haramaya Hirna 

Control 28.33d 71.67bcd 109.33bcd 216.67a 0.1217cd 0.2020bc 0.2183de 0.6630ab 

20 kgN ha
-1

 88.67c 146.67a 282.00a 130.00bcde 0.1880bc 04097a 0.3873bc 0.2926cd 

40 kgN ha
-1

 65.00c 106.67b 109.33bcd 190.00ab 0.1263cd 0.3963a 0.1669def 0.3262cd 

60 kgN ha
-1

 18.67d 45.00def 84.33cd 128.33bcde 0.0737cd 0.1960bc 0.1259def 0.1341d 

80  kgN ha
-1

 31.00d 45.00def 70.33cd 94.67de 0.1033cd 0.1289cd 0.0757ef 0.1636d 

100 kgN ha
-1

 22.33d 20.00f 46.00d 90.00e 0.0191d 0.0160e 0.0418e 0.1502d 

Rhizobium sp. 82.33c 90.67bc 198.33ab 175.00abc 0.3063ab 0.2349b 0.6185a 0.8182a 

Rhizobium sp. + 20 kgN ha
-1

 161.67a 64.33cde 190.00ab 167.33abcd 0.3900a 0.2010bc 0.7446a 0.6776a 

Rhizobium sp. + 40 kgN ha
-1

 124.33b 46.67def 141.67bc 106.67cde 0.3207a 0.0897de 0.4334b 0.4601bc 

Rhizobium sp. + 60 kgN ha
-1

 26.00d 27.33ef 116.33bcd 173.33abd 0.1530c 0.0516de 0.2676cd 0.4052c 

Rhizobium sp. + 80  kgN ha
-1

 17.33d 20.00f 91.33cd 108.33cde 0.0253d 0.0340e 0.2064def 0.2766cd 

Rhizobium sp. + 100 kgN ha
-1

 19.67d 22.33f 35.33d 91.00de 0.0143d 0.0279e 0.0827ef 0.3421cd 

Mean 57.11 58.86 122.86 139.28 0.1535 0.1657 0.2807 0.3925 

F-value 66.17*** 29.26*** 14.69*** 8.41*** 28.33*** 59.43*** 47.54*** 28.02*** 

LSD 30.06 37.15 94.17 76.39 0.1201 0.0892 0.1652 0.2152 

CV (%) 17.88 21.44 26.03 18.63 26.58 18.28 19.98 18.62 

NS- non significant; * significant at 0.05; **significant at 0.01; ***significant at 0.001, NN- Nodule number per plant, NDW- Nodule dry weight 

Notes: Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 
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Table 3. Shoot dry weight and number of pods per plant of common bean var. Dursitu along different rates of N application with and without inoculation of 

Rhizobium leguminosarum bv. phaseoli at selected areas of eastern Ethiopia 

Treatments SDW(g plant
-1

) NPP 

Babillae Fedis Haramaya Hirna Babillae Fedis Haramaya Hirna 

Control 36.23cd 31.37e 48.50b 51.33bc 12.55bc 10.33d 23.77cd 18.00e 

20 kgN ha
-1

 35.30cd 38.03cde 62.27ab 54.00bc 18.66a 18.66ab 22.00d 19.67e 

40 kgN ha
-1

 41.17bc 48.57bcd 60.55ab 61.00abc 17.11ab 23.22ab 23.89cd 22.11de 

60 kgN ha
-1

 49.97ab 53.23abc 65.87ab 61.33abc 16.00abc 18.00abc 27.55abcd 22.89cde 

80  kgN ha
-1

 47.53ab 55.70ab 64.67ab 62.67abc 14.89abc 22.00ab 28.88abc 22.78cde 

100 kgN ha
-1

 44.83abc 56.53ab 76.27ab 76.67a 16.44ab 22.22ab 27.55abcd 24.00bcde 

Rhizobium sp. 30.77d 39.00cde 74.47ab 43.67c 10.78c 11.22cd 22.88cd 24.44bcde 

Rhizobium sp. + 20 kgN ha
-1

 42.63bc 36.40de 77.67ab 63.33abc 13.66abc 16.44bcd 25.11bcd 33.56a 

Rhizobium sp. + 40 kgN ha
-1

 52.93a 64.90a 85.73a 70.33ab 16.00abc 22.00ab 33.55a 24.67bcde 

Rhizobium sp. + 60 kgN ha
-1

 47.47ab 52.83abc 86.37a 65.00abc 16.22abc 24.99a 31.88ab 30.22ab 

Rhizobium sp. + 80  kgN ha
-1

 50.77ab 51.70abcd 81.10a 71.67ab 16.44ab 22.11ab 28.22abcd 29.56abc 

Rhizobium sp. + 100 kgN ha
-1

 43.93abc 51.97abcd 78.17ab 55.67abc 15.22abc 22.22ab 25.66bcd 28.44abcd 

Mean 43.63 48.35 71.80 61.39 15.33 19.45 26.75 25.03 

F-value 11.46*** 9.80*** 3.70** 4.43*** 3.93*** 11.06*** 7.04*** 10.54*** 

LSD 10.22 16.20 30.34 22.39 5.48 7.21 6.83 7.18 

CV (%) 7.95 11.38 14.35 12.39 12.13 12.58 8.68 9.74 

NS- non significant; * significant at 0.05; **significant at 0.01; ***significant at 0.001, SDW- Shoot dry weight, NPP- Number of pods per plant 

Notes. Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 
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Table 4. Number of seeds per pod and 100 seeds weight of common bean var. Dursitu along different rates of N application with and without inoculation of 

Rhizobium leguminosarum bv. phaseoli at selected areas of eastern Ethiopia 

Treatments NSP 100 seeds weight (g) 

Babillae Fedis Haramaya Hirna Babillae Fedis Haramaya Hirna 

Control 4.16b 5.40bc 5.47c 6.17a 19.77c 20.90cd 18.40a 20.27a 

20 kgN ha
-1

 6.78a 6.07abc 6.60abc 6.63a 21.30ab 22.80abc 18.67a 19.70a 

40 kgN ha
-1

 6.55a 6.30ab 6.53abc 6.87a 21.37ab 22.07bc 18.30a 19.53a 

60 kgN ha
-1

 6.44a 6.97a 7.20ab 6.63a 21.17abc 22.13abc 18.53a 20.30a 

80  kgN ha
-1

 6.99a 6.40ab 7.87a 6.40a 21.20abc 22.90ab 18.13a 20.70a 

100 kgN ha
-1

 6.66a 6.63a 6.67abc 6.73a 21.57a 22.90ab 18.23a 19.80a 

Rhizobium sp. 5.33ab 5.50bc 6.47abc 6.53a 20.00bc 19.90d 18.13a 20.43a 

Rhizobium sp. + 20 kgN ha
-1

 6.89a 5.20c 6.67abc 6.63a 21.07abc 22.57abc 17.93a 19.80a 

Rhizobium sp. + 40 kgN ha
-1

 6.66a 6.30ab 6.87abc 6.83a 21.40ab 23.03ab 18.17a 19.77a 

Rhizobium sp. + 60 kgN ha
-1

 6.22ab 6.30ab 6.20bc 6.50a 22.17a 22.20abc 17.53a 20.13a 

Rhizobium sp. + 80  kgN ha
-1

 6.99a 6.40ab 7.00abc 6.43a 21.57ab 21.37bcd 18.33a 19.40a 

Rhizobium sp. + 100 kgN ha
-1

 6.89a 6.00abc 6.33abc 6.43a 20.97abc 24.07a 18.43a 19.77a 

Mean 6.42 6.12 6.66 6.57 21.12 22.24 18.23 19.67 

F-value 4.68*** 6.87*** 3.62** 0.41
ns

 5.09*** 8.41*** 0.78
 ns

 0.73
 ns

 

LSD 1.72 1.02 1.55 1.58 1.48 1.94 1.70 2.34 

CV (%) 9.11 5.64 7.93 8.17 2.38 2.96 3.18 3.98 

NS- non significant; * significant at 0.05; **significant at 0.01; ***significant at 0.001, NSP- Number of seeds per pod 

Notes. Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 
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Table 5. Total biomass yield and grain yield of common bean var. Dursitu along different rates of N application with and without inoculation of Rhizobium 

leguminosarum bv. phaseoli at selected areas of eastern Ethiopia 

Treatments TBY (kg ha
-1

) GY  (kg ha
-1

) 

Babillae Fedis Haramaya Hirna Babillae Fedis Haramaya Hirna 

Control 2055.6ef 2077.8c 4819.8c 5015.3d 1025.65f 1082.13cd 2124.81bc 1767.29f 

20 kgN ha
-1

 2277.8def 4018.5ab 4970.1bc 6248.8bcd 1254.35e 1270.19bc 2298.89ab 1944.06def 

40 kgN ha
-1

 26.31.5cd 4333.3a 5732. 4abc 6970.4abcd 1568.52c 1307.13bc 2377.78ab 2146.76bcd 

60 kgN ha
-1

 3131.5abc 4055.6a 6388.9ab 6574.1bcd 1727.63bc 1289.44bc 2416.94a 1997.13de 

80 kgN ha
-1

 3082.4bc 4388.9a 6452.8ab 6990.7abcd 1674.26bc 1280.46bc 2439.35a 2321.85ab 

100 kgN ha
-1

 3260.8ab 4374.1a 6474.1a 7011.6abcd 1830.09b 1454.26ab 2475.28a 2357.59ab 

Rhizobium sp. 1787.0f 3133.3b 5260.1abc 5685.2cd 996.39f 1005.37d 2029.91c 1853.43ef 

Rhizobium sp. + 20 kgN ha
-1

 2148.1def 4087.0a 6172.2abc 8638.9a 1302.22de 1258.70bc 2328.80ab 2009.54de 

Rhizobium sp. + 40 kgN ha
-1

 2498.1de 4249.2a 6225.0abc 7111.1abc 1211.48ef 1569.72a 2320.74ab 2441.57a 

Rhizobium sp. + 60 kgN ha
-1

 3375.4ab 4277.8a 6406.9ab 7296.3abc 1697.59bc 1461.85ab 2397.50a 2334.63ab 

Rhizobium sp. + 80 kgN ha
-1

 3421.4ab 4462.2a 6435.2ab 6537.0bcd 1511.57cd 1571.57a 2425.28a 2055.40cde 

Rhizobium sp. + 100 kgN ha
-1

 3648.1a 4740.7a 6444.4ab 8000.0ab 2089.54a 1653.89a 2413.80a 2245.00abc 

Mean 2775.48 4016.54 5981.82 6839.95 1490.78 1350.39 2337.42 2122.86 

F-value 32.12*** 16.30*** 4.59*** 5.67*** 57.11*** 19.75*** 6.53*** 23.88*** 

LSD 557.86 913.75 1484.4 2052.2 226.81 226.53 266.34 227.06 

CV (%) 6.82 7.73 8.43 10.19 5.17 5.70 3.87 3.63 

NS- non significant; * significant at 0.05; **significant at 0.01; ***significant at 0.001, TBY- Total biomass yield, GY- Grain yield 

Notes. Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 
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Table 6. Harvest index and plant total tissue N of common bean var. Dursitu along different rates of N application with and without inoculation of Rhizobium 

leguminosarum bv. phaseoli at selected areas of eastern Ethiopia 

Treatments HI PTTN (%) 

Babillae Fedis Haramaya Hirna Babillae Fedis Haramaya Hirna 

Control 0.5449a 0.3574a 0.4077a 0.3553a 2.3800de 2.5200c 4.2100ab 3.9867d 

20 kgN ha
-1

 05549a 0.3479a 0.3927a 0.3092a 3.2433a 3.5533b 4.4367a 4.6233ab 

40 kgN ha
-1

 05645a 0.3290a 0.3375a 0.2590a 2.8533abcd 3.7800ab 4.5567a 4.7500a 

60 kgN ha
-1

 05400a 0.3499a 0.3314a 0.2486a 2.5567bcde 3.6933ab 3.7967abc 4.3567abcd 

80 kgN ha
-1

 0.5496a 0.3359a 0.4085a 0.2800a 2.5167cde 3.8600ab 4.0933ab 4.4867abc 

100 kgN ha
-1

 0.5489a 0.3099a 0.3957a 0.2967a 3.1567abc 4.2000a 3.4133bc 4.8267a 

Rhizobium sp. 0.5529a 0.3070a 0.3536a 0.3272a 2.1600e 3.3833b 4.0533abc 4.0500cd 

Rhizobium sp. + 20 kgN ha
-1

 0.8076a 0.2973a 0.3733a 0.2933a 3.1800ab 3.3633b 4.3667a 4.0067d 

Rhizobium sp. + 40 kgN ha
-1

 0.4371a 0.3458a 0.4048a 0.3230a 2.6567abcde 3.6800ab 3.9067abc 4.2533bcd 

Rhizobium sp. + 60 kgN ha
-1

 0.5591a 0.3581a 0.3813a 0.2977a 2.7000abcde 3.8200ab 3.4133bc 4.5933ab 

Rhizobium sp. + 80 kgN ha
-1

 0.8416a 0.3395a 0.3569a 0.3018a 3.2000ab 3.9200ab 3.2300c 4.6633ab 

Rhizobium sp. + 100 kgN ha
-1

 0.5669a 0.4268a 0.2747a 0.2849a 3.0133abcd 3.8767ab 3.4800bc 4.0367cd 

Mean 0.5890 0.3421 0.3682 0.2981 2.8014 3.6375 3.9130 4.3861 

F-value 1.35
 ns

 1.62
 ns

 0.74
 ns

 0.93
 ns

 8.10*** 14.64*** 7.50*** 10.98*** 

LSD 0.5074 0.1338 0.237 0.1548 0.6467 0.5621 0.8332 0.4799 

CV (%) 29.26 13.29 21.86 17.64 7.84 5.25 7.23 3.72d 

NS- non significant; * significant at 0.05; **significant at 0.01; ***significant at 0.001, HI- Harvest index, PTTN- Plant total tissue N 

Notes. Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 
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Figure 1. Effect of N rates of application (kgN/ha) on nodule number per plant (NN) with inoculated 

and uninoculated at (a) Babillae site, (b) Fedis site, (c) Haramaya site and (d) Hirna site  
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Figure 2. Effect of N rates of application (kgN/ha) on nodule dry weight (NDW) (g/plant) with 

inoculated and uninoculated at (a) Babillae site, (b) Fedis site, (c) Haramaya site and (d) Hirna site 
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Figure 3. Effect of N rates of application (kgN/ha) on grain yield (GY) (kg/ha) with inoculated and 

uninoculated at (a) Babillae site, (b) Fedis site, (c) Haramaya site and (d) Hirna site 
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Figure 4. Regression of grain yield (GY) of common bean var. Dursitu on (a) nodule dry weight per 

plant  (NN) and (b) nodule dry weight (NDW) (g/plant) over different representative location of 

eastern Ethiopia 
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Abstract 

Iron deficiency is the major constraint for soybean cultivation in calcareous soils. Its availability affects 

symbiotic association of the host plant and the endosymbiont and eventually the yield of soybean. However, the 

effectiveness of integrated application of Bradyrhizobium and iron on nodulation, N2 fixation and yield of 

soybean genotypes having different maturity time has not been studied. Therefore, the objective of this study 

was to evaluate the effect of Bradyrhizobium inoculated soybean genotypes having different maturity time on Fe 

nutrient requirement supplied through the foliage and applied directly to the soil. The experiment was conducted 

under greenhouse and field conditions. Six soybean genotypes, three of which were late maturing (Wogayen, 

TGx-1336424 and Belsa) and the remaining three (GIZA, Afgat and Gishame) were medium maturing, were 

used for greenhouse experiment. Based on the greenhouse result, only two promising genotypes, namely GIZA 

and TGx-1336424, were selected for the field experiment. Eight treatments in combination with three 

inoculations, with and without Fe fertilizer (0 and 4mg/kg soil), including N-treated (20 kgN ha
-1

) and the 

control, were tested in pot experiment arranged in a completely randomized design (CRD), whilst four levels of 

inoculation factorially combined with three levels of Fe-EDTA were used for field experiment. The treatments 

were laid out in a spilt plot in randomized complete block design (RCBD) with three replications. The results of 

the present study indicate significant improvement of investigated traits of most of tested medium maturing 

genotypes, but not for late maturing soybean genotypes under greenhouse conditions. From the field experiment, 

we found significant improvement of nodule number (NN) and nodule dry weight (NDW) with increasing rates 

of Fe in TGx-1336424 and GIZA genotypes. Application of Fe, however, showed differential effect on both 

genotypes on other investigated traits. All investigated traits, except NN, NDW and shoot biomass (SB) did not 

improve significantly by Fe application in the TGx-1336424 genotype. In contrast, significant improvement of 

number of pods per plant (NPP), total biomass yield (TBY), grain yield (GY) and plant total nitrogen (PTN) 

with increasing rates of Fe were observed for GIZA genotype. The regression analysis indicates different degree 

of dependence of TBY, NDW, NN and GY of between two genotypes with increasing rates of Fe in different 

Bradyrhizobium sp. inoculation treatments. Hence, it can be concluded that the effect of Fe application is 

dependent on maturity groups of soybean genotypes and effectiveness of inoculated Bradyrhizobium sp. 

Keywords: Bradyrhizobium sp., Fe-EDTA, genotype, Glycine max, iron, maturity group 

 

 

INTRODUCTION 

About 10
6
 ha (i.e. over 6% of the world‘s land) of agricultural soils in the world are problematic and 

unsuitable for crop production due to some kind of salinity (Flowers and Yeo, 1995). Leguminous 

crop cultivation in the saline soils of semi-arid climates is increasingly advocated as a strategy to 

amend soil fertility and to reverse or avert soil fertility decline, thus preventing serious nitrogen (N) 

deficits and sustaining agricultural production in many tropical agro-ecosystems. An essential source 

of N input into the soil is the biologically-fixed N2, which is used directly by the plant, and so is less 

susceptible to volatilization, denitrification, and leaching (Graham, 2008). About 80% of this 

biologically-fixed N2 comes from symbiosis involving leguminous plants and various rhizobial 

species. Soybean [Glycine max (L.) Merr.] plays an important role in the global and agricultural 

mailto:antarga@yahoo.com
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nitrogen (N) cycles by facilitating biological fixation of atmospheric N2 into plant-available N in the 

symbiotic process with Bradyrhizobium spp. The N2 fixation potential of soybean varied from 0 to 

185 kg N ha
-1

 with an average value of about 84 kg N ha
-1

 (Russelle and Birr, 2004). However, soil 

stresses, such as soil salinity, can adversely affect N2 fixation by influencing both the host plant and 

the symbiotic bacteria (Rai, 1987).  

Iron (Fe) deficiency, which results in chlorosis in crops, is a widespread problem in arid and semi-arid 

regions of the world (Papastylianou, 1990; Rashid and Din, 1992) in soils with a range of  pH 7.5 and 

8.5 (Guerinot and Yi, 1994; Mengel et al., 2001). This soil pH range often reduces Fe availability 

below the sufficient threshold level that meets plant needs. Fe is an essential micro-nutrient required 

by both legumes and root nodulating-bacteria, which is an essential components of nitrogenase, 

leghaemoglobin and ferredoxins (Evans and Russell, 1971). Deficiency of Fe may affect N2-fixation 

by restricting the host plant growth and/or active functioning of Rhizobium spp. alone (Andrew, 1962; 

Rai et al., 1984). Fe deficiency also primarily affects the structure and functioning of the chloroplast 

(Tognini et al., 1996; Soldatini et al., 2000; Morales et al., 2001) which in turn reduces 

photosynthesis and carbohydrate synthesis (Miller et al., 1984; Terry and Abadia, 1986; Bienfait, 

1989). Consequently, it may restrict N2-fixation by limiting the host plant growth and the active 

functioning of the Rhizobium spp. (Andrew, 1962; Rai et al., 1984). 

Several reports indicate that different soybean genotypes have the capacity to reduce different degrees 

of Fe chlorosis (Byron and Lambert, 1983; Halvis et al., 1999). Al‐Showk et al., (1986) reported the 

occurrence of different levels of chlorosis in different genotypes of soybean. Hartzook (1984) also 

found that groundnut genotypes displayed different levels of sensitivity to Fe deficiency. This study 

also indicated that Fe absorption efficient genotypes had equally yielded to other Fe chelate treated 

genotypes. Rai et al., (1984) suggested that genetic make-up of genotypes might be responsible for 

variation of Fe absorption and transport capacity among lentil genotypes. 

It has been found that Fe-EDTA application directly to soils suppressed nodulation in pea plants, 

mainly due to the effect of the chelate on the formation of lateral roots and the initial processes of 

nodulation (Lie and Brotonegoro, 1969; Lie and Egerrat, 1988). The hypothesis of the present 

research was that late maturing genotypes require more nitrogen than medium maturing soybean 

genotypes. This results in better improvement of nodulation, N2 fixation and yield of late maturing 

genotypes by Fe-EDTA application than that of medium maturing genotypes in moderately Fe 

deficient soils. Therefore, the overall objective of the study was to explore the effect of 

Bradyrhizobium spp. and Fe application on nodulation, yield and N2 fixation of soybean genotypes 

with different maturity groups. Hence, the current study was initiated with the specific objective to 

investigate the effect of foliar application of Fe-EDTA fertilizer on nodulation, N2 fixation, and 

growth and yield of soybean genotypes having different maturity times. 

MATERIALS AND METHODS 

Description of Experimental Site 

The field experiment was conducted in 2013 in the irrigated agricultural field (Shinille Agricultural 

Demonstration site, Somali region, Ethiopia), which is semi-arid in nature. The experimental field is 

located at 09°41′ N latitude and 41°51′ E longitude with an elevation of 1079 m.a.s.l. The soil is 

dominated by sandy-clay and increases amount of clay further down at lower depth. The site has been 

used for maize (Zea mays L.) and tomato production in the previous years and had no history of 

inoculation with Bradyrhizobium strains and soybean cultivation. There was also no history of 

fertilizer application in this site. The soil is dominated by sandy clay and increases amount of clay 
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further down at lower depth. Rhizobial population sizes were estimated with the most probable 

number (MPN) method (Vincent, 1970) within 2 weeks of sampling, using a base dilution of 10 and 

the soybean variety Solitaire as the trap host. The soil physical and chemical properties and the 

rhizobial population nodulating soybean is indicated (Table 1). 

 

Table 1: Soil samples analysis of the experimental site at Shinile, Somali Region, before sowing 

Soil properties Shinile soil 

pH in H2O 7.74 

EC (mS/cm) 4.12 

Organic carbon (%) 2.15 

Total nitrogen (%) 0.29 

Available P (mg kg
-1

) 25.85 

Ca (cmol(+) kg
-1

) 31.10 

Mg (cmol(+) kg
-1

) 3.22 

Na (cmol(+) kg
-1

) 0.14 

K   (cmol(+) kg
-1

) 2.22 

CEC (cmol(+) kg
-1

) 25.90 

Zn (mg kg
-1

) 1.19 

Fe (mg kg
-1

) 2.2 

B (mg kg
-1

) 0.86 

NH4-N (mg kg
-1

) 26.22 

NO3-N (mg kg
-1

) 23 

Clay (g kg
-1

) 27 

Silt (g kg
-1

) 50 

Sand (g kg
-1

) 23 

Textural class Loam 

Number of Bradyrhizobium 

nodulating soybean 

None 

 

Sources of Soybean Seeds and Inocula 

The soybean genotype, which was tested under field conditions, used in this study was gratuitously 

provided by the Pawe Agricutural Research Center, Pawe, Northwest Ethiopia.  Rhizobial strains, 

namely Bradyrhizobium japonicum (TAL-379), Bradyrhizobium sp. (UK-Isolate) and 

Bradyrhizobium sp. (Local-Isolate), were used as inoculants. These strains were obtained from 

Holleta Agricultural Research Center (UK- Isolate) and National Soil Research Center, Addis Ababa 

(TAL-379 and Local-Isolate). The local strain had been previously tested for infectivity under 

controlled environment in the National Soil Research Center (data not shown). 

Sterile fine filter-mud with adjusted pH of 6.7 was used as a carrier. The Bradyrhizobium spp. were 

separately incubated in yeast-extract mannitol (YEM) broth at 30 
0
C for 7 days until the number 

reached 10
9
 cells ml

-1
 for inoculant preparation. About 400 ml of Bradyrhizobium sp. culture liquid 

medium was added to 1 kg of carrier and mixed thoroughly and packed in plastic bags. Filter-mud-

base inoculum was incubated at 26–28 
0
C for 15 days. 
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Pot Experiment 

Saline soil, collected (0-20 cm depth) from an area where the field experiment was conducted, was 

used for the pot experiment. Rhizobial population concentrations were estimated with the most 

probable number (MPN) method (Vincent, 1970) within 2 weeks after sampling, using a base dilution 

of 10 and the soybean variety Solitaire as the trap host. A plant growth medium containing soil from 

Shinille agricultural experimental site was prepared based on two requirements: the absence of 

indigenous soybean-nodulating Bradyrhizobium to facilitate the visual identification of N-deficiency 

symptoms in plants nodulated by the specific strain. The soil sampe was collected and dried under 

aseptic conditions and no rhizobia were detected by a plant infection technique (Brockwell, 1963) at 

sowing time. Zero and 4 mg Fe kg
-1

 of soil was used in the form of FeSO4 and applied directly to the 

soil before planting as described by Moosavi and Ronaghi (2011). Nitrogen (i.e. 20 kg ha
-1

 based) in 

the form of urea was applied for N treated pots. Six soybean genotypes, three of which were late 

maturing (Wogayen, TGx-1336424 and Belsa) and the remaining three (GIZA, Afgat and Gishame) 

were medium maturing, were used for greenhouse experiment. 

The pot experiment was conducted in the semi-controlled greenhouse at Haramaya University, eastern 

Ethiopia, in 2012. Eight treatments in combination with three inoculations, with and without Fe 

fertilizer (0 and 4mg kg
-1

 soil), including N-treated (20 kgN ha
-1

) and the control, were tested in pot 

experiment arranged in a completely randomized design (CRD). Seeds were surface-sterilized with 

ethanol (for 1 min) and sodium hypochlorite (soaked for 5 min) and then washed several times with 

deionized water and five seeds were sown per pot. The seedlings were thinned to three plants per pot 

one week after emergence. Pots were regularly watered to 70% water-holding capacity (WHC), 

avoiding water logging. Rhizobia were cultured to exponential phase in YEM broth, and then 1 ml of 

culture containing 1 x 10
8
 rhizobial cells per milliliter was injected to 7-day-old seedlings using 

pipettes. For data collection and analysis, plants were harvested at late flowering and early pod setting 

stages using the destructive method. At harvesting, seedlings were removed from the pots, the roots 

were thoroughly rinsed with water, blotted dry on filter paper, and nodules were picked and counted. 

The total plant and nodule dry weights were recorded after oven drying at 70 
0
C for 48 hrs. 

Field Experiment 

The field experiment was conducted at the experimental farm of Shinille Agricultural Demonstration 

site in 2012 under well structured drip irrigation. The land was prepared by deep ploughing, 

harrowing and levelling. Then the area was ridged and divided into 3 m x 3 m plot. The experiment 

was laid out as split plot in a randomized complete block design (RCBD) with three replications. The 

main plot treatments consisted of four levels of inoculants: UK Strain, TAL-379, Local Strain and un-

inoculated plot factorially combined with three levels of iron fertilizer (Fe-EDTA) (0, 1, and 2% of 

Fe). The rate of Fe application was adapted from Moosavi and Ronaghi (2011) and supplied through 

foliage after three week of sowing. The subplot treatments included two soybean genotypes (Giza and 

TGx-1336424). Each soybean cultivar was planted in spacing of 75 cm between rows, 10 cm between 

plants, 2 m between main plots and 1.5 m between subplots. 

Before planting, 20 g of the different Bradyrhizobium inoculants were added to different polyethylene 

bags containing 200 g of soybean seeds each. Sugar solution (48%) was added to each bag to enhance 

proper mixing and adhesion of the Bradyrhizobium carrier material to the soybean seeds. Two seeds 

were sown per hill. Plots were immediately irrigated after sowing to ensure uniform germination. 

Subsequently, plots were irrigated by a drip irrigation system at a 7-day interval. Weeds were 

controlled by hand hoeing over the growth period. A set of five plants from each plot were randomly 
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selected at late flowering and early pod setting stage for estimation of the nodulation potential 

(number of nodules per plant and dry weight of nodules) and shoot characteristics (shoot height and 

shoot dry weight). Dried shoot parts were ground and analyzed for total N using the Kjeldahl 

digestion method.  

At physiological maturity stage, plants were harvested from a central 3 m x 2.25 m net plot (three 

rows) leaving two guard rows. The plant tops (stalks plus pods) were weighed to determine total dry 

matter yield before threshing and winnowing to separate the grain and determine the yield. Leaves 

were not included in the total dry matter yield determinations, as they had already fallen to the 

ground. Moisture was corrected to 11% when determining grain yield. 

Statistical Data Analysis 

Each sample was analyzed in triplicate and the Figures were then averaged. Analysis of variance 

(ANOVA) was conducted using the SAS computer software package. The least significant difference 

(LSD) was used to separate treatment means at p<0.05 probability level. Microsoft Excel software 

was used for bar graph depiction and regression analyses. 

RESULTS  

Greenhouse experiment  

It was observed that the application of Fe had a significant (p 0.05) effect on nodule number (NN), 

nodule dry weight (NDW) and shoot dry weight (SDW) in the two soybean genotypes  (Table 5 and  

6). The result also indicated that the average NN and NDW were also significantly affected by 

treatments (T), genotype (G) and T x G interaction. Fe application significantly improved the NN of 

GIZA and Gishame genotypes as compared to unfertilized treatments of respective inoculation. These 

genotypes revealed significant response in NN for Fe application with Bradyrhizobium UK-isolate 

and local-isolate inoculations. Fe application integrated with UK-isolate inoculation resulted in 

significant increase in NN in Wogayen genotype over UK-isolate inoculated alone. The result also 

revealed that Fe application did not significantly improve the average NN. 

The maximum NN (67.33) was obtained from TGx-1336424 genotype inoculated with local-isolate 

alone. The same genotype also gave the lowest NN (6.67) when inoculated with TAL -379 isolate 

alone. Beside this, a remarkable improvement in NN was obtained in all tested medium maturing 

soybean genotypes (Figure 1). Of the tested late maturing genotypes, only Wogayen genotype 

revealed a significant improvement in NN by Fe application integrated with Bradyrhizobium 

inoculation compared to the separate respective inoculation treatments. 

There was also a significant improvement in NDW, including the average NDW, in medium maturing 

soybean genotypes and Wogayen genotype from the tested late maturing genotypes due to Fe 

application integrated with UK-isolate inoculation (Table 6). The highest (0.6367 g) NDW was 

obtained from GIZA genotype due to UK-isolate inoculation integrated with Fe application. Dual 

application of TAL-379 isolate and Fe in TGx-1336424 and Gishame soybean genotypes produced 

the lowest (0.0563 g) NDW. The data also indicated that NDW decreased with Fe application 

integrated with TAL-379 inoculation in all genotypes except Wogayen genotype.  

There was a significant variation in shoot dry weight (SDW) among the treatments of all investigated 

soybean genotypes, except GIZA genotype (Table 7). Bradyrhizobium isolates inoculation integrated 

with Fe application did not significantly improve the SDW as compared to respective sole inoculation. 

Generally, the result revealed that UK-isolate and local-isolate inoculation resulted in significantly 
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higher SDW in soybean genotypes, except GIZA genotype, than the respective control. The highest 

(9.933 g) SDW was obtained from Wogayen genotype inoculated with UK-isolate, followed by 9.800 

g in the same genotype fertilized with N. 

Field experiment  

Nodulation 

The effects of iron (Fe) and inoculation (I) were significantly (p0.05) different on nodule number 

(NN) of both investigated genotypes (Table 2). However, the data indicated non-significant 

interaction effect of I x Fe on NN of both TGx-1336424 and GIZA genotypes. Both genotypes, 

including the average, produced significantly higher NN at iron application at 2% Fe level. The 

highest NN (38.67 and 36.83) were scored by TGx-1336424 and GIZA genotypes, respectively. GIZA 

and TGx-1336424 genotypes produced the lowest NN of 25.33 and 29.25, respectively, in the 

respective control. Both genotypes inoculated with the Bradyrhizobium local-isolate also produced 

significantly higher NN than the other inoculation treatments. However, TAL-379 inoculation 

performed poorly with regards to improvement of number of nodules per plant, including the average 

NN, in both genotypes. 

It was also noted that NN of both genotypes had a significant quadratic association trend with 

increasing rates of Fe (graph not indicated). The coefficient of determination was higher for TGx-

1336424 genotype (Y=1.222x
2
 + 5.222x + 33.77, R

2
=0.278) than GIZA genotype (Y=1.166x

2
 + 

3.944x + 39, R
2
=0.188).  However, the NN produced in each inoculation treatment in the respective 

genotype had a significant linear association with increasing rates of Fe (Figure 1 and 2). The 

coefficients of determination of GIZA genotype inoculated with TAL-379 (R
2
=0.611) and UK-Isolate 

(R
2
=0.715) were higher than the coefficients of determination for TGx-1336424 inoculated with the 

respective isolate. The UK-isolate inoculated to TGx-1336424 genotype indicated higher coefficient 

of determination (R
2
=0.675) than the coefficient (0.491) of UK-isolate inoculated to GIZA genotype. 

The highest coefficient of determination in GIZA genotype was R
2
=0.715, which was obtained by 

inoculation with the local-isolate, while NN of TGx-1336424 genotype showed the highest coefficient 

of determination (R
2
=0.675) when inoculated with UK-isolate. 

The result of this current experiment revealed that Fe application and inoculation with 

Bradyrhizobium isolates alone had significant effect on nodule dry weight (NDW) per plant at 0.05 

(Table 2). Highest rate of Fe (2% Fe) resulted in significantly higher NDW than the control. The data, 

however, indicated non-significant difference in NDW between rates of 1 and 2% Fe application in 

both investigated soybean genotypes. The NDW of TGx-1336424 and GIZA genotypes varied from 

0.2861 to 0.3250 g and from 0.2596 to 0.3173 g, respectively. The 2% Fe application improved the 

NDW by 13.6 and 22.2% over the control in TGx-1336424 and GIZA genotypes, respectively. Beside 

this, TGx-1336424 inoculated with local-isolate and GIZA genotype inoculated with UK-isolate 

produced significantly higher NDW than any of other treatments. Similar to the NN, local-isolate 

inoculated TGx-1336424 genotype and UK-isolate inculated GIZA genotype resulted in the highest 

NDW (0.4666 and 0.4300 g), respectively. NDW of GIZA genotype had a significant quadratic 

association with increasing rates of Fe. However, there was no significant association between NDW 

and increasing rate of Fe in the TGx-1336424 genotype (graph not indicated). Beside this, NDW 

produced by both soybean genotypes due to inoculation with each Bradyrhizobium sp. also showed a 

significant (p0.05) quadratic association with increasing rates of Fe application, except GIZA 

genotype inoculated with TAL-379, whose association was found to be linear (Figure 3 and 4). The 

highest coefficient of determination was observed in GIZA genotype inoculated with respective 

Bradyrhizobium sp.  as compared to the same isolates inoculated to TGx-1336424 genotype. The 
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maximum (R
2
=0.623) coefficient of determination was obtained from GIZA genotype inoculated with 

UK-isolate, followed by the coefficient of determination (R
2
=0.440) in TGx-1336424 genotype 

inoculated with UK-isolate. 

Shoot biomass and length at late flowering and early pod setting stage 

The present finding indicated that  Bradyrhizobium inoculation (I), increasing rate of Fe application 

(Fe) and I x Fe interaction had significant (p0.05) effect on shoot biomass (SB) (Table 2). Fe at 2% 

rate significantly improved the SB in TGx-1336424 genotype as compared to the control. Generally, 

Fe application in GIZA genotype did not affect significantly the SB; instead significant reduction of 

SB occurred at 2% Fe application as compared to the control.  The SB varied from 48.40 to 56.56 g in 

GIZA genotype and from 56.74 to 66.81 g in TGx-1336424 genotype.  Fe rate at 2% resulted in 

17.7% increase in SB in TGx-1336424 genotype over the control. The reduction in SB of GIZA 

genotype was estimated at 15.1% as compared to the control. The average SB was significantly 

affected by Fe application. Similarly, inoculations with Bradyrhizobium strains showed significant 

difference in SB, including the average SB, in both genotypes. Inoculation with TAL-379 isolate and 

UK-isolate resulted in significantly higher SB than the SB in over the other treatment in the TGx-

1336424 genotype and the average SB. Significantly higher SB of GIZA genotype was obtained from 

inoculation with TAL-379 isolate. 

Fe and I x Fe interaction did not affect significantly (p0.05) the shoot height (SH)(Table 3). The 

data, however, indicated an increase in SH, including the average SH, in both soybean genotypes, 

with increasing rates of Fe. The lowest SH (65.25 cm) of TGx-1336424 genotype was obtained from 

the control, while GIZA genotype scored the lowest SH (61.0 cm) in 1% Fe fertilized plants. The 

inoculation with TAL-379 isolate and UK-isolate onto TGx-1336424 genotype also resulted in 

significantly higher SH than in the control. The research finding also showed significantly higher SH 

of GIZA genotype inoculated with TAL-379 isolate. Generally, inoculation with Bradyrhizobium 

isolates significantly improved the SH of TGx-1336424 and GIZA genotypes by 19.2 and 11.5%, 

respectively, over the control. 

Number of pods per plant and number of seeds per pod 

It is noted that Fe, inoculation (I) with Bradyrhizobium isolates and I x Fe interaction had significant 

(p0.05) effect on number of pods per plant (NPP) of GIZA genotype (Table 3). Only inoculation 

with Bradyrhizobium isolates displayed significant variation in the NPP in TGx-1336424 genotype. 

Iron application at 2% concentration resulted in significantly higher NPP than that of the control in 

GIZA genotype. Though Fe application did not affect significantly the NPP of TGx-1336424 

genotype, the data indicated the highest NPP at 2% Fe application, whilst the lowest NPP obtained 

from TGx-1336424 and GIZA genotypes were 131 and 137, respectively, at 1% Fe application. 

Significant variation in the NPP was also observed among different inoculation treatments. 

Inoculations with all Bradyrhizobium isolates resulted in significantly higher NPP in TGx-1336424 

genotype and average NPP than the control. GIZA genotype, however, resulted in significantly higher 

NPP with TAL-379 inoculation only. 

The research data indicate that Fe and I x Fe interaction had no significant (p>0.05) effect on number 

of seeds per pod (NSP) (Table 3). However, slight improvement of NSP was observed in TGx-

1336424 and GIZA genotypes at 1% Fe application. Significant variation was observed in NSP 

among some inoculated treatments and between the treatments and the control. Inoculation with TAL-

379 isolate significantly increased NSP in both genotypes over the control. The data also indicated 
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non-significant difference in the NSP among the inoculation treatments. The NSP varied from 2.1800 

to 2.6256 for TGx-1336424 genotype and from 2.3667 to 2.7000 for GIZA genotype. Generally, 

inoculation with Bradyrhizobium isolates improved the NSP of TGx-1336424 and GIZA genotypes 

by 20.4 and 14.1%, respectively, over the control. 

Total biomass yield  

The current research result showed that I x Fe application interaction had a significant (p0.05) effect 

on total biomass yield (TBY) of both soybean genotypes (Table 4). However, the TBY was not 

significantly affected by the increase in rates of Fe in TGx-1336424 genotype. The TBY of this 

genotype also decreased with increase in the Fe rate from 1 to 2%. However, there was a 4% slight 

improvement in TBY by increasing Fe rate from unfertilized to 1% Fe. The highest (7816.4 kg ha
-1

) 

TBY of TGx-1336424 genotype was obtained at 1% Fe application.  Significant increases of TBY 

were also demonstrated in GIZA genotype with increase in rates of Fe application. The highest TBY 

(7106.5 kg ha
-1

) of GIZA genotype was obtained from 2% Fe application, which was higher by 18.4% 

than the control. Non-significant variation in TBY in GIZA genotype was exhibited by increasing the 

Fe rate from 1 to 2%.   

Inoculation with Bradyrhizobium local-isolate and UK-isolate on TGx-1336424 genotype resulted in a 

significant increase in TBY over the control. GIZA genotype inoculated with TAL-379 isolate 

produced significantly higher TBY than that of the other inoculation treatments. Also, there was no 

significant variation in the average TBY among the inoculation treatments. The highest (9207.8 

Kg/ha) TBY of TGx-1336424 genotype was obtained from inoculation with UK-isolate with an 

average TBY of 7595.2 kg ha
-1

. Similarly, the highest (8374 kg ha
-1

) TBY was obtained from GIZA 

genotype inoculated with TAL-379 isolate and gave an average TBY of 6687.2 kg ha
-1

. 

It also noted that there was no significant association between increase in rates of Fe application and 

TBY in both soybean genotypes (graph not indicated). However, significant (p0.05) association was 

detected when the data were analyzed based on separate inoculation treatments for each soybean 

genotype (Figure 5 and 6). The highest (R
2
=0.635, Y=1018x

2
 + 1821x + 6728) coefficient of 

determination in TGx-1336424 genotype was obtained from inoculation with Bradyrhizobium local-

isolate, followed by the coefficient (R
2
=0.422, Y=-895x

2
 + 2253x + 8271) with UK-isolate 

inoculation.   The highest (R
2
=0.866, Y=-1481x

2 
+ 3209x + 5308) coefficient of determination in 

GIZA genotype was obtained from inoculation with local-isolate followed by control treatment 

(R
2
=0.802, Y=802.4x

2
 – 740.7x + 4814).  

Soybean grain yield  

The research result revealed that Fe application and inoculation (I) with Bradyrhizobium isolates had 

a significant effect on grain yield (GY) of GIZA genotype (Table 3). Similarly, the I x Fe interaction 

had significant effect on the average GY. There was no significant variation in TGx-1336424 

genotype GY with increase in the rates of Fe. The GY of this genotype varied from 2226.11 to 

2290.76 kg ha
-1

. Fe application at 2% resulted in significantly higher GY in GIZA genotype than the 

control. The GY of GIZA genotype varied from 1961 to 2196.60 kg ha
-1

, which produced 12% higher 

GY at 2% Fe application than that of the control. The average GY exhibited significant variation and 

the highest GY was obtained at 2% Fe application.  

Inoculations of elite isolate of symbiotic N2-fixer displayed significant effect on GY of GIZA 

genotype but not on TGx-1336424 genotype. The research data showed that inoculation with 

Bradyrhizobium isolates resulted in significant variation in GY in both soybean genotypes. 
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Inoculation with UK-isolate and local-isolate produced significantly higher GY in both genotypes 

than that of the control. The GY of TGx-1336424 varied from 1722 to 2519.18 kg ha
-1

 with average 

GY of 2254.77 kg ha
-1

, while the maximum GY of GIZA genotype was 2277.33 kg ha
-1

, which was 

72.7% over the control. UK-isolate inoculation produced significantly higher average GY than the 

other inoculation treatments. The lowest GY in both genotypes, including the average GY, was 

obtained from soybean genotypes inoculated with TAL-379 isolate.  

The regression analysis indicated non-significant (p>0.05) association between GY and increasing of 

rates of Fe application in both genotypes (graph not indicated). However, the research result indicated 

significant associations when these parameters were analyzed separately in each inoculation treatment 

except TGx-1336424 genotype inoculated with TAL-379 isolate (Figure 7 and 8). The highest 

coefficient of determination (R
2
=0.728) in TGx-1336424 genotype was obtained from inoculation 

with UK-isolate, followed by the control (R
2
=0.315). In GIZA genotype, the highest (R

2
=0.676) 

coefficient of determination was obtained in the control treatment, followed by inoculation with local-

isolate (R
2
=0.540).  

Total plant tissue nitrogen  

The research finding revealed that Fe application, I and Fe x I interaction had a significant effect on 

total plant tissue nitrogen (PTN) in GIZA genotype, but not in TGx-1336424 genotype (Table 4). Iron 

application at a rate of 2%Fe resulted in significantly higher PTN in GIZA genotype than the control. 

The PTN varied from 3.9175 to 4.0792% for TGx-1336424 genotype and from 3.8383 to 4.2050% for 

GIZA genotype. In TGx-1336424, the PTN decreased with increase in the rates of Fe application. 

Even though there was no significant variation in the average PTN along the Fe rate, the data 

generally indicated an increase in PTN with increase in rates of Fe application.  

The research data generally indicated that all inoculation treatments resulted in higher PTN than the 

control. GIZA genotype inoculated with UK-isolate produced significantly higher PTN than the other 

inoculation treatments. In case of average PTN, all inoculation treatments resulted in significantly 

higher PTN than the control. The maximum (4.2444%) PTN was obtained from GIZA genotype 

inoculated with UK-isolate. This value in GIZA genotype was 19% over the control treatment. 

DISCUSSION 

Fe chlorosis is commonly observed in groundnut and soybean crops in Shinille areas, Somali region, 

Ethiopia. The present study was, therefore, launched to explore whether the soybean genotypes 

having different maturity groups need different rates of Fe applied through foliage with the intention 

of obtaining highest yields. Papaslyhanou (1993) found better result when Fe chelate was applied at 

branching and before flowering stage and the phytotoxicity was found to be moderate. The present 

work indicated significantly low NN and NDW in Fe unfertilized plants regardless of the genotypes. 

Similarly, O'Hara et al. (1988b) had reported that iron deficiency led to decreased nodule number and 

mass in peanuts. The current investigation is also in conformity with the finding of Hartzook (1984) 

who reported that iron chelate treated standard genotype performed equally with that the  genotype 

that had inherently efficient iron absorption. Nevertheless, the present result indicated a significant 

improvement in NN and NDW due to Fe application in the medium maturing genotypes only, where 

Fe was applied directly through the soils. The amount of Fe applied directly to soil was sensitive for 

immobilization and could reduce the availability of Fe for significant improvement of NN and NDW 

in late maturing soybean genotypes. Differential responses of genotypes to iron application could also 
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be related to genetic make-up of the host, which regulates the absorption, translocation, metabolism, 

and N2- fixation (Rai et al., 1984).  

The regression analysis indicated that NN of in both TGx-1336424 and GIZA genotypes increased 

linearly with increase in the rates of Fe application. The highest R
2
-values of 0.678 and 0.715 were 

obtained from TGx-1336424 genotype inoculated with UK-isolate and GIZA genotype inoculated 

with TAL-379 isolate, respectively, indicating that there was better soybean genotype performance 

due to Fe application integrated with inoculation with different Bradyrhizobium strains. Tang et al. 

(1991) have also showed positive interaction between iron concentrations and Bradyrhizobium strains 

on nodulation of peanuts. It is obvious that Bradyrhizobium sp. display differently in performance and 

in nodule formation, N2-fixation and form symbiotic association with different genotypes (Okereke 

and Unaegbu, 1992). O‘Hara et al. (1988a) found that strains of Bradyrhizobium sp. differ profoundly 

in their ability to obtain Fe from their environment for development of their symbiotic systems in 

peanut. This ability affected the productivity of soybean genotypes differently due to inoculation with 

different isolates of Bradyrhizobum sp. along with rates of Fe application. 

The present study indicated that inoculation with UK-isolate in TGx-1336424 genotype resulted in the 

highest coefficient of determination in NDW, TBY and GY with increase in the rates of Fe 

application. This suggests that the effectiveness of the Bradyrhizobium isolates is the determinant 

factor or responsible for remarkable effect of Fe-application on the productivity of any late maturing 

soybean genotype (TGx-1336424). This also implies that late maturing genotypes could need more N 

from symbiotic fixation in which the BNF requires Fe for various components of nodule function, i.e. 

nitrogenase biosynthesis, leghaemoglobin production and bacteroid multiplication. However, the 

highest coefficient of determination between GY and increasing rates of Fe application in GIZA 

genotype was obtained in the control treatment though  higher R
2
-value was obtained between NN 

and NDW with increasing rates of Fe application inoculated with TAL-379 isolate and UK-isolate. 

This could probably be due to the presence of high soil native N which might have determined the 

final yield of the medium maturing genotypes, thereby hiding the effect of N derived from symbiotic 

association with Bradyrhizobium sp. In contrast, Tang et al. (1991) found that higher iron 

concentrations in solution were required for maximum growth of plants reliant on symbiotic nitrogen 

fixation than that of plants receiving inorganic nitrogen fertilizer. 

The findings of the current studies also indicated significant improvement in SB of TGx-1336424 

genotype but reduction in SB in GIZA genotype with increase in rates of Fe application. It is known 

that iron application usually increases soybean top dry matter yield (Hodgson et al., 1992; Ghasemi-

Fasaei et al., 2002) but higher levels may decrease soybean growth (Roomizadeh and Karimian, 

1996). Rai et al. (1984) also found that genotypes differed greatly in iron absorption and translocation 

capacity. High Fe concentration in the plant tissue may reduce the uptake and concentration of Mn in 

soybean genotypes (Moraghan, 1985), thus lead to poor plant growth (Brand et al., 2000). However, 

the Fe applied directly to soil enhanced the SB of medium genotypes, including GIZA genotype, but 

was not observed in late maturing soybean genotypes. It is obvious that direct soil application of Fe in 

the form of FeSO4 may not be as effective as application in the form of Fe-chelate as had been 

previously indicated by Hemantaranjan (1988). Moreover, there might be presence of greater variation 

in Fe absorption and transport capacity due to difference in genetic make-up among different soybean 

genotypes (Rai et al., 1984).  

The data generated here also indicated that increasing rates of Fe application did not significantly 

improve the PH, NPP, NSP, TBY, GY and TPN of TGx-1336424 genotypes although Fe application 

exhibited a significant nodulation enhancement. Under greenhouse condition, NN, NDW and SDW of 
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late maturing soybean genotypes, including TGx-136424, did not improve with increase in rates of Fe 

application. A similar finding was reported by Papastylianou (1993) who found that moderately 

chlorotic peanuts that were fertilized with Fe did not significantly increase in their yield but had 

bigger nodules than the peanuts that were not fertilized with Fe application. The applied Fe may be 

also insufficient to get sufficient amount of N from symbiotic N2-Fixation for significant 

improvement in the final yield of late maturing peanut genotypes (Robson 1983; Tang et al., 1991). 

Tang et al. (2006) who found a similar result in lupin plant reported that the Fe requirement had been 

very high in lupin, probably due to the fact that it is one of the highest N2-fixation food legumes, thus 

requires higher Fe nutrient. Remarkably higher protons production due to need for higher N from 

symbiotic N2 fixation may lead to lower rhizosphere pH and, consequently, reduced the availability of 

some mineral nutrients as well as  the effective functioning of rhizobia might be another reason of low 

response in late maturing genotypes for Fe application (Dakora and Philips, 2002). 

The current research data indicated significant improvement in NPP, TBY, GY, and PTN obtained 

from GIZA genotype with increase in rates of Fe application. This result might be due to the fact that 

nodulation improvement in GIZA genotype enhances N2-fixation, which could be sufficient for higher 

final yield. Iron is also a critical micro-nutrient for N2-fixation due to its essential integral component 

of nitrogenase, leghemoglobin, and ferrodoxins (Evans and Rossel, 1971). Iron is also important in 

photosynthesis and carbohydrate synthesis (Miller et al.,1984; Terry and Abadia, 1986; Bienfait, 

1989); it might affect N2-fixation wherever carbohydrates are involved (Atkins, 1984). 

The present study revealed a poor soybean growth in Fe-unfertilized plants irrespective of genotypes. 

Poor nodulation could be the cause of poor growth as has been indicated in Lupin (Tang and Robson, 

1995). Tang et al. (1992) also found that iron deficiency generally decreases nodule formation, 

leghaemoglobin production and nitrogenase activity, leading to low nitrogen concentrations in the 

shoots in some legumes. In such situations, excess malic and citric acids may accumulate in the cells 

and normal metabolism and N2-fixation may be disturbed.  

CONCLUSIONS 

The unique aspect of this study was the insight into the possibility that there might be an interaction 

between different rates Fe application and soybean genotypes having different maturity groups 

(medium and late maturity groups) that would affect the symbiotic N2-fixation via inoculation with 

Bradyrhizobium isolates when the soil had high soil native N. The results of this experiment indicated 

that foliar applications of Fe significantly improved the nodulation irrespective of soybean genotypes 

having different maturity groups. At the later growth stages of soybean, Fe application exhibited 

different performance between the two tested maturity groups, indicating significant differences only 

with medium maturing genotypes. The data also indicated difference in performance of 

Bradyrhizbium isolates on different soybean genotypes having different maturity times integrated with 

different rates of Fe application. Generally the generated research results of the greenhouse and field 

experiments clearly indicated the need for different amounts or rates of Fe application based on the 

soybean genotype maturity groups and effectiveness of inoculated Bradyrhizobium isolates. Further 

research efforts would be required to maximize yield and reduce the yield gap through investing to 

alleviate other limited plant and soil resources.  
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Table 2. Nodulation and shoot dry matter at late flowering and early pod setting stage of two soybean genotypes (TGx-1336424 and GIZA) across different 

rates of iron and inoculation of exotic and native Bradyrhizobium isolates 

Treatment 

Nodule Number 

 

Nodule dry weight (g) 

 

Shoot biomass (g) 

TGx-

1336424 
GIZA Average 

TGx-

1336424 
GIZA Average 

TGx-

1336424 
GIZA Average 

Fe-rate    

  F1 29.25b 25.33b 27.29c  0.2861b 0.2596b 0.2728b  56.74b 56.56a 56.65a 

  F2 33.08ab 30.17b 31.63b  0.2951ab 0.2845ab 0.2898b  61.27ab 54.97a 58.12a 

  F3 38.67a 36.83a 37.75a  0.3250a 0.3173a 0.3212a  66.81a 48.40b 57.60a 

LSD (0.05) 5.74 5.43 3.82  0.0381 0.0447 0.0285  5.90 6.07 4.10 

Inoculation    

  TAL-379 35.11b 28.67b 31.89c  0.3473b 0.3098b 0.3286b  69.20a 61.42a 65.31a 

  UK-Isolate 42.22b 46.56a 44.39b  0.3943b 0.4300a 0.4122a  74.41a 50.99b 62.70a 

  Local-Isolate 57.33a 47.89a 52.61a  0.4666a 0.4088a 0.4377a  59.79b 48.17b 53.98b 

  Control 0.00c 0.00c 0.00d  0.0000c 0.0000c 0.0000c  43.02c 52.66b 47.84c 

Mean 33.67 30.78 33.22  0.3021 0.2871 0.2946  61.61 53.31 57.46 

LSD (0.05) 7.32 6.93 4.86  0.0486 0.0570 0.0362  7.52 7.75 5.21 

CV(%) 16.70 17.3 17.0  12.38 15.3 13.83  9.39 11.2 10.22 

F-value    

  Iron (Fe) 8.50** 14.11*** 22.08***  3.56* 5.24* 8.69***  9.12** 6.32** 0.39ns 

  Inoculation (I) 167.57*** 157.98*** 320.28***  276.37*** 184.37*** 441.58***  51.16*** 8.29** 33.73*** 

  I x Fe 0.98ns 1.62ns 2.52*  0.49ns 0.84ns 1.20ns  5.88*** 3.08* 3.99** 

NS- non significant; * significant at 0.05; **highly significant at 0.01; ***very highly significant at 0.001; F1- no Fe fertilized; F2- 1% Fe application   ; F3- 2% Fe application 

Notes: Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 
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Table 3. Plant height at late flowering and early pod setting stage, number of pods per plant and number of seeds per pod of two soybean genotypes (TGx-

1336424 and GIZA) across different rates of iron and inoculation with exotic and native Bradyrhizobium isolates 

Treatment 

Plant height at flowering (cm) 

 

Number of pods per plant 

 

Number of seeds per pod 

TGx-1336424 GIZA Average 
TGx-

1336424 
GIZA Average TGx-1336424 GIZA Average 

Fe-rate    

  F1 66.50a 61.00a 63.75a  138.8a 138.9b 138.9ab  2.4108a 2.5792a 2.4950a 

  F2 65.25a 61.67a 63.46a  131.0a 137.4b 137.4b  2.5225a 2.6292a 2.5758a 

  F3 68.25a 67.25a 67.75a  139.1a 147.7a 147.7a  2.4142a 2.6075a 2.5108a 

LSD (0.05) 6.24 8.411 5.07  15.2 9.5 9.5  0.2106 0.2428 0.1556 

Inoculation    

  TAL-379 70.67a 71.33a 71.00a  134.7a 176.1a 155.4a  2.6256a 2.7000a 2.6628a 

  UK-Isolate 73.00a 61.00ab 67.00ab  145.9a 153.3b 149.6a  2.6244a 2.6622ab 2.6433a 

  Local-Isolate 61.78b 56.89b 62.61bc  149.8a 153.0b 151.4a  2.3667ab 2.6922a 2.5294a 

  Control 61.22b 64.00ab 59.33c  115.0b 102.9c 108.9b  2.1800b 2.3667b 2.2733b 

Mean 66.67 63.51 64.99  136.3 146.3 141.3  2.4492 2.6054 2.5272 

LSD (0.05) 7.96 10.73 6.44  19.4 15.9 12.1  0.2686 0.3096 0.1977 

CV(%) 9.18 13.03 11.17  10.92 8.34 9.634  8.43 9.1394 8.819 

F-value    

  Iron (Fe) 0.73ns 2.08ns 2.62ns  1.14ns 6.84** 4.02*  1.14ns 0.13ns 0.89ns 

  Inoculation 

(I) 

8.79*** 4.91** 8.85***  9.88*** 57.78*** 45.89***  9.92*** 4.06* 11.63*** 

  I x Fe 2.15ns 0.87ns 1.25ns  0.85ns 4.29** 1.67ns  2.01ns 1.44ns 1.68ns 

NS- non significant; * significant at 0.05; **highly significant at 0.01; ***very highly significant at 0.001; F1- no Fe fertilized; F2- 1% Fe application   ; F3- 2% Fe application 

Notes: Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 
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Table 4. Total biomass and grain yield and total plant tissue nitrogen of two soybean genotypes (TGx-1336424 and GIZA) across different rates of iron and 

inoculation with exotic and native Bradyrhizobium isolates 

Treatment Total biomass yield (Kg/ha) 

 

Grain yield (Kg/ha) 

 

Total plant tissue nitrogen (%) 

TGx-

1336424 
GIZA Average 

TGx-

1336424 
GIZA Average 

TGx-

1336424 
GIZA Average 

Fe-rate    

  F1 7500.0a 6003.1b 6751.5b  2226.11a 1961.31b 2071.21b  4.0792a 3.8383b 3.9588a 

  F2 7816.4a 6952.2a 7384.3a  2290.76a 1973.09b 2131.92ab  4.0442a 3.8525b 3.9483a 

  F3 7469.1a 7106.5a 7287.8a  2247.45a 2196.60a 2222.03a  3.9175a 4.2050a 4.0613a 

LSD (0.05) 735.4 744.63 506.78  124.01 153.07 95.39  0.1772 0.1568 0.1146 

Inoculation    

  TAL-379 6604.9b 8374.5a 7489.7a  2259.14b 1503.89c 1881.51c  4.0267a 4.0311b 4.0289a 

  UK-Isolate 9207.8a 6913.6b 8060.7a  2518.40a 2205.90a 2766.40a  4.0711a 4.2444a 4.1578a 

  Local-Isolate 9032.9a 6049.4bc 7541.2a  2519.18a 2277.33a 2398.25b  4.0544a 4.0200b 4.0372a 

  Control 5535.0c 5411.5c 5473.3b  1722.39c 1319.05b 1520.72d  3.9022a 3.5656c 3.7339b 

Mean 7595.2 6687.2 7141.2  2254.77 1826.53 2141.72  4.0136 3.9653 3.9894 

LSD (0.05) 938.1 949.8 644.0  158.17 174.32 121.21  0.2261 0.2 0.1456 

CV(%) 9.50 10.92 10.61  5.39 7.40 6.38  4.33 3.88 4.11 

F-value    

  Iron (Fe) 0.85ns 8.03** 5.29**  0.88ns 11.69*** 7.40**  2.87ns 21.89*** 3.478 

  Inoculation (I) 57.03*** 27.74*** 44.51***  85.75*** 142.26*** 292.27***  1.74ns 31.08*** 21.71*** 

  I x Fe 2.68* 2.00ns 2.08ns  2.42ns 1.15ns 2.52*  2.32ns 8.15*** 5.41*** 

NS- non significant; * significant at 0.05; **highly significant at 0.01; ***very highly significant at 0.001; F1- no Fe fertilized; F2- 1% Fe application   ; F3- 2% Fe application 

Notes: Means in the same column followed by the same letter are not significantly different at the 5% probability level by Tukey‘s test 



 
 

Table 5. Nodule number of soybean genotypes inoculated with exotic and native Bradyrhizobium isolates 

integrated with iron application 

Treatment 
Nodule number 

GIZA Afgat Wogayen TGx-1336424 Gishame Belsa Average 

Negative control 0.00e 0.00b 0.00e 0.00c 0.00c 0.00c 0.00c 

Positive control 0.00e 0.00b 0.00e 0.00c 0.00c 0.00c 0.00c 

UK-Isolate 36.33cd 35.00a 48.67b 63.33ab 41.00b 53.33a 46.28a 

UK-Isolate + Fe 54.67ab 45.00a 59.67a 44.67ab 43.67b 38.33ab 47.67a 

TAL-379 20.00d 10.00b 9.67de 6.67c 9.33c 9.00c 10.78b 

TAL-379 + Fe 26.00cd 10.67b 11.67d 7.33c 10.67c 7.33c 12.28b 

Local Isolate 38.67bc 40.67a 36.67c 67.33a 39.00b 29.33b 41.94a 

Local Isolate + Fe 56.67a 33.33a 32.67c 39.67b 64.67a 39.00ab 44.33a 

LSD (0.05) 17.72 12.04 10.86 24.56 15.72 16.40 6.14 

CV (%) 21.58 19.50 15.44 30.35 21.35 26.32 23.41 

F- value:  

    Treatment(T) 36.47
***

 57.11
***

 105.17
***

 32.11
***

 56.36
***

 37.47
***

 235.53
***

 

    Genotype(G)       6.56
***

 

    T x G       6.31
***

 

NS- non significant; * significant at 0.05; **highly significant at 0.01; ***very highly significant at 0.001; Fe- 

FeSO4; Negative control- neither inoculated nor fertilized; Positive control- Urea treated 

 Notes: Means in the same column followed by the same letter are not significantly different at the 5% probability 

level by Tukey‘s test 

 

Table 6: Nodule dry weight of soybean genotypes inoculated with exotic and native Bradyrhizobium 

isolates and integrated with iron application 

Treatment Nodule dry weight 

GIZA Afgat Wogayen TGx-1336424 Gishame Belsa Average 

Negative control 0.0000c 0.0000d 0.0000d 0.0000b 0.0000d 0.0000c 0.0000d 

Positive control 0.0000c 0.0000d 0.0000d 0.0000b 0.0000d 0.0000c 0.0000d 

UK-Isolate 0.2600b 0.2743b 0.3470b 0.4523a 0.4523b 0.3613a 0.3274b 

UK-Isolate + Fe 0.6367a 0.3897a 0.4277a 0.3840a 0.3840a 0.3637a 0.4357a 

TAL-379 0.4390ab 0.1187c 0.0833c 0.0567b 0.0567c 0.0927c 0.1551c 

TAL-379 + Fe 0.3450b 0.0970c 0.1393c 0.0563b 0.0563c 0.0797c 0.1406c 

Local Isolate 0.2923b 0.3123ab 0.2833b 0.4467a 0.4467a 0.2260b 0.3207b 

Local Isolate + Fe 0.4167ab 0.2433b 0.3130b 0.3883a 0.3883ab 0.2923ab 0.3321b 

LSD (0.05) 0.2248 0.0872 0.0796 0.0923 0.0880 0.1019 0.0450 

CV (%) 26.62 17.19 14.13 14.64 15.10 20.37 20.38 

F- value: Treatment (T) 22.36
***

 67.54
***

 102.97
***

 124.83
***

 81.59
***

 54.00
***

 254.06
***

 

Genotype (G)         25.51
***

 

T x G           9.14
***

 

NS- non significant; * significant at 0.05; **highly significant at 0.01; ***very highly significant at 0.001; Fe- 

FeSO4; Negative control- neither inoculated nor fertilized; Positive control- Urea treated 

 Notes: Means in the same column followed by the same letter are not significantly different at the 5% probability 

level by Tukey‘s test 
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Table 7. Shoot dry weight of soybean genotypes inoculated with exotic and native Bradyrhizobium 

isolates integrated with iron application 

Treatment Shoot dry weight 

GIZA Afgat Wogayen TGx-1336424 Gishame Belsa Average 

Negative control 6.367a 4.633b 7.100cd 6.467abc 5.900c 5.367b 5.972d 

Positive control 8.600a 8.201a 9.800a 7.900abc 6.467abc 8.367a 8.222ab 

UK-Isolate 7.833a 8.233a 9.933a 8.500abc 9.133a 7.667a 8.550a 

UK-Isolate + Fe 9.300a 9.033a 8.767abc 7.033bc 8.767ab 8.033a 8.489a 

TAL-379 8.767a 7.533a 6.500d 6.033c 6.833abc 7.167ab 7.139c 

TAL-379 + Fe 9.300a 6.867ab 8.000bcd 5.533a 6.733abc 7.500a 7.322c 

Local Isolate 8.367a 7.533a 9.600ab 9.300ab 6.300bc 8.100a 8.233ab 

Local Isolate + Fe 9.533a 7.967a 8.733abc 8.800 8.133abc 8.400a 8.594a 

LSD (0.05) 3.9102 2.469 1.728 3.200 2.735 1.963 1.011 

CV (%) 16.26 11.61 7.15 15.20 13.29 9.17 12.52 

F- value: 

    Treatment(T) 1.67
ns

 6.89
**

 12.92
***

 4.47
**

 4.76
**

 6.09
**

 16.20
***

 

    Genotype(G)       7.95
**

 

    T x G       2.27
**

 

NS- non significant; * significant at 0.05; **highly significant at 0.01; ***very highly significant at 0.001; Fe- 

FeSO4; Negative control- neither inoculated nor fertilized; Positive control- Urea treated 

Notes: Means in the same column followed by the same letter are not significantly different at the 5% probability 

level by Tukey‘s test 

 

 

Figure 1: Regression analysis between nodule number and rate of Fe application in TGx-1336644 

soybean genotype under field condition 
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Figure 2: Regression analysis between nodule number and rate of Fe application in GIZA soybean under 

field condition 

 
Figure 3: Regression analysis between nodule dry weight and rate of Fe application in TGx-1336644 

genotype under field condition 
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Figure 4: Regression analysis between nodule dry weight and rate of Fe application in GIZA genotype 

under field condition 

 
Figure 5: Regression analysis between total biomass yield and rate of Fe application in TGx-1336644 

genotype under field condition 



251 
 

 
Figure 6: Regression analysis between total biomass yield and rate of Fe application in GIZA genotype 

under field condition 

 
Figure 7. Regression analysis between grain yield and rate of Fe application in TGx-1336644 genotype 

under field condition 
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Figure 8. Regression analysis between grain yield and rate of Fe application in GIZA genotype under 

field condition 
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Abstract 

To evaluate genetic variation among Ethiopian lentil, laboratory experiment were conducted to screen 12 

accessions of lentil (Lens culinaris M.) for salt tolerance. Seeds of 12 Lentil accessions were grown at laboratory 

(Petri dish) condition with different levels of salinity (0, 2, 4, and 8 dSm
-1

 NaCl) for 4 weeks. The experimental 

design was completely randomized design (CRD) in factorial combination with three replications. Data analysis 

was carried out using SAS software. Average germination time, germination percentage, seedling shoot and root 

traits, seedling shoot and root weight were evaluated. The two way ANOVA for varieties revealed statistically 

significant variation among lentil accession, NaCl level and their interactions (p<0.001) with respect to the entire 

parameters. It was found that salt stress significantly delays germination rate and decreases germination 

percentage, shoot and root length, seedling shoot and root weight of lentil accessions. The degree of decrement 

varied with accessions and salinity levels. Accessions Lent 12, Lent 1 and Lent 2 were better salt tolerant than the 

other accessions. As the result, it is recommended to be used as a genetic resource for the development of lentil 

accession and other very salt sensitive crop with improved germination under salt stress condition. 

Keywords: Accession, germination, lentil, NaCl, screening, seedling stage 
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INTRODUCTION 

Salinity is one of the most serious factors that hamper the productivity of agricultural crops, with adverse 

effects on germination, plant vigor and crop yield (Munns and Tester, 2008), particularly in arid and 

semi-arid regions of the world (Ahmed, 2009) because of the lack of sufficient amount of rainfall leads to 

leaching the accumulated salt and also it affects many irrigated areas mainly due to the use of 

underground water. Salt-affected soils are distributed throughout the world and no continent is free from 

the problem (Brady and Weil, 2002). In Ethiopia, salt-affected soils are prevalent in the Rift Valley and 

the lowlands (Kinfemichael, 2011). Salinity stress cause a multitude of physiological problems in plant 

processes (Munns et al., 2006). It causes a significant reduction in germination percentage, germination 

rate, and root length, shoot and root length, root and shoot weight, and dry root and shoot weight, and 

seed yield which lead to the death of the entire plant (Jamil et al., 2006). 

Germination and seedling growth under saline environment are the screening criteria that are widely used 

to select the salt tolerance genotype (Ashraf and waheed, 1990). Because of salinity tolerant at this stage 

was shown to be a heritable trait that enable the crop salt tolerant throughout its growth stage (Ashraf, 

1994), although it is a polygenic character linked to a complex genetic basis (Mano and Takeda, 1997) 

and seeds and young seedlings are frequently was affected by much higher salinities than vigorously 

growing plants because germination usually occurs in surface soils, which accumulate soluble salts 

because of evaporation and capillary rise of water (Al mansour, 1999). 

Since grain legumes especially lentil are salt sensitive, farmers do not consider growing them in a saline 

environment, though; there is a considerable difference in salt tolerance among crops/accessions (Ashraf. 

and Waheed, 1990). Screening of available Lentil accessions is important to find a relative salt tolerant 

accession. Therefore, the general objective of this study was to assess the genetic variability for salinity 

tolerance among some lentil accessions, specifically to evaluate the effect of salt on germination and early 

seedling stage of Lentil accessions and to identify salt tolerant Lentil accessions. 

METHODS AND MATERIALS 

Description of the Study Area and Plant Material 

The experiment was conducted in the Botanical science laboratory, Department of Biology, Haramaya 

University, Ethiopia. Seeds of twelve Lentil accessions were obtained from the Ethiopia Institute of 

Biodiversity (EIB). 

Table1. Descriptions of lentil accessions that were used in the experiment 

Accession 

number 

Code Region/ 

State/ 

Zone Woreda/ 

District 

Latitude Longitude Altitude 

 9235 Lent 1 Oromiya MisrakHarerge Meta 09-16-21-N 41-33-45-E 2535 

36004 Lent 2 Amara Semen Shewa Ankober 09-39-00-N 39-41-00-E 3180 

36006 Lent 3 Oromiya MisrakShewa Gimbichu 08-57-00-N 39-05-00-E 2370 

36019 Lent 4 Oromiya MirabShewa AlemGena 08-48-00-N 38-20-00-E 2150 

36025 Lent 5 Gumuz Metekel Wenbera Unknown Unknown 1580 

36032 Lent 6 Oromiya Bale Ginir Unknown Unknown 1520 

36064 Lent 7 SNNP Bench Maji Dirashe Unknown Unknown Unknown 

36093 Lent 8 Oromiya MirabHarerge Chiro 09-04-00-N 40-41-00-E 2000 

36094 Lent 9 Oromiya MirabHarerge Chiro 09-02-00-N 40-44-00-E 1870 
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36095 Lent 10 Somali Shinile Afdem Unknown Unknown 1800 

36113 Lent 11 Oromiya MisrakHarerge Deder Unknown Unknown Unknown 

36120 Lent 12 Oromiya MirabWellega Gawo Dale Unknown Unknown 1870 

  

Treatments, Experimental Design and Data Collection  

The study was conducted under laboratory condition at room temperature and aimed to assess 

morphological variation among lentil accessions in terms of seed germination and growth. Four different 

NaCl solutions with salinity levels of 0 (control), 2, 4, and 8 dS/m (Asghar et al., 2009, Mohammad et al., 

2012,) were prepared by dissolving 1.28, 2.56 and 5.12 gm. of NaCl in one liter of water respectively. 12 

accessions of Lentil were used. The experiment was laid as a Completely Randomized Design (CRD) in a 

factorial arrangement and replicated three times. The treatments were assigned randomly to each Petri 

dish. 

Experiment procedure: In order to assess the response of the 12 Lentil accessions under different 

concentration of NaCl, 12 seeds were first surface sterilized in 5 % sodium hypochlorite solution for 20 

minute and washed three times with sterilized distilled water. Prior to experiment 10 cm diameter Petri 

dishes were thoroughly washed and sterilized in hot air oven at 70 0C for 36  hours  and  Whatman  filter  

paper  for  24  hours  at  700C  (Kinfemichael,  2011).  After sterilization, Petri dishes were lined with 

Whatman No.3 filter paper and treated with 10 ml of deionized water (control), 2, 4, and 8 dS/m of NaCl. 

Following this, twelve uniform seeds of each Lentil accessions were placed on each Petri dish 

approximately in uniform distance. The Petri dishes were arranged in a completely randomized design 

(CRD) in a factorial combination with three replications (Gomez and Gomez, 1984). Each Petri dish was 

treated with 10 ml of the respective concentrations of NaCl in every other day. Salt levels were 

maintained each day by dripping out and applying fresh salt solution. The Petri dishes were put within a 

glass box to avoid loss of moisture through evaporation. Germination started after two days of sowing and 

the germination count was continued until the 9th day. Germination was recorded daily and a seed was 

considered germinated when both plumule and radicle had emerged ≥ 0.05 cm (Abdul et al., 2006). 

Average germination time: the average number of days needed for plumule or radical emergence 

calculated following the formula described by (Kinfemichael, 2011). 

Germination percentage: Seven days after seeds were put into the Petri dishes, six germinated seeds 

were counted, and the germination percentage calculated. The germination percentage calculated 

(Aniatul-Haq, 2009) as: 

 Germination percentage: *100 

Salt tolerance index was calculated as total plant (shoot + root) dry weight obtained from 6 randomly 

selected seeds grown on different salt concentrations compared to total plant dry weight obtained on 

normal concentration. {[STI = (TDW at Sx/TDW at S1) x 100], STI= salt tolerance index, TDW = total 

dry weight, S1 = control treatment, Sx = x treatment}(Kagan et al, 2010). 

Seedling shoot length (cm): Fifteen days after germination, shoot length of 6 randomly picked seedlings 

from each Petri dish measured in centimeters.  
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Seedling root length (cm): Fifteen days after germination, root lengths of 6 randomly picked seedlings 

from each Petri dish were measured in centimeters. 

Seedling  shoot-to-root  ratio: calculated  as  the  ratio  of  seedling  shoot  length to seedling root length 

(Kagan, 2010). 

Seedling fresh shoot weight (g) was measured after 30 days of sowing by weighting the mass of shoots 

of 6 randomly picked seedlings from each Petri dish using sensitive balance. 

Seedling fresh root weight (g): measured by weighting the mass of roots of six randomly picked 

seedlings after 30 days of sowing from each Petri dish using sensitive balance. 

Seedling shoot dry weight (g): measured by picking six seedlings randomly from each petri dish and 

oven drying their shoots at 80 0C for 48 hours and weighting them using sensitive balance. 

Seedling root dry weight (g): measured by picking six seedlings randomly from each Petri dish after 30 

days of sowing and oven drying their roots at 80 0C for 48 hours and weighting them using sensitive 

balance (Kagan, 2010). 

Data Analysis 

The data were subjected to analysis of variance using SAS (version 9.1) and the means were separate 

using the Least Significant Difference (LSD) test at 5% significance level. 

RESULTS AND DISCUSSIONS 

Influence of Salinity on Germination of Lentil Accessions 

Average germination time Two-way analysis of ANOVA for germination time showed that the NaCl 

salt levels highly significantly (p < 0.001) influenced germination rate. Nevertheless, accessions 

responded differently to different salinity levels. For instance, at 2 dSm
-1

 salinity level, accession Lent 12, 

Lent 2 and Lent 1 had the shortest germination rate .Thus, those accession had needed shorter time to be 

germinated than the other accessions while, accession Lent 4, Lent 6 and Lent 7 attained the longest 

germination rate and needed longer time to be germinated (Figure 1). Moreover, at 4 and 8 dSm
-1

 salinity 

level, accession Lent 12, Lent 1 and Lent 2 had the shortest germination rate and germinated faster than 

other accessions that were tested (Figure 1).Whereas, accession Lent 4, Lent 7 and Lent 8 had longer 

germination rate and needed more time to be germinated (Figure 1). Accessions Lent 12, Lent 1 and Lent 

2 germinated faster than the other accession at 2 4 and 8 dSm
-1

 salinity level whereas, salinity delayed 

seed germination of accession Lent 4, Lent 8, and Lent 5 and those accessions needed longer time to 

germinated in the entire salt treatments (Figure 1). The result revealed that salinity delays the germination 

rate of lentil accessions and the result was in full agreement with the previous studies of (Ashraf and 

waheed (1990) and Carter et al. (2005) in lentil; Jeannette et al. (2002) in Phaseolus species who reported 

that salinity delay seed germination and decrease germination rate. This might be due to salinity affects 

germination by facilitating intake of toxic ions and hinder many metabolic, physiological, and enzymatic 

activities. In addition, salinity may cause osmotic potential which result decreasing absorption of water. 
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Table 2. Summary of analysis of variance for germination growth and biomass parameters of lentil 

accessions as affected by NaCl levels 

*and ** = significantly different at 5% and 0.1% level of probability, respectively; AGT= average germination time; 

STI=salt tolerance index; SSL=seedling shoot length; SRL=seedling root length; SSR=seedling shoot to root ratio; 

SFSW=seedling fresh shoot weight; SFRW=seedling fresh root weight; SDSW=seedling dry shoot weight; 

SDRW=seedling 

 

Germination percentage the two-way analysis of variance (ANOVA) found highly significant variation 

in germination percentage among accessions, salinity and their interaction (p < 0.001). At 2 dSm
-1

 salinity 

(NaCl) level, accession Lent 1, Lent 2 and Lent 12 performed well and achieved the higher percent of 

germination whereas, salinity highly affected seed germination of accessionLent 4 (Figure 2). Moreover, 

at 4 and 8 dSm
-1

 salinity level, the highest value of germination percentage was recorded in accession 

Lent 1, Lent 12 and Lent 2 whereas, the lowest value was recorded in accession Lent 4 and Lent 9 (Figure 

2).  The  result  indicates  that  the  percent  of germination generally decreased with increasing salt 

concentration The findings of the study were in line with previous research studies reported by Noreen et 

al. (2007) in  P.sativum and (Ashraf and Waheed, 1990) in lentil  who reported that a significant decrease 

Mean squares 

 

parameter 

NaCl (N) 

(df= 3) 

Accession (A) 

(df= 11) 

N x A 

(df= 33) 

Error 

(df= 94 ) 

 

CV (%) 

AGT 80.99** 1.08** 0.64** 0.24 9.82 

GP 23482.29** 851.90** 77.52** 26.55 8.52 

STI 66029.1** 265.29** 109.07** 2.13 3.72 

SSL 844.79** 16.19** 2.30** 0.159 5.90 

SRL 179.99** 6.45** 1.06**  0.046 5.40 

SRR 2.83** 0.17**  0.08*  0.013 7.16 

SFSW 179.99** 6.45** 1.06** 0.046 4.12 

SFRW 2.97** 0.05** 0.02** 0.0001 2.53 

SDSW 32.90** 0.56** 0.25** 0.0013 5.08 

SDRW 0.87** 0.07** 0.05** 0.0008 15.24 
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in seed germination were observed while increasing salinity level. The reason is assumed to be due to 

salinity that attributed to osmotic retention of water. 

 

Salt tolerance index Analysis of variance (ANOVA) for salt tolerance index showed that salt tolerance 

index was highly significant difference among accession, salinity level, and accession*salinity interaction 

(p<0.001). Even though at 2 dSm-1 salinity level,  salinity reduced the overall growth of accession Lent 1, 

Lent 2 and Lent 12, the degree of reduction was lesser on those accession, hence, the maximum salt 

tolerance index were observed at those accession while, salinity highly reduced the overall growth of 

accession Lent 4. Thus, accession Lent 4 exhibited the minimum percent of salt tolerance index than the 

rest of the accessions (Figure 3). Moreover, at 4 and 8 dSm-1 salinity level,  salinity easily hampered the 

overall growth of accession Lent 1, Lent 12 and Lent 2 than the other accession while, the overall growth 

of accession Lent 4 were highly hindered by salinity and as result; this accession attained the minimum 

value of salt tolerance index (Figure 3). The result indicates that salt tolerance index of lentil accession 

were significantly reduced as salinity concentration increased (Figure 3). The result was in line with 

previous studies of Kagan et al. (2010) who reported the salt tolerance index of lentil decrease when 

salinity levels become increased. 

 

Influence of Salinity on Seedling Shoot and Root traits of Lentil Accessions 

Seedling Shoot Length (SSL) (cm)The analysis of variance (ANOVA) for seedling shoot length data 

showed that highly significant variation in seedling shoot length (p < 0.001) among accessions, salinity 

level and their interaction. Seedling shoot length of lentil accessions varied among accessions and salinity 
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level (Figure 4). At 2 dSm
-1

 salinity level, accession Lent 12 followed by accession Lent 1 and Lent 2 

attained the longest shoot length while, accession Lent 9 had the shortest shoot length (Figure 4). 

Moreover, accession Lent 12, Lent 1 and Lent 2 performed well and attained the longest shoot length at 4 

and 8 dSm
-1

 salinity levels (Figure 4) whereas, the shortest shoot growth was observed in accession Lent 

4, Lent 9 and Lent 11 (Figure 4). This result showed that increment of NaCl treatments resulted in a 

significant reduction in shoot growth (Figure 4). The findings of this studies show conformity with 

research result of Kagan et al. (2010) and Mane et al. (2010) who reported that salinity inhibits elongation 

of shoot in lentil and increasing NaCl treatment results significant reduction of shoot growth. The 

reduction in shoot length probably because genetic variation among lentil accession and excessive 

accumulation of salts in the cell wall elasticity, thus, secondary cell appears sooner and cell wall becomes 

rigid as a consequence the turgid pressure efficiency in cell enlargement decreases that result in short 

shoot growth. 

 

Seedling Root Length (SRL) The analysis of variance (ANOVA) for seedling root length indicates that 

there was highly significant variation in seedling root length among lentil accessions,  salinity levels  and  

their interaction (p < 0.001). At 2 dSm
-1

 salt concentration, accession Lent 12, Lent 1 and Lent 2 attained 

the longest root length than other accession while, salinity adversely reduced root growth in accession 

Lent 9 and this accession had shortest root length (Figure5). Furthermore, at 4 and 8 dSm
-1

 salt 

concentration, the longest root length was recorded in accession Lent 12, Lent 1 and Lent 2 than the rest 

of the accessions whereas; the shortest root length was observed in accession Lent 9, Lent 11, Lent 8, and 

Lent 4 (Figure 5). The result elucidate that the increment of NaCl concentration was  cause the reduction 

of seedling root length of lentil accession (Figure 5) The result is in full agreement with Ashraf et al. 

(1990) in lentil; Arshi (2003) in senna plant; Duzdemir et al. (2009) in pea who reported that high salinity 

reduced root length in lentil. 
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Shoot to Root length Ratio (SRR) The two-way analysis of variance (ANOVA) for seedling shoot-to-

root length ratio (SRR) showed significant variations for accessions, salinity level and accession * salinity 

interaction (p < 0.001). At 2 dSm
-1

salinity level, accession Lent 8 and Lent 10 had the lower value of 

shoot to root ratio than the other accessions (Figure 6). Moreover, at 4 dSm
-1

NaCl level, accession Lent 7 

followed by Lent 5 and Lent 10 showed the higher seedling shoot to root ratio. However, accession Lent 4 

attained significantly lower values seedling shoot to root ratio than the other accession (Figure 6). At 8 

dSm
-1

NaCl level, accession Lent 12, Lent 2 and Lent 1 attained significantly higher mean seedling shoot 

to root ratio in contrast to this, accession Lent 4 showed the lowest value (Figure 6). The result indicates 

that some accessions show significantly higher reduction in SRR as increment of NaCl concentration in 

the growth media. In contrast to this decrement of SRR in some accession were observed as the salinity 

level increased. The findings of this study showed conformity with the previous studies on other legumes 

(Kinfemichael, 2011) in haricot bean, Abdelhamid et al., 2010) in faba bean who  reported that SRR was 

highly reduced at higher salinity levels for some accessions and the accessions showed significant 

variation in their response to salinity. 
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Seedling fresh Shoot weight (SFSW) (g) Two way of analysis of ANOVA seedling shoot fresh weight 

confirmed that there were highly significant differences among all accessions, NaCl treatments and their 

interaction (p < 0.001). The NaCl treatments used in caused significant reduced in seedling fresh shoot 

weight. Some accession attained the maximum value of seedling fresh shoot weight while other attained 

the minimum value of seedling fresh shoot weight. For instance, accession Lent 1, Lent 12 and Lent 2 

attained the longest shoot length and produced the maximum value of seedling fresh shoot weight at 2, 4 

and 8 dSm
-1

 salinity level (Figure 7) while, minimum value of seedling fresh shoot weight was recorded 

in accession Lent 4, Lent 9, and Lent 8 (Figure7). Salinity reduced shoot growth of all accession as 

compared to the control but the degree of reduction was varied between accessions and salt concentration. 
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For instance, accession Lent 12, Lent 1 and Lent 2 attained relatively the maximum value of seedling 

fresh shoot weight even at higher salinity level than the other accessions and considered as salt tolerant 

while, salinity adversely reduced shoot growth of accession Lent 4, Lent 9, and Lent 8. As result, those 

accessions exhibited the minimum value of seedling fresh shoot weight even at lower salt concentration 

(Figure 7). The result showed that, seedling fresh shoot weights of lentil accessions significantly reduced 

with increment salinity level (Figure7). The result was in line with previous research findings of Stoeva 

and Kaymakanova (2008) who reported as that there was a rapid decrease in seedling fresh shoot weight 

of leguminous plants under saline environment. This reduction may be due to limited supply of 

metabolites to young growing tissues, because metabolic production takes place within in the leaves and 

is significantly perturbed at high salt stress, either due to the low water uptake or toxic effect of NaCl 

concentration (Hussain et al.,2009; Taffouo et al., 2009). 
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Seedling root fresh weight (SRFW) (g) Two way analysis of ANOVA for seedling fresh root weight 

confirmed that there were highly significant differences among lentil accessions NaCl treatments and 

accessions * treatment interaction (p <0.001). At 2 dSm
-1

 salinity level, accession Lent 1 followed by 

Lent 12 and Lent 2 achieved the maximum value of seedling fresh root weight whereas, the minimum 

value of seedling fresh root weight was recorded in accession Lent 4 (Figure 8). Moreover, at 4 and 8 

dSm
-1

salinity level, some accession performed well and attained the maximum value of seedling fresh 

root length while, other accession had the minimum value of seedling fresh root weight. For instance, 

accession Lent 12, Lent 1 and Lent 2 achieved the maximum value of seedling fresh root weight than the 

other accession whereas; accession Lent 4 attained the minimum value of seedling fresh root weight 

(Figure 8). Salinity reduced growth of root in accession Lent 12, Lent 2 and Lent 1 but; the degree of 

reduction of seedling fresh root weight in those accessions was less than the other accessions. 

Consequently, these accessions had the maximum value of seedling fresh root weight even at higher 

salinity level than the other accessions. On the other hand, salinity highly inhibited the root elongation of 

accession Lent 4 and this accession had minimum value of the seedling fresh root weight. The result 

justified that salinity reduced seedling fresh root weight of lentil accessions (Figure 8). The findings of 

this result in line with the result of findings of kagan et al. (2010) and Jeannette et al. (2002) who reported 

salinity increment significantly reduced fresh root weight in Lentil and phaseolus species, respectively. 
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Seedling Dry Shoot Weight (SDSW) (g) Statistical analysis for seedling shoot dry weight revealed that 

there were highly significant differences among all accessions, NaCl treatments and accessions * 

treatment interaction (p < 0.001). At 2 dSm
-1

 salinity level, accession Lent 1, Lent 12 and Lent 2 achieved 

maximum value of seedling dry shoot weight than the other accession (Figure 9) whereas, the minimum 

value of seedling dry shoot weight was scored in accession Lent 4 (Figure 9). Moreover, at 4 and 8 dSm
-1

 

salt concentration, accession Lent 1 and Lent 12 achieved the maximum value of seedling dry shoot 

weight than the rest of the accessions that were tested while, accession Lent 4 and Lent 11 attained the 

minimum value of seedling dry shoot weigh (Figure9). This result revealed that salinity antagonistically 

reduced in seedling dry shoot weight (Figure9a&b). The result show full agreement with previous 

research result reported of Turan et al. (2007) and Islam (2012) on lentil; (Shereen et al. (2011) rice, 

Bayuelo et al. (2002) in phaseolus species who reported that increasing the concentration of salinity cause 

significant reduction in shoot growth consequently reduced seedling dry shoot weight. 
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Seedling Root Dry Weight (SRDW (g) Analysis of variance for seedling dry root weight exhibited that 

highly significant variations among NaCl treatments, accessions and their interaction (p<0.001). 

accession Lent 1, Lent 12 and Lent 2 had the maximum weight of seedling dry root weight than the other 

accession that were tested at 2 ,4 and 8 dSm-1 salinity level, (Figure10), in contrast to this, accession Lent 

10, Lent 4 and Lent 5 attained the minimum value of seedling dry root weight (Figure 10). The result 
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showed that significantly reduction in mean root dry weight when the salinity concentration increase 

(Figure10). This result showed analogous to earlier studies (Badeoglu et al., 2004) on Lentil (Akhtar and 

Azhar, 2001) on Gossypium hirsutum, who reported that salt stress caused a significant decrease dry 

weight of root tissues. 

 

CONCLUSION 

Salinity is a continuing problem in the arid and semi-arid tracts of the world. It could be alleviate during 

irrigation management and/or crop management. However, the former approach is outdated and very 

expensive. Nevertheless, the latter is economical as well as efficient and it enables to produce salt tolerant 

crop lines. However, prior to that there is a need to confirm the presence of genetically based variation for 

salt tolerance among different species or varieties of a particular crop at different growth stages. The 

presence of genetic variation offers a basic tool for evaluating effect of salinity on lentil accessions and to 

overcome the presence of large number of variation for relatively salt tolerant lentil accession and it will 

appreciated to find accession with gene tolerant to salinity. Screening of salinity tolerance under field 

condition involves many environmental factors that affect genetic and phenotypic expression of 

accessions. Hence, controlled environment, Laboratory and greenhouse screening method indicate to be 

an ideal method to screen large amount of accessions with less efforts and accurately. Thus, the correct 

and clear expression of Lentil accessions for salt tolerant can be evaluated by this method using different 

NaCl level. The findings of this work confirmed that response of lentil accession to salinity show 

significant variation as their expose to different salinity level. The result explain that most out that all of 

the morpho-physiological and yield and yield related traits considered were significantly decreased with 

higher levels of salinity. Out of twelve lentil accession, accession Lent 12, Lent 2 and Lent 1 performed 

well under salt stress conditions in most of the parameter for both laboratory and greenhouse experiment 

as result those accession were recommended to be sown in saline condition. 
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Abstract 

Assessment of desho grass (P. pedicellatum) production and utilization was conducted to characterize desho grass 

utilization by smallholder farmers in Ethiopia and explain the determinants of alternative and competing uses of the 

grass. Two districts were selected purposely based on desho grass production and utilization experience. The study 

was conducted using semi-structured questionnaire and complimented with key informants and secondary data. The 

dependent variables tested were the extent of use of desho grass as a feed, multipurpose aspect of desho grass and 

livestock preference. The factors tested were household characteristics agro-ecology, feed accessibility, herd 

structure and training access. To test the effect of the explanatory variables on the dependent variables, separate 

univariate probit models were used. The average desho grass producing farmer in the sample owns 0.95 ha of 

farmland and 3.56 livestock units and comprises 6.5 people with a household head who is typically male (91% of 

households). The proportion of farmers who use desho grass as a feed are 60% and 35% use it for more than one 

purpose. 42 % of the farmers reported that they feed desho grass to lactating cattle, while only 3% of them feed 

desho grass to small ruminants and 53% of the farmers feed desho grass to all livestock species (cattle, small 

ruminants and equine). On average, the farmers have no more than 3 years of experience in desho grass production. 

There is a negative significant (p<0.01) correlation between experience in production of desho grass and it‘s 

utilization as a feed. 43% of the farmers have received training on desho grass production. The low accessibility to 

feeds in the highlands, vulnerability of soil towards erosion, high density of livestock per household, desho grass 

might have a higher potential to be utilized as fodder and for soil conservation in the highlands. However, more than 

50% of the farmers do not have priority when feeding desho grass. Generally, extension services maybe are not able 

or are not actually conveying benefits of desho grass to the farmer as hypothesized. This indicates extenstion 

services should be delivered properly to use desho grass as an alternative feed source for livestock in areas where 

feed shortage is critical a problem. 

 Keywords: Burie Zuria, Desho grass, Doyogenena, Probit Model 

 

INTRODUCTION 

Despite the significantly large livestock population (CSA, 2015), its contribution to the national economy 

is below the potential due to various factors including, feed shortage, poor genetic potential for productive 

traits, poor health care and management practices (Zegeye, 2003; Alemayehu, 2006; Getahun, 2008). One 

of the mitigation strategies is utilization of adaptable multipurpose fodder species. Among such types of 

fodder species which has multifaceted potential is desho (P.pedicellatum) grass. Desho grass is a 

perennial grass (Leta et. al., 2013) which is originated in Southern Nations Nationalities and Peoples‘ 

Region of Ethiopia and currently utilized for soil conservation practices in the highlands of Ethiopia 

(Ecocrop, 2010; Smith, 2010) and the grass the ability loss effectively and has a very strong recovery 

ability after watering even under severe drought conditions (Noitsakis et al., 1994). Desho grass is 

thought to be native to tropical Africa (Schmelzer and Renno, 1997), widespread in West to East Africa. 

In Ethiopia, desho grass provides a small business opportunity for farmers (sale of the cut and planting 

materials) (IPMS 2010; Shiferaw et al., 2011). However, there is no information on the farmers‘ 

management and utilization practices, determinants of multipurpose uses of the grass despite its 

mailto:limasm2009@gmail.com


266 
 

abundance and expansion in different parts of the country. The objective of this assessment was to 

characterize desho grass utilization by smallholder farmers in Ethiopia and explain the determinants of 

alternative and competing uses of the grass.  

MATERIALS AND METHODS 

Description of Study Areas 

The study was conducted in two districts purposively selected from Amhara and SNNP regional states of 

Ethiopia.  

Burie zuria district 

Bure Zuria district is located between latitude 10
0
 17ꞌ-10

0
 49ꞌ North, and longitude 37

0
 00ꞌ - 37

0
 11ꞌ East. 

According to Burie Zuria district office of Agriculture (BZDoA, 2014), the total area coverage of the 

district is 58, 795 ha out of which 52.18%, 6%, 26.88%,10.48%and 10.7% crop , grazing land, forestland 

and bushland,  wasteland and construction, water body, respectively. 

 

Ethiopia  Amhara Region    Burie Zuria District 

Figure 1. Map of Burie Zuria District  

The topography of the district is characterized by 76% plain, 10% mountainous, 7% up and 

down, and 7% valleys. Burie Zuria district has three soil types red (63%), blue (20%) and black 

(17%). The major portion of the district is Woinedaga (77.23%) followed by Kola (21.77%) and 

Dega (1%) with daily temperature range of 17-25 degree 
o
C. The annual average rainfall of the 

district is 1000 to 1500 mm.  The major crops grown in the district are maize, finger millet, teff, 

wheat, barley, potato, pepper, onion, field pea and faba bean (BZDoA, 2014). 

 

Doyogena district 

Doyogena district is located in Kembata-Tembaro zone, Southern Nations Nationalities and Peoples‘ 

Regional State at a distance of 258 km to the South-West of Addis Ababa and situated at 7
0
 20‘ North and 

37
0
 50‘ East. The district is comprised a total area of 17,263.59 hectares. About 86% of the area is used 

for crop cultivation, 11.8% forest and bushes, 2% grazing land, and 0.2% degraded land. It has an altitude 

ranging from 1900 to 2748 meter above sea level (m.a.s.l). The district has two major agro-ecologies, 

Dega/highland (70%) and Woyina dega /mid land (30%). Some 10% of the area is plain land while the 
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remaining 90% is mountainous /hilly. It has a minimum and maximum temperature of 10
o
c and 16

o
c, 

respectively and receives average annual rainfall of 1400 mm (DDoA, 2014).  

          Ethiopia                                               SNNPRS                           Kembata Tembaro Zone 

 

Figure 2. Map of Doyogena district                                             Doyogena district 

Major crops cultivated in the highlands are ensete, cabbage, potato, barley, wheat, fava bean, field pea. 

Moreover, in the low altitude part of the district, farmers also cultivate sugar cane and small quantity of 

maize. The soil type is mostly black clay loam, rich in organic matter (Inter Aid, 2014).  

Data Collection and Analysis 

The study districts were selected purposely based on desho grass production and utilization practice. 

From each district four kebeles (local administration in Ethiopia) were selected again purposely based on 

adoption of desho production and utilization. From each kebele 30 desho grass producer farmers were 

randomly selected making the total number of respondents 240. The survey was conducted using semi-

structured questionnaire administered as a personal interview with experienced and trained enumerators. 

A preliminary questionnaire was prepared and pretested before the actual data collection. The data were 

complemented with information obtained from key informants who comprised from people from each 

kebele, animal science and natural resource experts. Secondary data were obtained office of agriculture. 

Livestock holding per household was converted to standard unit tropical livestock unit based on 

conversion factors set previously (ILCA, 1990).  

Descriptive statistics were used as a preliminary investigation procedure to gain an understanding of 

inherent significant socio-economic characteristics of the smallholder farmers (Table 1). All data were 

systematical coded and analyzed using Statistical Analysis System (SAS, 2002). To estimate the effect of 

socio-economics factors, agro-ecology and farmers perceptions on desho grass producing households was 

collected using semi-structured questionnaire.  The dependent variables tested were the extent of use of 

desho grass as a feed (use as a feed, 1=yes, 0=no if it is used for others purposes), multipurpose aspect of 

desho grass (0= one use, 1= multiple uses) and livestock preference (fed to lactating cattle, 0=no, 1=yes; 

fed to small ruminants, 0= no, 1=yes; fed to all livestock species: 0=one species, 2=all livestock species). 

The dependent variables were binary in nature and independent. To accommodate this non-independence, 
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a bivariate probit model is used to simultaneously estimate the effect on the probability of multiple use of 

desho grass to set of explanatory variables.  The model can be expressed as: 

Yi = xi.  +  I   

where Y1  is the decision vector, xi is a vector of explanatory variables derived from household surveys, 

with  as a the corresponding regression coefficient and  is the error term. 

The factors tested (explanatory variables) were household characteristics (head‘s age, education level, sex 

and experience in desho grass utilization, land holding, distance of the land from the homestead) agro-

ecology and feed accessibility (midland vs highlands), herd structure and training access. To test the 

effect of the explanatory variables on the dependent variables, separate univariate Probit models were 

used. The most common variables used in modeling technology adoption processes are human capital 

variables,  attributes  of  the  technology,  nature  of  the  farming  system,  land  tenure,  resource 

endowment, social capital and social psychological factors (Rogers, 1995;Namara et al., 2007). In 

adoption of maize hybrid, education of a farmer, distance to the market and number of cattle owned had 

significant influence (Salasya et al., 2007). 

RESULTS AND DISCUSSION  

Household Characteristics of Respondents  

The household characteristics and resources of respondents are presented in Table 1.  As shown in the 

table, the majority of household heads were male (92.91%). The age characteristics of respondents 

indicate that of the majority of respondents were at mature stage 41-50 years (49.36%) followed by youth 

group with range of 30-40 years (18.3%). The overall educational level of the respondents shows that the 

majority of respondents were at elementary school (31.2%) followed by read and write (25.64%). This 

higher population of the literate class in both districts will have advantage on the good acceptance of 

improved agricultural technologies and adopting them for better live improvement. This higher 

population of the literate class in both districts will have advantage on the good acceptance of improved 

agricultural technologies and adopting them for better live improvement. This report is better than the 

findings of various authors from different part of Ethiopia (Adebaby, 2009; Zewdie, 2010; Bedasa, 2012; 

Yeshambel and Bimrew, 2014). 
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Table 1. Description of variables 

Variables No % Mean Stdv 

Sex of household heads     

Male 223 92.91   

Female 27 7.09   

Age of household heads         

18-30 years 26 11    

31-40 years 43 18.3     

41-50 years 116 49.36     

51-60 years 33 14.04     

Education  level of household heads         

Illiterate 53 22.65     

Read and write 60 25.64     

elementary school 73 31.2     

High school 21 8.97     

Feed Shortage (yes) 237 99.58     

Desho grass used for one purpose(yes) 155 64.58     

Desho grass used for tow purposes (yes) 69 28.75     

Desho grass used for multipurpose(yes) 16 6.67     

Desho grass for feeding only (yes) 144 60     

Desho grass for Cattle (Yes) 97 41.81     

Desho grass for small ruminants (yes) 7 2.92     

Desho grass for all animals (yes) 128 53.33     

Both grazing and home feeding(yes)  215 89.58     

Feed conservation (yes) 183 81.33     

Backyard desho production (yes) 207 86.25     

Training access (yes) 101 43.35     

Family size(N)  -   6.29 1.93 

Active labor in the family (N)  -  - 3.90 1.80 

Total livestock holding (TLU)  -  - 3.56 1.85 

Experience of desho grass production (years)  -  - 3.05 1.44 

Landholding (ha)  -  - 0.95 0.69 

 

The land holding in both districts is lower than the national average land holding size of 1.6 ha reported 

by FAO (2008) which may in turn affect improved forage production in both districts. The discrepancy of 

this report from the previous result may be due to of land holding may be due to population pressure and 

which brought small land per household in the country.  

The types of livestock species kept by respondents in both districts comprise cattle, sheep, goats, equines 

and chicken. In Burie Zuria district the mean TLU for cattle, sheep, goat, equine and poultry population 

were 4.92, 0.32, 0.27, 1.06 and 0.07 TLU, respectively. The total TLU of Burie Zuria (5.46) was lower 

than 9.87 TLU (Solomon, 2006) for Dejen district, Amhara National Regional State. The TLU for 

Doyogena district 2.68, 0.28, 0.15, 0.72 and 0.04 for cattle, sheep, goat, equine and poultry, respectively. 
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The total TLU holding (3.57) of Doyogena district was smaller than that reported by Yeshitila (2008) 

which was total 5.45 TLU per household in the Alaba district, Southern Nations Nationalities and 

People‘s Regional State.  

Livestock Production Constraints  

Shortage of feed is the sole major problem raised by respondents all of respondents in both districts, like 

other area of the country. In Burie Zuria district, 98.3% of respondents face season feed shortage and out 

of these the majority (54.2%) face the problem during dry season while the remaining face both in dry 

and wet seasons (45.8%). Similarly, in Doyogena district, 99.2% of respondents face feed shortage and 

out of these proportions the majority (86.3%) face the problem in dry season and the remaining both wet 

and dry seasons (13.7%). Feed shortage mitigation strategies of respondents in the two districts are shown 

in Figure3. The mitigation options of feed shortage in both districts are similar with different proportions 

of respondents implementing strategies. In Burie Zuria district, feed shortage mitigation strategies are 

feed purchase and use of crop residue, feed purchase only, use of crop residue only in 54.2%, 35% and 

10.8 % of respondents, respectively. While in Doyogena district, feed purchase only, use of crop residue, 

and both feed purchase and crop residue in 43.4%, 34.4%, and 21% of respondents, respectively. As 

indicated in other parts of the country (Rehrahie, 2001; Adugna, 2007; Fetsum et al, 2009; Friew and 

Getnet, 2010) growth crop production and increment of livestock number are considerably adding the 

feed shortage in the study areas. 

 

 

Figure 3. Feed shortage mitigation strategies of respondents in the two districts 

Desho Grass Production and Management  

The system of desho grass production in the study areas was mainly based on rain fall. In Burie zuria 

district 80% of the respondents depend on rain for desho grass production while only 4.2% use irrigation 

and 15.8% use both methods. In Doyogena district all (100%) of the respondents depend only on rain for 

desho grass cultivation. Fertilizer application in the form of manure or artificial fertilizer is important for 

desho grass production (Leta et. al., 2013). In the study districts fertilizer application was not uniform 

both in the application and form of fertilizers In Burie Zuria district 58.3% of the respondents apply either 

natural or artificial fertilizer on desho grass the remaining respondents (41.7%) do not use either of 
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fertilizer types. From the respondents use fertilizer, 75.83% and 24.17% apply manure and artificial 

fertilizer, respectively. In Doyogena district 64.5% of respondents use either of fertilizers and of these 

respondent about 94.6% of them use manure and the remaining (5.4%) use artificial fertilizer. In both 

districts weeding of desho grass was not practiced. This may be associated with lack of awareness and 

shortage of labor for this purpose. In both districts, backyard strategy is dominant form of desho grass 

production which may be due to fact that the strategy is more convenient for cut and carry system 

feeding, enables private control of the resource and the grass can be suitable in areas where land shortage 

is a problem. As far as harvesting of desho grass is concerned, in both districts all (100%) of respondents 

reported that they harvest desho grass at about four months of age which is in agreement with the 

recommended harvesting stage (Gohl, 1981) cited in Leta et. al(2013). The frequency of cutting after first 

harvest in Burie zuria district respondents  was every two weeks (44.7%) during rainy season, more than 

two weeks (20.3%) and depends on rain moisture availably (35%) while in Doyogena every two weeks 

(23.8%),followed by depends on rain/moisture availability (74.6%). This is in line with the recommended 

time of desho grass is at about 4 months of age after planting and frequency of cutting depends on 

moisture source (Leta et. al., 2013). In Burie zuria district 70.8% of respondents had training about desho 

grass planting and utilization while in Doyogena district only 13.3% of the producers get training about 

desho grass production and utilization.  

Utilization of desho grass for animal feed 

The utilization of desho grass for animal feed (Table 2) was given more emphasis because most of 

respondents use it for animal feed only (60%). Respondents in Burie district a negative significant 

(p<0.01) correlation between the utilization of desho grass for animal feed. Our hypothesis was that that 

the use in mountainous area would be more because of feed shortage (lower accessibility to feed) and 

multiple role of desho grass. Thus more utilization of desho grass in Doyogena district. The possible 

explanation for this is that farmers in Burie do not depend totally on desho grass as a feed as compared to 

in Doyogena. This implies the possible availability of alternative feeds in Burie and the district has a flat 

topography, crop production especially cereals production is a major activity, and thus crop residues are a 

high potential source of feed. In Doyogena, where desho grass is comparatively more utilized, the 

topography is mountainous, thus grazing is limited. Farmers would tend cut and carry more. In Doyogena, 

major crops are potatoes and enset which present fewer crop residues for livestock. Age of the household 

head has no significant correlation (p>0.05) between utilization of desho grass for animal feed. This may 

be due to the fact that all age groups use desho grass for the intended purpose. Previous reports by other 

workers (Adesina and Zinnah, 1993; Fufa and Hassan, 2006) found that age of a farmer reduces the 

probability of using agricultural technologies, but Obonyo (2000) reported a positive relationship. This 

implies that there is a non-linear relationship between age and the use of agricultural technologies 

(Rogers, 1983). 

There was negative significant correlation (p<0.01) of experience in production of desho grass on 

utilization of it as a feed. That means the more years of production of desho grass gives them the ability to 

utilize it for other purposes like soil stabilization. This is in agreement with the previous reports on desho 

grass (Welle et al., 2006; Smith, 2010). There is no significant correlation (p>0.05) between number of 

active laborers in a homestead on the utilization of desho grass as a feed. That means the use of desho 

grass is not necessarily labor intensive or the plot sizes on which desho grass is produced may also be 

small. There is no significant (p>0.05) correlation between farmland size and distance of the desho grass 
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plots from the household. Farmers usually plant desho grass on small plots of land, usually in the 

backyard and on soil bunds. They do not have the tendency to increase desho grass production even with 

availability of more land size. There is a negative significant (p<0.01) correlation between training and 

use of desho grass as a feed. This implies that training increases awareness on the alternative uses of 

desho grass. There was no significant (p>0.05) correlation between livestock numbers in a homestead and 

utilization of desho grass as a feed. This may be due to the low livestock units per household in the two 

districts which averages 3.56 TLU. The type of feeding system positively and significant (p<0.01) 

correlation between the use of desho grass as a feed. There is a high tendency to supplement using desho 

grass when grazing is the main source of feed. During scarce of desho grass (or feed) resources, farmers 

prefer to give desho grass to lactating animals.  

Table 2. Utilization of desho grass as feed 

Explanatory variables Estimate stder.  Significance level 

District       BurieZuria -1.34 0.40 *** 

Household head age     

18-30 years -0.55 0.53  Ns 

31-40 years -0.16 0.48  Ns 

41-50 years -0.55 0.44  Ns 

51-60 years -0.61 0.47  Ns 

Education  level:      

Illiterate 0.58 0.36 * 

Read and write 0.86 0.39 * 

elementary school -0.11 0.34 ns  

High school -0.29 0.42  Ns 

Experience in desho grass (years) -0.20 0.08 ** 

Active labors (N) -0.04 0.06  Ns 

Farmland size (h) 0.28 0.26  Ns 

Backyard desho production (yes) 0.29 0.32  Ns 

Access to training (yes) -0.93 0.26 *** 

Total livestock units (N) 0.04 0.06  Ns 

Feeding system (grazing) 0.98 0.36 *** 

R2 0.37     

No observations 240     

p=0.1-0.05 * Significant 

p=0.05-0.01 ** High significant 

p<0.01 *** Very significant 

 

We assumed that education level was related to the ability to use desho grass for different purposes than a 

single role due to more complex information and make decisions. However, we did not find a statistically 

significant (p>0.05) correlation between education level and use of desho grass for animal feed. This is 

contrary to expectation and to findings by some studies (Obonyo, 2000; Mugisha et al., 2004; Salasya et 

al., 2007) which reported that education enhances the use of agricultural technologies because more 

educated farmers have a better opportunity to acquire and process information as well as understand the 

technical aspects of new technologies. 
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Other uses of desho grass 

In Burie zuria district about 57.5% of respondents use desho grasses for income source all of by selling 

seedlings to other farmers. In Doyogena district only 12.3% of respondents get income from selling of 

desho grass seedling and fresh grass which was in line with the others reports (Shiferaw et al., 2011; 

IPMS, 2010). Apart from income purpose desho grass was used for land conservation purposes in both 

districts which were in agreement the report other workers (Leta et. al., 2013; Welle et. al., 2006). 

Number of roles of desho grass  

The number of roles (single, dual, and multiple roles) of desho grass is presented in Table 3. There was no 

significant correlation (p>0.05) between the number of roles of desho grass utilization this may be due to 

the fact desho grass was produced in the study districts on very small plot of land which may be used for 

one or more roles. This implies that knowledge and experience of desho producers in the districts was 

almost similar. Age of the household head has no significant correlation (p>0.05) between the number of 

roles of desho grass this may be due to the fact that all age groups have similar knowledge about the roles 

of desho grass. Desho grass production and utilization is relatively new experience and most of the 

respondents have similar understanding about the roles of desho grass. Education level of the household 

head has no significant (p>0.05) correlation between the on number of roles of desho grass  this may be 

due to higher education level is not important to use desho grass for different purposes of the household. 

The perception of farmers is low, they are not aware of the beneficial role of desho, because they usually 

use it for one purpose.  

There is a negatively significant (p<0.01) correlation between the experience in production of desho grass 

and utilization on using it for one role. That means the more years of production of desho grass gives 

them the ability to utilize it for different functions.  However, there was no significant (p>0.05) 

correlation between difference in using dual and multiple roles this may be farmers use desho grass for 

two or more roles as they understood much about the function of the grass. The number of active labor in 

the family has no significant (p>0.05) correlation between the number of roles of desho grass which may 

be due to desho grass was not highly expanded and replaced other crops which otherwise could require 

large labor. The size of farm land owned has no correlation (p>0.05) between the number of roles desho 

grass has to the family may be due to small coverage of desho grass from the farmers owned land and on 

soil bund production strategies which are not more competitive with the total farmland owned by the 

farmers. 

The backyard production system has no significant (p>0.05) correlation between the number of roles of 

desho grass for the family which may be due to backyard produced desho grass is used for a specific 

purpose. The total livestock owned has no significant (p>0.05) correlation on the number of roles of 

desho grass as total livestock owned was small about mean 3.56 TLU. Desho grass was used as 

supplementary feed according to the respondents which in turn need small quantities unlike basal diet 

(grazing and crop residues) which tend to require large volume of feed per day depending on the number 

of TLU per household. 
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Table 3. Number of uses of desho grass for the family 

Explanatory variables Single role Dual role Multirole 

Est stder. Est. stder. Est stder.. 

District    Burie Zuria -0.94 0.34 0.64 0.42 0.68 0.76 

Age of household head              

18-30 years  -0.44 0.49 0.59 0.58 0.04 0.78 

31-40 years -0.18 0.44 0.25 0.52 0.45 0.65 

41-50 years -0.36 0.40 0.73 0.49 0.03 0.57 

51-60 years 0.24 0.44 0.68 0.52 -0.59 0.73 

Education  level:             

Illiterate 0.34 0.35 -0.66 0.39* 0.34 0.58 

Read and write only 0.24 0.37 0.35 0.40 -0.21 0.63 

elementary school completed -0.07 0.33 0.21 0.35 -0.40 0.59 

High school graduated -0.23 0.41 0.38 0.43 -5.10 0 

Experience in desho grass (years) -0.13 0.08* 0.09 0.09 0.19 0.15 

Active labors (N) -0.01 0.06 -0.03 0.06* 0.08 0.11 

Farmland size (h) -0.01 0.24 0.11 0.27 0.14 0.46 

Backyard 0.17 0.30 -0.24 0.34 0.11 0.52 

Total livestock units (N) 0.04 0.06 -0.11 0.06 0.02 0.11 

R2 0.12   0.29   0.70   

No observations 240   240   240   

p=0.1-0.05 * Significant 

p=0.05-0.01 ** High significant 

p<0.01 *** Very significant 

 

Most variables have no effect on the number of uses of desho grass. If farmers get alternative sources of 

feed they may stop planting desho in future. 

Preference of livestock feed desho grass  

The species of livestock fed desho grass is presented in Table 4. Based on respondents‘ information, 

major species of livestock fed desho grass were used in the bivariate probit model analysis. As indicated 

in the results of the model, there was significant (p<0.01) difference between districts in  desho grass for 

lactating cattle, small ruminant and all livestock may be due to the fact that Burie Zuria district has got 

large number of livestock (4.37 TLU) holding per household than Doyogena (2.75). The possible 

explanation for this may be Burie Zuria district which has large livestock per household uses other 

alternative feeds sources which satisfy the larger population. Household age has no significant (p>0.05) 

correlation between on utilization of desho grass for different species of livestock may be due to the fact 

that desho grass is used for different types of animals depending on the availability of desho grass by all 

age groups as the knowledge that to which species of animals desho grass best fits has not been clear for 

all age groups. Household education level has no significant correlation (p>0.05) between utilization of 
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desho grass for different species of livestock may be due to the fact that desho grass utilization does not 

need high literacy level or special knowledge. Moreover, the presence of active labor has no significant 

correlation (p>0.05) between on the use of desho for lactating, small ruminant, and all types of livestock 

may be because desho grass was mostly produced at the backyard of the farmer which in turn does not 

need much labor force for cut and carry.  

There was negative significant (p<0.01) correlation between feeds shortage and use of desho grass for 

lactating cattle, small ruminant and all livestock has may be due to the use other feeds such as crop 

residues to satisfy basal diet requirement because desho grass is a supplementary diet in all respondents. 

Farmland size has no significant (p>0.05) correlation between on the types of species fed desho grass 

which may be due to the fact that desho grass was not planted on large area of land as a trade off for other 

forages or crops. There was negative significant correlation (p<0.01) correlation between the total 

livestock holding and desho grass utilization for lactating cattle and all livestock may be due to the fact 

that desho grass was not used as basal diet and farmers tend to use other feeds sources as basal diet and 

use desho grass as supplementary diet. On the other hand, there was no significant (p>0.05) correlation 

between on backyard production and species of livestock fed desho grass may be due to the fact that 

desho grass was produced in small amount and used in small amount as supplement for all types of 

species available. 
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Table 4. Preference of livestock feed desho grass 

Variables  Lactating Cattle Small ruminants All livestock 

 Est. stder. Est. stder. Est. stder. 

District       Burie Zuria 0.64 0.39* 15.17 1.66*** -0.82 0.40** 

Household head age           

18-30 years -0.39 0.48 31.28 1.98 0.16 0.49 

31-40 years -0.28 0.44 32.37 3.51 0.32 0.44 

41-50 years -0.28 0.40 28.17 1.40 0.26 0.40 

51-60 years -0.76 0.44 25.79 2.53 0.59 0.44 

Education  level of household head:         

Illiterate 0.43 0.37 7.38 1.81 -0.65 0.37 

Read and write 0.57 0.38 6.91 1.66 -0.75 0.38 

Elementary school 0.45 0.36 3.95 2.90 -0.55 0.36 

High school -0.20 0.44 11.47 4.15 0.03 0.43 

Active labor family (N) -0.03 0.06 -0.30 0.84 0.16 0.09 

Feed Shortage (yes) 5.85 0.33*** -0.93 0.26 -1.48 0.52*** 

Landholding (ha) -0.12 0.25 -1.52 3.95 0.14 0.25 

Total livestock (TLU) -0.14 0.06** -2.37 2.00 0.25 0.07* 

Backyard desho production (yes) -0.05 0.30 -1.80 2.42 0.00 0.30 

R2 0.24  0.993   0.31   

No observations      240   240   240   

p=0.1-0.05 * Significant 

p=0.05-0.01 ** High significant 

p<0.01 *** Very significant 

 

Other livestock feed desho grass 

In addition to lactating cattle desho grass was used for fattening cattle (14%) and equine (3.8%) in both 

districts. This is in line with other studies reported that the grass is considered to be a very palatable 

species to cattle (in India) and the palatability has been reported as average in the Sahel (FAO, 2010). 

Potential of desho grass  

Desho grass is multipurpose fodder used for animal fodder, soil water conservation and means of income 

for smallholder farmers in Ethiopia. Among the most important merits of desho grass is its ability to adapt 

both mid and high altitude (1500 to 2800 m. a. s.l.) (Leta et. al., 2013), thrives well on different soil types 

(clay to red soils) areas of Ethiopia. The grass has potential to produce large amount of biomass per unit 

area (10 to 30 ton DM/ha), suitable to different forage production strategies (backyard, stock exclusion 

areas and soil bunds), acceptable to different livestock species and increases productivity of livestock. 

Farmers, who have received training in desho grass production, tend to use it to a lesser extent as a feed. 

Training on the use of desho grass is important to promote desho grass production as an avenue to 

generate income (near effect) and for soil conservation. This highlights the potential for capacity building 

which would contribute to the sustainable use of desho grass in the future. The households in the highland 

areas tend to use desho grass as a feed for their livestock more than those in the midland area. The higher 



277 
 

the dependence on grazing, the greater the likelihood of desho grass being used as a feed. The low 

accessibility to feeds in the highlands (possibly due to limitations of grazing), vulnerability of soil 

towards erosion, high density of livestock per household, desho grass might have a higher potential to be 

utilized as fodder and for soil conservation in the highlands (Ecocrop, 2010). 

CONCLUSION AND RECOMMENDATION  

The assessment was conducted to characterize desho grass utilization by smallholder farmers in Ethiopia 

and explain the determinants of alternative and competing uses of the grass. Training and extension 

services were the most important factors which determine desho grass utilization of desho grass for 

multipurpose. Extension services maybe are not able or are not actually conveying benefits of desho grass 

to the farmer. Nevertheless, it can be concluded that extension service and years of experience are 

important determinants of the use of desho grass for multiple purposes. However, desho grass needs to be 

promoted to different production systems particularly mixed crop livestock production systems and 

degraded lands since it has added advantages over other fodder species including multipurpose uses. To 

understand production and utilization of the grass, further research is vital particularly the agronomic and 

plant characteristics, laboratory and animal evaluation under different conditions. 
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Abstract  

Pre-extension demonstration of broilers was conducted in Bahir Dar Zuria District of Amhara Region in the year 

2013/14. The major objective of the trial was to introduce broiler breeds in the area and evaluate their performance 

using locally made feed. The trial was done at Bahir Dar Zuria district, Andassa kebele. A total of 420 Hubbard JV 

broiler breed day old chicks were purchased from Debre Zeit Agricultural Research Center and used for the study. 

Four jobless women were participated in this trial and each participant received 105 broiler day old chicks. 

Brooding was done by using electrical brooder. Finished broilers were sold live after six weeks of growing period. 

The average weight of day old chicks was 41.4g. The average weight of birds at end of 1
st
, 2

nd
, 3

rd
, 4

th
, 5

th
 and 6

th
 

weeks were 130g, 213.72g, 291.25g, 599.7, 849.9g and 1293.9.6g, respectively. The average final weight was 

1293.6g (ranged 1237.1g – 1349.3g). The total number of birds died in the entire period was seven (1.75 birds/HH). 

The average cumulative mortality percentage was 1.7%. The average daily feed intake/bird and cumulative feed 

intake/bird during the entire period was 79.4g and 3335.9g, respectively. The total average feed conversion ratio 

(FCR) was 2.3. The partial budget analysis result indicated that broiler production was profitable with a net benefit 

of 20.41 ETB per live bird. The lower mortality rate and profitability of birds revealed that broilers could be reared 

at small holder level using locally made feed. The result of the trial showed that boiler producers should give a due 

attention in preparation of good quality feed so as to bring broilers in to marketable weight within six weeks of 

growing period.  

 

Keywords: Broilers, Hubbard JV, small holder producers 

INTRODUCTION 

The poultry sector constitutes a significant contribution to human livelihood and food security of poor 

households (Abdelqader, 2007). In Ethiopia chickens are the most widespread and almost every rural 

family owns chickens, which provide a valuable source of food and cash income (Tadelle, 2003). The 

total chicken population in the country is estimated to be 52.3 million; with native chicken representing 

96.9% from it (CSA, 2013). The production system is based mainly on scavenging where birds are 

allowed to scavenge for major parts or all of their feed (Tadelle and Ogle, 1996). Similar to the national 

system, the major proportion (>95%) of chicken production in Amhara region is a traditional sector from 

which almost the whole chicken meat and egg production is produced. According to CSA (2013); the 

total chicken population of the region is estimated to be 14.6 million, accounting to 27.9% of the national 

chicken population. 

In Ethiopian, like many African countries, attempts have been made at various times to improve village 

chicken production systems through introduction of exotic chicken breeds (Alemu and Tadelle, 1997). 

Distribution layers and duals purpose breeds has been one of the livestock extension packages 

accomplished by the regional bureau of agriculture since the last 20 years aiming at improving chicken 
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production and productivity. Despite this huge distribution of exotic chicken breeds, the contribution of 

improved chicken in the current production system of the region is believed to be very low mainly due to 

high mortality rate of chicks. 

A recent study on the adoption of exotic chicken breeds in the highlands of Ethiopia indicated that 

adoption has been limited by a set of factors such as; lack of strong extension follow up, lack of 

complimentary inputs, disease outbreak, lack of appropriate breed, unavailability of credit services, 

seasonal feed shortage and marketing problems (Tekelewold et al, 2006). In addition to the above 

constraints; lack of alternative and productive chicken breeds like broilers has been one of the major 

problems which limit the supply and availability of chicken meat in the region. Currently there are few 

commercial poultry farms which are evolved in production and marketing of broilers in and around Addis 

Ababa.  

Some big hotels and super markets found in Bahir Dar city were also had no any opportunity to get 

broiler meat other than these commercial farms until 2012. Small holder chicken producers found in the 

region were not aware about the breed and its productivity. The introduction broiler in the region was 

made in 2011 for the first time at Bahir Dar and Gondar cities. Currently there are few broiler producers 

in these cities and are providing broiler meat for big hotels and supermarkets. Most of these chicken 

producers use commercial feed purchased from private feed producers found around Addis Ababa. There 

was no any information if this breed could survive and grow using locally made feed or. Therefore 

evaluation of this chicken breed in different areas using locally made feed was mandatory to enhance the 

production throughout the region. Therefore the objectives of the present study were to introduce broilers 

and evaluate their performance using locally made feed and to evaluate the profitability of broilers fed on 

locally made feed. 

MATERIALS AND METHODS 

Study and Participants 

This trial was done at Bahir Dar zuria district, Amhara Region. A total of four participants were selected 

for the trial in collaboration with Bahir Dar city urban agriculture office. Practical training was given to 

all participants on management of birds (feeding, health care, housing, etc), chicken house construction 

and data collection. After the training, each participant prepared a small-scale chicken house designed for 

100 chicks and equipped with necessary husbandry equipments like; feeders, drinkers, brooder and 

brooder guard. The feed was prepared by participants using locally available materials.  

Experimental Birds and Management 

A total of 420 day old chicks of Hubbard JV breed were purchased from Debre Zeit Agricultural 

Research Center and transported to Bahir Dar. Deep litter housing system was used and the litter was 

disinfected with formalin before receiving the day old chicks. Brooding was done using infra-red lamp for 

at least 4 weeks of age. Data collection formats were prepared and given to each participant to record all 

relevant data.  

Disease prevention and control 

Routine vaccination against Newcastle and Gumborro diseases were given as recommended by the 

manufacturers. On top of this strict bio-security measures were employed during the entire rearing period. 
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Treatments for other diseases like coccidiosis were given as it was occurred. Feed was supplied three 

times a day as recommended by the management guide of the breed.  

Data Management and Statistical Analysis 

The qualitative and quantitative data-sets were analyzed using appropriate statistical analysis software 

(SPSS, 2002). More specifically descriptive statistics and General Linear Model (GLM) were used for 

this study. The following linear model was used during analysis of quantitative data: 

Model statement regarding the effect of age on mortality: Yij = µ + mi +εij;  

Where Yij is the chicken performance parameter estimate for bird j in age i, µ is the overall mean, mi is the 

fixed effect of age in weeks (i=6; week1, week 2, week 3, week 4, week 5, week 6) and      εij is the 

residual error. 

Data collected 

The following data were collected from the trial: weight of day old chicks (g), weekly and cumulative 

mortality percentages, daily and weekly feed intake, cumulative feed intake, weekly and total body 

weight gain/bird (g), final weight of chicks (g), weekly and total feed conversion ratio (FCR), market 

price per chicks (live and processed), variable cost, total revenue (Birr), total gross margin (Birr), 

perception of participants and end users. 

RESULT AND DISCUSSION: 

Growth Performance 

The average weight old day old chicks at arrival was 41.4g (ranged 41.1g – 41.7g). The average final 

weight of chicks was 1115.6g (Table 1). 

Table 1. Average weight of birds at end of each week (g)  

Participant's 

code 

number 

No of 

DOC 

received 

Wt. of 

DOC 

Av.Wt 

at 1
st
 

week 

Av.Wt 

at 2
nd

 

week 

Av.Wt 

at 3
rd

 

week 

Av.Wt. 

at 4
th
 

week 

Av.W. 

at 5
th
 

week 

Av.Wt. 

at 6
th
 

week 

1 105 41.1  98  260.8 455.5 710.0 899.4 1156.4 

2 105 41.3 102  259.0 377.4 540.0 815.7 1140.2 

3 105 41.3  126  232.6 348.0 500.0 831.7 1095.8 

4 105 41.7 114  212.7 417.2 580.0 863.9 1070.1 

Mean 

+SD 
105 

41.4+ 

0.26 

110+ 

27.88 

241.3+ 

23.0 

399.5+ 

46.9 

582.5+ 

91.1 

852.7+ 

37.7 

1115.6+ 

28.3 

 

The final weight obtained was lower than the genetic potential of intensively managed final hybrids 

(2592g), (table 2). However, the result obtained in this trial was very promising under small holder level, 

which fulfills the weight requirement of our end users (1kg-1.5kg carcass weight). 

The average weight gain of birds at end of each week is presented in Table 2. The minimum and 

maximum weights gain of birds at end of the trial was 102g8.4 and 1115.3g, respectively. The highest 
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weight gain was recorded at the end of the trial period, mainly at 5
th
 week. The weight gain recorded at 

some participants in the final week was below the expected due to feed shortage. 

Table 2. Average weight gain of birds at end of each week (g) 

Participant's 

code number 

Av.wt. 

gain end 

of 1
st 

week 

Av.wt. 

gain end 

of 2
nd

  

week 

Av.wt. 

gain end 

of 3
rd

  

week 

Av.wt. 

gain end 

of 4
th
 

Week 

Av.wt. 

gain end 

of 5
th
 

week 

Av.wt. 

gain end of 

6
th
   week 

Total Wt. 

gain 

(g) 

1 56.9 162.8 194.7 254.5 189.4 257 1115.3 

2 60.7 157 118.4 162.6 275.7 324.5 1098.9 

3 84.7 106.6 115.4 152 331.7 264.1 1054.5 

4 72.3 98.7 204.5 162.8 283.9 206.2 1028.4 

Mean 68.65 131.275 158.25 182.975 270.175 262.95 1074.275 

 

Mortality of Birds 

The result of the current study indicated that the total number of birds died from all participants in the 

entire period was seven. The minimum and maximum numbers of birds died were 0 and 4, respectively 

(Table 3). The highest mortality rate (1.5%) was recorded at the first week of the rearing period. The 

average cumulative mortality percentage of birds recorded in this trial was 1.7% (ranged 0%-1.5%). 

According to the results, significantly (p<0.05) higher mortality percentage (1.5%) was recorded at the 

first week growing period. Mortality level up to 5% is expected in big poultry farms and accepted as 

normal. This low mortality is might be the result of timely application of vaccines /medications/ and 

better management of birds by participants.  This low mortality percentage (<5% mortality) is a very 

promising result and it showed that broilers could be reared at smallholder in peri-urban areas using 

locally available feed.  

Table 3. Number of birds died at each week and cumulative mortality  

 

Participant's 

code 

number 

Number of 

birds died  

at 

 1
st
  

week 

Number 

of birds 

died  at 

2
nd

   

week 

Number 

of birds 

died  at 

3
rd

 

week 

Number 

of birds 

died  at 

4
th
   

week 

Number 

of birds 

died  at 

5
th
   

week 

Number 

of birds 

died  at 

6
th
 

week 

Total 

number of 

birds died 

at entire 

period 

1 2  0  0  0  0  0  2  

2 1  0  0  0  0  0  1  

3 3  1  0  0  0  0  4  

4 0  0  0  0  0  0  0  

Mean+SD 1.5
a

+1.3 

(1.5%) 

0.25
b

+0.5 

(0.24%) 

0
b 

  

(0%) 

0
b

 

(0%) 

0
b

 

(0%) 

0
b

 

(0%) 

1.75+1.7 

(1.71%) 

a,b 
Least square means with different superscript within a column are significantly different (P < 0.05) 
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Feed Intake of Birds 

The average daily feed intake of birds is presented in Table 4. Accordingly, the average daily feed intake 

of birds during the entire period was 89.2g  

Table 4. Average daily feed intake of birds at each week (g) 

 

Daily feed 

intake at 

1
st
 week 

Daily feed 

intake at 

2
nd

 week 

Daily feed 

intake at 

3
rd

 week 

Daily feed 

intake at 

4
th
 week 

Daily feed 

intake at 

5
th
 week 

Daily 

feed intake 

at 6
th
 week 

Daily feed 

intake at 

entire 

period 

Mean 19 34 66 95.5 112.5 124.50 54.5  

 

The average cumulative weekly feed intake is presented in Table 5. The total average cumulative feed 

intake of each bird was 3765.7g. The daily, weekly and total feed intake of birds recorded in this trial was 

lower than the genetic potential of the breed. This might be due to many factors including; the feed 

quality, housing condition, water intake, temperature stress and general management of birds. 

Table 5. Average weekly feed intake of birds (g) 

 

 

Cumm. 

feed 

intake at 

1
st
 week 

Cumm. 

feed 

intake at 

2
nd

 week 

Cumm. 

feed 

intake at 

3
rd

 week 

Cumm. 

feed 

intake at 

4
th
 week 

Cumm. 

feed 

intake at 

5
th 

week 

Cumm. 

feed 

intake at 

6
th
 week 

Cumulative 

feed 

intake at entire 

period 

Mean 133 238 462 669 788 872 133 

 

Feed conversion ratio (FCR) 

The average feed conversion ratio (FCR) recorded each week is presented in Table 6. Accordingly, the 

total average FCR recorded in this trial was 2.25. It was higher than the genetic potential of the breed, 

which was 1.74. This relatively higher FCR (low efficiency) could be related to the feed quality and 

preparation, environmental stress, type of chicken management, feed wastage and water quality and 

consumption rate of birds. 

According to the results, significantly higher feed conversion efficiency (low FCR) was recorded at the 

second week of growing period. The lower efficiency (higher FCR) was recorded at the 6
th
 week of 

production period and this indicated that the quality of feed prepared by participants was deteriorating 

from time to time. 
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Table 6. Average weekly feed conversion ratio (FCR)  

Participant's 

code 

number 

Average 

FCR 

at 1
st
 

week 

Average 

FCR 

at 2
nd 

week 

Average 

FCR       

at 3
rd 

week 

Average 

FCR       

at 4
th 

 week 

Average 

FCR       

at 5
th
  

week 

Average 

FCR     

at 6
th
 

week 

Average FCR 

at entire 

period 

1 2.72 1.39  2.37  2.63 2.73 8.96 2.17 

2 2.27 1.50  3.9  4.11 2.11 6.87 2.29 

3 1.22 1.92  4.0  4.40 1.82 8.38 2.30 

4 2.28 2.11  2.26  4.11 2.06 8.17 2.23 

Mean 2.12 1.73 3.13  3.81 2.18 8.10 2.25 

 

Economics of Broiler Production using Locally Made Feed  

Partial budget analysis  

Finished broilers were sold in live weight (per head) after 42 days of growing period. They were 

purchased by small holder broiler processors living at Bahir Dar city. Labor was provided by family as 

side line activity and the cost was not considered in the analysis. The economic analysis result showed 

that the average selling price of finished broilers was 50 Birr per head (Table 7). Partial budget analysis 

result indicated that smallholder broiler production was profitable with a net benefit of 10.75 ETB /head 

and 19.33 ETB/kg, respectively. Semi processed broiler meat suppliers fetched 8.56 ETB/kg more than 

those who supplied live birds. In addition, the return could also increased by 4.30 ETB/head when the day 

old chicks and formulated feed supplied in the locality. The result of the current study indicated that the 

cost of feed for broiler production covered more than 70% of variable cost. Opara (1996) also agreed that 

feed accounts for 70-85% of the production cost of modern poultry production. 

Table 7. Partial budget analysis of broiler production using local feed  

Description Birr/bird 

Total  average revenue (ETB) 5162.5 (Ranged  5050-5250) 

Total average variable costs (ETB)    3019 (Ranged 2904 – 3235) 

Day old chicken cost 600 

Feed cost (starter & finisher) 1875.6 

Labor cost 319.00 

Electricity cost 73.75 

Guard cost 68.75 

Other costs (vaccine, etc) 82.00 

Gross Margin (Revenue - Variable Cost) 2143.5 (Ranged  804.5 – 1287) 

Average profit/bird 20.41 Birr 

 

Sensitivity analysis  

The result of the current study indicated that broiler production would result in a positive net benefit for 

all production situation up to 20% output price reduction and 10% input price increment (Table 8).  
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Table 8. Sensitivity analysis for broiler adaptation trial using local feed  

Description Price of birds and variable cost (Birr) 

Average selling price of broiler 50.00 

Average variable  cost 29.59 

Net benefit  20.41 

Sensitivity analysis   

+ 5% variable cost 31.0695 

- 5% selling Price of broiler  47.5 

Net benefit  16.4305 

+ 10% variable cost  32.549 

- 10% selling Price of broiler  45.25 

Net benefit  12.701 

+ 15% variable cost 34.0285 

- 15% selling Price of broiler  42.5 

Net benefit  8.4715 

+ 20% variable cost  35.508 

- 20% selling Price of broiler 40 

Net benefit  4.492 

 

Producers’ Opinion 

The survey result indicated that all participants of the trial were highly satisfied by the breed.  According 

to the producers the breed has paramount merit than other chicken breeds they know. Some of the merits 

mentioned by trial participants included the following; very fast growth, high final weight, able to rear 

many cycles per year and rear as side activity (Table 9). All growers mentioned that they have future plan 

to maintain broiler production since it was highly profitable. Participants mentioned that presence of high 

demands for chicken meat and low supply improved poultry breed meat were good opportunities for 

broiler production in the study area.  

Table 9. Special merits of broilers as mentioned by growers 

Special characteristics of broilers mentioned by 

producers 

Number of 

 respondents 

Response 

% 

Fast growth  4 100 

High product (high final body weight) 4 100 

Ability to do many cycles per year 4 50 

Could be done as side activity 4 25 

 

Participants were afraid to sustain the production in the future due to some constraints. The major 

challenge raised by all participants was lack of day old chicks in the region (Table 10).  
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Table 10. Challenges of broiler production as mentioned by participants 

 

List of Constraints 

 

Number of respondents 

Response 

% 

Lack of day old chicks  10 100 

Lack of formulated feed  10 75 

High feed cost 10 50 

Lack of appropriate health services 10 25 

Lack of knowledge (poor training access)  10 25 

Lack of husbandry equipments  10 25 

 

CONCLUSION 

 The result of the current study showed that there is high demand for broiler meat around Bahir 

Dar city and this could be considered as a good opportunity for maintaining broiler production in 

the area. 

 The Lower mortality rate (<2%) recorded in this study revealed that broilers could be produced 

using locally made feed at smallholder level. 

 The final weight and feed conversion efficiency was lower than the genetic potential of the breed. 

This was highly correlated with the quality of feed produced by participants and the daily amount 

given to birds. 

 The finished broilers were purchased by small holder processors found in Bahir Darc city. They 

bought them to fatten birds for one extra week before processing. This showed that prolonging 

the growing period from 6 to 7 weeks might be important to bring birds at slaughter weight if the 

quality of feed produced is not according to the standard. 

 The higher mortality rate was recorded at the early stage of the growing period and this showed 

that attention should be given for the first two weeks of growing period. 

 Provision of trainings on small scale broiler processing and packing was found to be relevant to 

make small holder producers more profitable.  
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RECOMMENDATION 

Preparation of good quality feed should be given a due attention so as to fatten broilers on time and make 

it more profitable using locally made feed. 

 

Figure 1. Rearing day old chicks at first week      Figure 2.  Finished broilers at week six 
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Abstract 

Chickpea is the most important pulse crop with considerable genetic diversity in Ethiopia. The country holds large 

germplasm collections in genebank. But productivity per unit area is very low. The germplasm collections are not 

sufficiently characterized and utilized well to improve chickpea production. Hence, the objectives of this study were: 

to quantify population structure of Ethiopian chickpea collections, to quantify linkage disequilibrium (LD) in the 

natural chickpea germplasm using SNP markers and to identify marker-trait associations in the entire collection. A 

total of 1002 accessions were phenotyped at Kobo in contrasting environment in randomized complete block design 

with two replications and genotyped at KBioscience, UK using KBioscience Competitive Allele- Specific Polymerase 

chain reaction assay protocol. A model based clustering analysis of the genomic data showed that six distinct 

subpopulations were observed. The observed subpopulation revealed strong allele fixation and differentiation which 

were significantly different each subpopulation. High allelic and gene diversity were detected with common, rare 

and unique alleles. The LD analysis revealed that there is strong linkage disequilibrium between loci which is useful 

for marker - trait association in chickpea. Around 27 marker pairs showed strong linkage disequilibrium from the 

screened markers. The marker – trait association analysis revealed that there was strong association of markers 

and traits at both environments. A total of 26 markers showed strong association with one or more phenotypic traits 

under drought stressed and non-drought stressed environments. CKAM0999 marker showed highly significant 

association with pod filling period and days to maturity under non-drought stressed environment, and biomass per 

plot under drought stressed environment. This finding demonstrated that Ethiopian chickpea collections have high 

gene diversity and allelic richness which has to be utilized for improving chickpea production.    

Keywords: linkage disequilibrium, allele, gene diversity, unique allele, population differentiation 

 

INTRODUCTION 

Cultivated chickpea (Cicer arietinum L.) is a self pollinated, diploid annual pulse crop with a relatively 

small genome size of 750 Mbp (Arumuganathan and Earle, 1991). It is an important legume crop of the 

semi-arid tropics and non-tropical dry areas of the world. It is cultivated on 11.98 million ha of land in the 

world with 10.91 million tons of production per annum (FAO, 2010).   

Ethiopia is the largest producer of chickpea in Africa accounting for about 65.6 % of the continent‘s 

production. It is the third most important pulse crop after faba bean and haricot bean in area and 

production that contributes 16 % of the total pulse production in the country. The total annual chickpea 

production is estimated about 322838 tones and the national average chickpea yield is 1.54 t/ha (CSA, 

2011). 

mailto:kebedete@gmail.com
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Since Ethiopia has diverse agro-ecological systems, it is the secondary center of diversity for desi types of 

chickpea with large germplasm diversity present in the farmers‘ field and genebank of Ethiopia. More 

than 20 varieties were also released in the national and regional chickpea breeding programs. But very 

few accessions were included in the breeding program for crossing and direct selection (Dubie and DZ-

10-11). 

Characterizing and developing information about these germplasm collections are a great importance for 

both the conservation and utilization of genetic resources present in genebank. Because of the diverse 

nature of genebank germplasm materials (landraces, released varieties and wild and weedy relatives from 

different areas of origin), they provide all relevant allelic diversity necessary for plant improvement. 

Naturally diverse germplasm are suitable for estimating allelic diversity, marker - trait association studies 

and developing elite lines with special merits like drought or disease resistance (D‘hoop et al., 2010). 

However the large number of accessions accumulated in genebank reduced the efficiency and 

effectiveness of genetic resource utilizations. So determination of the genetic structure of heterogeneous 

germplasm collections is an essential component in the utilization, conservation or sampling of core 

collections. The determination of genetic structures of germplasm collections is also an important aspect 

of marker - trait association studies (Shriner et al., 2007). General agreement exists among researchers 

that incorporating population structure in to statistical models used in association mapping is necessary to 

avoid false positives (Pritchard et al., 2000a; Flint-Garcia et al., 2003; Zhu et al., 2008).  

The general model for association mapping can be written as ―phenotype = marker + genotype + error‖, 

and test for a marker effect is equivalent to testing to quantitative traits loci (QTL). Typically, genotype is 

a random factor whose effects are structured by kinship or population structure. The relationship between 

phenotype and marker can be tested within different groups or genetic groups which can be used as an 

extra factor or as a covariate in modeling the relationship (Thomsberry et al., 2001; Wilson et al., 2004). 

Yu et al. (2006), further described by introducing a mixed model approach which incorporates both 

population structure (Q) and kinship (K) in modeling the relationship between phenotype and marker. 

Even if Ethiopia is the secondary center of diversity for desi type of chickpea, the allelic and gene 

diversity of Ethiopian chickpea germplasm collections did not yet characterized and exploited through 

marker assisted selection for different traits. So the objectives of this study were to quantify population 

structure of Ethiopian chickpea collections, to quantify linkage disequilibrium in a structured natural 

chickpea germplasm using SNP markers and to identify marker - trait associations in the population. 

 MATERIALS AND METHOD 

 Plant Materials 

A total of 999 Ethiopian chickpea accessions (desi type) and three release varieties (Mariye, Kutaye and 

Fetenech) were used to study the population structure and marker-trait associations. The accessions were 

collected from major chickpea growing regions of the country, namely: Amhara (453), Oromiya (285), 

Southern nations nationalities and People Region (SNNPR (43), Tigray and Eritrea (65), Unknown (150), 

Somali (3), Benishangul and Gumz (2) and Gambella (1). The evaluated accessions are listed in Table 5 

under 6 clusters. The collection areas altitude ranges from1300 to 3200meter above sea level (masl) and 

covers collections made from years of 1978-2000. The improved varieties were chosen based on their 

geographical history (representing major growing regions) and drought stress reaction. 
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Phenotypic Evaluation 

Accessions and three released varieties were planted at Kobo research station in randomized complete 

block design with two replications under drought and non-drought stressed conditions. The first set of 

experiment was conducted under non-drought stress environment by applying supplemental irrigation at 

50 % flowering and pod setting stage. The second set of experiment was evaluated under drought stressed 

environment (natural environment that represents terminal drought stress environment) in the same 

location. 

Accessions were planted in two rows spaced 30 cm between rows and 10 cm between plants (total plot 

size of 2m x 0.5m). Data were collected on 50 % flowering days, maturity days, plant height,  biomass per 

plot, grain yield per plot, grain yield per plant, hundred seeds weight, seed number per plant, pod number 

per plant, harvest index and pod filling period at two environments. 

DNA Extraction and High-throughput Genotyping 

A total of 1002 accessions and improved varieties were grown in a greenhouse at ICRISAT- Patancheru 

campus. Leaf samples from a single plant of each accession were used for DNA extraction. DNA was 

extracted as per high-throughput mini DNA extraction protocol of ICRISAT (CTAB method). Quality 

and quantity of DNA were checked using agaros gel electrophoresis and the concentration was 

normalized. 55 polymorphic SNP markers, which cover the whole genome of chickpea with uniform 

distribution in each chromosome, were selected and used for genotyping 1002 chickpea accessions. 

SNP genotyping was done at KBioscience- UK, with relatively new, high through-put genotyping 

procedure, the KBioscience Competitive Allele- Specific Polymerase chain reaction (KASPar) assay 

(Orru et al., 2009). SNP data were viewed with SNPviewer2 software graphically with KASPer validation 

kit that contains three separate tubes of flours representing the three observable genotyping groups.  

Data Analysis 

The model based STRUCTURE 2.3.3 software was used to evaluate the optimal number of clusters and 

to assign each individual to a corresponding subgroup without using the pre-defined information. The 

software STRUCTURE adopts a Bayesian cluster approach under the main assumptions of Hardy 

Weinberg Equilibrium (HWE) within populations and completes LE between loci within populations for 

markers not in admixture LD. 

STRUCTURE software was run for the number of fixed subgroups K from 1 to 10, and five runs were 

performed for each K with a burn in of 100,000 followed by 100,000 cycles of replications for the actual 

analysis which produced Q matrix, assuming admixture of populations. As the STRUCTURE software 

overestimates the number of subgroups for the accessions, it is difficult to choose the ‗‗correct‘‘ K from 

the Ln probability of data, Ln P (D). Thus, the correct K value was decided based on Delta K value 

estimated by STRUCTUREHARVEST software and DARwin 5.0 cluster analysis.  

Marker – trait association analysis was done using, ―Trait Analysis by Association, Evolution and 

Linkage‖ (TASSEL) 2.0.1 standalone software (Churchill et al., 2004). General linear model (GLM) and 

mixed linear model (MLM) were employed to increase accuracy and resolution of association analysis. 
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The relative kinship coefficients (K- matrix) among all pairs of accessions were calculated using 55 

polymorphic SNP marker data with this program. 

Linkage disequilibrium between markers was assessed by calculating squared correlation coefficients 

between marker intensity patterns, using ‗POWERMARKER version 3.25‘ statistical package. The 

significance of pair wise LD (P values) among allele possible pairs of 55 polymorphic SNP loci was also 

evaluated with rapid permutation test. The plots of LD (r
2 

and D‘) for pairs of loci were drawn using 

TASSEL software. 

RESULTS 

Population Structure and Relationship 

The Population structure analysis was conducted using genotypic data of 55 polymorphic SNP markers 

by using STRUCTURE software 2.3.3 (Pritchard et al., 2000b), and revealed that the accessions sub-

divided into six subpopulations (Figure 1 and 2 and Table 1). 

Subpopulation one contained 171 accessions which accounted 17.06 % of the total accession 

membership, cluster two contained 82 accessions that accounts 8.18 % of the total accessions 

membership, cluster three contained 230 accessions which accounts 22.85 % of the total accessions 

membership, cluster four contained 279 accessions which accounts 27.84 % of the total membership, 

cluster five contained 84 accessions which accounts 8.48 % of the total membership and the last cluster 

(six) contained 156 accessions which account 15.57 % of the total proportion. The released varieties were 

in clustered three indicating that they might have common ancestors (Table 5 and Figure 2). 

Using the genotypic data, we have also analyzed the genetic distance between clusters and within clusters 

(nucleotide distance) using model based cluster distance calculation approach by employing 

STRUCTURE software. From the six subpopulations, subpopulation four has large genetic distance to 

each of the five subpopulations. The average distance or expected heterozygosity between individuals in 

the same subpopulation revealed that subpopulation four showed the smallest distance (Table 3). 

However, subpopulation five showed within larger distance between individuals which may be due to 

some outlier genotypes present in this small group (1.39 % membership). The population relation 

differentiation (FST value) of each cluster mean ranged from 0.1783 (cluster 3) to 0.9527(cluster 6). It 

revealed high level of population fixation (FST >0.2) in each cluster except subpopulation three.  

The gene diversity (expected heterozygosity) ranged from 0.5088 (CKAM0033) to 0.0139 (CKAM0630) 

with average gene diversity of 0.0858 and maximum polymorphic information content of 0.388 

(CKAM0033) with low heterozygosity (average of 0.0206) in the polymorphic markers.  

From 55 polymorphic SNP markers, 28 showed heterozygosity with the highest heterozygosity was 

observed in CKAM0033 (0.9790).The result also showed that 109062 total alleles were detected. The 

average frequency of major allele is 0.8622 with range of 0.993 (CKAM0630) to 0.5015 (CKAM0033) 

and the amount of heterozygosity ranged from 0.9790 (CKAM0033) to 0.0010 (CKAM1254) (Table 6). 

The observed common alleles were 1907; rare alleles were 301 with six unique alleles present in few 

genotypes. High allelic and gene diversity with rare and unique alleles was reported on global composite 

collection of chickpea (Upadhyaya et al., 2008), high levels of genetic diversity in common bean (Cortes 

et al., 2011).  
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Figure1: Plotting Delta K showing proper K number of subpopulation  

 

Table 1: Mean value of Delta K and log of probability for likelihood 

K Reps Mean 

LnP(K) 

Stdev 

LnP(K) 

Ln'(K) |Ln''(K)| Delta K 

1 5 -13310.56 0.089 — — — 

2 5 -9818.46 3.035 3492.10 2747.38 905.145 

3 5 -9073.74 20.585 744.72 746.36 36.257 

4 5 -7582.66 440.030 1491.08 1479.02 3.361 

5 5 -7570.60 1178.927 12.06 161.80 0.137 

6 5 -7396.74 832.852 173.86 762.20 0.915 

7 5 -6460.68 630.127 936.06 1069.44 1.697 

8 5 -6594.06 904.565 -133.38 638.14 0.705 

9 5 -6089.30 556.076 504.76 1571.76 2.827 

10 5 -7156.30 2889.606 -1067.00 — — 
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Figure 2: Population structure of accessions by Structure program, each individual is showing as a 

horizontal bar partitioned in to K colored components representing inferred membership in K genetic 

cluster. Red for cluster 1, green for cluster 2, blue for cluster 3, yellow for cluster 4, purple for cluster 5 

and light blue for cluster 6.     

 

Association Mapping 

The analysis of marker - trait association result showed that there was strong association between markers 

and agronomically important traits under drought stressed and non-drought stressed environments. In the 

GLM analysis, 5 markers showed significant association with one or more traits at both environments. In 

MLM analysis, a total of 21 markers showed strong association with one or more phenotypic tarts. 

CKAM0999 marker was highly associated with pod filling period and days to maturity under non- 

drought stressed environment in GLM and MLM analysis.  

Under drought stressed environment, five markers were highly associated with agronomic traits for 

example CKAM0639 is highly associated with hundred seed weight; days to 50 % flowering highly 

associated with CKAM1140 and CKAM0888; biomass per plot highly associated with CKAM0999 in 

both general linear  and mixed linear model analysis (Table 4). 

CKAM0999 showed highly significant association with pod filling period and days to maturity under 

non-drought stressed environment, and biomass per plot under drought stressed environment. 

Linkage Disequilibrium 

A total of 486 pair wise computation were estimated among pairs of loci from the screened SNP markers. 

Around 27 pair of loci showed statistically significant LD (higher r
2
 and D‘ values). As allele frequency 

and recombination between sites affect LD, it has been considered paired of loci having larger allele 

frequency which showed statistically significant different from zero (D value). Since r
2
 revealed both 
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recombination and mutation history, we considered paired of loci which revealed greater r
2
 value (>0.2) 

as in LD stage (Table 2). The scatter plot of r
2
 values also revealed linear arrangement of LD between 

polymorphic sites of two loci in the genomic region.  

 

 Figure 3: Linkage Disequilibrium plot showing polymorphic sites of two loci (lower diagonal p value and 

upper diagonal with r
2) 
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                        Table 2: Pairs of allele showed strong linkage disequilibrium in different loci  

Sr. no. Marker 1 Marker 2 Allele 1 Allele2 Hap frequency. r
2
 D‘ 

1 CKAM1328 CKAM1356 G A 0.981 0.7456 0.8767 

2 CKAM1832 CKAM1842 T C 0.9775 0.7128 0.8896 

3 CKAM0639 CKAM0612 G C 0.9815 0.5507 0.7550 

4 CKAM0249 CKAM0630 C G 0.9865 0.4074 0.8553 

5 CKAM1788 CKAM1832 T T 0.9621 0.3979 0.8879 

6 CKAM0411 CKAM0493 C T 0.9815 0.3821 0.7967 

7 CKAM0321 CKAM0526 C G 0.981 0.272 0.6791 

8 CKAM1317 CKAM1328 A G 0.9746 0.2641 0.5371 

9 CKAM0447 CKAM0588 A T 0.9820 0.2458 0.5395 

10 CKAM0043 CKAM0204 C T 0.978 0.2284 0.531 

11 CKAM0588 CKAM0477 T T 0.977 0.2274 0.6295 

12 CKAM0204 CKAM0290 T C 0.980 0.2188 0.5935 

13 CKAM1933 CKAM1971 G G 0.9795 0.2254 0.4929 

14 CKAM0167 CKAM0249 T C 0.9835 0.2170 05499 

15 CKAM0477 CKAM0657 T T 0.9581 0.2041 0.6182 

16 CKAM1356 CKAM1641 A G 0.9651 0.5764 0.1995 

17 CKAM0290 CKAM0405 C A 0.9671 0.7936 0.1989 

18 CKAM0526 CKAM0234 G T 0.9825 0.5201 0.1970 

19 CKAM0042 CKAM0043 G C 0.9755 0.5298 0.1961 

20 CKAM0722 CKAM0723 C G 0.9810 0.6189 0.1900 

21 CKAM0612 CKAM0647 C G 0.9810 0.5488 0.1796 

22 CKAM1190 CKAM1254 C G 0.9775 0.5153 0.1582 

23 CKAM0003 Ct6875951 T G 0.9800 0.4090 0.1543 

24 CKAM0405 CKAM0411 A C 0.9616 0.5309 0.1478 

25 CKAM1842 CKAM0722 C C 0.9765 0.6172 0.1468 

26 CKAM0234 CKAM0167 T T 0.9820 0.4371 0.1318 

27 CKAM0647 CKAM0447 G A 0.9820 0.4371 0.1318 
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                             Table 3. Cluster distance of six subpopulation and membership proportions 

Cluster 

Group
1
 

I II III IV V VI Cluster group Mean value 

of Fst 

Membership 

proportion 

I 0.0133      I 0.915 0.180 

II 0.0303 0.034     II 0.8359 0.076 

III 0.0538 0.0736 0.1044    III 0.1783 0.209 

IV 0.0184 0.0253 0.0593 0.0092   IV 0.9514 0.256 

V 0.0236 0.0314 0.0577 0.0071 0.0156  V 0.834 0.119 

VI 
0.0365 0.0434 0.0728 0.0182 0.0252 

0.0093 VI 
0.9527 

0.16 

                                            
1Bold diagonal values indicate within cluster distance. 
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Table 4: Association of SNP markers and agronomic traits in general linear model (GLM) and   mixed linear model (MLM) analysis under two 

environments 

Markers Associated traits under non- drought stressed 

environment 

Associated traits under drought 

stressed environment 

Model used 

CKAM0999 PFP*** , DM***  GLM 

CKAM0639 PHT*  MLM 

CKAM0317  PPP*, SPP*, YPP*  MLM 

CKAM1175 PPP*, SPP*  MLM 

CKAM0033 PPP*, SPP*  MLM 

CKAM1293 SPP*, YLD*, PPP*, BM*, YPP*  MLM 

CKAM1933 PHT*  MLM 

CKAM0043 PHT*  MLM 

CKAM1963 PHT*  MLM 

CKAM0999 YLD*  MLM 

CKAM0993 HSW*  MLM 

CKAM1641 PHT*  MLM 

CKAM1848 YLD*  MLM 

CKAM0722 PPP*  MLM 

CKAM0025 PHT*  MLM 

CKAM0343 PHT*  MLM 

CKAM0647 PHT*  MLM 

CKAM0804 SPP  MLM 

CKAM0639  HSW** GLM 

CKAM1140  DFL** GLM 

CKAM0888  DFL** GLM 

CKAM0999  BM** GLM 

CKAM0999 PFP***, DM***    MLM 

CKAM0888  DFL** MLM 

CKAM1140  DFL** MLM 

CKAM0639  HSW** MLM 

 * = significant at (p ≤0.05) **= significant (p ≤0.01), *** = significant at (P ≤ 0.001).  DFL = days to flowering, DM = days Maturity, PFP = pod filling period, HSW = 

hundred seeds weight, BM= biomass per plot, PHT = plant height, SPP = seeds number per plant, PPP = pod per plant, YLD = yield per plot, YPP = yield per plant.  
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Table 5: Distribution of accessions in each cluster based on genotypic data using Structure software 

Clust

er 

Accession list 

I   

(171) 

41006, 41015, 41019, 41020, 41023, 41024, 41052, 41056, 41064, 41073, 41084, 41085, 41094, 41098, 41110, 41117, 41125, 41129, 41138, 41143, 41145, 

41146, 41147, 41148, 41167, 41169, 41174, 41182, 41186, 41205, 41207, 41265, 41269, 41271, 41272, 41278, 41280, 41299, 41300,  41303, 41307, 41314, 

41319, 207142, 207146, 207153, 207160, 207163, 207166, 207171, 207174, 207176, 207180, 207181, 207182, 207188, 207192, 207195, 207564, 207611, 

207613, 207616, 207618, 207631, 207635, 207636, 207650, 207657, 207667, 207674, 207680, 207684, 207687, 207689, 207695, 207700, 207703, 207704, 

207706, 207709, 207711, 207713, 207732, 207739, 207741, 207742, 207743, 207744, 207759, 208829, 208991, 208993, 208994, 208997, 209004, 209010, 

209021, 209023, 209030, 209031, 209036, 209082, 209083, 209089, 209090, 209091, 209099, 209104, 209105, 209106, 209109, 214621, 214626, 214730, 

215032, 215289, 216855, 219797, 219801, 223143, 225872, 225888, 225889, 225890, 227149, 227155, 228198, 228296, 228298, 229960, 230253, 231327, 

231329, 231331, 232206, 232287, 233353, 233572, 233750, 234048, 235033, 235393, 235826, 236454, 236461, 236471, 236477, 236479, 236887, 237054, 

237513, 239846, 239849, 239876, 239879, 239890, 239906, 239927, 239938, 239959, 239966, 239979,240063, 240067, 240078, 240089, 240090, 241127, 

241800, 241801, 241805 

II 

(82) 

41018,41026,41032,41041,41042,41043,41047,41049,41109,41150,41160,41264,41281,41282,41283,41284,41286,41287,41288,41289,41291,41292,41294,4

1295,41297,41298,41302,41312,41313,41315,207133,207139,207143,207152,207165,207167,207177,207726,207727,207750,207752,207754,207767,208990

,208992,209027,209087,209116,212689,214622,219803,223064,223065,225886,227160,228288,228291,228303,229955,229958,233570,235720,235825,2361

93,236462,238262,238264,238265,239842,239845,239859,239860,239863,239888,239898,239901,239929,239937,239950,239960,239982,240043 

III 

(230) 

41001,41002,41003,41005,41010,41012,41016,41031,41033,41034,41038,41039,41051,41055,41062,41065,41078,41091,41099,41102,41111,41113,41115,4

1126,41128,41132,41133,41135,41141,41157,41168,41170,41171,41172,41173,41175,41176,41177,41180,41184,41187,41188,41189,41193,41194,41196,41

197,41198,41199,41201,41202,41203,41204,41208,41209,41214,41218,41258,41285,41310,207149,207159,207168,207179,207191,207563,207607,207614,2

07619,207628,207629,207634,207644,207646,207647,207648,207653,207656,207658,207659,207661,207662,207670,207672,207673,207676,207679,20768

1,207682,207683,207685,207686,207690,207691,207692,207694,207707,207712,207718,207719,207728,207747,207748,207760,207761,207763,207764,207

765,207768,207770,207894,207895,207896,208364,208977,208982,208983,208986,209001,209008,209009,209016,209020,209025,209026,209028,209033,2

09038,209080,209081,209084,209086,209088,209092,209094,209096,209098,209107,209111,209113,209114,212476,212686,213224,214625,214729,21491

6,215353,215577,215667,216856,219799,219800,223288,225740,225742,225876,227150,227152,228199,228200,228301,228302,228658,229090,229962,231

330,231332,232286,232288,233352,234852,235031,235032,235034,235036,235395,235396,235398,235722,236194,236198,236459,236468,236469,236476,2

36488,236493,236886,237056,237057,239841,239851,239852,239861,239874,239886,239891,239893,239895,239897,239900,239902,239904,239907,23990

9,239914,239916,239917,239919,239925,239930,239941,239945,239967,240042,240058,240065,240068,240085,240087,240088,241128,241803,241804,207

610-re,Fetenech,kutaye,Mariye 
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IV 

(279) 

41004,41007,41008,41011,41017,41021,41022,41044,41045,41046,41048,41053,41054,41057,41060,41061,41066,41074,41076,41086,41090,41

092,41093,41095,41101,41106,41119,41120,41121,41123,41124,41130,41131,41134,41136,41137,41140,41142,41144,41149,41152,41153,4115

4,41155,41159,41161,41162,41165,41166,41178,41191,41192,41195,41211,41216,41217,41219,41221,41222,41224,41225,41226,41229,41236,4

1240,41256,41259,41261,41262,41268,41270,41273,41274,41275,41279,41293,41304,41305,41308,41309,41311,41316,41317,41320,41325,202

509,207136,207138,207140,207141,207144,20714,207147,207150,207151,207155,207157,207161,207162,207164,207172,207173,207175,20717

8,207184,207561,207562,207606,207609,207612,207615,207617,207624,207625,207626,207627,207632,207643,207645,207649,207651,207652

,207663,207664,207665,207666,207669,207671,207675,207677,207688,207696,207701,207702,207710,207715,207717,207720,207721,207723,

207725,207730,207734,207745,207749,207751,207753,207769,208900,208978,208980,208981,208984,208985,208988,208998,208999,209006,2

09007,209011,209012,209013,209014,209019,209032,209076,209085,209103,209108,209110,210858,210859,212474,212475,212477,212688,21

2916,212917,213050,213051,214624,214731,214734,214917,215033,215067,215189,215190,215290,216853,219798,219802,219804,221696,223

063,225743,225874,225877,225878,225879,225882,225883,225884,225887,227154,227156,227970,227971,228201,228292,228294,228297,2287

92,228899,229956,229959,230795,231328,232207,233573,234050,235963,236197,236458,236463,236467,236472,236473,236474,236475,23647

8,236480,236482,236483,236489,236491,236881,236882,236883,236884,237055,238267,239840,239844,239847,239853,239862,239865,239873

,239878,239908,239911,239912,239915,239922,239923,239924,239928,239936,239946,239949,239961,239965,239968,239971,239972,239976,

240041,240045,240048,240049,240060,240061,240064,240066,240069,240077,241126,241802 

V 

(84) 

41009,41036,41063,41071,41108,41114,41127,41158,41163,41179,41183,41185,41190,41206,41210,41212,41213,41215,41260,41266,41290,41

296,41301,207156,207183,207185,207622,207630,207633,207638,207641,207642,207654,207655,207693,207699,207714,207716,207724,20845

4,208979,208989,209000,209003,209015,209029,209034,209093,209102,209112,209115,212589,212687,214728,214732,214733,216854, 

225873,  225875, 225880, 225881,  227151, 227161, 228197, 228900,229961,234049,235035,235392, 235394, 235397, 235721, 236196, 236457, 

239253,239855,239877,239892,239921,239939,239954,239977,239978,240071,240062-re 

VI 

(156) 

41014,41025,41027,41028,41029,41030,41035,41037,41040,41058,41059,41067,41068,41069,41070,41072,41075,41077,41079,41080,41081,41

082,41083,41087,41088,41089,41096,41097,41103,41104,41105,41107,41112,41116,41139,41151,41156,41164,41181,41200,41220,41223,4122

7,41228,41230,41231,41232,41233,41235,41237,41238,41239,41241,41242,41243,41244,41245,41246,41247,41248,41249,41250,41251,41252,4

1253,41254,41255,41257,41263,41267,41276,41277,41306,41321,41322,41323,41324,41326,204785,205148,207134,207135,207170,207186,207

608,207620,207621,207623,207637,207639,207668,207698,207705,207729,207731,207733,207735,207736,207746,207766,208453,209002,2090

17,209018,209078,209101,212685,215188,222863,223142,223287,227153,227157,227162,228196,228289,228290,228293,228295,228299,22830

0,228793,229089,229091,229703,231454,233571,236464,236465,236470,236481,236492,239836,239838,239850,239857,239864,239885,239889

,239894,239896,239903,239905,239918,239932,239935,239947,239957,239980,240044,240054,240055,240059,240073,240080,240091 
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 Table 6. Summary of allelic diversity of entire germplasm collection (PIC = polymorphic information contents)

Marker name Gene diversity Heterozygosity PIC value 

CKAM0003 0.0237 0.0000 0.0236 

CKAM0017 0.0527 0.0040 0.0519 

CKAM0025 0.0364 0.0010 0.0360 

CKAM0033 0.5088 0.9790 0.3882 

CKAM0042 0.0364 0.0110 0.0360 

CKAM0043 0.0257 0.0000 0.0255 

CKAM0167 0.0178 0.0000 0.0177 

CKAM0204 0.0315 0.0000 0.0313 

CKAM0234 0.0256 0.0000 0.0254 

CKAM0249 0.0247 0.0010 0.0245 

CKAM0290 0.0198 0.0000 0.0197 

CKAM0317 0.3273 0.0120 0.2805 

CKAM0321 0.0316 0.0020 0.0313 

CKAM0343 0.0392 0.0000 0.0387 

CKAM0405 0.0604 0.0000 0.0594 

CKAM0411 0.0325 0.0010 0.0322 

CKAM0447 0.0257 0.0000 0.0255 

CKAM0462 0.2886 0.0140 0.2560 

CKAM0477 0.0374 0.0000 0.0370 

CKAM0493 0.0198 0.0000 0.0197 

CKAM0526 0.0188 0.0010 0.0187 

CKAM0588 0.0218 0.0000 0.0216 

CKAM0612 0.0296 0.0000 0.0293 

CKAM0630 0.0139 0.0000 0.0138 

CKAM0639 0.0286 0.0010 0.0284 

CKAM0647 0.0178 0.0000 0.0178 

CKAM0657 0.0680 0.0000 0.0668 

CKAM0707 0.0247 0.0010 0.0246 

CKAM0722 0.0159 0.0000 0.0158 

CKAM0723 0.0315 0.0020 0.0312 

CKAM0750 0.0470 0.0000 0.0465 

CKAM0804 0.1784 0.0100 0.1659 

CKAM0888 0.0296 0.0000 0.0293 

CKAM0993 0.1526 0.0060 0.1451 

CKAM0999 0.1083 0.0020 0.1043 

CKAM1101 0.2435 0.0110 0.2179 

CKAM1140 0.0489 0.0000 0.0480 

CKAM1175 0.0393 0.0000 0.0388 

CKAM1190 0.0344 0.0010 0.0340 

CKAM1254 0.0208 0.0010 0.0207 

CKAM1293 0.4709 0.0140 0.3780 

CKAM1317 0.0354 0.0000 0.0351 

CKAM1328 0.0325 0.0010 0.0322 

CKAM1356 0.0335 0.0000 0.0332 

CKAM1641 0.0547 0.0000 0.0539 

CKAM1651 0.3833 0.0170 0.3254 

CKAM1788 0.0698 0.0000 0.0684 

CKAM1832 0.0364 0.0010 0.0361 

CKAM1842 0.0403 0.0010 0.0399 

CKAM1848 0.0885 0.0000 0.0862 

CKAM1902 0.1695 0.0050 0.1586 

CKAM1903 0.3678 0.0200 0.3103 

CKAM1933 0.0257 0.0000 0.0255 

CKAM1963 0.0432 0.0000 0.0427 

Mean 0.0858 0.0206 0.0769 
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DISCUSSION 

Basically, natural population has structure when there are large- scale systematic differences in ancestry 

with various levels of immigrant and group of individuals with more recent shared ancestors than would 

expect in a panmictic population. Shared ancestor corresponds to relatedness or kinship which creates 

confounding effect in association analysis. 

Application of association-mapping approaches in plants is complicated by the population structure 

present in most germplasm sets (Flint-Garciaet et al., 2003). To avoid the complication, general 

agreement exists among researchers that incorporating population structure as kinship matrix in to 

statistical models used in association mapping is necessary to avoid false positives (Pritchard et al., 

2000b; Flint-Garcia et al., 2003; Zhu et al., 2008). 

 The population structure analysis revealed high mean Fst value (more than 0.8 for all subpopulation 

except subpopulation three) indicating that the stratified subpopulations were strongly fixed and 

significantly different from the original population. For examples, highest Fst value was observed in 

cluster IV and cluster VI which contributed to 25.6 % and 16 % of total membership, respectively (Table 

3). According to Odong et al. (2011), weak population differentiation showed lower FST value (FST <0.05) 

and high level of differentiation showed higher FST value (FST >0.2).    

The result showed better genetic distance between subpopulations especially between cluster III and VI. 

Since the distribution of functional alleles is highly correlated with population structure, better 

subpopulation differentiation reduced the rate of false positive association between markers and studied 

traits. Inclusion of population subdivision as random effects in a mixed model allows for the computation 

of unbiased estimates of allele effect. The result also indicated that fixed subpopulations are homogenous 

and suitable for association mapping by avoiding kinship based structured confounding effect. A report of 

using homogenous subpopulation in a mixed linear model approach showed a correction of 80 % false 

positive marker - trait association in natural populations (Odong et al., 2011).     

In natural population, higher linkage disequilibrium indicated covariance of polymorphisms exhibited by 

two molecular markers/genes due to strong physical linkage or ancestral share of common alleles (Gupta 

et al., 2005). Linkage disequilibrium analysis showed high number of SNP marker pairs in LD revealed 

that there is strong correlation or covariance between alleles. This indicated there is strong physical 

linkage on the same chromosome or sharing of alleles which were identical by decent or by mutation and 

evolution process. The presence of co-localization of specific genes/marker in the polymorphic regions 

could be a better way to understand marker –trait association complex traits such as drought tolerance in 

chickpea   

A key to successful association mapping is to avoid spurious associations by controlling population 

structure and relatedness relationship between individuals. It requires an equal numbers of unrelated and 

unstructured ―case control‖ samples for samples for accurate association mapping. 

To efficiently eliminate the confounding effects coming from population structure and stratification Yu et 

al. (2006) developed new methodology, a mixed linear model (MLM) that combines both population 

structure information (Q matrix) and level of pair wise relatedness coefficients- ―kinship‖ (K-matrix) in 
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the analysis where MLM approach found to be effective in removing the confounding effects of 

population structure in association mapping. 

The association analysis result revealed that markers are strongly associated with most of the studied 

agronomic traits at both GLM and MLM analysis. This indicated that these markers are derived from 

regions coding agronomically important traits. CKAM0999 marker strongly associated with pod filling 

period, days to maturity and biomass in both MLM and GLM analyses under both environments with 

major allele frequency of 0.9431. It showed that one marker is linked to three agronomic traits indicating 

that there is pleiotropy gene controlling one or more traits or there may be allele sharing due to mutation 

or evolution. 

CKAM0033 with better PIC value (0.38) is associated with pod per plant and seeds number per plant 

under non- drought stressed environment in GLM and MLM analysis. Since the study of germplasm is 

diverse, association analysis captured more allelic diversity with better resolution without any 

nonfunctional association. 

Association mapping studies in legumes are limited to soybean where association mapping consisting of 

differences in allele frequency distribution between subpopulation and trait- marker association identified 

for seed protein trait (Jun et al., 2008). 

CONCLUSIONS AND RECOMMENDATIONS   

Once the genetic markers have been demonstrated to be associated with a phenotypic trait of interest, it 

can be used as selection target to obtain an indirect response in the trait. In recurrent selection, markers or 

genes could be used to store information acquired from phenotypic evaluations, which can be used for 

selection in later cycles. In pedigree breeding, markers could carry information about yield potential from 

the phase of replicated field trials to the phase of single-plant selection, when evaluation of yield cannot 

be made with reasonable precision.  

It is also useful for the breeders to select exclusively the favorable marker allele, trying to achieve fixation 

of the favorable gene allele in a single generation. So this finding is useful for indirect selection for traits 

strongly associated with markers. 

The associated markers with different traits in the natural population has to further mapped and genome 

wide association with more SNP markers saturation has to be done to exploit the existing allelic diversity 

of Ethiopian chickpea germplasm.  
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Assessment of reproductive, growth and survival of the hybrids of African catfish 

(Clarias gariepinus) and Indian catfish (Clarias batrachus) compared to their 

parental lines crosses - Gashaw Tilahun  

College of Agriculture and Environmental Sciences, Bahir Dar University, Bahir Dar, Ethiopia 

Abstract  

A crossbreeding between two closely related species known as Clarias gariepinus (Cg) and Clarias batrachus (Cb) 

were carried out in Central Institute of Fisheries Education campus hatchery, Mumbai using ovatide hormone to 

induce ovulation. The hybridization experiment was conducted to find out the performances of reproduction, growth 

and survival rates of the hybrids comparing to their parental line groups of the pure gariepinus and batrachus 

crosses as a control. The rearing period was for 60 days in triplicate in 2012 breeding season recording percentage of 

fertilization and hatching as a reproductive performance and growth & survival fortnightly. The hybrid crosses (Cg x 

Cb and Cb x Cg) were shown intermediate characters in mean weight gain (MWG), specific growth rate (SGR), 

mean final length (MFL), and fingerling survival (FS) between the two controlled groups (Cg x Cg and Cb x Cb) 

whereas lower than both the controlled groups in the rate of fertilization, hatching and survival of the larvae. 

However, the statistical analysis was not shown significant variations for fertilization and hatching rate (P>0.05) 

among the hybrids (Cg x Cb & Cb x Cg) and the batrachus species. Moreover, the two interspecific hybrids were 

not significantly different (P>0.05) each other in all parameters studied. The crosses of C. gariepinus (C.g x C.g) 

were displayed the highest value in MWG, SGR, LS and FML significantly different (P<0.05) from the others but 

recorded the lowest value in performance of fingerling survival. In this investigation the growth parameters of 

MWG, SGR and FML in the hybrids were greater than C. batrachus and the survival rate of fingerlings was higher 

than C. gariepinus. Therefore, it was considered as hetrosis vigor for the hybrids since achieved better than either 

one of the parental groups.   

Key words: Clarias batrachus, Clarias gariepinus, hybrid, growth, survival, hetrosis 

 

INTRODUCTION 

Improved traits for growth, reproductive performance, survival etc. in fish farming are advantageous to 

increase productivity. Crossbreeding is one of the methods used to achieve improved traits in the past by 

combining genetic materials from two different species or strains of organisms. The Indian catfish, 

Clarias batrachus is an endemic species whereas the African catfish, Clarias gariepinus is an exotic 

species for India and both are closely related species used in aquaculture. Currently hybridization between 

endemic species and introduced species or between wild and cultured populations is a topic of great 

concern (Hershberger, 2006; Elo et al., 1997; Jansson and Oest, 1997).  According to Bartley et al. (1997) 

inter and intra specific hybridization has been considered as one of the important mechanisms of 

obtaining better hybrids in fish culture to increase productivity. According to Anita (2004) the mating of 

related individuals known as inbreeding and its less desirable effects can be minimized (avoided) through 

crossbreeding. Many researchers also reported that the hybrids generally perform better than either parent 

species for several important production traits. According to Dong and Yuan (2002) the hybrids of of 

Xingguo red carp × scattered mirror carp known as Feng carp showed typically 1.5-1.6 times more 

growth at fingerling stages compared to that of the maternal fish and 1.32 times at the adult stage. Heyuan 

carp is a crossbreed between purse red carp × yuanjiang carp has also high growth rate, good body shape, 
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high feed conversion rate and high capture rate over their parents. Yue carp is a hybrid of purse red carp × 

Xiangjiang carp that has 50-100% more growth rate than that of the paternal fish and 25-50% from the 

maternal fish. Hybridization of tilapia has been successful in improving growth rate, sex ratio, cold 

tolerance, body size and salinity tolerance (Kuo, 1969; Hu and Yu, 1977). Rainbow trout achieved better 

growth rate (hetrosis) through hybridization over the parents (Dunham et al., 1983; Dunham, 1996b).  

Improved traits through hybridization in catfish species are also described by a number of researchers. 

Interspecific ictalurid hybrid has shown hetrosis for culture traits when channel catfish female hybridized 

with a blue catfish male (Dupree et al., 1969; Dunham and Smitherman, 1981; Dunham et al., 2000). 

According to Hassen et al. (2011) crossbreeding between Pangasianodon hypophthalmus (Sauvage) 

female and Pangasius nasutus (Bleeker) male (HN) showed better breeding performance. The hybrids of 

two species of Clarias (C. batrachus and C. macrocephalus) are often used in South East Asia with the 

introduced African catfish. Bartley et al. (1997) described that nearly 80% of Thai catfish aquaculture is 

based on hybrids. According to Na-Nakorn (1999) the hybrids between the female native C. 

macrocephalus and the male C. gariepinus has been widely cultured in Thailand and readily accepted for 

culture due to its superior growth over the native Clarias species. In Bangladesh successful hybridization 

of C. batrachus x C. gariepinus has done and farmers are using to produce the hybrids.   

Superior performance of hybrids (hetrosis) is the result of genetic interactions and differences among 

alleles contributed by two distinct populations or species (Akinwande, 2011). The amount of hetrosis 

gained from particular crosses depends on the degrees of genetic difference and their gene interactions 

(Falconer, 1989). According to Grant and Grant (1994) the maximum dominance advantage is presented 

in the first generation (F1) and will be partially lost in future generations.  

The production of both African catfish and the Indian catfish including their hybrids are increasing from 

time to time. Na-Nakorn (1999) noted that the C. batrachus and the C. gariepinus contribute significantly 

to annual freshwater fish production in South Asia, South East Asia and Africa.  

African catfish is commonly used in homestead fish culture (Oguguah et al., 2011) in different areas 

because it has a high growth rate and is often disease resistance as compared to its counterpart Indian 

magur. In different countries such as in Nigerian, South Africa, Kenya and Sudan this fish is very popular 

with fish farmers and command a very good commercial price in markets (Ezenwaji, 1986; Oladosu et al., 

1993). Moreover, FAO (2012) stated that African catfish appear as the major fish species cultured in Sub-

Saharan Africa followed by tilapia and distributed elsewhere as exotic species worldwide and took 

attention by aquaculturists. The exploitation of new cultured species and introduction of exotic species are 

used as means for diversification in aquaculture to increase production. A number of researchers 

described the role played by exotic species to increase production in aquaculture. De Silva et al. (2009) 

stated that 16% of the global aquaculture production is contributed by alien species.  

On the other hand C. batrachus is one of the most economically important indigenous freshwater fishes in 

Asia because of its attractiveness for its good taste, rugged, medicinal value and has tremendous 

popularity among consumers (Debnath 2011). Further,  Argungu et al. (2012) added the presence of 

excellent nutritional profile and high market value of C. batrachus to become a promising aquaculture 

candidate species. However, C. batrachus is less resistant to wide fluctuations in temperature and oxygen, 

lower in growth rate and fecundity as compared to that of C. gariepinus and provide less productivity per 

unit area. Hence the fish farmers are not much benefited in culturing and are less interested in this fish 
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farming. Hossain et al. (2006) described that recently the species become scare because of many adverse 

changes in their natural breeding and growing habitats for that catfish fry is very rare in nature. Moreover, 

Khedkar (2009) stated that this species lacks genetic diversity which may be one of the reasons to decline 

in different parts of India. On the other hand the African catfish from the time it introduced to India has 

distributed to various regions shortly and occupied different water bodies of the country and may 

hybridize with the native fish Clarias batrachus.  

The African catfish crossbreeds with the other claridae and produce hybrids with improved traits also 

increase production even though the protection of native biodiversity would pose a limitation to this 

technology. The ecological impacts as a result of interaction between the cultured and the wild, 

inappropriate techniques being used will have specific problems as far as hybridization is concerned. So 

that great precaution to minimize the risk is very crucial in this regards when a crossbreeding is done in 

captivity. Although hybrid vigor of catfish was produced through cross breeding between female C. 

batrachus (♀) and male C. gariepinus (♂) in Thailand and others still unsuccessful research result is also 

reported in Indonesia and in Vietnam that indicates to investigate further. Although in India the success of 

this hybridization was reported decade ago by Sahoo et al. (2003) only one time and no research has 

carried out elsewhere in the country. Hence the information is very limited. With this back ground the 

present study was intended to investigate reproductive performance, growth, survival and hetrosis of the 

interspecific hybrids of C. batrachus and C. gariepinus compared to its parental line crosses. 

MATERIALS AND METHODS 

Procurement of Brooders and Experimental Design 

The brooders of Clarias gariepinus were purchased from Dadar and Char Bungalows Fish Market, 

Mumbai (India). Clarias batrachus were brought from Powarkheda fish breeding centre, CIFE, Madhya 

Pradesh (India) and Ambedkar Marathwada University, Aurangabad, Maharashtra. The Brooders 

acclimatized to the experimental breeding conditions in rectangular fiber plastic tank for 30 days in wet 

laboratory of aquaculture of CIFE, Mumbai (India). In order to achieve best health and maturity until the 

time of induced breeding (to the stage of well-developed gonadal maturation) both brooders were fed on 

laboratory prepared pelleted feed of 2 mm diameter with diets containing 35-42% crude protein (ADCP, 

1983). Six male C. gariepinus with average weight 375.67 ± 34.17g and six female C.gariepinus with 

average weight 325.83 ± 23.18g and six female C. batrachus with average weight 134.8.33 ± 9.33g, six 

male C. batrachus with average weight 169.50 ± 16.39g (totally 24 brooders) were randomly distributed 

into 4 crosses marked as Cb ♀ x Cb ♂, Cg ♀ x Cg ♂ Cb ♀ x Cg ♂ and Cg ♀ x Cb ♂ groups in triplicates 

each with two brooders (n=6 brooders/group) in a plastic tray following a completely randomized design 

(CRD).  

Selection of Fishes by Sex 

Brooders were distinguished based on external morphology and eggs characteristics. Those fishes with 

rounded soft abdomen, swollen reddish vent and appearance of viable eggs upon slight pressure on the 

abdomen are females and those which have long and slender abdomen with elongated genital papillae 

selected as males. After identification, the brooders removed from their tanks separated by sexes and then 

put into the plastic bowls containing clean water which is covered until required. 
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Hormonal Administration  

The females were removed from the basin through head covered with a hand towel to restrain it and 

injected with synthetic ovatide hormone manufactured by Hemmo Pharmaceuticals PVT. LTD Company 

(1 mlKg
-1

 body weight). 1-ml syringe with 26 –G needle was used aspirating to eliminate air bubbles in 

the hormone before the needle was inserted into the fish‘s body at an angle of 45
0
 in the dorsal muscle in 

the direction of the tail above the lateral line and retracting the syringe gently. The injected area was 

massaged with the thumb finger to distribute the hormone evenly. After injection the brooders were 

returned into tanks containing clean water with appropriate temperature (28 
0
C) for ovulation and 

maturation of gonads. 

Milt collection and Stripping of Female Fish 

Before the female spawners were stripped, milt was collected from the males by sacrificing them. A small 

incision was made at the posterior end of the abdominal region to remove the testes using a forcep. Testes 

were cleaned with tissues paper to remove blood. Next it cut into pieces and crushed for releasing milts 

using the enamel mortar cup and pestle. The milt samples were kept inside a petri dish diluted with 

physiological saline (0.9%NaCl) solution until required for insemination. The females with free flowing 

eggs were removed for stripping that was done by holding firmly the fish with a towel covering the head 

and applying gentle strokes on the abdomen from the anterior towards the genital papilla. The eggs were 

collected in to clean and dry plastic trays/bowls. 

Fertilization of Eggs  

The milts collected from the two different species used in fertilizing the eggs in four separate combination 

crosses inside trays using a clean dry feather to avoid contamination of eggs. Further the fertilized eggs 

were washed with clean water repeatedly to remove the excess milt and placed under a continuous water 

flow setup from tap water and incubated at a temperature range 27 °C-30 °C with a pH of 7.1. The rate of 

fertilization was calculated as follows:-  

  Fertilisation Rate  =    Number o f  fertilised eggs        x  100. 

   Total number of eggs counted  

  

Incubation and Hatching 

Thin fibrous polythene materials were placed at the bottom of incubated rectangular trays as a substratum 

for fertilized eggs to prevent clumping among the eggs particularly for eggs of C. gariepinus due to its 

adhesive nature. Hatching rate was calculated as follow:- 

 

  Hatching Rate  =      Number of eggs hatched             x  100. 

Total number of eggs in a batch 

 

Rearing in the Hatchery 

The experiment was set up in triplicate inside the hatchery. The life cycle of the development begins with 

the fertilized egg to the fingerling stages at which the rearing period ends. The larvae are considered after 
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hatching of 24 hours up to day 15 (Two weeks). The fry is considered from day 16-30 and the fingerlings 

is considered from day 31
st
 – day 60

th
. Hatchlings of 20-25 numbers (samples) were taken and measured 

together for their length and weight from each cross to calculate mean initial length and mean initial 

weight after 24 hours of hatching. The larvae after yolk sac absorption on day four was given boiled egg 

before supplying the live feed as a starter. Larvae, fries and fingerlings were fed thrice daily (0.8:00, 

13.00 and 18.00 hours) ad-libitum with live feed (Moina and Daphnia). After two weeks, laboratory 

prepared pelleted feed as supplementary food (35-40% CP) was provided. Water renewal was done 

regularly to remove uneaten foods and other metabolite to prevent fouling while about 25% of the culture 

water was always replaced every morning in order to eliminate shock and enhance survival of cultural 

organisms (Peter, 1987). The water quality parameters recorded (temperature 20-30
0
C, dissolved oxygen 

6.3-7.6 mgL
-1

, pH 6.8-7.5, nitrate 0.002-0.038 mgL
-1

 and nitrite 0.001-0.002 mgL
-1

) were fit suitable for 

the rearing and growth of the fishes throughout the experimental period and were similar to the values of 

others and that was within the recommended range for rearing of catfishes (Ayokanmi, 1999; Madu et al., 

1984).  

Growth Performance 

Data of weight and length collected during the experimental period was analysed subsequently for the 

determination of growth rate. The growth performance of the larvae, fry and fingerlings were determined 

in terms of mean weight gain (MWG), specific growth rate (SGR) and mean length gain (MLG) 

parameters. The mean final weight (MFW) and mean final length (MFL) were taken at each 

developmental stages (larva, fry and fingerling) of the experiment in order to distinguish the growth rate 

achieved by each groups of the progenies. 

Fortnight measurements were carried out for weight (to the nearest g) with an electric balance and total 

length (to the nearest mm) with a measuring scale for larvae, fry and fingerlings from each treatment 

(breed). Length gain, weight gain and specific growth rate (SGR) were determined by formula adopted 

from Adebayo (2006):  

Weight gain = Mean final body weight (MFW) – mean initial body weight (MIW);  

Length gain (MLG)= Mean final length (MFL) – mean initial length MIL);  

SGR = {(In W2 final weight – In W1initial weight)/culture period} × 100 

 

Where W1is the initial fish weight (g) at time T1 (day) and W2 is the final fish weight at time T2 

(day). 

 Survival Performance 

The rate of survival values of each stage (two weeks for larvae and two weeks for fry and one month for 

fingerlings) were determined by counting and recording the mortality at the beginning and end of each 

stage. It was calculated by the formula adopted by Adebayo (2006) as follow:  

 

 

Survival Rate  =   No. of final alive at each stage   x 100 

      Total No. counted at each stage  
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Hetrosis 

Hetrosis is here referred to the performance whether in terms of growth or survival of the hybrids relative 

to that of their parental offsprings expressed in percentage. The mean weight, specific growth rate and 

survival of the interspecific hybrids and the parental species were used to estimate hetrosis adopted by 

Akinwande et al. (2011) and Nguenga, et al. (2000).  

Hetrosis %   =       [(C1+C2)/2) - (P1+P2/2)]   x   100 

    (P1 + P2)/2 

 Where: C1 and C2 = The mean weight, specific growth rate or survival of hybrids 

  P1 and P2 = The mean weight, specific growth rate or survival of parent 

Statistical Analyses: All the parameters were analysed for one-way ANOVA with respect to pure line 

crosses and hybrids. Post hoc test was carried out using Duncan‘s multiple comparison procedures, if they 

were significantly different. All the statistical analyses were performed by using SPSS 16.0 for windows. 

RESULTS 

Water Quality Parameters 

Water temperature, dissolved oxygen, nitrate, and nitrite were checked every week to maintain the quality 

of water. Water temperatures ranged between 26-30ºC, dissolved oxygen 6.3-7.6 mgL
-1

, pH 6.8-7.5, 

nitrate 0.002-0.038 mgL
-1

 and nitrite 0.001-0.002 mgL
-1

 throughout the experimental period from larval to 

fingerling stages and the values were within the recommended range for rearing catfishes. 

 

Latency and Incubation 

The latency period of C. batrachus was 14-18 hours and the incubation period was between 24-28 hours 

at the water temperature of 27 to 30°C, whereas, in C. gariepinus the latency period was 8-10 hours and 

incubation time was 20-22 hours in a similar water temperature. 

Fertilization and Hatching Rate 

The percentage of fertilization in the hybrids were the lowest (77.10 % for Cb ♀ x Cg♂ and 74.85 % for 

Cg ♀ x Cb ♂) compared to the parental lines (79.95 % for Cb ♀ x Cb ♂ and 91.25 % for Cg ♀ x Cg ♂) as 

indicated in Table 1. The values of C. gariepinus (Cg ♀ x Cg ♂) were significantly different (P>0.05) 

from all the other crosses. On the other hand there was no statistical significance (P>0.05) among the 

hybrids and pure batrachus crosses. Hatching rate was also recorded high (71.05 %) in C. gariepinus (Cg 

♀ x Cg ♂) followed by pure batrachus (53.05 %) as shown in Table 1. The values in the hybrids (42.60 

%) for Cb ♀ x Cg ♂ and (40.30 %) for Cg ♀ x Cb ♂) were the lowest. The result for C.gariepinus was 

significantly different (P<0.05) from the others (Table 1). 

 

 

 

 

 



311 
 

Table 1 Percentage Fertilization and Hatching in pure parental line of C. batrachus (Cb x Cb) and C. 

gariepinus (cg x Cg) and their hybrids of female batrachus eggs Cb x Cg) and female gariepinus eggs Cg 

x Cb). 

Combination 

of Crosses 
Fertilization (%) Hatching (%) 

Cb x Cb 79.95±0.35
a
 53.05±0.15

a
 

 Cg x Cg 91.25±1.55
b
 71.05±3.55

b
 

Cb x Cg 77.10± .70
a
 42.60±2.80

a
 

Cg x Cb 74.85±3.65
a
 40.30±4.40

a
 

Values represent mean ± SE;  

Mean values in a column under each parameter bearing different superscripts (a, b,) differ significantly (P<0.05);  

N.B In any combination of crosses the first set is for females and the second is for males throughout the text. 

Growth Rate  

In all the breeding trails, fishes increase in length during the rearing period and the corresponding growth 

curve that illustrates in terms of length increase (mm) for each cross is presented in Figure 1.  The hybrids 

showed intermediate values between the two parental line crosses for length parameters. The maximum 

values for mean final length (MFL) (74±40 mm) and mean length gain (MLG) (71.620±1.150 mm) were 

recorded in C. gariepinus (Cg ♀ x Cg ♂) whereas the minimum size for MFL (53.803±2.707) and MLG 

(48.943±0.665) were observed in C. batrachus (Cb ♀ x Cb ♂) (Figure 1). The statistical analysis showed 

significant difference (P<0.05) among the crosses. The hybrids of female batrachus (Cb ♀ x Cg ♂) were 

recorded greater values for both MFL and MLG compared to that of its reciprocal hybrids of female 

gariepinus fingerlings (Cg ♀ x Cb ♂). 

The results of mean final weigh (MFW), mean weight gain (MWG), and specific   growth rate (SGR) of 

the parental lines of C. batrachus, C. gariepinus   and their  hybrids reared  for  60 days inside the 

hatchery is presented  in Table 2. The MWG 3.233 ± 0.368 g for the hybrids of female batrachus (Cb ♀ x 

Cg ♂) and 2.934 ± 0.213 g for female gariepinus (Cg ♀ x Cb ♂) were higher than pure C. batrachus (1.53 

± 0.28 g) but lower than pure C. gariepinus (3.731± 0.452). Likewise, the values recorded in both hybrids 

for MFW was between the two parental line crosses but the statistical analysis did not show significance 

difference (P>0.05) between the hybrids and the pure C. gariepinus indicating that weight increase of the 

hybrids was similar to that of the fast growing pure C.gariepinus fingerlings.  

The mean specific growth rate (SGR) was also high (10.138±.593 g) in C. gariepinus (Cg ♀ x Cg ♂) 

followed (9.575±0.631 g) by the hybrids of female batrachus (Cb ♀ x Cg ♂) fingerlings and the lowest 

(6.742±0.293 g)
 
was in the pure C. batrachus (Cb ♀ x Cb ♂) showing significant difference among the 

crosses (P<0.05). It is clear from the result that the hybrids of female batrachus performed better than its 

reciprocal hybrids of female gariepinus fingerlings (Table 2). 
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Table 2. Growth performance of fingerlings of the four crosses in terms of weight and length for a rearing 

period of 60 days (from mid-June to mid-August) 

                                                    Combination of crosses                           

Growth 

parameters 

Cb x Cb Cg x Cg Cb x Cg Cg x Cb 

MIW(g) 0.038± 0.000
b
 0.026± 0.002

a
 0.044± 0.001

c
 0.026 ± 0.002

a
 

MFW(g) 1.572± 0.288
a
 3.758± 0.453

b
 3.275± 0.369

b
 2.956 ± 0.214

b
 

MWG(g) 1.532± 0.287
a
 3.731± 0.452

b
 3.233± 0.368

b
 2.934 ± 0.213

b
 

SGR (g) 6.742±0.293
a
 10.138±.593

c
 9.575±0.631

b
 8.470±1.230

ab
 

Values represent mean ± SE; Mean values in a row under each parameter bearing different superscripts differ 

significantly (P<0.05)   

Survival 

Survival rate for all combination of crosses of Cb ♀ x  Cb ♂, Cg ♀ x Cg ♂, Cb ♀ x Cg ♂ and Cg ♀ x Cb 

♂ from larval to fingerling stages is given in Table 3. Hybrids at their larval stage of development 

recorded the lowest values and showed significant difference (p<0.05) from the parental crosses. During 

this period the highest value was in C. gariepinus followed by C. batrachus (Table 3). Hybrids at fry 

stage perform better survival comparing to their larval stage and the statistical analysis did not reveal 

significant difference to that of the parental groups. Moreover, the performance of survival in the hybrid 

fry was better than the pure line of C. gariepinus crosses but lower than pure fries of Clarias batrachus 

indicating that C. gariepinus had shown a decline trend in survival compared to its earlier stage and to the 

other crosses as well. Further the progenies of both the hybrids at their fingerling stage, achieved 

significantly much better (P<0.05) than the parental line groups and the highest (63.5 ± 4.5%) was 

observed in hybrids of female batrachus crosses (Cb ♀ x Cg ♂) followed (61.75 ± 4.35%) by hybrids of 

female gariepinus (Cg x Cb) (Table 3). Moreover, both in the hybrids there was no any significant 

difference (P>0.05).  

Table 3 Percentage of Survival of C. batrachus, C. gariepinus, hybrids of female batrachus and hybrids of 

female gariepinus from larval to fingerling stage. 

  Survival %   

Culture 

stage 

Cb x Cb Cg x Cg Cb x Cg Cg x Cb 

Larvae  51.70 ± 2.90
b
 54.55 ± 3.45

b
 17.95 ± 2.65

a
 15.45 ± 3.15

a
 

Fry  55.05 ± 2.55
a
 47.40 ± 3.80

a
 51.00 ± 2.70

a
 49.35 ± 2.45

a
 

Fingerling  58.85 ± 5.35
ab

 44.70 ± 2.90
a
 63.5 ± 4.5

b
 61.75 ± 4.35

b
 

Values represent mean ± SE;  

Mean values in a row under each parameter bearing different superscripts differ significantly (P<0.05);  
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Hetrosis 

Hetrosis in terms of weight gain (-6.8%) and survival performance (-68.56%) for larvae was negative for 

interspecific hybrids compared to parental crosses. On the other hand hetrosis for growth in terms of 

weight gain (17.1%), SGR (6.87%) and performance of survival in fingerlings (23.14%) at the end of the 

rearing period of 60 days was positive for interspecific hybrids as shown in Table 4. In addition hybrids 

of fry showed superior performance of survival over C.gariepinus and grew faster than C.batrachus 

(Table 2 and 3) indicating that the acquiring of hybrid vigor for such traits appear to exist better in 

advanced (later) development stage rather than in earlier stage (larvae). 

Table 4. Estimation of hetrosis of F1 hybrids (Cb x Cg, Cg x Cb) of larval survival at age of two weeks 

and fingerlings at the end of culture period of 60 days. 

Parameters                   Hetrosis (%) 

Weight gain (g)                       17.1 

 SGR (%)                       6.87 

Survival of larvae (%)                      -68.56 

Survival of      

fingerlings (%) 

                       23.14 

 

 

 
Figure 1 Growth curve showing length increase (mm) for a rearing period of 60 days in the year 2012. (I- 

Cb x Cb; II-Cg x Cg; III-Cb X Cg and IV-Cg x Cb) 
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DISCUSSION 

The success of the interspecific hybridization between C. batrachus and C. gariepinus is demonstrated in 

this study. Earlier was also evident in the same species by the reports of Sahoo et al. (2003) in India, 

Khan et al. (2000) in Bangladesh and in other different countries as well. Hybridization may be succeeded 

or failed. Asian catfish project described the failure in Indonesia in the same species but succeeded in 

other countries. Nam et al. (2001) reported the embryonic development of hybrid of female catfish, 

Silurus asotus with male mud loach, Misgurnus mizolepis which proceeded only until late gastrula stage 

but did not hatch at all. 

The latency period of C. batrachus was 14-18 hours whereas the incubation period was between 24-28 

hours at water temperature of 27 to 30 °C. This finding is also similar to Sahoo et al. (2007), who reported 

a latency period of 14-17 hours for C. batrachus using ovatide as well as HCG inducing hormones. 

Likewise Yadav et al. (2011) and Chaturvedi et al. (2013) also reported a latency period of 14-16 hours 

for the same species in different regions in India. Further this observation agrees to the earlier reports of 

Rao et al. (1994) and Sahoo et al. (2003) in the same species. 

In agreement to Viveen et al. (1986) in the present study, the latency period and incubation time for C. 

gariepinus was documented 8-10 hours and 20-22 hours respectively in a similar water temperature as 

that of C. batrachus. In a similar way Raman et al. (1995) reported the same latency period of 8-10 hours 

for C. gariepinus and 20-22 hours for C. batrachus. Bruton (1979) also reported early embryonic 

development for C. gariepinus between 21-26 hours. Incubation time of the hybrids followed the maternal 

parents and hatching time of them (hybrids) were similar to that of the pure crosses that agree with the 

report of Sahoo et al. (2003).  

Fertilization and hatching rates in the hybrids of batrachus eggs (Cb♀ x Cg ♂) were better compared to its 

reciprocal hybrids of gariepinus eggs (Cg ♀x Cb ♂), with lower mortality and deformity but statistical 

analysis did not reveal significant difference (P>0.05) between them. Further in this observation, 

embryonic mortality appeared immediately after a certain hours of incubation and following hatching the 

deformed larvae started to die with high rate of mortality. Female batrachus eggs were weighed more than 

the gariepinus eggs at its initial weight measurement (Table 1) and might have been contributed for better 

performance in comparison to its reciprocal hybrids of female gariepinus eggs. This was favourably 

agreed to the result obtained by Dunham et al. (1987), Rahman et al. (1995), Sahoo et al. (2003) which 

described better performance in the hybrids over the reciprocal hybrids. In addition Legendere et al. 

(1991) reported that differences in hatching rates were greater between both parental species as well as 

between pure species and hybrids obtained from the same eggs showing that hatching rates were 

determined mostly by species or egg quality. 

Although fertilization achieved in the hybrids was high (77.10 ± 0.70% and 74.85 ± 3.65%) for Cb ♀ x 

Cg ♂ and Cg ♀ x Cb ♂ respectively, it was lower than the parental crosses. The results for hatching rate 

was also followed the same trend as fertilization rate and recorded the least in the hybrids (Table 1). 

Rahman et al. (2012) described that non-genetic factors like culture system may greatly influence 

hybridization success on rearing progeny in a wide variety of fresh water and marine fin fishes. The 

variation between the hybrids and the parental crosses might be caused by the stress condition of the 

culture media by which the hybrids could be more sensitive (less tolerant) during early stage than the pure 

parental groups. Similar suggestion was given by Ndimele and Owodeinde (2012), who described that the 
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pure breeds tolerate more stress than the hybrids. Other reports of successful crossbreeding of claridii and 

pangasiid also supported the lower values in the hybrids compared to parents. Morni (2003) in 

crossbreeding among clariid, (C. macrocephalus x C. gariepinus) reported that the fertilisation rate ranged 

48-83% with a varying hatching rate of 40-86%. Adebayo (2006) showed crossbreeding between female of 

Pangasianodon hypopthalmus and male of Pangasianodon djambal, was successful with a lower hatching 

rate (29.82 ± 15.02%) in the hybrids. Tarnchalanukit (1985) mentioned crossbreeding between Clarias and 

Pangasius with reduced hatching rate in the range of 11% - 23%. 

Similar observation was reported in the Indian major carps of cyprinidae (Chaudhuri, 1961). Alikunhi and 

Chaudhuri (1959) reported that eggs of Labeo rohita with the milt of Cyprinus carpio was possible to 

successfully fertilize with satisfactory percentage of fertilization, but were observed subsequently high 

mortality of eggs in which many larvae died at the time of hatching or soon after hatching. In addition 

some other authors reported the failure to find viable larvae. Richter et al. (1995) observed that all the 

embryos produced by C. gariepinus (♀) × C. batrachus (♂) and their reciprocals died within 20 hours of 

fertilization. Further, the variation between the hybrids and the controlled groups might be caused by the 

stress condition of the culture media by which the hybrids could be more sensitive (less tolerant) during 

early stage than the pure parental groups. Similar suggestion was given by Ndimele and Owodeinde 

(2012), who described that the pure breeds tolerate more stress than the hybrids. Species wise comparison 

of reproductive performances of both species showed that eggs of C. gariepinus had higher rate of 

fertilization and hatching as compared to C. batrachus during different breeding experiments (Table 1). 

Similar observations were reported by Ndimele and Owodeinde (2012) describing that difference in 

species could be the cause for the difference in the percentage of fertilization. Highest breeding 

performance (fertilization and hatching) in C. gariepinus is in agreement with Sularto (2005) who reported 

high fertilization (95.09±2.68%) and hatching rate (88.44±5.74%). Similarly Mollah and Tan (1983) 

documented higher fertilization for C. gariepinus. In pangasius catfish hybridization also is one of the 

controlled parents Pangasianodon hypophthalmus exceeded in its fertilization (93.18±2.12%) and 

hatching rate (89.73±1.59%) in comparison to the other three crosses (Hassen et al., 2011).  

Even though fertilization and hatching in pure batrachus (Cb x Cb) was lower as compared to pure 

gariepinus (Cg x Cg), the results obtained in our study is also comparable with earlier authors achieved 

higher performance in the same species (Chaturvedi and Pandy, 2012; Srivastava et al., 2012) Goswami, 

2007; Mahabatra, 2004).  

Growth: - Crossbreeding is used to achieve improved traits (hetrosis), minimize inbreeding and obtain 

better hybrids (Mires, 1982; Bartley et al. 1997; Dong and Yuan 2002; Anita, 2004, Jothilakshmanan and 

Karal Marx, 2012). The results of growth in both hybrids for MWG, SGR and MLG) were intermediate 

between the two parental line groups and showed superiority over C. batrachus crosses. This was similar 

with earlier authors who reported an intermediate growth performance of the parents for F1 hybrids and 

its reciprocal crosses. Jothilakshmanan and Karal Marx (2012) reported intermediate growth for hybrids 

of Hetropneustes  longifilis and Clarias batrachus. Rahman et al. (1995) also reported hybrid vigor of fast 

growth in catfish produced through cross breeding between C. batrachus ♀ and C. gariepinus ♂. In 

addtion Nwadukwe (1995) described an intermidiate growth performance between the parents for F1 

hybrids and its reciprocal hybrid from the crossbred of Clarias gariepinus and Hetrobranchus longifilis. 

Moreover, growth rates of different strains of Nile tilapia and their crosses showed that the crosses were 

superior to pure Senegal strains to one of the parents (Circa et al., 1994). In our study the values of 



316 
 

hetrosis for growth and in terms of weight gain was positive (17.1%) for the interspecific hybrids as 

shown in Table 4. Hetrosis for SGR was also recorded positive (6.87). Similarly Akinwande et al. (2011) 

reported positive hetrosis for the interspecific hybrids of Clarias gariepinus and Clarias angularis. On the 

other hand Ataguba (2010) reported negative herossis for growth (-42%) in the hybrids of C. gariepinus 

and Herobranchus longifilus after 56 days of larval to fingerling rearing. In our observation the values for 

pure C. gariepinus (C.g♀ x C.g♂) were significantly (P<0.05) higher than the other crosses and this result 

was in agreement with other authors (Hulata, 2001; Adewolu et al., 2008; Ataguba et al., 2009, 2010; 

Ndimele and Owodeinde, 2011). Moreover, Sahoo et al. (2003) in the same species reported that both the 

hybrids grow faster than the parental crosses explaining the case due to maternal hetrosis effects and 

indicated that the hybrids have good potentials for aquaculture. 

Survival rate:-In the current study survival was achieved in both hybrids during fingerling stages over 

the parental groups which could be attributed to improved hybrid vigour with a significant difference 

(P<0.05) as shown in Table 3. This is in agreement with the findings of earlier reports who observed that 

hybrids in most cases were superior to the parental strains (Bakos, 1982; Jensen et. al., 1983; Madu and 

Ita, 1990 and Salami et. al., 1993). In the present study hetrosis for survival of fingerlings in the hybrids 

was positive (23.14%). On the other hand, survival of larvae recorded was low in both the hybrid crosses 

and was varied significantly (P<0.05) due to the appearance of deformed larvae which started to die 

immediately after hatching until about ten days old age. The effect of hybridization to lower performance 

of survival is also claimed by the report of other researchers (Rahman et al., 1995; Legendere et al., 1991; 

Sahoo et al., 2003; Ndimele and Owodeinde, 2012). Similarly Jothilakshmanan and Karal Marx (2012) in 

the hybrids of Hetropneustes  longifilis and Clarias batrachus reported reduced survival (0.8 and 0.9%) 

due to high rate of mortality of the hatchlings when the transition from endogeneous to exogeneous 

feeding taken place. Mukhopadhyay (1999) also made a similar study and reported the survival of hybrids 

of female C. batrachus and male H. fossilis was very poor and most of the embryos died during 

embryogenesis or after hatching. Legendre et al. (1992) concluded that the survival of hybrids H. 

longifilis x C. gariepinus (6±2.8%) was very low and was strongly influenced by the maternal parent. 

On the other hand during fry stage in the current observation the values for survival of hybrids had no 

significance difference (Table 3). This indicates that fries improved in their survival much better than the 

parental crosses as they progressed from the stage of larvae towards fry. Further at the end of the rearing 

period of the fingerling stage (60
th
 day) the values for the hybrids was documented significantly higher 

than the parental lines. Moreover, values of hetrosis for survival of hybrids at fingerling stage confirmed 

positive (23.14%) indicating that hybrids improved well in survival over the parental groups. Similarly 

Ataguba et al. (2010) reported that hybrids of C. gariepinus and Hetrobranchus longifilus showed a 

positive heterosis (29.4%) after 56 days of rearing and also explained that poor larval and fry 

development of negative heterosis growth (-42%). The authors further reported the improvement of 

growth and survival in the later stage as advanced to fingerling stage. Likewise in the current study 

hetrosis for larval survival was recorded negative value (-68.567) indicating that the hybrids at their larval 

stage was poor in their performance to survive. Hatchlings and survival of larval in C. gariepinus were 

recorded significantly higher than the other groups but the progeny of these crosses exhibited a decline 

trend in survival when advanced towards fry and fingerlings to the opposite of others. It might be due to 

its cannibalistic nature of the species. Similarly de Graaf et al. (1995) reported a survival rate of 41.5% in 

C. gariepinus claiming that cannibalism is the cause for lower percentage performance. Moreover, 

Rahman et al. (1992) also reported lower survival in the same species. Size segregation was also 
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recommended to minimize cannibalism in different stages for C. gariepinus by other authors (Viveen et 

al.,1983; Legendere et al.,1991). According to Janssen (1985c) sibling cannibalism has been observed 

earlier among fry of Clarias gariepinus in hatcheries.  

In our investigation during the study period, the pure C. batrachus progenies which were poor at initial 

stages were significantly improved and progress in its survival performance than C. gariepinus and 

showed almost similar to the hybrids without significant variation at the end of the experiment. This 

might have been related with its improved adaptability and absence of cannibalism. Moreover, 

cannibalism was not observed in both types of hybrids (Cb ♀ x Cg ♂ and Cg ♀ x Cb ♂). This is 

supported by the improved survival percentage recorded as each group progenies passed through the 

successive developmental stages. These findings are in agreement with the report of Sahoo et al. (2003) 

for the hybrids of female batrachus (Cb ♀ x Cg ♂) achieved better than the pure batrachus.  

CONCLUSION 

The study suggests that the interspecific hybrids combines improved traits in growth and survival at 

fingerling stages but requires further improvement for the poor survival of the larvae as to produce 

sufficient seed for grow-out culture to exploit the potential of the hybrids in aquaculture. The success of 

hybridization in captivity between these two closely related species indicates the highest probability to 

occur in the natural water bodies where the African catfish is currently expanded and harbour many parts 

of the Indian catfish habitats. 
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Abstract 

The field experiment was carried out at Babile Research Sub-Station of Haramaya University in 2010 main 

cropping season to evaluate the efficacy of four fungicides (chlorothalonil a rate of 0.2 kg-ha
-1

, copper hydroxide at 

a rate of 2.3 kg-ha
-1

, mancozeb at a rate of 0.25 kg-ha
-1

 and triadimefon at a rate of 0.5 kg-ha
-1

) on groundnut rust 

(Puccinia arachidis) development and grain yield. The experiment was laid out in a randomized complete block 

design (RCBD) in factorial arrangement with three replications. Two groundnut varieties were used for the 

experiment namely, Shulamith (susceptible) and Sedi (moderately resistance). The fungicide treatments resulted in 

different levels of disease severity on the two groundnut varieties used [i.e. Shulamith (susceptible) and Sedi 

(moderately resistant) varieties]. Plots sprayed with triadimefon had significantly (p ≤ 0.001) lower level (257.37%-

days) of AUDPC of groundnut rust than plots treated with other fungicides. Three times spray with triadimefon at a 

rate of 0.5 a.i. kg-ha
-1

 at 15-day-interval proved to be the best groundnut rust management system giving the lowest 

disease parameters and highest yield 1644.44 kg-ha
-1

. Four times spray with mancozeb at a rate of 0.25 a.i. kg-ha
-
1 

at 10-day interval proved to be the second best fungicide in significantly reducing the disease. Percentage severity 

indexes (PSI), area under disease progress curve (AUDPC) and disease progress rate were negatively correlated 

with groundnut seed yield. The highest rust severity 67.65%and lowest yield 1014.60 kg-ha
-1

were recorded on the 

unsprayed control shulamith plots. On Shulamith variety, rust severity of up to 67.65% and relative yield loss of 

35.55% were recorded in unsprayed plots. Generally, the current research results indicate that effective 

management of groundnut rust and significant yield benefit can be obtained when triadimefon fungicide spray is 

started just before or at the onset of the disease and properly continued at 15-day interval 

Keywords: Arachis hypogaea, AUDPC, fungicide, incidence, Puccinia arachidis, severity, spray schedule 

 

INTRODUCTION 

Groundnut (Arachis hypogaea L.) is an important oilseed crop, grown throughout the tropical and 

subtropical regions between 40
o
S and 40

o
N of the equator and where the annual rainfall ranges from 500 

to 1200 mm with an average daily temperature of higher than 20 
º
C. It is grown in over 100 countries in 

six continents, mainly in Africa, America and Asia, with a world production of 37.1 million metric tons 

with cultivation area of 23.11 million hectares (FAO, 2007). Groundnut is one of the four economically 

important oilseed crops in Ethiopia that include flax, noug and sesame and is largely produced in the 

eastern parts of the country (Getenet and Nigussie, 1992). 

Groundnut plays an important role in the diets of rural populations, particularly children, because of its 

high protein (21-30%), fat (41-52%), and carbohydrate (11-27%) contents (FAO, 2004). It is also rich in 

calcium, magnesium, phosphorus, potassium, nicotinic acid, vitamin B1, B2, B6, vitamin E and other 

vitamins. It is also a good source of lecithin present in the range between 0.5 and 0.7% in decorticated 

nuts. Groundnut butter has become a common and popular edible diet. Groundnut cake has high nutritive 

value for human consumption. The groundnut flour is suitable for supplementing white flour groundnuts. 

mailto:mastewal.alehegn@gmail.com
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Generally, the use of groundnut is diverse: all parts of the plant can be used; the nut (kernel) is rich source 

of edible oil where about two-third of the world production is crushed for oil extraction (Sastri, 1988).In 

eastern Ethiopia, mainly high quality edible oil is extracted from groundnut and cakes are made from the 

remaining residue. 

The groundnut shell is used for fuel and as organic fertilizer in many regions. The haulms are nutritious 

and widely used for feeding livestock. Besides its superior food value, groundnut also provides a source 

of cash for resource-poor farmers. Groundnut earns foreign currency for Ethiopia where over 2 million 

US dollars was obtained in 1989 crop season alone (Adugna, 1992). With the current interest in export-

oriented agriculture, the future groundnut market situation appears attractive and profitably promising for 

Ethiopia. 

Despite its importance, the average national yield (about 1.2 t-ha
-1

)of groundnut in Ethiopia is 

significantly lower than is potentially achievable (over 2.0 t-ha
-1

) (Geremew and Asfaw, 1992). This large 

gap between actual and potential yields is due to several factors, including unavailability of seeds of 

improved varieties, poor soil fertility, inappropriate crop management practices, and insect pests and 

diseases. Soil-borne fungal diseases like charcoal rot (Macrophomin aphaseoli), pod rot (Pythium spp.), 

stem rot (Sclerotium rolfsii) and root rot (Rhizoctoniasolani) as well as foliar diseases are the major 

constraints that decrease the productivity of the crop in eastern Hararghe (Getenet et al, 2007). The major 

foliar diseases of groundnut caused by fungi include rust (Puccinia arachidis Speg.), late leaf spot 

(Cercosporapersonata (Berk & Curt) Ell. & Eve and early leaf spot (Cercospora arachidicola Hori). 

Groundnut rust and late leaf spots are important diseases in India and most of the Semi-Arid Tropic 

(SAT) regions (Subrahamanyam et al., 1980).Foliage fungal diseases, especially leaf rust and Cercospora 

leaf spots, result in severe yield losses in groundnut production areas of Ethiopia. Leaf rust causes yield 

reduction reaching up to 65%, especially in areas with high rainfall (Geremew and Asfaw, 1992). Rust 

occurs regularly in several countries along with late leaf spot, mainly in low altitude areas (Cole, 

1987).Uredospores could be stored for a long period at low temperature without loss of their viability 

when stored in the range of 25 to 30
0
C, the optimum for uredospore germination.The uredospores are 

short-lived and any break between crop seasons would be unfavorable for their carry over (Weiss, 2000). 

 

Babile, Gursum, Fedis and Harar are traditional groundnut growing-areas or districts on large scale in 

eastern Ethiopia. Rust occurs every year in many parts of eastern Ethiopia and causes yield losses in food 

insecure areas affecting the livelihood of farmers (Getenet et al., 2007). To reduce its prolific 

development and growth, cultural practices have par amount advantage, for instance, time of planting, 

addition of fertilizer and intercropping have critically reduced rust development and survival rate. Foliar 

applications of fungicides have been reported to markedly reduce rust development (Mayee, 1983).To this 

effect, it is important to seek out suitable solution to the groundnut rust problems through fungicide 

applications. Therefore, this study was designed and carried out with the specific objective to evaluate the 

effect of fungicide sprays on groundnut rust development and yield. 

 

 

 

 

 



324 
 

MATERIALS AND METHODS 

Description of the Study Site 

The field experiment was conducted at Babile Research Sub-Station of Haramaya University located at 

555 km from Addis Ababa in East Hararghe Zone in 2010 main cropping season. The Research Station is 

located at 9
o
08‘40‘‘N latitude and 42

o
21‘30‘‘E longitude at an altitude of 1650 m a.s.l. The area is 

characterized by bimodal rainfall pattern occurring mainly during March to May and July to October, 

with an average annual rainfallof 671 mm and a mean temperature of 22 
o
C. The averaged annual 

temperature data for Babile shows a maximum and a minimum temperature of 28.05 
o
C and 15.52 

o
C, 

respectively. The type of soil at Babile Research Sub-Station is a well drained sandy-loam with pH 7.0, 

organic matter 1.9% and available phosphorus 3.2 ppm (Abdi, 2004). 

Evaluation of Effects of Fungicides on Groundnut Rust and Yield 

The experiment was conducted to evaluate the efficacy of four foliar fungicides to manage groundnut rust 

at Babile Research Sub-Station of Haramaya University during 2010 main cropping season. 

Treatments, experimental procedures and design 

A 2 x 5 factorial combination of two groundnut varieties, namely Shulamith (susceptible) and Sedi 

(moderately resistant) and four fungicides (chlorothalonil at a rate of 0.2 a.i. kg-ha
-1

, copperhydroxide at a 

rate of 2.3 a.i. kg-ha
-1

, mancozeb at a rate of 0.25 a.i. kg-ha
-1

and triadimefon at a rate of 0.5 a.i. kg-ha
-1

) 

along with non-treated controls were arranged in a randomized complete block design (RCBD) with three 

replications. Three of the four fungicides were contact type and one was systemic type. The plot size was 

5 m x 2 m (i.e. 10 m
2
)and there were five rows per plot, and five plants per row were taken from the 

central three rows, hence 15 plants per plot were tagged for data recording. The distance between plots 

was 60 cm, while the distance between adjacent blocks was 1 m and row-to-row distance was 35 cm and 

plant-to-plant distance was 25 cm. Planting was done on 30April 2010 by dropping two seeds per hole 

and the less vigorous seedlings were thinned out later on. Weeding and all other recommended agronomic 

practices were done as required 

Fungicide sprays 

Foliar spraying of the fungicides was started 7 days before the first disease assessment (78 days after 

planting, DAP), i.e. when the first symptoms of the disease appeared. Three of the four fungicides 

namely, chlorothalonil copperhydroxide and mancozeb were sprayed at ten day interval while the 

systemic fungicide i.e triadimefon was sprayed at 15 day interval. Spraying was performed by using a 

knapsack sprayer and plastic sheet was used as a shield during fungicide spraying to separate the plot 

being sprayed from the adjacent plots to prevent inter-plot interference of spray drift. Unsprayed plots 

were left for each groundnut variety as controls. 

Disease assessment procedures 

Disease incidence was recorded two times (78 and 85 DAP) based on the first appearance of the disease 

symptoms. Disease severity was recorded seven times at seven-day interval by visual estimation of the 

percentage leaf area diseased.The disease severity estimates were rated using 1-9 disease scale 
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(Subrahmanyamet al., 1995). Disease severity scores were then converted into percentage severity index 

(PSI) for the analysis using the formula stated below (Wheeler, 1969). 

 

 

where SNR =Sum of numerical ratings, No.PS= number of plants scored and MSS= maximum score on 

scale. 

Data collected in the field 

Disease data  

Disease incidence was assessed by counting the number of plants showing rust symptoms on the central 

three rows of every plot in proportion to the total plants in the three rows and then converted into 

percentage and disease severity was assessed by observing the percent tissue area affected by the disease 

on 15 tagged plants in the central three rows of every plot. Disease severity data were recorded using 1-9 

disease scale (Subrahamanyam et al., 1995). Severity was expressed as PSI computed based on 1-9 

disease scale. Then the area under disease progress curve (AUDPC) was calculated for each plot using the 

formula developed by Shanner and Finney (1977) as follows. 

AUDPC = Σ [(Xi + Xi+1) / 2][ti+1 - ti]  

                 i=1 

where xi is the cumulative disease severity expressed as a proportion at the i
th 

observation (percentage of 

disease severity) tiis time of the i
th
 assessment in days from the first assessment date and n is the total 

number of assessments made. 

Agronomic data  

Stand count at harvest, number of pods per plant, number of seeds per pod, hundred seed weight shelling 

percentage and yield in kg-ha
-1

 were recorded. Stand count at harvest was counted from the central three 

rows at harvest. Number of pods per plant was recorded from 15 tagged plants in the three central rows at 

harvest. Number of seeds per pod was recorded from the 15 tagged plantsand five pods were shelled from 

each plant to find out the number of seeds per pod. Hundred seed weight was determined by measuring 

the mass of randomly picked100 seeds fromeach plot using a sensitive balance. Shelling percentage was 

estimated as shell weightdivided by dry pod weight multiplied by 100 using1 kg dry pod. Seed yield in 

kg-ha
-1

 was estimated from the middle three rows whereby all plants in the three rows were harvested and 

weight of seeds recorded. The seed yield was then expressed in terms of yield per hectare for statistical 

analysis. 

Relative yield loss was also calculated based on the following formula (Robert and James, 1991): 

%RYL= [(YP-Yt)/YP] x 100  
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where% RYL= relative percent yield loss, YP=yield from the maximum protected plot (sprayed 

treatment) Yt=yield from plots of other treatments including unsprayed control plots. 

Data analyses 

The percentage data on disease incidence and severity were subjected to ANOVA to determine the 

treatment effects. Mean disease severity from each plot was used in data analysis. Disease progress rate 

was obtained from the regression of PSI data fit to logistic model log
e
 (y/1-y) (Vander Plank, 1963) with 

dates of assessments. Correlation analysis was performed to determine the relationship between yield and 

AUDPC across the treatments. The relationships of AUDPC, severity, disease progress rate and yield 

were examined using correlation analysis. Least significant difference (LSD) value was used to separate 

the treatment means. Data were analyzed by using Statistical Analysis System (SAS) Software Version 

9.0 

RESULTS AND DISCUSSION 

Effects of Fungicides on Groundnut Rust Development and Yield 

The effects were evaluated using the disease parameters including disease incidence, disease severity, 

AUDPC, disease progress rate and relative yield loss. 

Disease progress 

In this study, disease progress was compared among the different fungicide treatments using percent 

severity index (PSI), area under disease progress curve (AUDPC) and disease progress rate (r). All these 

analytical methods were useful tools in quantifying disease epidemics. The disease progress rate helps to 

determine whether disease develops in one treatment faster than the other, while AUDPC enables to 

predict yield (Campbell, 1998). 

Percent severity index (PSI)  

Groundnut rust severities on the varieties Shulamith and Sedi at different DAP were estimated and 

depicted (Figure 1 and 2). There was significant (p< 0. 05) difference between varieties on all dates of 

disease severity assessments. The disease severity difference between the two varieties during the first 

assessment might be due to random attack by the rust and the varietal genetic differences. But severity 

variation was clearly observed one week after application of the fungicides. 

Mean PSI was higher in the susceptible variety Shulamith than the moderately resistant variety Sedi 

(Figure 1 and 2).The effect of foliar spray fungicides in reducing PSI was highly and significantly (p < 

0.001) different in all dates of assessment. Moreover, the interaction effects of foliar spray fungicides and 

varieties were significantly (p<0.05) different in reducing PSI after the second assessment date and 

thereafter. However, the fungicides sprayed had varying effects on groundnut rust severity. Plots sprayed 

with triadimefon at 15-day interval showed significant suppressive effect on the severity of groundnut rust 

on both varieties. But, none of the fungicide treatments completely controlled the development of the 

disease (Figure 1 and 2). On the other hand, spraying triadimefon at 15-day interval and mancozeb at 10-

day interval significantly reduced disease severity as compared to chlorothalonil, copperhydroxide and 

the unsprayed plot (Figure 1 and 2). 
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Generally, the disease progress curves (Figure 1 and 2)showed higher disease progress in the two varieties 

(Shulamith and Sedi) on unsprayed plots and then the degree of disease severity decreased downward and 

the effectiveness of the fungicides was concurrently increased (Figure 1 and 2). According to Singh et al. 

(1981) triadimefon gave good control of rust on French bean in India, where it reduced the severity of 

French bean rust by 55%. The investigators also reported that application of triadimefon reduced 

groundnut rust intensity by about 36%. The present study was also comparable to the previous works. 

Figure 1: Groundnut rust disease progress curves showing percent severity index (PSI) as affected by 

different fungicide sprays on Shulamith variety at Babile during 2010 main cropping season 

 
Figure 2: Groundnut rust disease progress curves in percent severity index (PSI) as affected by different 

fungicide sprays on Sedi variety at Babile during 2010 main cropping season 
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Area under disease progress curve (AUDPC) 

Highly significant (p < 0.001) differences were observed in the magnitude of AUDPC among different 

foliar spray fungicides. The highest (353.37%days) AUDPC was obtained from the control (unsprayed 

plots) of the two groundnut varieties. This AUDPC value was significantly different from all the other 

fungicide treatments (Table 1), whereas the lowest AUDPC values (257.37% days and 243.37% days) 

were obtained on plots treated with triadimefon fungicides on Shulamith and Sedi varieties respectively 

(Table 1). 

The variety Shulamith treated with the fungicides triadimefon, mancozeb, chlorothalonil and copper 

hydroxide had AUDPC values of 257.37%-days, 268.85%-days, 306.44%-days and 312.29%-days, 

respectively (Table 1). The variety Sedi treated with the fungicides triadimefon, mancozeb, chlorothalonil 

and copper hydroxide had AUDPC values of 243.37%-days, 268.78%-days, 277.06%-days and 288.33%-

days, respectively (Table 1). Moreover, interaction effect of varieties x fungicides was significantly (p < 

0.001) different in reducing AUDPC. 

The high degree of significant difference in AUDPC-values among the fungicide treatments indicated that 

fungicides had varying impacts on groundnut rust development. There were similar previous reports that 

triadimefon acted against infections and controlled the secondary spread of the disease, reducing the 

disease development (Kapoor and Sugha, 1995). 

Table 1: Mean levels of AUDPC and disease progress rates of groundnut rust following different 

fungicide treatments at Babile in 2010 main cropping season 

Groundnut Variety Chemical AUDPC
1
 DPR

2
 

Shulamith Chlorothalonil 306.44
b
 0.025

bc
 

 Copper hydroxide 312.29
b
 0.027

b
 

 Mancozeb 268.85
de

 0.014
de

 

 Triadimefon 257.37
ef
 0.004

f
 

 Control 353.37
a
 0.033

a
 

Sedi Chlorothalonil 277.06
de

 0.016
de

 

 Copper hydroxide 288.33
cd

 0.020
cd

 

 Mancozeb 268.78
de

 0.012
e
 

 Triadimefon 243.37
f
 0.002

f
 

 Control  324.08
b
 0.027

b
 

LSD (0.05)  23.26 0.005 

CV (%)  4.67 18.47 

Values followed by the same letter within a column do not differsignificantly according to Tukey‘s honestly 

significant difference test at p <0.05 
1 
AUDPC= Area under Disease Progress Curve, 2DPR = Disease progress rate 

Disease progress rate 

Groundnut rust increased by 0.033 and 0.027 units each day on unsprayed plots of Shulamith and Sedi 

varieties, respectively (Table 1). This rate (0.033 unit per day) was reduced by four and three times on 

Shulamith plots sprayed with triadimefon and mancozeb, respectively (Table 1).On the other hand, the 

rust disease progress rate (0.027 unit per day) was reduced by four and two times on Sedi plots sprayed 
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with triadimefon and mancozeb, respectively (Table 1).The overall mean disease progress rates of all the 

plots sprayed with different fungicides compared with unsprayed plots (control) were significantly (p < 

0.001) different. Shulamith sprayed with triadimefon gave the lowest (0.004 unit per day) disease 

progress rate, while the untreated Shulamith (control) yielded the highest (0.033 unit per day) disease 

progress rate (Table 1). 

Generally relatively lower disease progress rates were observed on plots treated with different fungicides 

than on untreated control plots and indicated that fungicide treatments were more effective in slowing 

down the disease progress rates than the rates on untreated plots. Shanner and Finney (1977) have pointed 

out the value of the disease progress rate in predicting the effect of various disease control practices. The 

results of the present study showed that disease progress rates were lower in plots sprayed with 

triadimefon fungicide at 15-day interval in both varieties (Shulamith and Sedi) than in plots treated with 

other foliar spray fungicides. 

Yield and Yield Components 

Seed yield 

Significant (p < 0.001) variation was recorded on the seed yields obtained from plots that received 

different fungicide treatments (Table 2). Interaction of main effects (varieties vs. fungicides) was 

significantly (p < 0.001) different in seed yield (Table 2). The varieties Shulamith and Sedi plots sprayed 

with triadimefon gave high seed yield of 1644.44 kg-ha
-1

 and 887.41-ha
-1

, respectively (Table 2). On the 

other hand, the unsprayed plots of Shulamith and Sedi gave low yield of 1014.60 kg-ha
-1

 and 748.53 kg-

ha
-1

, respectively (Table 2). On both varieties, the second highest yield (1543.94kg-ha
-1

and 855.78kg-ha
-1

 

was obtained from plots sprayed with mancozeb and the lowest yield (1014.60kg-ha
-1

and 748.52kg-ha
-

1
)next to the control plots was obtained from plots sprayed with copper hydroxide (Table 2). 

Different investigations have been carried out on other possible beneficial effects of triadimefon. 

Scheinpflug and Kuck (1987) reported that wheat, peas and soybeans treated with triadimefon reduced 

transpiration, prevented wilting in water-stressed plants and increased yield. Similarly, soybeans exhibited 

high resistance to ozone, and cabbage and barley seedlings showed increased resistance to chilling with 

root application of triadimefon (Fletcher and Hofstra, 1985). According to Scheinpflug and Kuck (1987), 

like most other sterol biosynthesis inhibitor (SBI) fungicides, triadimefon caused stronger plant growth 

regulatory side benefits on dicotyledonous plants, such as groundnut than on monocotyledonous plants. It 

is thus very unlikely that possible yield enhancing effects of triadimefon occurred in groundnut to explain 

the disparity in the effects oftreatments on yield and on disease severity. 

Yield components 

Stand count at harvest, number of pods per plant, number of seeds per pod, shelling percentage and 

hundred seed weightwere highly and significantly different (p < 0.001) between varieties (Table 2). 

Moreover, significant (p < 0.001) variation was obtained among different foliar spray fungicides in all 

yield components (Table 2). Plots of Shulamith and Sedi varieties sprayed with triadimefon had higher 

stand count at harvest, number of pods per plant and hundred seed weight than unsprayed plots (control) 

(Table 2). Shulamith plots sprayed with triadimefon had higher (58.16 g) hundred seed weights than the 

unsprayed plots (42.63 g) (Table 2). But, on Shulamith variety, the hundred seed weight obtained from 

chlorothalonil-sprayed plots was significantly (p < 0.001) different from that of plots sprayed with copper 
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hydroxide (Table 2). Besides, the number of pods per plant obtained from copper hydroxide sprayed 

Shulamith plots was not significantly different from the unsprayed plots (control).Compared to the 

contact fungicide sprayed plots, the systemic fungicide (triadimefon) gave higher seed yield and yield 

components when it was sprayed at 15 days interval. In general, for all management strategies adult plant 

resistant reaction reduces the efficiency of the pathogen during the reproductive growth stages of the host 

thus it may avoid the need for late-season fungicide application (Headrick and Pataky, 1987). Generally 

experiments on fungicidal control of rust have been conducted in many countries in the semi-arid tropics 

and largely increased seed yield and pods per plant have been obtained (Littrell and Smith, 1980). 

Table 2: Yield per hectare, relative yield loss, hundred seed weight, pods per plant, seeds per pod, stand 

count at harvest and shelling percentage, mean loss due to groundnut rust with different levels of 

fungicides treatments at Babile during 2010 main cropping. 

 Values followed by the same letter within a column do not differsignificantly according to Tukey‘s honestly 

significant difference test (p <0.05). 

1 
yield per hectare 

3 
hundred seed weight  

5
seeds per pod  

7
shelling percentage 

2 
relative yield loss 

4
 pods per plant

   6
stand count at harvest 

Relative yield loss 

The highest seed yield (1644.44 kg-ha
-1

) of Shulamith and 887.40kg-ha
-1

 of Sedi were obtained when the 

varieties were sprayed with triadimefon.The yield loss that was incurred by using one of the fungicide 

sprays was calculated relative to the yield of maximum protected plots and it varied among the different 

fungicides on the control (Table 2). Higher yield loss (35.55%) occurred on Shulamith unsprayed 

(control) plots (Table 2). Similarly, higher yield loss (35.46%) occurred on Sedi unsprayed (control) plots 

(Table 2).The second highest yield loss (25.03% and 30.78%) was obtained from plots sprayed with 

copper hydroxide fungicide in Sedi and Shulamith varieties, respectively (Table 2). However, on 

Shulamith and Sedi the second least yield loss (21.47% and 7.64%) occurred on mancozeb treated plots, 

respectively (Table 2). Furthermore, the third yield loss of 28.47% and 21.15% occurred when Shulamith 

Variety Chemicals 

Yield and Yield Components 

YPH 

(kg-ha
-1

)
1
 

RYL (%)
2
 HSW(g)

3
 PPP

4
 SPP

5
 SCH

6
 SP (%)

7
 

Shulamith Chlorothalonil 1354.87
c
 28.47

bc
 49.80

cd
 17.71

c
 1.87

b
 32

cd
 68.33

bc
 

 Copper hydroxide 1255.23
d
 30.78

b
 48.36

de
 16.35

d
 1.83

b
 31

cd
 64.96

de
 

 Mancozeb 1543.94
b
 21.47

d
 54.43

b
 19.64

b
 1.85

b
 37

bc
 69.74

b
 

 Triadimefon 1644.44
a
 0.00

f
 58.16

a
 24.64

a
 1.84

b
 43

ab
 80.68

a
 

 Control 1014.60
e
 35.55

a
 42.63

fg
 16.35

d
 1.84

b
 29

d
 62.40

ef
 

Sedi Chlorothalonil 797.50
h
 21.15

d
 40.50

gh
 12.73

f
 2.22

a
 43

ab
 61.90

fg
 

 Copper hydroxide 777.06
i
 25.03

cd
 38.13

hi
 10.33

g
 2.41

a
 43

ab
 59.24

g
 

 Mancozeb 855.78
g
 7.64

e
 45.43

ef
 14.22

e
 1.86

a
 47

a
 66.47

cd
 

 Triadimefon 887.41
f
 0.00

f
 51.93

bc
 15.60

d
 2.36

a
 48

a
 69.20

bc
 

 Control 748.52
j
 35.46

a
 37.03

i
 10.02

g
 2.25

a
 44

a
 55.15

h
 

 LSD(0.05) 5.64 4.38 2.99 1.22 0.29 7.09 3.03 

 CV (%) 0.30 12.33 3.73 4.54 8.44 10.35 2.69 
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and Sedi plots, respectively, were sprayed with chlorothalonil (Table 2). This would mean that in cases 

when triadimefon is not available mancozeb could be the second choice. 

The result indicated that using resistance varieties and applying fungicides on susceptible varieties before 

disease onset is important to minimize the effect of disease on groundnut production. A similar other 

research has showed that the reduction in pod yield due to occurrence of foliar diseases is attributed 

mainly to leaf loss and reduced leaf area index due to defoliation (Subramanyamet al., 1992; Nutter and 

Littrell, 1996). There is a minor additional component of yield loss that is attributed to the effect of 

necrotic spots on photosynthesis.Yield losses were estimated by applying selective fungicides on a wide 

range ofsusceptible and resistant varieties and losses were found to be less in the resistant than in the 

susceptible varieties (Subrahmanyam et al., 1984). 

Association of Disease Parameters and Yield of Groundnut 

Correlation analysis of yield with severity, AUDPC and disease progress rate revealed the existence of 

significant relationships among the different parameters (Table 3). Percent severity index (PSI) was 

negatively (r=-0.91) correlated to yieldthat indicatedhigh negative effect of rust on groundnut yield (Table 

3). AUDPC and disease progress rate were also negatively (r= -0.85 and - 0.64) correlated, respectively, 

with yield (Table 3),while, percent severity index and AUDPC were more significantly and positively (r = 

0.92) correlated. Similarly, percent severity index was positively (r = 0.71) correlated with disease 

progress rate (Table 3). On the other hand, the correlations observed among disease parameters 

(severities, AUDPCs and disease progress rates) were all positive. The investigation indicated that when 

PSI increased, the others (area under disease progress curve and disease progress rate) also steadily 

increased, while the disease progress rate was expected to slow down after the disease reached highest 

severity levels.It is a well-established fact that the availability of healthy plant tissue for infection limits 

the further development of epidemics; as epidemics progresses less plant tissue will be available for 

further infection and the rate of epidemic development (Freedman and Mackenzie, 1992). 

Table 3: Correlation coefficients (r) between seed yield and disease parameters at final disease assessment 

(120 DAP
1
) of groundnut treated with different fungicides on natural infections at Babile during 2010 

cropping season 

 YPH(kg-ha
-1

)
2
 PSI

3
 AUDPC

4
 DPR

5
 

YPH(kg-ha
-1

) ---------    

PSI -0.91
**

 ---------   

AUDPC -0.85
**

 0.92
***

 ---------  

DPR -0.64
*
 0.71

*
 0.73

**
 --------- 

1
Days after planting *= significant (p <, 0.05), ** = highly significant (p <0.01), *** = very highly significant (p 

<0.001). 
2
 Yield per hectare, 

3
percent severity index, 

4 
area under disease progress curve and 

5
 disease progress rate 

 

 

SUMMARY AND CONCLUSIONS 

Groundnut is one of the four economically important cultivated oilseed crops, including noug, flax and 

sesame in Ethiopia. It is largely produced in the eastern part of the country. The importance of groundnut 



332 
 

appears to arise from its adaptability to extremely wider environments in areas like arid and semi- arid 

tropics and its high productivity. Groundnut yields are, however, reduced due to many abiotic and biotic 

factors of which leaf diseases mainly (leaf spot and rust) are economically important problems. Leaf rust 

of groundnut, which is caused by Puccinia arachidis, is the most common and economically important 

foliar disease of the crop. However, in Ethiopia no more research efforts have been directed to develop 

suitable methods for its management. In this study four fungicides viz. chlorothalonil, copperhydroxide, 

mancozeb and triadimefon, were evaluated for their efficiency using two moderately resistant and 

susceptible varieties in RCBD design in a factorial arrangement with three replications under natural field 

infection Haramaya University Sub- Research Station in Babile.Based on the findings of this study, it can 

be concluded that groundnut rust is an important disease that calls for due attention in the study area for 

effective and efficient management with fungicides and resistant varieties.Thus, three times foliar sprays 

with triadimefon at a rate of 0.5 a.i. kg-ha
-1

 starting right after the appearance of the rust at 15-day interval 

could manage the disease better than the rest of the fungicides.As a final point, we recommend 

thatsuitable fungicides should be applied as soon as the first rust pustule is noticed and further studies 

should be conducted to workout effective and economical management options for the rust disease under 

different ecological situations and thereby to enhance high quality groundnut production in Ethiopia. 
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Abstract 

The study was conducted in 2013 in Fogera district with the objective of assessing the livestock production system 

and assess the existing livestock feed resources. FEAST tool guideline and questionnaire was used to identify the 

site specific feed resource. Three rural kebeles from upper, middle and lower catchment were selected purposively. 

One village from each rural kebeles selected randomly. Focus group discussion composed of 15 farmers was held 

from each village and from each focus group nine individual farmers were selected based on their land possession 

as below average (3 farmers), average (3 farmers), and above average (3 farmers). Data collected from focused 

PRA and individual interview was analyzed using FEAST software. In the three villages the majority of farmers 

possess medium land category which ranges from 1-2 ha. The average household size is 5-6. The dominant crops 

cultivated in the upper and middle catchment in decreasing order were: tef, barely, maize, finger millet, broad 

beans, nouge, and chick pea and grass pea and sorghum. In the lower catchment major crops were rice, grass pea, 

maize and finger millet and lentil. The livestock production system was mixed crop livestock system and average 

livestock holding per household in TLU indicated that cattle are the highest in proportion where farmers keep1-2 

dairy cows/person mainly for calf crop, milk and as source of manure. Similarly, farmers raise on average two oxen 

/person mainly for ploughing, trashing and when it gets old for fattening. Framers keep on average one equine 

mainly donkey for packing and carting and on average 3-4 small ruminant mainly for breeding and immediate 

source of income and slaughter during holydays. In all catchments poultry production is a common practice and 

farmers keep on household is 5-6 poultry/person main for sell of egg & chicken and home consumption. The feeding 

system in the three villages was traditional open gazing only fattening animals were tethered. The proportion of dry 

matter source for the three villages was slightly different. The major source of metabolizable energy and crude 

protein of the total diet was found to be naturally occurring & collected, grazing and crop residue. Farmers in the 

three villages purchase mainly hay or crop residue. Generally, the production system in the district is very 

traditional which demand awareness creation for farmers and availing different feed sources. 

Keywords: FAEST, feed resource, Fogera. Livestock production 

 

BACKGROUND AND JUSTIFICATION  

Ethiopian is an agricultural country with diverse climate from cool tropical highlands to arid lowlands. 

Land use is dominated by mixed smallholder rain feed agriculture producing cereals, pulses, oil crops and 

livestock in the highlands and pastoralist livestock production in the lowlands. The crop and livestock 

production sectors are well integrated in the highlands, whereby the livestock sector contributes draught 

power and manure for crop production, and the later provides crop residues as animal feed. In the 

lowlands, the livestock mainly rely on unimproved grazing as feed resources. In both agro climatic zones 

the feed resources are inadequate to support optimum animal productivity. This, despite possessing large 

livestock population that accounts for 17% of the ruminant livestock population in Africa, the 

productivity of the Ethiopian livestock herd is low (Jahnke, 1982). 
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The availability of feed resources in the highlands of Ethiopian depends on the mode and intensity of crop 

production as well as population pressure. The major feed resources in these areas are natural pastures, 

crop residues, conserved hay, weeds, thinning and leaf stripping of crops such as maize and sorghum, 

stubble and fallow land grazing, foliage of trees and shrubs, agro-industrial by-products and cultivated 

forage and pasture crops, including multipurpose trees and their contribution to the total feed resources 

base vary from area to area based on the cropping intensity (Seyoum et al., 2001). According to CSA 

(2003), the major feed resources in ANRS are natural pasture (46.58%), crop residues (35.31%), hay 

(13.03%), and industrial by products (1.31%), improved forages (0.18%) and from other sources (3.04%).  

General Objective  

To rapidly identify the livestock production system and assess the existing feed resources at site level in 

order to develop a site-specific strategy for improving feed supply and utilization through joint Innovation 

Platform for pilot intervention at Fogera Wereda.  

Specific objectives 

 To identify the livestock production system 

 To assess the existing feed resources and farmers need   

MATERIAL AND METHOD 

This assessment is designed based on FEAST tool guideline and questionnaire to identify the site specific 

feed resources and also used checklist for assessing farmers need.  

Study Area 

The study was conducted in Fogera Woreda of the Amhara National Regional State (ANRS). Fogera 

Woreda is one of the eight Woredas bordering Lake Tana. It is situated at 11
0
58‖N latitude and 37

0
41‖E 

longitudes. Woreta, capital of the Fogera Woreda is found 625 km from Addis Ababa and 55 kms from 

the regional capital, Bahir Dar (IPMS, 2005). Fogera Woreda is also categorized in the Tana Zuria 

Livelihood Zone (Amhara Livelihood Profile, 2005). A total of 246,541 people live in the Woreda of 

which over 90% has rural setting with the density of 173 people/km
2
 (IPMS, 2005). The number of 

households in the Woreda amounts to 44,168, out of which 10% are female headed households. The 

Woreda consists of about 25 peasant associations (rural kebeles) out of which, 14 peasant associations are 

identified to be rice producing rural kebeles (CSA, 2011)). However, 6 rural kebeles are known to be 

major rice producer. Rain fed agriculture is the predominant cropping system and rice is the major crop. 

In case of lack of water, farmers produce post rice crop like vegetables and pulses.  The livelihoods of 

about 96.88 per cent of the population depend on farming (Fogera Woreda OARD, 2009).  

The altitude of Fogera ranges between 1774 m.a.s.l. and 2410 m.a.s.l. predominantly classified as Woina 

Dega ecology, while the annual temperature ranges from 22ºC to 29ºC. The mean annual rainfall of the 

area is 1216.3 mm and ranges from 1103 to 1336 mm., the main rainy season so called Meher runs 

between June and September. The total area of the Woreda is estimated at about 117,405 ha. Of the total 

land, flat land accounts for 76%, mountain and hills 11% and valley bottom 13%. The average 

landholding of the Wereda is about 1.4 ha per household (IPMS, 2005). The main crops growing in the 

study area include Maize, finger millet, sorghum, teff, rice, wheat and nug (IPMS, 2005). Drained by 
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many rivers (North-East & South- East to North - West Lake Tana). Fogera Woreda is traditionally 

identified as one of flood prone areas of Ethiopia. During the rainy season, many rural households relay 

on rice production on the Fogera Plain to lead their livelihoods (IPMS, 2005). 

Sampling Method and Selection of Study Village 

The study Wereda is selected purposively because it is one of the Nile Basin Development Challenge 

(NBDC) areas. The study was conducted in three rural kebeles namely Alember (upper catchment), Woj-

Awramba (middle catchment and Shina (lower catchment). The three villages that were selected for this 

study had a household size of 47, 25 and 108 for Middle, Upper and lower catchment, respectively. 

Study methods 

Focused- Participatory Rural Appraisal (PRA) 

Focused PRA were held in each village at Farmers Training Center (FTC) on key topics. Each of the 

focus group was composed of 15 farmers. The Innovation Platform Technical Group members joined the 

farmers group and brief on the purpose of the assessment. The questionnaire in the focused PRA included 

data pertaining to Socio-economic characteristics: demographic nature, size of house hold, credit and 

extension service. It includes also land possession & use: farm size, land use, Livestock demography & 

use: herd sizes, livestock species kept, dynamics distribution by age classes and physiological status; 

relative importance of different livestock species, management & husbandry, feeding health & disease, 

housing, and breeding method, marketing. Constraints and possible solutions of livestock production were 

identified and prioritized using pair wise ranking method.  

Individual Interviews 

Nine individual farmers in each village from the focus group discussants (15 farmers) were selected based 

on their land possession as below average (3 farmers), average (3 farmers), and above average (3 

farmers). The level of land possession range was determined during group discussion. The questionnaire 

in the individual focus comprises of  land holding category, farmer land size, organizational afflation, 

livestock holding, crop grown on farm and utilization of the residue, cultivated and purchased feed, 

source of income, contribution of the different feed source, seasonality and source of  feed. Secondary 

data such as temperature, relative humidity, rainfall patterns, soil type, and altitude collected from district 

agricultural office, different projects and reports of Central Statistics Authority (CSA).  

Data Analysis 

Data collected from focused PRA were summarized using narration and at times graphs and tables were 

used. Whereas data collected from individual interview was analyzed using FEAST tool software 

RESULTS AND DISCUSSION  

Land Ownership Pattern and Family Size 

In all the three villages the majority of farmers possess medium land category which ranges from 1-2 

hectare (fig 1-3). The number of landless farmers in all the villages is negligible 
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Average landholding  

The average land position in both middle & lower catchment was 1 ha and in the upper catchment it was 

1.5ha figure1-3. The average household size is 6 in the middle & lower catchment and 5 in upper 

catchment village. Similar finding reported by Addisu Endalew (2012.) that the average land holding per 

HH in Enebsie Sar Midir district is 1.00 ha , it is also comparable with the regional average, which was 

1.10 ha per HH (Bayeh and Tenaw, 2006). However, (Asaminew Tassew , 2007) reported a bit higher 

land holding an average land holding of 2.82 and 2.53 ha per HH was reported in Bahir Dar Zuria and 

Mecha districts, respectively. Solomon Zewdu et al. (2014) reported an average landholding per 

household of 2.12±0.15 ha in Metekel zone  

 

Figure 6 ownership pattern of middle catchment village 
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 Figure 7 Land ownership pattern of lower catchment village 

 

 

Figure 8 Land ownership pattern of upper catchment village 
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Livestock holding of farmers 

Farmers in the survey villages raise different livestock species for different purposes. It was evident that 

there was clear correlation between land ownership and livestock holding. Farmers having above average 

land possession own large number of livestock. Livestock composition per household by village surveyed 

is shown in (Fig 4-6).   

Local dairy cows 

In all the three villages farmers keep local dairy cows mainly for calf crop production, then milk 

production and as source of manure. The proportion of farmers having local dairy cow is 83%, 89% 76%, 

respective, in lower, middle & upper catchment .The average number of  local dairy cows kept in middle 

& lower catchment is 2 Cow/person whereas 1 cow/person  in upper catchment . 

Improved dairy cow 

From all the three villages only upper catchment village possesses 2 (8%) improved dairy cows. The 

average number of improved dairy cow is 1 Cow/Person. The purpose of keeping this breed of animal is 

mainly for milk production and calf crop, additionally compost. 

 

Draught cattle 

Draught cattle are kept in the three villages for similar purposes, plowing, trashing additionally for 

manure and when they get old for fattening. The proportion of framers possessing draft cattle is 89% in 

middle, 80% in upper & 73% in lower catchment. The average number of draught cattle in the three 

villages is two cattle /person obviously the plough harness of  Ethiopia demand 2 oxen. 

Fattening of cattle 

The main purpose of fattening of cattle is for income generation. In middle catchment no single farmer 

exercised fatting of cattle, however, in lower catchment 18.5% and in upper catchment 32% of the 

farmers practiced cattle fattening. The average number of cattle fattened per individual farmer is one. 

Sheep rearing 

In the upper catchment 40% and in the lower catchment 37% raise sheep, however in the middle 

catchment there is no farmer who raises sheep. In both villages the average number of sheep kept is 

four/person. The main purpose of raising sheep is for breeding and after which for sell and slaughter. 

 Goat rearing 

Goat rearing is done in upper catchment and middle catchment villages not in lower catchment. The 

primary purpose of keeping goats is for breeding as immediate source of income & slaughter during 

holydays. The proportion of farmers that raise goats is 23% in middle catchment & 24% in upper 

catchment. The average number of goats kept per person was 3 and 4 on middle catchment & upper 

catchment, respectively. 
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Poultry 

In all villages poultry production is a common practice.  Every individual farmer practice poultry 

production thought the type of production is traditional. The main purpose of keeping poultry is for sell of 

egg & chicken and home consumption. The average number of poultry per individual household is 5-6 

poultry. 

Donkey  

The major function of donkey in the three villages is for packing and breeding. Apparently 50% of 

farmers in lower, 45% of the farmers in middle catchment & 60% of farmers in upper catchment possess 

donkey. The average number of donkey per person is only one. 

Mule 

We have managed to observe mule only in lower catchment village where about 9% of the farmers posses 

mule. The main function of mule in this village is for carting. 

According to (Solomon Zewdu et al. 2014) cattle were  the dominant species  raised and  are  used 

primarily  for  draught  purposes  (traction)  (72.1%),  while small  ruminants  and  chickens  are  used  to  

generate income and meat production for household consumption. The  overall  average  household  cattle  

composition  was 2.88±0.18  oxen,  4.10±0.28  cows,  2.76±0.25  bulls, 3.09±0.28  heifers,  and  

3.09±0.20  calves,  respectively. The average livestock holding per household in Metekel zone was 

13.99±1.08 cattle, 11.37±1.37 goats, 6.14±1.06 sheep, 1.13±0.09 mule, 1.50±0.14 donkey, and 8.45±0.54 

chickens, respectively. 

According to (Mergia Abera et al. 2014)  the major types of livestock in the watershed were cattle, sheep, 

goats and donkeys in the order of their total population. 54.7% of the household owned cattle, 22.9% 

sheep, 12.9% goats and 9.5% had donkeys. Cattle and sheep were the dominant species of livestock kept 

in the watershed followed by goats and donkeys were least. The average size of livestock holdings per 

household were 3.3, 1.4, 0.8 and 0.6 for cattle, sheep, goats and donkeys, respectively Most of the farmers 

in the watershed kept more than one species of domestic animals.  
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Figure 9 Livestock holding of farmers in middle catchment 

 

Figure 10 Livestock holding of farmers in lower catchment Village 
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Figure 11 Livestock holding of farmers in upper catchment Village 

The average livestock holding per household in Tropical Livestock Unit (TLU) of the three villages 

indicate that the highest proportion is cattle  

 

Figure 12 average livestock holding per house hold in TLU in middle catchment 
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Figure 13 average livestock holding per house hold in TLU in lower catchment 

 

Figure 14 Average livestock holding per house hold in TLU in upper catchment village 
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The average livestock holding per household dominant species(TLU)in all the village showed that local 

dairy cattle has the highest TLU and the least was found to be poultry (fig 10-12). 

 

Figure 15 Average livestock holding per household dominant species (TLU) in middle catchment 

 

Figure 16 Average livestock holding per household dominant species (TLU) in lower catchment  
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Figure 17 Average livestock holding per household dominant species (TLU) in upper catchment 

Crops Grown in the Area 

The dominant crops cultivated in the upper catchment in decreasing order of importance are Tef, barely, 

maize, finger millet, broad beans, nouge, and chick pea and in the middle catchment are respectively, tef, 

maize, finger millet, ground nut, chick pea, grass pea and sorghum.  Rice, grass pea, maize and finger 

millet and lentil are, respectively, cultivated in the lower catchment (fig. 13-15).  

(Mergia Abera et al. 2014) Maize (37.7%), tef (30.4%), wheat (13.5%), haricot bean (7.8%) and sorghum 

(6.4%) are the major crops grown in the watershed. 

Cropping season 

The fames in the three village use two cropping season. The major cropping season commences from 

May to December. Additionally they produce legume crops such as check pea, grass pea using residual 

moisture and may extend up to January. 

Irrigation 

Interestingly in the three villages we surveyed farmers practice irrigation using different techniques. The 

proportion of using irrigation is variable where in the lower catchment almost all farmers use irrigation 

and produce vegetable. However, in the middle catchment the proportion is 57% present. In upper 

catchment about 40% of the farmers practice irrigation 
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Figure 18 crops grown in upper catchment Village 

 

Figure 19 crops grown in middle catchment Village 
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Figure 20 crops grown in lower catchment Village 

Fodder Crops Grown in the Area 

Farms in the three villages have little or no experience on fodder development. From our survey result we 

observed that only one farmer practice Sasbania production in Upper catchment village and one farmer in 

Lower catchment village developed natural occurring pasture.  According to (Solomon Zewdu et al. 2014) 

95% of the households did not  practice  cultivation  of  improved  forage  species  due to scarcity of land, 

forage seed and labour (Mergia Abera et al. 2014) according to the respondents only 44.6% of the 

households planted improved forage crops; the remaining 55.4% of the households did not cultivate 

improved forage crops. 

According to Addisu Endalew (2012.) the level of production and contribution of improved forage crops 

are very limited in the study district (2.80%), Firew Tegegn and Getnet Assefa   (2010) reported that the 

contribution of agro-industrial by-products and improved forage as feed sources in ANRS is very 

insignificant (1.3% and 0.2%, respectively).  

Purchased feed 

Generally farmers in the three villages purchase different feed sources. The major feed they purchase 

were either hay or crop residue (fig 16-18). 
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Figure 21 Feed purchased in middle catchment village 

 

Figure 22 Feed purchased in upper catchment village 
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Figure 23 Feed purchased in lower catchment village 

 Dietary Composition 

 Dry matter content of different feed resources 

The proportion of dry matter source for the three villages was found slightly different owing to the 

difference in the proportion of the feed sources and variability of feed source in their dry matter content 

(fig 19-21). Addisu Endalew, (2012) reported 59.30% is contributed from crop-residues, 16.98% from 

communal grazing, 12.56% from stubble grazing, 4.65% from hay, 3.02% from shrub land and 2.80% 

from improved forage crops. Similarly according to (Malede Birhan & Takele Adugna 2014) reported 

that in Ethiopia the source of animal feed are natural pasture, crop residues and agro-industrial by 

products. 

According to Firew Tegegne and Getnet Assefa (2010) from surveyed Zones and Woredas of Amhara 

region livestock obtain their feed from natural pasture, crop residues, improved forage and agro-industrial 

by-products with varying contribution from Zone to Zone and from Woreda to Woreda.  

According to Solomon Bogale et al., (2008) higher yield of wheat straw in Sinana could be associated 

with the allocation of more land to wheat cultivation, primarily due to availability of seeds of improved 

wheat varieties and conducive climate leading to high yield, whereas straws from pulses and linseed 

contributed very low to the animal feed resource base due to the low contribution of the crops to the 

staple food of the farmers. In Dinsho sub district, barley straw was almost the sole crop residue available 

for utilization as animal feed due to high altitude predisposing other crops to damage by frost to which 

barley is relatively tolerant (Solomon Zewdu et al. 2014). The major feed resources were natural pasture, 

crop residue,  conserved hay from natural pasture, stubble grazing, and non-conventional  feeds. 
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Figure 24 proportion of Dry matter content of different feed sources in middle catchment village 

 

Figure 25 proportion of Dry matter content of different feed sources in upper catchment village 
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Figure 26 proportion of Dry matter content of different feed sources in lower catchment village 

 

Metabolizable Energy Content of Total Diet 

From this survey it was evident that the major source of metabolizable energy for the livestock in all 

catchments were found to be naturally occurring and collected & grazing (fig 22-24) 

.  

Figure 27 metabolizable energy content of total diet in middle catchment village 
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Figure 28 metabolizable energy content of total diet in upper catchment village 

 

Figure 29 Metabolizable energy content of total diet in lower catchment village 

Crude protein content of total diet 

Generally, naturally occurring and collected and grazing and crop residue in decreasing order of 

importance contribute for crude protein of the total diet to the livestock (fig 25-27)  
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Figure 30 Crude protein content of total diet in middle catchment village 

 

Figure 31 Crude protein content of total diet in upper catchment village 
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Figure 32 Crude protein content of total diet in lower catchment village 

  

Availability of Feed Resource and Rainfall Pattern 

The major sources of livestock feed in all the three sites are crop residue, grazing, green forage and 

legume residue. The main feed source in dry season is crop residue, however, the main source of feed in 

the rainy season is grazing and weeds obtained from cropping system (fig 26-28). Virtually, no rain from 

December to April, and often the rainy season begins at May and extends up to November. Nonetheless, 

farmers have also mentioned the irregularity and unpredictable nature of rainfall 

Rainy season 

It was apparent that the rainy season starts on April and progresses up to November in all the three 

villages. However, there are times where the rain fluctuate and may start in may and stop on October. 

According to the farmers July and August are the two months where the rainy season is heavy and no rain 

from October to March.  

According to Solomon Bogale et al. (2008) Crop residues were the main feed source for livestock during 

the dry period in 81.4% of the cases from early January to April when pasture from grazing area cease to 

provide reasonable quantity of feed in Sinana sub district. Stubble grazing of cereal crops is practiced 

after harvest from mid July to late August after the short rainy season in Sinana, and from November to 

April in both Sinana and Dinsho sub districts (Solomon Zewdu et al. 2014). Critical months of feed 

shortage were also reported to be between March and May (51.8%), and January and May (49.2%). 

According to Dawit Assefa, et al. (2013)  natural  pasture,  aftermath  grazing,  crop residues,  and  maize  

thinning  were  the  major  feed resources  during  the  wet  season.  However, crop residues, natural 

pasture and aftermath grazing were the major feed resources for dry season, in their descending order.  In 

general crop residues and natural pasture  are the major feed resources of the area (Mergia Abera et al. 
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2014). 96.7% of the respondents mentioned feed is in short supply during December to May and 100% of 

the respondents mentioned very critical during the month of April to May. During this period all 

preserved crop residues will be exhausted and grazing grasses also become extremely poor. The farmers 

strategies used to cope with the feed shortage in the months were supplementing livestock with any 

available dry crop residues and tree leaves. 

 

Figure 33 availability of feed resource in middle catchment village 

 

Figure 34 availability of feed resource in upper catchment village 
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Figure 35 availability of feed resource in lower catchment village 

 

CONCLUSION AND RECOMMENDATION 

This rapid survey has shown that the farming system in all the three villages is mixed crop livestock. The 

average land possession in the area ranged between 1-1.5 ha and the mean family size ranged between5-6. 

The dominant crops cultivated in the areas include tef, maize, finger millet, barley, broad bean, chick pea, 

grass pea, rice and nouge with slight variation in proportion owing to their agroecologies. Farms in all the 

three villages use their crop land twice and irrigation is a very promising activity in the area where 

farmers produce cash crops such as tomato, onion.  The rainy season usually extends from April to 

November, however, farmers mentioned recently there are some irregularities 

Farmers raise different local livestock for different purposes the common livestock raised in the villages 

include local cattle, sheep & goat, donkey and poultry. Surprisingly only two farmers were found to have 

improved dairy cows from the three villages. The type of livestock farming is traditional where farmers 

still use open grazing and the main source of feed is from crop residue, hay and weeds collected from 

cropping system. Virtually the use of supplementary feed in the form of concentrate is not practiced in the 

area. Besides, farmers have little or no knowledge about agronomic practices and utilization of improved 

forage feed. The veterinary service is relatively moderate considering the government policy of one 

veterinary clinic for three peasant association. According to the farmers there were some attempts to 

introduce AI service two years ago but currently the service is not available and there is no bull service in 

the area at all. 

Input supply such as urea, pesticide and veterinary drugs are all available. It was also apparent that credit 

and saving institutes are available in all the villages. Based on the above conclusion the following 

recommendations are forwarded: 
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 Capacity building of experts  at all levels on livestock production and management 

 Training of farmers on animal husbandry feeding, housing, management 

 Development of different improved forage species using appropriate strategies and agroecologies 

 Training of Community animal health workers and community AI technicians and bull service 
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Abstract 

Many of producers of ornamental plants use auxin to initiate roots in grafted cuttings of rose plant. The root 

initiating effects of auxin however is significantly influenced by environmental condition, the types of cuttings and 

the rooting media used.  Therefore, this research was conducted to evaluate the root initiation, growth and 

developmental effects of Indol Butric acid (IBA) on grafted stem cuttings of roses taken from different    

developmental stages of the plant (soft wood cutting, semi-hard wood cutting, hard-wood cutting)in Bahir Dar at 

Tana Flora PLC . Six different concentrations of IBA (0ppm, 1000ppm, 1500ppm, 2000ppm, 2500ppm 3000ppm) 

were used to evaluate their effects on grafted stem cuttings of rose plant. The three stem types and six IBA 

concentrations were factorial combined laid in completely randomized design (CRD) with four replications in the 

propagation house of Tana Flora PLC. Healthy grafted rose-cuttings having 2-3 leaves were treated in solutions 

containing the respective IBA-concentrations by quick dip method. After air drying of the treated surface, six stem 

cuttings per treatment were then planted in pots (90cmx150cm) that were filled by coco peat at the depth of 3.5 cm. 

During the study, the following growth parameters of rose stem-cuttings were evaluated: number of roots per 

cutting, root length, root dry weight, root fresh weight, shoot length, leaf number, shoot fresh weight and shoot dry 

weight. The results of this experiment showed that different concentrations of IBA have significant effect on growth 

parameters of grafted rose-cutting. Especially,1000 ppm IBA-concentration had shown significant positive effect on 

most of the root and shoot parameters of rose stem-cuttings including root length, number of root per cutting, root 

fresh weight, root dry weight, shoot dry weight, shoot fresh weight, leaf number and shoot length. Among the 

different cutting types, hard-wood cutting showed significant positive effect on growth and development of rose-

cutting. Hard-wood cutting of rose resulted the highest shoot length and leaf number. There were no interaction 

effects between IBA concentrations and stem cutting types on the rooting and shoot characters of the cuttings used 

in this experiment. From these results, it can be concluded that rose plants could be easily propagated by pre-

treating of stem-cuttings with 1000ppm of IBA in the study area. It can be also recommended that hard-wood 

cuttings followed by semi hard wood cutting can be used for successful vegetative propagation of roses. However, to 

develop forceful recommendation, it is advised to repeat the experiment during the cool season, bellow 1000ppm of 

IBA and on different growth media. 

Keywords: Fresh weight, stenting, propagation, rooting, grafting, cuttings 
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INTRODUCTION  

Background and Justification 

The development of the floriculture industry especially roses production and export in Ethiopia has 

experienced unique and unexpected high speed in the last decade. In 2008, the land under flower 

cultivation was only 922 ha, and it has increased to over 1,442 ha in 2012. In the same period of time the 

export earnings from floriculture increased from US $ 111.7 to over US $ 212 million by exporting 1,021 

to 2,102 millions of flower stems. Hence, Ethiopia is currently become the second largest flower exporter 

in Africa next to Kenya. Besides, thousands of jobs have been created in and around these flower farms 

(MoTI, 2014).  

The number of commercial and exporting horticultural farms is increasing from year to year. According 

to EHPEA and EHDA, (2011), in Ethiopia there are 83 exporting horticultural farms having the capacity 

of 600 hectares of green houses, 150 hectares of open field flowers, 70 hectares with cuttings, 75 hectares 

of herbs and 600 hectares of vegetables and fruits. Most of the farms are concentrated around Addis 

Ababa at 100 kilo meter radius. However, nowadays floriculture farms are also established in other big 

cities like Bahir Dar located about 560 km northwestern of Addis Ababa. Despite of encouraging 

achievements observed in the floriculture industry of the country in recent time, it is still low compared to 

the existing potentials of the country for floriculture. 

Among the ornamental plants produced in Ethiopia, roses are the dominant ones. Rose accounts more 

than 80% of the cut flowers of the country. The remaining 20% of the cut flowers is covered by 

chrysanthemums, poinsettia and geranium, and bouquet fillers primarily Hypericum, Carnation, 

Gypsophila, Allium and Carthamus (Van der Maden et al. 2011).  

Roses are conventionally propagated by cutting, budding, grafting and layering methods. Grafting and 

cutting are indeed the common propagation methods used in commercial rose production Izadi et al. 

(2014). Wild rose varieties such as Rosa canina inermis and Rosa motera, are widely used as rootstock 

(Balaj and Vuksani, 2004; Fuchs, 1994). The Netherland Scientists have developed a technology for 

quick propagation of roses whereby cuttings of rootstock and grafting of the scion cuttings are performed 

in one action, and such a new technique of rose propagation is known as stenting (Belendez, 2008). With 

this method of rose propagation, formation of the graft union and root initiation and development from 

cuttings are occurred simultaneously. The stenting (simultaneous cutting and grafting) is done under mist 

in propagation structures (green houses) and it enables to produce planting materials within four to six 

weeks and flowers only after four months. Thus stenting can be performed all year round (Izadi and Zarei, 

2014; Nazari e al., 2009).  The success however depends upon many factors like season of cutting, age 

and portion of the branch, growing media, moisture level, nutrient status and temperature (Kristiansen et 

al., 2005; Park and Yeong, 2015). Provision of optimal growing conditions and proper timing may 

enhance the establishment and growth of the cutting.  

Growth promoting hormones promote rooting of cuttings of many ornamental plants including roses 

(Dole and Gibson, 2006; Martin, 2012) by influencing the growth and development of plant cells. The 

speed of root development in cuttings depends on the cutting types, the rooting medium, and the type and 

concentration of hormones used. The rooting effects of auxins are nowadays used commercially in the 

propagation industries of horticultural crops especially in the floriculture sector.  Among the auxins, 

Indole Butyric acid (IBA) and Naphtalin Acetic acid (NAA) are typically used for rooting of cuttings of 
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the majority of plant species including roses. Their effect however depends on the concentration applied 

and the age of cuttings (Abu-Zahra et al., 2012; Henrique et al., 2006; Ibrahim et al. 2015; Ly et al., 2013. 

The concentrations of these auxins recommended by the manufacturers are quite general and not specific 

to roses and it may also differ with environmental conditions (Akhta, 2002; Susaj et al., 2012). Hence, 

investigating the optimal concentration of IBA under specific environmental conditions for specific crop 

is necessary. The present study was therefore mainly conducted to assess the effects of different 

concentrations of IBA and cutting types on growth and development of stenting-propagated roses in Bahir 

Dar, Ethiopia. 

Objectives of the Study 

The general objective of this study was to evaluate the rooting potential of grafted rose stem cuttings 

(Stenting) using IBA  hormone at different concentrations, thus, the aim of this study were to contribute 

to floriculture development endeavours of the region as well as in the  country. The specific objectives of 

this study were indeed 

 To investigate the response of rose stem cuttings for different concentrations of IBA hormone 

 To identify the ideal types of stem cuttings of rose for vegetative propagation 

  To determine the optimum concentration of IBA for vegetative propagation of rose cutings. 

   

MATERIALS AND METHODS 

Description of the Study Area 

The study was conducted in Bhir Dar Zuria Woreda at Wonjeta Kebele (Figure 1), in Tana Flora Private 

Limited Company Amhara Region, Ethiopia. The farm was established in 2008 and owned by Gafat 

Endowment, an organization with great social responsibility. Total size of the farm is 124ha of which 40 

ha is dedicated for roses, 30ha for fruits and 25ha for vegetables. The farm is found at an elevation of 

1850m.a.s.l and endowed with pleasant climate, excellent well drained red soil and ample fresh water. 

The minimum and maximum temperatures of the experimental site are about 10.5
0
C and 27

0
C, 

respectively. The average annual rainfall is about 1250mm, and the sunshine hour and wind speed 10.5hrs 

and 1m/sec, respectively. 
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Figure 1: Map of the study area 

Experimental Material 

In this experiment, rose varieties of Natal Break and Acpinc were used as rootstock and scion, 

respectively which are commonly used in Ethiopia. As a source of IBA, Hormande brand water soluble 

Hortus imported from the Netherlands was used. Soft, semi-hard and hardwood cuttings having six cm 

length were taken from healthy branch of the mother rootstock plants. As propagation medium, coco peat 

produced from waste product of coconut palm (Cocos nucifera) imported from Israel was used. 

Propagation plastic pots with the size of 9x15cm were used for the study. 

Experimental Treatments and Design 

Different types of cuttings at different portion of rootstock rose plants, namely softwood, semi-hardwood 

and hardwood cuttings, having two to three leaves and free from any defects were used for the 

experiment. The flower buds from the scion plants were prepared and grafted on rootstock cuttings using 

with simple whip grafting (splice grafting) method. The top cut of the rootstocks and the bottom end cut 

of the scions were cut at angle of 45
O 

so as to fit the cut surfaces of one partner exactly with that of the 

other to facilitate the joining process. For best cambial contact of scion and rootstock, the two partners 

were fixed with clipper. The bottom ends of grafted cuttings were then scrap off (wound making, vertical 

cut) with knife to make wound and facilitate root induction. 

Six level of IBA (0, 1000, 1500, 2000, 2500, and 3000ppm) were prepared by weighing the respective 

quantity of IBA and by dissolving it in water. The application of IBA was done by a five-second quick-

dip of the basal portion of grafted stem cuttings prepared above in the respective hormone concentration 
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to the depth of 2cm, whereas the control was dipped in water without IBA.  After drying of the treated 

portion, six treated stem cuttings of the same types were then planted in plastic pots which were filled 

with coco peat as rooting medium. To neutralize the pH value of coco peat, 2kg calcium nitrate (CaNO3) 

was added. The treatments were laid in completely randomized design (CRD) with four replications 

(pots). Each pot consisted of six stem cuttings that were then put on propagation bench. 

Management of Stem Cuttings 

For successful rooting, stem cuttings should be kept moist throughout the experiment (Hartmann et al., 

1990). Therefore, they were misted for 30 seconds at five minutes interval between 9 am and 6 pm 

depending on the daily temperature. The propagation house was ventilated through side and top 

ventilators. Whenever the temperature rose above 35°C, the side and top ventilators were left open to 

maintain the temperature and relative humidity of the propagation house. After 35 days, all seedlings 

were transferred to hardening room and watering was provided three times a day by showering without 

misting. During hardening process, shade net put over the top of cuttings in the greenhouse was removed 

during the day time from 10:00am up to 5:00pm to expose seedlings to full sunlight. After 5:00pm, shade 

net was placed again on the top of the seedlings. The required macro and micro-nutrients were supplied 

through irrigation water (fertigation). 

 

Data Collection  

After 45 days of planting, various growth parameters of stem cuttings were evaluated against the 

treatments. For that purpose, seedlings were carefully uprooted and media particles adhered to roots were 

removed with great care by hand and the following parameters were recorded:- 

Number of roots per cutting: The numbers of roots grown in four sample seedlings were counted and the 

average number was taken. 

Root length (cm): The length of emerged roots was measured from the point of emergency to the tip 

using linear meter and the average length from four sampled seedlings was taken for further analysis. 

Root fresh weight (g): The fresh weight of initiated roots was measured using electrical sensitive balance 

and the average weight from four sampled seedlings used. 

Root dry weight (g): After drying of the roots from four sampled seedlings in oven drier for 24 hours at 

60
0
C, the weight of dried roots was measured using electrical sensitive balance and the average weight 

was taken for further analysis. 

Length of the shoots (cm): The length of newly grown shoots of four sampled seedlings was measured 

from the point of emergency to the tip using linear meter and the average length was taken.  

Shoot fresh weight (cm): The weight of newly grown shoots from four sampled seedlings was measured 

by using electrical sensitive balance and the average weight was taken. 
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Shoot dry weight (g): After drying the newly grown shoots of four sample seedlings in oven drier for 24 

hours at 60
0
C, the weight of dried shoots was measured using electrical sensitive balance and the average 

dry weight was taken for further analysis. 

Leaf number: The newly grown leaves from four sampled seedlings were counted and the average leaf 

number was taken. 

Data Analysis 

The collected data were subjected to analysis of variance (ANOVA) using SAS soft ware computer 

program version 9.0. Mean comparison was performed by using Least Significant Difference Test (LSD) 

at 1% or 5% significant level. 

RESULTS AND DISCUSSIONS 

Effects of IBA Concentrations on Growth Parameters of Rose Cuttings 

The effects of different IBA concentrations on different growth parameters of rose stem cuttings are 

presented in Table 1. Different concentrations of IBA had a significant effect on root length, number of 

leaves & root, root & shoot fresh weight, and root & shoot dry weight. These indicated that the growth 

and development of shoots and roots of rose-cuttings were significantly promoted by application of IBA. 

However, the most significant effect was recorded on stem cuttings treated with a concentration of 1000 

mg/l of IBA (Table 1).  The maximum numbers of roots (54.2), root length (11.3 cm), root dry weight 

(0.21 g), shoot dry (0.61 g) and fresh weight (2.05 g) of rose cuttings were observed from cuttings treated 

with 1000ppm of IBA. However, the maximum root fresh weight (0.9 g) was shown from rose-cuttings 

treated by 1500ppm of IBA. The maximum number of leaves (58.5) and the highest shoot length 

(15.47cm) were obtained from cuttings treated with 2500ppm of IBA but not statistically significant 

compared to stem cuttings treated with 1000 mg/l of IBA. The untreated control was the least in all above 

mentioned growth parameters of roots and shoots. 

Table 1: Effects of IBA concentrations on growth parameters of rose cuttings 

IBA 

concentrations 

NRPC  RFW (g) RL (cm) RDW (g) SL (cm) LFN SFW (g) SDW (g) 

0ppm 31.85b 0.32b 5.79c 0.04b 8.97c 34.04b 1.003c 0.17c 

1000ppm 54.2a 0.79a 11.29a 0.21a 14.4ab 56.50a 2.05a 0.61a 

1500ppm 44.14a 0.90a 9.5b 0.17a 13.56ab 54.7a 1.49b 0.47b 

2000ppm 54.3a 0.85a 9.60b 0.16a 13.7ab 55.3a 1.77ab 0.48b 

2500ppm 50.4a 0.78a 9.10b 0.16a 15.47a 58.50a 2.01a 0.58ab 

3000ppm 48.6a 0.89a 10.4ab 0.16a 12.91b 53.3a 1.89ab 0.50ab 

P-values ** 

0.0017 

** 

0.0041 

** 

0.0001 

** 

0.0001 

** 

0.0001 

** 

0.0001 

** 

0.0001 

** 

0.0001 

**=highly significant, ns=non-significant; NRPC =Number of roots per cutting, RL=Root length, RFW=Root fresh 

weight, RDW=Root dry weight, SL=Shoot length, LFN=Leaf number, SFW=Shoot fresh weight, SDW=Shoot dry 

weight, P-value=probability value. Means with the different letters in column are significant 
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The best shoot growth performances obtained in this study were in agreement with the findings of Ramtin 

et al. (2011) They found that the concentration of 1000 mg/litre IBA produced the best result for root 

length, number of bracts, number of cyathium, number of leaves and size of bract on poinsettia. These 

results are also in accordance with the findings of Adnan (2005), Balakrishnamurthy et al. (1988), Das et 

al. (1978), Bubal and Kale (1973), Shahzad et al. (2002), Susaj et al. (2012) and Younis (2005) where 

they found a concentration of 1000ppm of IBA gave the best result in the propagation of rose plants by 

cutting. As mentioned earlier the best result in most growth parameter of stem cuttings was observed by 

the lowest   IBA concentration (1000ppm) used in this experiment. This is probably due to high daily 

average temperature prevailed (about 35
O
C) in the propagation house at the time of the experiment that 

increases the growth and developmental activities of plant cells so that low concentration of hormone was 

enough for the growth and development of plants. That means the optimum response curve of IBA 

depends with intensity of temperatures prevailed in the propagation house. These findings are also in 

agreement with the findings of Farmer (1979), Taghvaei et al. (2012) and Webb (1977) where they 

concluded that higher the temperature the lower is the optimum IBA-hormone concentration required for 

the successful vegetative propagation of stem cuttings. 

Effects of Stem Cuttings on Growth Parameters of Rose Cuttings 

The effects of different types of rose stem cuttings on different growth parameters are presented in Table 

2 and discussed below. The results of this study showed that, among different growth parameters only 

shoot length and leaf number of cuttings were significantly influenced by stem cutting types of roses. 

Shoot length and number of leaves of roses from hardwood cuttings were significantly higher than those 

from softwood cuttings. Shoot length of roses from hardwood cuttings was on an average of about 

14.6cm while the shoot length from softwood-cuttings was about 11.6cm and that of semi-hardwood-

cuttings was intermediate (13.2cm). The maximum   number of leaves produced by hardwood-cuttings 

was about 58.4 followed by semi-hardwood cuttings 52.4 and softwood cuttings 45.3. The other growth 

parameters such as number of roots, root length root fresh and dry weight were non-significantly affected 

by rose stem cuttings. 

The results of this experiment demonstrated that stem cuttings has influenced the shoot development of 

rose stem cuttings. Hardwood cutting has showed the best shoot performance. The reason may be due to 

the fact that hardwood cuttings contain stored foods such as hydrocarbons, nucleic acids, proteins and 

natural hormones (IAA and/or, cytokinins) that can be used for shoot growth and development. The status 

of the stored foods is an important feature for rooting, growth and development capacity of stem cuttings 

which are more in quantity in hardwood than in soft and semi-hardwood cuttings that enable the 

hardwood cuttings to grow and develop quickly than other types of cuttings Hambrick (1999).       

The results obtained in this experiment were also in line with the results of Balakrishnamurthy et al. 

(1988). They observed the rooting and survival capacity of softwood, semi-hard and hardwood cuttings of 

rose cultivar ‗Bourbon hybrid and Edward‘ treated with 1000ppm IBA. According to their results 

hardwood-cuttings gave 73.3% rooting and the highest plant survival rate assessed 30 days after 

treatment. Besides, the presence of leaves on hardwood cuttings exerts a strong stimulating effect on root 

initiation. In addition leaves and buds are also known to be sources of auxin Okunlola (2013). The 
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vigorous roots initiated from hardwood enabled the cuttings to absorb more nutrients and produce more 

leaves.  

The study conducted by Ramtin et al. (2012) showed that lower cuttings or hardwood cuttings have 

produced the longest root and highest number of bracts, number of leaves, and number of buds and size of 

bract on poinsettia which is in line with the results of the experiments. Okunlola (2013) also studied the 

vegetative propagation of Duranta repens in the nursery and finally concluded D. repens can be better 

propagated using semi-hard and hardwood cuttings. Janick (1986) reported that an important capacity of a 

stem to root is the stored food status of the cuttings where hardwood cuttings may have more stored food 

than other types of cuttings. Besides, the presence of leaves on hardwood cuttings exerts a strong 

stimulating effect on root initiation. In addition leaves and buds are also known to be sources of auxin 

(Okunlola, 2013).The vigorous roots initiated from hardwood enabled the cuttings to absorb more 

nutrients and produce more leaves (Reuveni and Raviv, 1981; Karaguzel, 1997). 

Table 2: Effects of stem-cutting types on growth parameters of rose cuttings 

Cutting type NRPC   RFW (g) RL (cm) RDW (g) SL (cm) LFN SFW (g) SDW (g) 

 Soft wood 47.95  9.26 0.74 0.14 11.6b 45.29c 1.53 0.55 

 Semi-hardwood 49.43 9.49 0.84 0.18 13.2a 52.4b 1.75 0.57 

Hardwood 44.4 9.13 0.69 0.13 14.6a 58.4a 1.82 0.71 

P-values ns 

0.44 

ns 

0.74 

ns 

0.40 

ns 

0.06 

** 

0.0019 

** 

0.0003 

ns 

0.14 

ns 

0.06 

**=highly significant, ns=non-significant; NRPC =Number of roots per cutting, RL=Root length, RFW=Root fresh 

weight, RDW=Root dry weight, SL=Shoot length, LFN=Leaf number, SFW=Shoot fresh weight, SDW=Shoot dry 

weight, P-value=probability value. Means with the different letters in column are significant 

 

Interaction Effects of Stem Cuttings and IBA Concentrations on Growth Parameters of Rose 

Cuttings 

The results of the analysis of variance showed that there were no significant interaction effects of 

hormones and cutting types on the growth parameters of rose-cuttings (Table 3). However, semi-

hardwood cuttings treated with 2500ppm produced the highest number of roots (66.3) followed by 

hardwood cuttings (57.6) treated with 1000ppm IBA while the control showed the lowest root number in 

all cases. In case of root length, softwood cuttings produced the longest root (13 cm) followed by semi-

hardwood cuttings. Shoot length of cuttings from hardwood treated with 2500ppm IBA was about 

16.75cm followed by cuttings from semi-hardwood cuttings treated with 2500ppm. The untreated 

controls have produced in all cases the shortest shoot length.  In the case of leaf number, the highest 

number of leaves was produced from hardwood cuttings treated with 2000ppm IBA  followed by semi-

hardwood cuttings treated with 2500ppm IBA. 



366 
 

Table 3: Interaction effects of stem cutting types and IBA concentrations on growth parameters of 

stenting-propagated rose 

CT     IBA Con. NRPC RL (cm) RFW  (g) RDW (g) SL (cm) LFN SFW (g) SDW (g) 

SW 0ppm 30.06 5.84 0.24 0.04 9.00 31.75 0.91 0.16 

SW 1000ppm 56.60 13.00 0.94 0.17 14.00 51.00 2.20 0.62 

SW 1500ppm 45.06 7.93 1.06 0.18 11.10 48.10 1.31 0.43 

SW 2000ppm 55.81 9.31 0.93 0.16 11.40 46.40 1.40 0.42 

SW 2500ppm 50.70 9.30 0.65 0.14 14.06 51.18 1.82 0.49 

SW 3000ppm 43.81 10.60 1.11 0.13 9.93 43.18 1.52 0.40 

SHW 0ppm 34.68 6.03 0.51 0.08 9.22 33.50 1.26 0.21 

SHW 1000ppm 48.68 10.18 0.82 0.30 12.93 58.50 1.84 0.54 

SHW 1500ppm 41.31 10.81 1.04 0.17 14.87 53.06 1.55 0.54 

SHW 2000ppm 52.81 9.62 0.81 0.15 13.43 53.12 1.73 0.42 

SHW 2500ppm 66.43 10.06 0.93 0.20 15.62 60.70 2.11 0.63 

SHW 3000ppm 52.68 10.25 0.91 0.17 13.68 55.87 2.01 0.55 

SHW 0ppm 30.80 5.84 0.24 0.02 8.71 36.87 0.83 0.14 

HW 1000ppm 57.56 10.68 0.61 0.15 16.25 59.93 2.11 0.68 

HW 1500ppm 46.06 9.87 0.60 0.15 14.62 62.87 1.60 0.45 

HW 2000ppm 54.43 9.87 0.82 0.16 16.37 66.62 2.16 0.61 

HW 2500ppm 34.06 7.87 0.77 0.14 16.75 63.56 2.10 0.61 

HW 3000ppm 43.81 10.62 1.11 0.18 15.12 61.06 2.14 0.56 

CV                                           

P-values 

29.29 17.78 50.32 49.46 21.18 20.30 30.72 27.50 

ns 

0.32 

ns 

0.11 

ns 

0.53 

ns 

0.64 

ns 

0.56 

ns 

0.94 

ns 

0.70 

ns 

0.34 

Ns=non-significant NRPC=Number of roots per cutting, RL-=Root length, RFW =Root fresh weight, RDW=Root 

dry weight, SL= Shoot length, LFN=Leaf number, SFW=Shoot fresh weight, SDW=Shoot dry weight, CT=Cutting 

type, SW=softwood, SHW=Semi-hardwood, HW=hardwood, IBA Con. =IBA concentration, CV=Coefficient of 

variation, P-value=probability value 

CONCLUSSION AND RECOMMENDATIONS 

Conclusion 

The results of this study showed that the application of IBA hormone and using different stem cuttings 

significantly affect rooting capacity and shoot characters of stenting-propagated rose. Among tested IBA 

concentrations, stem cuttings that received 1000ppm of IBA were ascribed with better rooting capacity 

and shoot system under the environmental conditions of the study area. The untreated stem cuttings have 

shown the least root and shoot performance.  Among the three stem cutting tested, semi-hardwood and 

hardwood cuttings of rose showed good result regarding to shoot characters. However, significant effect 

on shoot length and leaf number was obtained from hardwood cutting.  Results from semi-hardwood 

cuttings showed an intermediate value in most growth parameter tested. On the contrary softwood 

cuttings showed the lowest results in most root and shoot characters. There were no interaction effects 

between IBA concentrations and stem cutting types on the rooting and shoot characters of the cuttings 

used in this experiment 
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Recommendation 

From the results of this research findings pre-treating of rose stem cutting with 1000ppm of IBA 

improved the rooting capacity, growth and development of stenting-propagated roses. Besides, hardwood 

cuttings followed by semi-hardwood cuttings are the appropriate cutting types to be used in stenting-

propagated roses under the condition of the study area.  Further research on the effects of IBA below 

1000ppm on rose hardwood cuttings and using different growth media is also recommended. 
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Abstract 
 

Potato is a food security crop. It plays an important role in addressing the seasonal food deficit experienced during 

the months of August through September because of its short crop cycle (90-120 days). Potato has high yield 

potential, enjoys huge demand for local market and it is known for its high nutritional value. However, during 

several constraints, its yield has been limited to less than 8 tons ha
-1 

at farmers' fields. Among others, traditional 

potato production system; high incidence of disease and pest (bacterial wilt and late blight); shortage of seed for 

adaptable and disease tolerant varieties; low productivity of local varieties; limited knowledge on post harvest 

handling and management (poor storage and transport facilities); lack of skill on food preparation and utilization 

and poor innovative technology transfer systems are the major ones. The capacity building for scaling up of 

evidence based best practices for Ethiopia (CASCAPE) project, serving as a speed boat for the flag ship of 

Agricultural Growth Program (AGP), focused on developing potato innovations systems from planting to marketing 

and consumption with farmers for four years (2011-2014) in four districts. The participatory policymakers-farmers-

research-extension group approaches was followed. Following this approach, the project developed innovation 

system that was found to be successful. The system comprised of logical steps that were implemented in three years 

time. These included Participatory evaluation and demonstration of improved potato technologies. In the first year 

of CASCAPE project intervention, seven different released varieties against a local check were demonstrated and 

evaluated by farmers’ research group (FRG) organized in South Achefer and Burie districts. As per farmers’ 

evaluation for yield and cooking quality, Belete variety was selected. 2) Participatory informal seed multiplication 

and dissemination. Based on the first year result of evaluation, the project multiplied seed of Belete variety that 

were distributed to the FRG team members. 3) Scaling-up the potato production package to other farmers’ fields. 

The multiplied seed by FRG model farmers was distributed to selected other farmers who are chosen from the 

community in the two districts. Around each farmer, 20 famers were organized as a new FRG team. 4) Construction 

of diffused light store (DLS) and table potato store. Farmers received training on the construction of DLS for seed 

storage and potato store to keep potato for food and selling it at later stage when prices rise. 5) Training on food 

preparation. Farmers were given training on food preparation by development agents and project experts. It was 

possible to prepare sauce, porridge, Injera (local bread) and chips from it. 6) Linking with the market. Large tubers 

were sold to the market for food in high demand period of the year while small sized tubers were stored in DLS and 

later sold for planting next year among FRG members and beyond. Following this approach yield of potato was 

raised from 7 to 39 tons ha
-1

 and their income increased significantly. A farmer producing 39 tons ha
-1

 could obtain 

585,000.00 Birr ($27,000) if he sold potato for seed and 195,000.00 Birr ($9,285.00) if he sells it for food. From the 

three years experience, we have seen that the innovation system was adopted by farmers and development workers 

and helped the farmers to improve their livelihood. Ultimately, several farmers shifted from hunger stricken to food 

secured households. The innovation system has been documented as a manual and made available to the extension 

system. Hence, this approach can be scaled up to other similar agro-ecologies and farming systems of Ethiopia.  

 

Keywords: Belete potato variety, food security, farmers‘ research group, potato innovation system, 

scaling up  
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INTRODUCTION 

Potato (Solanum tuberosum L.) is widely grown vegetable crop in the highland and mid-altitude areas of 

Ethiopia. According to the Central Agricultural Census Commission report about 48,113 hectares of land 

were covered by potato and had average productivity of 8.0 t/ha (CSA, 2009). Amhara National Region 

State (ANRS) is one of major potato growing areas which covers 22,775 ha of land and has average 

productivity of 8.5 t/ha. Potato appears to have many opportunities in the region. It plays an important 

role in addressing the seasonal food deficit experienced during the months of August through September 

because of its short crop cycle (90-120 days) relative to other food crops. Besides, It has high productivity 

potential and there is a demand for local market. Marketable yield of potato can exceed 300 quintals/ha 

with introduction of high yielding varieties and optimal agronomic management practices. There are 

released improved varieties like ‗Belete‘ which is released in 2009, can give an average yield of 47.19 

t/ha (MoARD, 2009).  

However, its production is hampered by many factors like traditional production system, low productivity 

of local variety, high incidence of disease and pest (bacterial wilt and late blight), lack of adaptable and 

disease tolerant varieties, inadequate supply of improved quality seed, limited knowledge on post harvest 

handling and management (poor storage and transport facilities), and lack of skill on food preparation and 

utilization. In addition, a poor innovative technology transfer system is also identified as a constraint. As 

a result, farmers are growing late blight and bacterial wilt susceptible, low yielding and poor quality local 

seed tubers obtained from unknown origin. In some of CASCAPE intervention areas, due to severity of 

such production problems, some areas are getting out of production. Since there is no any governmental 

or nongovernmental organization who are working on such a problems, CASCAPE project pilot level 

intervention can alleviate problems and draw lesson for further scale up.  

Hence the objectives of the research were to  develop technology transfer model that will increase 

productivity of potato at farmers field level to at least three fold; to evaluate and disseminate improved 

potato varieties; to create awareness about improved potato production and post harvest technologies; to 

establish sustainable seed supply of improved varieties; to improve potato utilization at household level; 

to improve household income through surplus potato production and marketing; and to enhance actors 

integration in potato value chain and innovation system. This process will convert the farmers from 

hunger to food security.  

MATERIALS AND METHODS 

The Project Area 

The activity of potato innovation system development was conducted in four CASCAPE woredas 

including Dera, South Achefer, Burie and Jabi Tehnan (Figure 1). 
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Problem Identification 

A Participatory Rural Appraisal (PRA) was conducted in four selected woredas with four kebeles 

included in each woreda. The aims of the appraisal were to get an insight into, and a clear picture of the 

farming system of the area, to identify constraints, potential opportunities and intervention points for the 

improvement of agricultural production and productivity of the area, and to identify best practices 

employed to tackle the agricultural problems being addressed. The PRA mainly focused on the 

environmental, socio-economic and agricultural production conditions, and the actor/stakeholders 

landscape. The methods used included PRA tools such as resource- soil, and social mapping, wealth 

ranking Venn diagrams transect walks and a problem ranking matrix. 

 

Approach 

Participatory and group approach 

Developing technology transfer model implies technologies are developed in the research centers and 

transferred to farmers through the extension system. The model has been heavily criticized as 

technologies tended to be less relevant to smallholder farmers; failed to address farmers‘ priorities, 

interests and needs. Therefore, since early 1990s, several participatory approaches have been promoted 

including participatory Action Research (PAR), Farmer Participatory Research (FPR), Participatory 

Technology Development (PTD), PRA, etc. In CASCAPE project, participatory approaches (PAR, PTD, 

PRA, etc) in technology testing/evaluation and adaptation/ validation with farmers and extension workers 

was promoted  
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In this particular case, to achieve the stated objectives group approach was followed. In collaboration with 

woreda agricultural experts, DAs and farmers; Common Interest Group (CIG) or Farmers Research and 

Extension group (FREG) were formed. Women comprised of 30% of the group. The participatory 

approaches were employed where farmers, development agents, experts from office of agriculture/AGP, 

Researchers from research institutes and CASCAPE work together and shared responsibility. 

Farmers: They were responsible for the implementation of scaling pilots and those farmers hosting 

potato trials previously were responsible to share their experiences on agronomic practices to cultivate 

this improved potato variety ‖Belete ‖ and also to share their post-harvest experiences  to newly engage 

farmers.  

Development agents: They were responsible for selection of farmers hosting scaling pilots, site selection 

and guiding farmers on the implementation of the scaling pilot at field level and frequent monitoring and 

evaluation of the fields. They were also responsible to organize field days at kebele level. 

Experts from office of agriculture/AGP: They attended regional workshop on scaling pilot of improved 

potato variety ‗Belete‘‘ and field days organized at kebele level. They promised to work hard for wider 

adoption of this variety through creation of reliable seed supply system, facilitation and financing of seed 

multiplication at FTCs including construction of DLS. They have assisted farmer to farmer seed 

exchange. 

Research institutes: They were sources of basic seed for demonstration trials conducted on potato in the 

previous season (2011).For the pilot scaling they shared their experiences on pest management and 

postharvest handling. 

CASCAPE Project: has been playing a facilitation role in farmer to farmer seed exchange in 

collaboration with office of woreda and kebele agriculture. CASCAPE was also responsible for technical 

backstopping of farmers, development agents and experts including frequent field monitoring for pest 

management and post-harvest handling. Besides regional stakeholder workshop was organized on pilot 

scaling of improved potato variety ‗‘Belete‘‘ and in collaboration with office of agriculture, the project 

was also responsible to organize field days. Purchasing  and delivery of seeds for about 17 farmers and 

one FTC were done. CASCAPE project was also responsible for field level monitoring and evaluation of 

pilot scaling activities; preparation and delivery of potato production guideline. 

Training 

Training was given to farmers, DAs and experts about quality seed and tuber production, disease and pest 

management options, post harvest handling (construction of Diffuse Light Store (DLS) and ware potato 

storage) and food preparation techniques.  

Monitoring and evaluation 

DAs and woreda experts made follow up on the entire process of the trial so as to get the lesson for 

further scale up in other villages or kebeles. Feedback and lessons were recorded.  
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Participatory Variety Selection 

During the 2011 main cropping season, participatory evaluation and demonstration of six different 

released potato varieties (Guassa, Jalene, Belete, Gorbella , Zengena and Gudenie) and local variety were 

conducted on 6 farmers‘ plot in two CASCAPE woredas; South Achefer and Burie Zuria. The 

experimental field had the following specifications: 

 Plot Size: varies based on amount of seed maintained by each farmer. For those farmers who 

gained seed from CASCAPE Project the plot size was 20m x10 m = 200 m
2
 

 Seed rate: 20-25 q/ha based on seed size 

 Fertilizer: 150 kg/ha DAP and 120 kg/ha Urea (for those farmers who adopt Belete by their own  

the rate may vary) 

 Spacing: 60 cm between rows and 30 cm between plants 

RESULTS AND DISCUSSION 

Problem Identification 

Based on the PRA survey conducted, several constraints were identified that are hindering dissemination 

of the crop. Among others, traditional potato production system; high incidence of disease and pest 

(bacterial wilt and late blight); shortage of seed for adaptable and disease tolerant varieties; low 

productivity of local varieties; limited knowledge on post harvest handling and management (poor storage 

and transport facilities); lack of skill on food preparation and utilization and poor innovative technology 

transfer systems are the major ones. 

FREG Organization  

New FREGs were organized in two kebeles each of the three CASCAPE woredas (South Achefer Burie 

and Jabi Tehnan woredas). In doing so, CASCAPE innovators played brokerage role in the facilitation of 

farmer to farmer seed exchange among group members. Besides, practical on-farm training and technical 

advice was given to each group members who planted potato at their plot.  

Participatory Evaluation and Demonstration of Improved Potato Technologies  

In the first year of CASCAPE project intervention, 2011/2012 cropping season, six different released 

varieties obtained from Adet agricultural research center (Guassa, Jalene, Belete, Gorbella , Zengena and 

Gudenie and local check) were demonstrated and evaluated by Farmers Research and Extension Group 

(FREG) organized over South Achefer (Abchikli kebele) and Burie(Woynima Ambaye kebele) woredas 

(Table 1).  Trainings were given to farmers and DAs on the implementation of the trials. The varieties 

were evaluated by farmers against their own selection criteria. It was apparent that men farmers focused 

on the yield while female farmers focused on the cooking quality. Based on the two major criteria, Belete 

variety was preferred in all of those areas where the trial was conducted. Besides, potato is one of 

innovation themes that was identified at woreda level scoping studies and regional stakeholder workshop 

for 2012 cropping season.  
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Table 1. Yield and yield components of potato from farmers‘ fields 

Varieties  Plant height (cm)  Stem number/plant  Marketable tuber 

yield (tons)  

Total tuber yield 

(tons)  

Guassa  57.37ab  7.07a  33.42ab  33.66ab  

Jalenie  55.90ab  4.60bc  29.34abc  29.68abc  

Belete  58.73a  3.53cd  34.98a  36.58a  

Gorbella  59.83a  4.03bcd  19.74cd  26.44bc  

Zengena  50.07ab  3.80bcd  22.85c  23.38c  

Gudenie  59.23a  5.23b  24.27bc  24.44bc  

Local check  45.63b  2.53d  12.61d  12.74d  

CV%  18.89  28.96  33.00  30.63  

LSD(0.05)  6.62  0.81  5.30  5.19  

 

Spacing trials 

Based on feedback collected from the potato trial, large tuber size created problem in local market and 

could not be suitable for seed. Accordingly, spacing trial was recommended to minimize the size of tubers 

and a spacing trial has been undertaken. The trial was conducted on eight farmers‘ fields on plot size of 

400 m
2
. Improved potato variety (Belete) and fertilizer at the recommended rate 150 kg DAP ha

-1
 and 117 

kg urea ha
-1

 was applied. Accordingly, a new spacing of 60cm between rows and 20 cm between plants 

was evaluated against the recommended spacing of 60cm between rows and 30 cm between plants.  The 

result of the spacing trial showed that the size of the tuber decreased significantly as the spacing between 

plants decreases and vice versa. Similarly, the number of tubers increased as the spacing between plants 

decreased. The result of this trial indicated that 179,167 tuber/ha for the new spacing while 145,833 

tuber/ha for recommended spacing resulting in 33, 334 tuber/ha additional tuber seed advantage of the 

new spacing. However, as the spacing between plants increased, the yield also increased (Table 2). This 

might be due to less competition for resources available as well as the space for the growth of the tuber.    

 

Table 2: Mean performance of ''Belete'' variety with different plant spacing  

 

Between row and plant 

spacing 

Parameter Units Mean value 

60cm x 20cm Tuber weight g 141.1 

Tuber diameter cm 4.795 

Tuber length cm 7.835 

Tuber yield  t ha
-1

 33.3  

No of tuber per hectare number 179,167 

60cm x 30 cm Tuber weight g 216.6 

Tuber diameter cm 5.43c 

Tuber length cm 9.095m 

Tuber yield t ha
-1

 37.5  

No of tuber per hectare number 145,833 
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Participatory Informal Seed Multiplication and Dissemination 

Based on the first year result of evaluation, the project multiplied seed of Belete variety in 2012/13. Based 

on the first year result of evaluation trial and farmers preference, the project attempted to get quality seed 

of preferred variety to multiply the seed and create access to seed locally. Based on the technical support 

from Adet agricultural research center, 20 quintals of seed was bought from seed producer farmers in one 

of potato growing areas of the region (Debretabor). The purchased potato tuber was stored for more than 

three months in Adet agricultural research center‘s DLS for sprouting and made ready for planting. Potato 

researchers from Adet agricultural research center played a great role in searching seed source, approval 

of seed quality, and seed maintenance and continuous monitoring.  

The purchased seed was distributed to selected eight farmers who are chosen from four FREG over two 

woredas; Abchikli kebele from south Achefer and Woynima Ambaye from Burie. Before the 

dissemination of the purchased seed, discussion was held first with woreda office of agriculture and then 

with FREG members with the presence of DAs. Total amount of seed available, mechanism how to 

manage the seed to create access seed to wider community, and what role WoA could play in 

establishment of DLS and monitoring of trial were some of points presented for discussion. Ultimately, 

both farmers and WoA agreed to multiply the seed on some selected host farmers and distribute it to those 

who need the seed. 

After the group discussion, members reached in to agreement that two host farmers were chosen from 

each FREG to multiply the seed and distribute it to others. The selected farmers in each FREG agreed to 

allocate a plot of 0.25ha in order to attract interest or impress farmers who will visit the site. Each group 

obtained five quintal of seed and input as per recommended rate. Farmers were trained on each agronomic 

practice on their own plot. Field days and group evaluation sessions were organized at various stages of 

the crop including at planting, vegetative stage, flowering and harvesting stages (Figure 1).  

 

Figure 1. Potato field days  

 

Experience sharing tour was also organized. Farmers, DAs, kebele administration, woreda office of 

agriculture experts and administrative bodies from all CASCAPE intervention kebeles and woredas were 

invited to attend the tour in order to share the experience, create link to have access to seed and encourage 

experts and DAs to incorporate in their plan of activities to practice it in their respective locality where 

there is demand and potential. Some potato growing non CASCAPE kebeles also participated.  

Furthermore, large field day, which was attended by many stakeholders from kebele, woreda, regional 
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and national level, was held. Journalists from Bahir Dar University, regional mass media agency and FM 

radio were invited to document and broadcast project activities to larger community through newsletters, 

radio, TV and websites. List of field days and exchange visit participants is presented in Table 2. 

Table 2. List of field day and exchange visit participants on potato trial in 2012/2013 

 

List of Participants  Number of Participants  

Male  Female  Total  

Farmers 114 15 129 

DAs 39 3 42 

SMSs 17 1 18 

Regional Stakeholders  4 0 4 

NUC 1 0 1 

Journalists  5 0 5 

Total  180 19 199 

 

Seed Storage and Dissemination  

On average, 150 quintal of seed was maintained from 2012/2013 cropping season on-farm seed 

multiplication trials. Experience sharing tour was organized to Adet agricultural research center to visit 

how DLS is constructed and what benefit it has. All host farmers (7 male and 1 female) attended the tour. 

Besides, farmers were taken to private agricultural chemical and equipment suppliers to create linkage 

and make contact whenever it is needed. 

A total area of 7.5 ha land has been planted with the improved variety Belete. Number of farmers who has 

got seed access across each intervention area is mentioned in Table 3.  

Table 3: Number of farmers who received potato seed across CASCAPE intervention woreda and kebeles 

in 2013/2014  

Woreda  Kebele  Number of farmers  Area coverage (Ha) 

South Achefer  Abchikli  50 5.78 

Ahuri  4 0.1 

Burie Zuria  Woynima  10 1.5 

Jabi Tehnan  Mana  4 0.12 

Total  68  7.5 

 

Generally, 8 DLSs constructed in Burie and south Achefer woredas. The stored seed has been diffused to 

a total of 68 farmers in 2013/2014.  During group discussion held to choose host farmers for seed 

multiplication, the farmers agreed to establish diffuse light store (DLS) to store tuber, maintain quality 

seed and demonstrate seed management. However, farmers asked the project to provide some industrial 

materials like iron corrugated sheet to construct DLS (Figure 2). They argued that they do not have cash 

on their hand since most of their production is at field meaning there is no crop harvested for sale. 

However, they contributed the wood and labour for the structures. 
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The three woredas offices of agriculture promised to look for opportunities to support farmers in DLS 

construction. However, WoA took much time to come up with alternative solutions until the crop reach to 

flowering stage. This issue was also raised during field day organized in the respective woredas and it was 

thoroughly discussed among woreda, regional and national experts involved in the field day. Regional 

AGP office requested to organize farmers in to CIG following modality prepared for how to establish CIG 

and get support. However, due to lengthy procedure and lack of farmers‘ interest to organize in to CIG, it 

was difficult to construct DLS at the beginning. Later, however, five youth CIGs have been organized 

with the support of AGP and some of them have started to multiply Belete potato variety and constructed 

their own DLSs. Besides, one DLS is built in Abchikli FTC and three more in Mana kebele at individual 

farmers‘ level.  

Insect pest (potato tuber moth) infestation was major problem that farmers faced during time of seed 

storage.  Farmers were trained and award about application of Diazinon chemical for the control of the 

insect. Farmers, who want to buy potato seed from seed multipliers, were also complained about shortage 

and high price of seed. Farmers who multiply seed have set a price of 10-12 birr/ kg of seed. This amount 

of price was not affordable to many farmers.   

During harvesting time, sample yield data was taken from each seed multiplication site. The average yield 

was 39.68 t ha. A total amount of 200 quintals (25 qt. in each DLS) of seed was stored and made ready 

for distribution for irrigation or for the coming main rainy season. After selecting tuber for seed, the 

remaining was sold or used for consumption. However, due to large size of tuber, currently, some farmers 

faced problem of limited local market demand. Besides, marketing system is traditional that potato is sold 

in bulk filling with sack or in counting number of tubers (especially in petty trading).  

 

Figure 2. DLS built by a farmer at South Achefer 

Scaling-Up Potato Production Package to Other Farmers’ Fields 

Various field visit programs were organized in all intervention areas at the vegetative and maturity stage 

of potato in different years. All relevant stakeholders; woreda office of agriculture, woreda administration 

office, ARARI, regional bureau of agriculture, Bahir Dar university, journalists, have attended the 

program. List of participants are presented in Table 4. In a field day which were organized in south 

Achefer (Abchikli kebele), selected officials and experts, who were invited from various woreda level 

stakeholder organizations attended and were very much impressed on the achievements gained. 

Participants promised to adopt and practice those best practices that they have seen in their respective 
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potential CASCAPE kebeles to their field and kebeles. Accordingly, with the facilitation of woreda AGP 

focal persons, three woredas; Jabi Tehnan, Burie Zuria and Dera, have arranged experience sharing tour 

to organized youth common interest groups (CIG) and select model farmers who have interest to engage 

in potato production. The participants of the tour have shared experience on quality potato seed 

production, management and post harvest handling (DLS construction)  

Table 4: List and number of participants who have attended potato field visit in 2013/2014 

 List of participants  Number of participants  

Male   Female  Total  

Farmers  546 57 603 

DAs  14 6 20 

Woreda SMSs 27 3 30 

Regional experts  26 1 27 

Total  587 67 680 

 

Field days and experience sharing tour were mechanisms that have been used to create and strengthen 

linkage among stakeholders. This was the opportunity to show activities and achievements, share roles 

and responsibilities for further interventions and take up successful interventions to practice in their 

locality. 

Training 

Trainings on access and control over the incomes was also given both for women and men. Potato 

products demonstration was conducted to farmers, hotel and restaurant owners, small and medium 

business enterprises in collaboration with ARARI and BoA. This brought a market linkage for the 

processor and encourages them to produce, utilize, process and add value for potato.  

Nutrition education and awareness creation on complementary food preparation especially for infants and 

children were included in the training and demonstration program. In order to maintain or control quality 

seed production and distribution, DAs and experts will be trained on quality control.  

On farm practical training and demonstration of potato food preparation and processing technique has 

been undertaken in 2013/2014 for two days in south Achefer woreda. Many stakeholders attended the 

demonstration. The list of participants is mentioned in Table 5. 
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Table 5: List and number of participants who attended potato food preparation and processing training 

and demonstration  

List of participants  Number of participants  

Male  Female  Total  

Farmers  16 16 32 

Woreda Office of Agriculture experts  4 1 5 

Regional experts  8 0 8 

Bahir Dar University  3 0 3 

Journalist  2 2 4 

Woreda health office experts  2 1 3 

Woreda administration experts  0 1 1 

woreda small and micro enterprise experts  1 0 1 

Kebele health extension worker  0 1 1 

Children‘s  6 4 10 

ARARI 1 0 1 

Development agents  3 0 3 

Total  46 26 72 

 

Linking with the Market 

Due to large size of tuber, some farmers are facing problem of limited local market demand. Besides, 

marketing system is traditional that potato is sold in bulk filling with sack or in counting number of tubers 

(especially in petty trading). Such a marketing system does not make farmers profitable and farmers are 

advised to create link with hotels and wholesalers. There are some farmers in Burie woreda who already 

linked with hotels, prison and wholesalers. An attempt has also made also to link farmers in south 

Achefer to link with Bahir Dar market. 

Developing Stakeholders’ Role 

The innovation was evaluated at various periods through the involvement of key stakeholders. All 

stakeholders appreciated the start of the innovation and approach followed and integrated interventions. 

They recommended that both the technology and the whole process of the project should be documented 

and upscaleed in other areas with similar agro ecological conditions. Besides, every stakeholder agreed 

that farmers‘ attitude and technology adoption should be enhanced through provision of repeated training 

and technical backstopping, and demonstration of full technology package. Since the demand for potato 

seed is high farmers should be advised to establish their own seed storage systems and farmer to farmer 

seed exchange mechanisms. 

Besides, AGP regional office suggested organizing common interest groups of farmers in addition to the 

existing FREG in order to increase seed availability. The office promised to provide farmers innovations 

fund if business plan of the group is prepared and submitted in collaboration with woreda AGP. Farmers, 

DAs and experts who came from all CASCAPE intervention areas requested the project to demonstrate 

potato innovations. 
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The following were major comments gathered from stakeholders 

 Farmers and experts confirmed that all technologies demonstrated have shown better relative 

advantage over traditional or local varieties and production practices. However, great attention 

still need to be given to mechanisms on how to reduce seed price and increase seed supply and 

create market linkage for sustainable adoption of potato technologies and increase producers 

household income.  

 Farmers requested to demonstrate additional alternative new varieties like Dagm and or Guassa 

varieties; 

 The recommended planting space of 60*30 between row and plant respectively, should be raised. 

With high vegetative growth of Belete variety there was difficult to make ridging. While some 

said that the spacing gave higher tuber size as it is. 

 Officials and experts needs CASCAPE project to further undertake capacity building 

interventions to farmers, CIGs and experts on quality seed production and maintenance, disease 

and pest management, post harvest handling and processing, and market linkage.  

 Monitoring and evaluation shuld be conducted after every after capacity building interventions 

 Improve quality of those DLSs constructed using mesh wire and concrete floor; 

 Multiply seed with irrigation to increase seed supply and minimize risk of potato tuber mouse 

attack; 

 Training to farmers and experts on chemical supply and application methods for potato disease 

and pest management;  

 Stakeholders platform should be created on how to better scale up CASCAPE best practices and 

find solutions for challenges that CASCAPE is facing in an attempt to scale up integrated potato 

technologies.  

Dissemination and Publicity 

In order to promote and disseminate the results of project intervention activities to wider end users in 

target areas as well as other areas which have demand and potential for potato production, the project has 

been undertaking many activities. An informal monitoring has been undertaken among farmers groups to 

facilitate joint learning and collect farmers‘ feedback on progress made and problems faced and expected 

in the future to adopt the technology. Field days and exchange visits were also held to demonstrate the 

results and progress of project intervention so as to create awareness raise interest and demand for the 

adoption and wider dissemination of the technology and approach that the project followed. During these 

times, pamphlets and production manuals were distributed to participants.  

Furthermore, an attempt has also be made to publicize the results of project intervention to wider farming 

community and agriculture development actors and other concerned bodies through regional TV, radio, 

newsletter and Bahir Dar university website. A special documentary program has also be prepared and 

broadcasted thorough Amhara regional TV program. Bahir Dar University, ARARI, Amhara broadcasting 

agency and Fana FM radio were attended the field days organized then the results and process followed 

were documented and broadcasted in their respective organization. It is also published through Bahir Dar 

university website. 
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Identifying Drivers of Adoption and Value Chain 

Focus group discussion was held with randomly selected CASCAPE trial farmers to identify drivers of 

adoption of potato technologies and challenges for wider up scaling. Accordingly farmers explicitly 

identified high yield advantage over local varieties, high potential to produce 2-3 times per year. Using 

irrigation and main season and better seasonal market price were taken as adoption drivers. However, 

shortage of market information, high potato seed price, limited seed supply, high chemical price to control 

potato tuber moth,  farmers high dependency syndrome to get seed from project or government and low 

household income, inability of DAs and experts to convey extension information and advice to farmers as 

production challenges. The general CASCAPE value chain model of potato production system is 

indicated in Figure 2.  
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Figure 2. CASCAPE technology value chain model 

 

CONCLUSIONS AND RECOMMENDATIONS 

Following this approach yield of potato was raised from 7 to 39 tons ha
-1

 and their income increased 

significantly. From the three years experience we have seen that the innovation system was adopted by 

farmers and development workers. The innovation system converted farmers from hunger to food security 

and it can be scaled up to other similar agro-ecologies and farming systems. From the conclusions, it is 

possible to recommend the following: 

 Start with identification of problems and potentials through PRA surveys scoping studies and 

regional workshops; 

 Involve policy makers, development workers and farmers at all stages of development 

intervention.  
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 Follow participatory approach, integrate innovations and ensure stakeholder partnership; 

 Mainstream gender and nutrition in all agricultural development activities; 

 Farmers will be convinced not by we tell them but by what we show them;  

 We need to take to farmers proven technologies and best practices.  

 Clean seed, proper agronomic practices including crop protection and proper seed and table 

potato storage are critical to potato production; 

 Start demonstration of best practices and technologies with model farmers; 

 Establishing market linkage is a key for success in agricultural production interventions; 

 Giving training to farmers, DAs and experts will enhance adoption rate of new technologies; 

 Documentation of best technologies and producing policy briefs, manuals and guidelines is 

important to continue the started activities after the projects faiths out. 
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