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Abstract:
We propose to develop, test, and deploy barley varieties for Oregon. We will continue development and statewide testing of malting, feed, and food varieties with an emphasis on facultative and winter growth habit. We will continue with our program of strategic variety testing in representative Oregon environments. 

Objective(s):
(1) Develop and release facultative and winter malting varieties adapted to Oregon and elsewhere in the USA; (2) Generate agronomic, malting, and brewing performance data for facultative and spring 2-row malting varieties under high rainfall and irrigated spring-planted conditions in Oregon and across the USA; (3) Create and deploy naked multi-use barley germplasm. 

Procedures:
The same general procedures are used to meet each of the three objectives:

1. Crosses are made in the field or greenhouse.

2. Doubled haploids are generated in the lab, increased in the greenhouse, and advanced to field trials/seed increase.

3. Field trials are conducted in Oregon, across the USA, and throughout the world following recommended practices for each location and using standard planting, maintenance, harvest, and grain processing procedures. 

4. Malting is accomplished in collaboration with the USDA Cereal Crops Research Unit (CCRU), at the OSU Malthouse, and/or in collaboration with industry cooperators (Great Western Malting, Rahr Malting).

5. Food quality analyses are conducted in collaboration with Dr. Andrew Ross, OSU.

6. Brewing trials are conducted in collaboration with industry collaborators and/or academic partners.

7. Sensory analyses are conducted in-house and/or with academic or industry cooperators.

8. Data are analyzed using standard statistical methods.

9. Project profiles, bulletins, and data are posted at barleyworld.org.
10. Papers and book chapters are published in peer-reviewed outlets.
11. Financial support is obtained from the Oregon State University College of Agricultural Sciences, grants from growers, industry, and federal agencies, and specific cooperative agreements with the USDA Agricultural Research Service (ARS). 

a. The winter/facultative 2-row malting breeding and testing program is supported by the American Malting Barley Association (AMBA), Brewers Association, Great Western Malting, Oregon Wheat Commission, and Western Rivers Conservancy. 

b. The spring 2-row program is supported by the Brewers Association and the Oregon Wheat Commission. 

c. The naked barley program is supported by the USDA-NIFA-Organic Agriculture Research and Extension Initiative (OREI) competitive grants program and the Oregon Wheat Commission.

Report of Accomplishments:

Objective 1 – fall-planted malting barley

Research Trials

· Breeding program trials planted fall 2016 and harvested 2017. For trial lists and locations please see http://barleyworld.org/sites/barleyworld.org/files/1_amba_2017_report_breed_hayes.docx. Selections made based on 2017 and prior data. 
· Trials planted fall 2017. Trial lists and locations, as well as agronomic and malting quality data (from the USDA-CCRU) on advanced selections are available at http://barleyworld.org/sites/barleyworld.org/files/2_amba_2018_report_hayes.docx . 

· The “Romp of Otters” (doubled haploids derived from crosses with Maris Otter, an iconic British winter variety with notable flavor) were grown at Corvallis and Lebanon, Oregon. 

· Agronomic and quality data (from the USDA-CCRU) on selections are available at http://barleyworld.org/sites/barleyworld.org/files/3_romp_summary_otters_3_2018.xlsx   

· Malts from these selections will be used for hot steep sensory assessment. One doubled haploid derived from the cross of Maris Otter/Full Pint (DH120304) is also in the AMBA Pilot Program and will be malted at the OSU Malthouse with the goal of collaborative research pilot brewing with an industry partner.  
Pre-commercial trials/American Malting Barley Association Pilot Scale trials

· Pilot Program qualification trials are underway at cooperating malt companies and laboratories using samples from Oregon and Idaho seed increases. Agronomic and quality summaries available at http://barleyworld.org/sites/barleyworld.org/files/2_amba_2018_report_hayes.docx  

· Seed increase blocks of current and prospective submissions planted in fall 2017 in OR and ID. 
Pre-release/American Malting Barley Association Plant Scale trials 

· 10.0777 increased on-farm near Burley, Idaho by Great Western Malting in cooperation with Golden Valley Warehouse (2017 harvest).
· ~ 200 acres used to:

· Produce grain for commercial-scale malting (AMBA Plant Scale- year 1) at the Great Western Pocatello plant (ongoing) and subsequent brewing trials at cooperating breweries (AB-InBev, Boston Beer, Deschutes).
· Plant ~2,000 acres for 2018 malt and beer commercial assessments. 

· ~ 5 acres (from head row seed provided by OSU) used to produce pure seed for fall 2017 planting on ~ 300 acres. 

· This production will be used for commercial-scale malting (AMBA Plant Scale- year 2) at Great Western Pocatello plant and subsequent brewing trials at cooperating breweries.  
· ~ 1 acre in “Experimental” Foundation Seed with Golden Valley Warehouse, with a Research MTA. This seed derived from head rows grown by OSU Barley Project and certification will be conducted by the Idaho Foundation Seed Program. 

· This Foundation Seed will be used to establish a pure seed source for the variety, assuming it is approved by AMBA.   

· Grain from OSU Barley Project production (Willamette Valley) was malted using the OSU Malthouse mini-malter and used for collaborative brewing with Breakside Brewing (Portland). The malt certificate of analysis is at http://barleyworld.org/sites/barleyworld.org/files/4_buckthunder_breakside.xlsx  and a report on the Breakside beer is at http://barleyworld.org/sites/barleyworld.org/files/5_naked_malts_4_2018.docx.

· 10.0777 is one of four winter varieties being tested in ~ 2-acre blocks near Condon, Oregon in a project supported by the Western Rivers Conservancy http://barleyworld.org/sites/barleyworld.org/files/6_osu_western_rivers_conservancy_project_4_28.docx 
· Grain meeting plumpness and protein specifications will be malted in the OSU mini-malter and brewed at Sierra Nevada Brewing (Chico, California).

· Pending successful Plant Scale malting and brewing results we will:

· Initiate the variety release process in fall 2018.

· Continue production of certified classes of seed in fall 2018.

Commercial production of OSU varieties 
· Alba winter 6-row feed/malt: Organic feed barley in Pacific Northwest. 

· Maja facultative 6-row feed/malt: Not recommended due to extreme susceptibility to leaf rust observed in 2017 crop (Walla Walla, WA).

· Strider winter 6-row feed: Feed barley between Scylla and Charybdis.
· Verdant winter 6-row forage: The enthusiasm shown by Tri-State seed dissipated in 2017, with relinquishment of the exclusive license. 
Objective 2 - spring-planted 2-row barley 

Research trials

· Oregon Promise Flavor Fields Forever trial 

· Eight Oregon Promise doubled haploids (derived from the cross of Golden Promise x Full Pint) were the focus of this research, which is an integrated effort to (1) determine if barley varieties contribute to beer flavor and (2) if they do, develop and release varieties with unique quality profiles. The eight doubled haploids were selected from the full population of 200 based on their agronomic performance, malting quality, and beer sensory attributes. Also included in the trial were selections from the winter program that had facultative growth habit, according to greenhouse flowering time data (without vernalization). 

· The trials were grown at Lebanon, Madras, and Summerville, Oregon and at seven cooperating locations across the USA. 
· At the Summerville site, a collaborative experiment with the University of Minnesota involving 80 spring varieties and advanced lines was grown, as were naked varieties of interest to United Grain Corporation, and Francine (a Czech variety of interest to Columbia River Seed). 

· Selections made and advanced to trials planted spring 2018.

· Agronomic and quality data are available at http://barleyworld.org/sites/barleyworld.org/files/7_flavor_fields_agro_summary_4_2018.xlsx 
· Grain of the eight Oregon Promise selections from four locations (Corvallis and Madras, Oregon; Mount Vernon and Pullman, Washington) met protein and plumpness specifications and is the subject of ongoing in-depth characterization of contributions to beer flavor (via micro-malting, nano-brewing, and beer sensory) at Rahr Malting (Shakopee, Minnesota). 
· Oregon Survivor germplasm development

· In order to allow Oregon growers to resume rotations with spring barley after growing Clearfield crops, the imidazoline-tolerant WSU variety “Survivor” (and a sister selection) were obtained under MTA and will be crossed with an array of spring and facultative barleys. Progeny will be advanced via doubled haploid and selfing. Collaborative testing with WSU of existing experimental lines is under discussion for 2019, with field trials of imidazoline-tolerant potential varieties developed at OSU planned for 2020. Under discussion is the joint release of varieties between OSU and WSU, and sharing of royalties.
Pre-commercial trials 
· Three of the eight Oregon Promise doubled haploids grown in the Flavor Fields Trial (AD120341, DH120058, and DH120285) were grown at three locations (Lebanon, Madras, and Summerville) in seed increase blocks to generate enough grain for malting in the OSU mini-malter. The Lebanon samples were selected based on grain protein and kernel plumpness. 
· These malts (and malts made at OSU from Full Pint grown at Lebanon and Copeland (grain provided by Great Western Malting)) http://barleyworld.org/sites/barleyworld.org/files/8_des_3_and_checks_malt_analysis.xlsx were used for pilot brewing at Deschutes Brewery (Bend, Oregon). The resulting beers are in sensory trials at cooperating breweries and malt houses. In addition to Deschutes, these include: Firestone-Walker (CA), New Glarus (WI), Bell’s (MI), Rahr Malting (MN), and OSU. 
· The three selections are in the Oregon and Idaho statewide Extension trials (planted spring 2018).

Pre-release trials 

· The three selections are in ~ 0.5 acre blocks at Goschie Farms (Willamette Valley) and one selection (DH120285) planned for 1 acre trial at Cheyne Farms in the Klamath Basin (pending receipt of MTA). 

· Grain from these trials will be malted in the OSU mini-malter and will be available for subsequent collaborative brewing and distilling trials. 

· We will initiate the variety release process in fall 2018 on the selection(s) that meet agronomic, quality, and flavor criteria. Summaries of agronomic and quality data will be provided to AMBA to solicit expressions of interest for Pilot Scale assessment. However, since the project was funded by the Brewers Association and the Flavor Pack, release will not be contingent on AMBA approval. 
Commercial production of OSU varieties 
· Full Pint: The variety is malted by Great Western Malting, Gold Rush Malt, and Mecca Grade Estate Malt. Full Pint is notable for being a non-producer of glycosidic nitrile. This is a positive attribute for distilling. 
Objective 3 – fall-planted and spring-planted naked barley
Research trials

· The project involves five states (OR, WA, MN, WI, and NY). At each cooperating location, there will be fall-planted and spring-planted regional yield trials, ~ 1 acre seed increases, and assessment of a diversity panel designed for a genome wide association study (GWAS). All experiments are grown on certified organic land. Details on the project are available at http://barleyworld.org/orei-project. 

· In Oregon, the fall-planted regional trial and increase (Buck) are planted at the Hyslop Research Farm. The spring-planted regional trial and the diversity panel will be grown at the Lewis-Brown Farm. The increase (CDC Clear and Purple Valley) will be grown on-farm, adjacent to a long-term exploratory rotation study. 
Pre-commercial and pre-release trials 
· Three naked selections, with black seed, are in OSU trials and increase blocks at three locations in Oregon (Corvallis, Lebanon, and Grande Ronde Valley). 

· One of the three selections is in the Idaho Statewide Extension trial.  
· We will initiate the variety release process in fall 2018 on the selection(s) that meet agronomic, quality, and flavor criteria. 
Commercial production of OSU varieties 
· #STRKR (Streaker): Contracted for organic food products (flakes, flour, and whole grain) by Hummingbird Wholesale (Eugene, Oregon).

· Buck: Generated considerable popular press attention (https://www.agronomy.org/science-news/new-buck-naked-barley-food-feed-brew). Classes of certified seed production in process with Hunton Farms and Washington State Crop Improvement. 

Impacts:

Realization of the three objectives is intended to meet the Land Grant University missions of (1) stimulating economic development, (2) contributing to the fundamental body of knowledge, and (3) enhancing education opportunities. Per economic opportunity, the goal is to have varieties available when Oregon growers want/need them. The focus on facultative growth habit is intended to provide a tool for meeting the challenges of climate change. The focus on flavor is intended to provide an additional value-added dimension to malting barley production. The multi-use naked barley project is intended to lay the groundwork for providing multiple markets for the same variety and to assist in meeting human health challenges. The imidazoline-tolerance project is intended to allow growers to resume using barley in their rotations in cases where there are herbicide residues. Fundamental contributions to the body of knowledge are generated during the course of our breeding efforts, and via special research projects (summarized in the “Relation to Other Research” section). These contributions are documented in our publication record, available at http://barleyworld.org/news-and-publications. We use barley in formal and informal educational activities. These include partnering with schools to use barley to increase awareness of agriculture, science, and nutrition (http://barleyworld.org/orei-project). We provide the Oregon Wolfe Barley population as an international resource for genetics research and teaching (http://barleyworld.org/owb). Informally, we engage in numerous outreach activities featuring barley foods and beverages – examples being the Variety Showcase (https://www.culinarybreedingnetwork.com/events/), the Cascadia Grains Conference (https://cascadiagrains.com/), and the Grain Gathering (http://thebreadlab.wsu.edu/2017-grain-gathering-schedule/).  

Relation to Other Research:

In addition to the three objectives outlined in the preceding section, we have “upstream” research in the genetics of resistance to abiotic and biotic stresses, and the genetic basis of barley contributions to beer flavor. These areas of endeavor are documented at barleyworld.org.
· Low temperature tolerance

· Resistance to stripe rust 

· Resistance to UG-99 (TTKSK) stem rust 

· Development of germplasm resistant to Fusarium Head Scab

· Barley flavor  

