Final Report (5-8 pages)
1. General Information

	ADA Project Reference No.
	2012/05

	Project Title
	Narrowing the yield gaps of barley-faba bean based cropping systems through knowledge-based pest management practices for improved food systems of smallholder farmers in the Highlands of Ethiopia

	Duration (day/ month/ year to day/month/year)
	01/07/2013 to 30/06/2016

	Budget

· Total budget

· Austrian contribution

· Other funding
	579,900.00 euro

499,900.00 euro

80,000.00 euro

	CGIAR Center
	International Center for Agricultural Research in the Dry Areas (ICARDA)

	Project Leader
	Dr. Seid Ahmed Kemal



	Partner / Department
	•Amhara Region Agricultural Research Institute (ARARI)

•Ethiopian Institute of Agricultural Research (EIAR)

	Name of partner’s project leader 
	•Mr. Yeshitta Merene: Crop Research Director, ARARI

•Dr. Asnake Fikre: Crop Research Director, EIAR

	Other partners
	•Gondar Malt Factory

•University of Gondar
•District Office of Agriculture

	Section a): Progress report (January 1-June 30, 2016)

The major activities of the last six months focused on research activities (field and laboratory) of graduate students, providing technical support to informal seed growers and preparing reports. Seed growers organized by the project were able to sell 5.7 tons of faba bean cv. Dosha; 14.5 t of food barley cvs. HB1307 and Agegnehu to farmers and Amhara Seed Enterprise from their 2015/16 cropping season harvest. During the intermediate wet  season (referred locally as the “small” rainy season), 8 ha of malt barley cvs. Sabini, Holker  and  Bekoji 1 and 10 ha of one faba bean cv. Walki and  in north Shoa by two district office of agriculture. Attempts were made to introduce common bean in the small rainy season to diversify cropping systems and one common bean vaeity was identfied that can be demeonatrtaed in the future. Outcomes of the project were presented in the 7th Africa Agriculture Science Week (AASW) and FARA General Assembly (June 13-16, 2016) in Rwanda and ADA-supported watershed project completion workshop in Bahir Dar in June 20-121, 2016.
Section b): Narrative Summary of  final report
Smallholder agriculture is the most important sector of Ethiopia’s economy where more than 80% of the population residein rural areas, and their main source of income is agriculture. Barley (food and malt) and faba bean are important crops for food and nutritional security and income generation for the rural and urban poor. This project has targeted North Shoa and North Gondar Zones of the Amhara Regional State, where the two crops are intergral components in barley/faba bean/sheep farming system. The project has an overall goal of improving the livelihoods of smallholder farmers in barley-faba bean-based farming systems of the Ethiopian Highlands. To achieve this goal, the project aimed to increase the productivity of barley and faba bean by narrowing  yield, knowledge/information and skill gaps. The key scientific and development objectives are the characterization of barley-faba bean-based cropping system and input-output value chains; the current distribution of insect pests and diseases; scaling-up/out high yielding and disease resistant varieties with associated management practices; the generation of knowledge/information on the ecology/epidemiology of key insect pests; the introduction of innovative seed delivery systems; strengtheing of the capacity of the National Agricultural Research Systems (NARS) to innovate; and publication of research results. 

Key achievements  
1. Scaling out of high yielding barley and faba bean in the bimodal rainfall highlands. High yielding barley (malt and food) and faba bean cultivars were selected by farmers and the industry and scaled out through the efforts of the extension department of  the two zones in the main and small rainy seasons. The most popular cultivars selected and scaled were two food barley (cvs. Agegnehu and HB-1307); two malt barley (IBON 174/03 and Sabini) and four faba bean (Walki, Dosha, Hachalu and Moti) varieties. Use of barley and faba bean cultivars with crop management practices enabled the narrowing of the yield gap by on average 32 and 26% for barley and faba bean, respectively (Figs. 1 and 2). The food and malt barley cultivars selected are being taken up in South Wollo and  Awi zones, Amhara Region for irrigated and rainfed production systems.
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Figure 1. Narrowing yield gap of barley through improved cultivars and management practices
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Figure 2. Narrowing the yield gap of faba bean through improved cultivars and management practices
2. Selection of high yielding, disease resistant germplasm for small rainy season: Several  food barley and faba bean genotypes with early maturity and high yield were selected and promoted for further yield trials targeting the small rainy season in North Shoa Zone. Two malt barley cutivar (cvs. IBON 174/03  and Sabini)  were also suitable for supplemental irrigation. The selected lines for small rainy season are shared for other highland bimodal areas for mutilocation testing by NARS.
3. Seed systems: The much needed breeder and  certified seeds for scaling were produced by partner research centers (breeder and pre-basic seeds) and by farmers (foundation and certified seeds). The amount of seeds produced by  farmers was 27.5 tons of three faba bean cultivars (Moti, Dosha & Gora); 30 tons of food barley (cv. HB-1307) and 23 tons of malt barley (IBON174/03)  and all seed was purchased by the Regional Office of Agriculture. During 2016/17 cropping seasons, 68 ha will be covered by faba bean (cvs. Dosha and Walki) for further seed production in North Shoa zone. 
4. Divesifying  barley-faba bean cropping system in North Shoa: The cost-benefit analyses of growing potato-malt barley has shown a net economic benefit of US$ 9000 (US$ 8150  from potato in small rainy season an US$ 850  from malt barley in the main rainy season). Based on this outcomes, the Office of Agriculture constructed Diffused Light Stores and organzied potato, barley and faba bean producers. In 2016 small rainy season, common bean was introduced to improve productivity of the barley-faba bean based cropping system..[image: image2.jpg]3 »f
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Figure 3. Introducing potato as an alternative crop in the small rainy season to improve the productivity of malt barley and incomes of farmers, bimodal rain fall of North Shoa
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Figure 4. Pods of common bean cv. Lehodie evaluated in the small rainy season in cool highlands, North Shoa

5. Strengthening linkages and big socio-economic and pest data: Besides generating and promoting products, knowledge and services (training, seed production, cultivars), the project was able to generate a database on socio-economic, farming systems and pest distribution that will contribute to fine-tuning current and future research and development agenda. The data will be added to other on-going data being collected by other ICARDA-NARS projects. The selected malt barley cultivars are now popularized by the malt factories in the highlands of Ethiopia and the project created an innovation platform (IP) where  farmers, researchers, industries and policy makers at Disrict level established market linkages.
6. Capacity development: Selection  and scaling of  farmer and industry-preferred barley and faba bean cultivars and crop management practices that significantly narrow the yield gaps of these crops was possible due to capacity development to innovate. The capcity developed aspect of the  project  was able to train farmers (500 farmers where  over 16% are female farmers) and extension staff (50) to improve their knowledge and skills that will contribute greatly towards adopting and fine tuning and using improved crop production technologies to ensure farm profitable.  Four Ph.D. and three M.Sc. students are supported by the project. One MSc female student graduated and the other students are currently writing up their thesis. Their research topics cover: virus ecology; modeling faba bean yield gaps; faba bean genetic divesity; barley technology adoption and its role in livelihoods of farmers; fertilizers economics in malt barley; studies on resources efficiencies, etc.
The project brought ways of doing business and introduced more standardardized procedures in malt barley and faba bean scaling. For example, multiplication of faba bean using irrigation to accelerate seed production by avoiding outcrossing is a major bottleneck during the main rainy season. The project evaluated the production of faba bean under irrigation in South Wollo. The resuls of this study has demonstrated that productivity is increased and that this approach has been adopted in the project sites where farmers were organized to produce seeds using irrigation. A similar approach was used for malt barley seed production. The other area of intervention in the project area was introducing potato and common bean to divesify barley-faba bean cropping in bimodal rainfall highlands. Many genotypes of barley and faba bean suitable for the small rainy season were identfied and are in prelimary yield evaluations by NARS to address the short rainy season.


2. Project goal

The overall goal is improving the livelihoods of smallholder farmers in barley-faba bean based farming systems by narrowing yield gaps in the bimodal rainfall highlands of Ethiopia. 
3. Background

Barley (food and malt) and faba bean are the two major food crops in the highlands of Ethiopia covering 1.5 million ha (one million for barley and half million for faba bean). They are key commodities for food, incomes and animal feed in the barley/faba bean-sheep farming systems. The yield gaps of the two crops and knowledge/skill gaps of farmers, extension staff and young researchers are high due to several biophysical constraints; poor technology transfer and capacity building.

The outputs and outcomes of the project are linked to the ADA theme on water supply, energy, climate protection, agriculture and forestry. The interventions include the uses of small scale irrigation and early maturing cultivars to adapt to climate variability and farming system changes which are recurrent challenges in Ethiopian highlands. The increased crop productivity will increase availability of food, animal feed and cash to smallholder farmers. Efforts were made to link farmers to malt factories and brewers to create markets for farmers. Ethiopia imports malt barley worth of USD 27 million and the highlands are suitable to produce high quality malt barley identified by the project and currently being scaling out in north Gondar where the ADA-funded project on livelihoods improvement through sustainable resource management in north Gondar. It is also linked to the ADA-funded watershed management research-for-development project in the Gumara-Maksegnit watershed by making joint planning nad review meetings. . The established stakeholder meeting and field days assisted in the sharing of knowledge and information for rapid and high impact on improving farmers’ livelihoods as many framers were bale to expand adoption of some cutiuvars of barley (malt and food) and faba bean. Many district administrators and heads of Office of Agriculture were actively involved in field days and facilitated seed production and sales through cooperatives. There is signficant spillover effect of crop cultivars in other bimodal highlands of the country where over two tons of barely seed was multipled and used as seed source to other ongoing projects on malt barley.
4. Development and science objectives
The project implementation has started in two zones (north Gondar and north Shoa) of Amhara regional state with the following sets of objectives:

· Characterization of barley-faba bean based cropping system and input-output value chains

· Determination and mapping of insect pests and diseases of barley and faba bean 

· Scaling-up/out of integrated pest management practices 

· Scaling-up/out of high yielding, disease and insect pest resistant/tolerant barley and faba bean varieties  

· Generation of knowledge/information on the ecology and disease epidemiology of key insect pests affecting barley and faba bean

· Strengthening of the NARS human capacity

· Publication of research results and policy recommendations
5. Previous achievements

Scaling of technologies  
· Food barley cvs. HB1307 and Agegnehu for small and main rainy seasons in North Shoa

· Malt barley cv. Bekoji-1 and Sabini for main season production for north Shoa 

· Food barley cv.HB1307 and malt barley cv. Bekoji-1 for main season production in North Gondar

· Malt barley cvs. IBON174/03 and EH1847 for main season production in North Gondar

· Malt barley cv. IBON174/03 for supplemental irrigation and main rainy season in South Wollo.

· Faba bean cv. Dosha, Walki and Gora with high yield and large seed sizes for the main season production in North Shoa and faba bean cvs. Hachalu and Dosha for main season for north Gondar Zone
· Faba bean cvs.  Moti and Walki suitable for supplemental irrigation in North Shoa

Community based seed production: 

· Thirty tons of food barley variety (cv. HB-1307) and 23 tons of malt barley (cv.IBON174/03) were produced, certified and purchased by the regional Office of Agriculture for further scaling up/out. 

· The project supplied 600kg of IBO174/03 breeder seeds to rural unemployed youth for multiplication using supplemental irrigation and they managed to produce 2.1 tons seed to scale out in south Wollo Zone with bimodal rainfall.

· Twenty-eight tons of three faba bean cultivars (Moti, Dosha & Gora) produced in North Gondar and North Shoa 

· The project contributed to the establishment and strengthening of Village-based Seed Enterprises in North Shoa

Knowledge generations and data base
· Database on socio-economic, farming system and pest distribution and their importance was generated. This will contribute to fine tuning the current and future research and development agenda. 
Capacity building

· Four PhD and three MSc students were supported and trained by the project
· Five hundred farmers (16% female farmers) and 50 agricultural development workers/extension staff trained on food and malt barley, and faba bean production packages as well as seed production
· Farmers and extension staff knowledge and skills on uses and mis-use of pesticides and herbicides to manage some key diseases, weeds, insect pests were improved.

· Two individual short-term training activities were provided to one PhD student and one Research Associate
Publications
1. Eshetu Belete, Amare Ayalew and Seid Ahmed. 2015. Antagonstic effect of native Bacillus isolates against black root rot of faba bean. African Crop Science Journal. 23: 249 –259.
2. Eshetu Belete, Amare Ayalew and Seid Ahmed. 2015. Evaluation of Local 

Isolates of Trichoderma spp. against Black Root Rot (Fusarium solani) on Faba Bean. J Plant Pathol Microb 6:279. doi:10.4172/2157-7471.1000279.
3. Wulita Wondwossen, Mashila Dejene, Negussie Tadesse and Seid Ahmed. 


2016. Management of faba bean gall in the highlands of Ethiopia. Manuscript under preparation.  

4.
Berhanu Bekele, Safaa Kumari, Seid Ahmed and Chemeda Fininsa. 2016. 

Alternative hosts of barley/cereal Yellow Dwarf Viruses in Ethiopia: An epidemiological consequences. Manuscript under preparation. 
5.     Faba bean gall field guide. 2015. The leaflet was distributed to Office of 

Agriculture, Plant Health Clinics and Research centers. 

6. Barley Production manual published in Amharic language and distributed to 

Office of Agriculture, Plant Health Clinics and research centers.

7. https://www.youtube.com/watch?v=b3ADr6xbrqw  
8. 
https://www.youtube.com/watch?v=D4ukI_R1oaI 
9. 

 HYPERLINK "https://www.youtube.com/watch?v=7C_DKtL-VyU" 

https://www.youtube.com/watch?v=7C_DKtL-VyU
 
6. Overall Achievements 
During the project period, high yielding barley (malt and food barley) and faba bean; potato-malt barley cropping systems and integrated pest management practices were validated and scaled out in the project sites and new areas for the main rainy season. The technologies were also suitable for the small rainy season to bridge food and feed gaps until the main season harvest is ready. The technologies generated and scaled played a key role in making farming profitable in the targeted areas and similar agro-ecologies. The project also tested and validated supplemental irrigation for seed production for malt barley and faba bean. The outcomes of the project contributed to increased incomes of farmers, which is a developmental objective of the government of Ethiopia. Graduate students were involved in the generation of knowledge/information in areas of socio-economics, crop improvement, and yield gap analyses using simulation model and integrated pest management that can help to narrow yield and knowledge gaps (example: distribution and management of faba bean gall is determined. Moreover, many male and female farmers, seed growers as well as extension experts were trained on integrated crop management and quality seed production. New knowledge was generated on barley/cereal dwarf virus complex and their host ranges (more than 26 grass species and Tef, was found to be one of the host vectors for the virus which is a new finding in the epidemiology of cereal yellow virus in Ethiopia). SNP markers were employed and showed high diversity of released cultivars and elite lines of faba bean indicating a low probability of resistance breakdown to some foliar diseases. This would indicated the crop can be grown under diverse agro-ecologies. The introduction of high yielding malt barley and faba bean in the small rainy season that employed supplemental irrigation can play a role in reducing diseases of irrigated vegetables that farmers grow every year. Growing faba bean using irrigation can bring high benefits from green pod sales.
7. Assessment of research findings, dissemination and future research need

The research findings can make farming profitable for smallholder farmers and have been taken up by industries in the sector and Extension Department of Amhara Regional States mainly in the project target zones. The scaled technologies, seed growers organized, capacity developed and active involvement of researchers, policy makers, farmers, graduate students, extension staff and other key stakeholders play key roles in achieving the projects objectives. The capacity to innovate by farmers and researchers assisted in generating new technologies and knowledge to solve existing and emerging changes affecting barley, faba bean and other crop commodities. The key dissemination approach used are the formation of innovation platforms; reports; flyers, annual review meetings, conferences, etc.
The key lessons learnt are the importance of innovation platform to bring functional linkages among smallholders; capacity building to innovate; seed system to improve access to inputs and the use of supplemental irrigation to fast track seed production. Engagement of farmers and industry in participatory variety selection as well as policy makers at district levels were key drivers to scale product cultivars and management practices that increase productivity and improved incomes and food availability. During the project period, a new faba bean gall disease (Olpidium spp) reached epidemic proportion and hence some funds were allocated to train students and develop control measures to support smallholder farmers. This would support the notion that there is a need to have concerted efforts to develop knowledge on the epidemiology of the pathogens and management practices including developing resistant genotypes. Other areas of research in  diversifying/intensifying  the production system  through non-traditional crops such as beans, potato; minimum tillage for the small rainy season; develop faba bean cultivars for green pod and dry seeds for small scale irrigation.
8. Financial statement (Separately attached)
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