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Extension and Outreach Activities  

PI: Bill Pan  

Co-PI’s: Karen Sowers (fully funded), Dennis Roe (partially funded), Taylor Beard (partially funded)  

Duration: Fall 2007-present  

Background: With each successive year of funding for the Washington Oilseed Cropping Systems (WOCS) 

project, the amount of information generated by field, lab and greenhouse studies increases. The Extension and 

outreach members of the WOCS team are tasked with delivering that information in timely, practical and 

understandable methods to growers, industry, agency, and other university oilseed faculty and staff in 

Washington (WA) state. After seven years of funding, those efforts have expanded beyond WA to the Pacific 

Northwest (PNW) and other oilseed production regions of the U.S.  

Objective: Relay the most current oilseed production, marketing and cropping systems information based on 

WOCS research results to the agricultural sector of WA state, including growers; industry/crop consultants; 

national, regional, state, and local agencies; and university faculty, staff and students.  

Methods: Information is distributed via electronic and written media, field tours, invited presentations, breakfast 

meetings, and an annual conference (PNW Oilseed & Direct Seed Conference).  

Results and Discussion: While outreach is conducted year-round, the largest event of the year is an annual 

oilseed conference held in January each year. A major change to the conference occurred following the 2013 

Oilseed Production & Marketing Conference when the Pacific Northwest Direct Seed Association (PNDSA) 

requested to have a joint conference in 2014. As a result, the 2014 conference had a sharp increase in attendees, 

research posters, sponsor monies, and vendors, along with exposure of many attendees to topics they may not 

have previously considered of interest in separate conferences. Speakers from most major canola production 

regions of the U.S. and Canada as well as Australia provided a wide range of perspectives and expertise to the 

general and breakout sessions. The keynote speaker from Australia spent several days after the conference at 

WSU, UI and Montana State University with arrangements made by WOCS Extension that included a seminar at 

Pullman, lunch with graduate students and meetings with individual faculty.  

 Seven of ten regional breakfast meetings held during the winter months in Lewiston and Colfax featured an 

oilseed topic. Presenters included local oilseed growers, industry representatives and university researchers and 

graduate students. Average attendance at each meeting was 38. Field tours in May and June proved successful in 

attracting large numbers of attendees seeking hands-on and visual experience along with presentations about 

oilseed production by the host grower(s), WSU, OSU, UI, and USDA faculty. Topics included winter canola variety 

trials, fertilizer and weed control, blackleg, organic amendments, residue management, and unmanned aerial 

vehicles. A video was developed by WOCS Extension and CAHNRS Communications featuring footage from one 

of the field tours and posted on YouTube (300 views Aug. 14-Dec. 31). Feedback from attendees has been very 

positive in continuing both the breakfasts and field tours, with the suggestion of increasing the locations in 2015.  

On-farm visits and requests for presentations in WA and in the PNW came from the Spokane Farm Forum, the 

Asotin County wheat growers, Willamette Valley Oilseed Producers Association, and the annual American Society 
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 of Agronomy/U.S. Canola Association international meeting, where nine members of the WOCS team presented at oral 

or poster sessions. With a mid-year outbreak of blackleg in the Willamette Valley in Oregon, the WOCS team was 

contacted to be involved in a PNW Crucifer black leg interest group. Extension faculty and staff were involved in 

conference calls and meetings, ultimately resulting in collaboration with the WSDA and PNW university and oilseed 

industry partners to develop a rules change concerning the Crucifer Quarantine for WA State. The group will continue 

to be active in 2015.  

Washington Friends of Farms and Forests contacted WOCS Extension faculty requesting information about canola 

production in WA and subsequently developed a page on their Washivore.org website (118 views July 31-Dec. 31). The 

U.S. Canola Association continued to enlist WOCS Extension and outreach to provide articles about canola production, 

issues and activities in the PNW for both the U.S. Canola Digest (print and online) and the monthly e-newsletter Canola 

Quick Bytes. News articles were submitted to CAHNRS News and WSU News throughout the year. WOCS faculty 

organized the visit of a Nuffield Scholar from Australia during September that involved visits with faculty, regional 

growers, industry, and students for two weeks.  

In coordination with WSU Extension and CAHNRS Communications, the creation of a dedicated WOCS publication 

series is currently underway. The series will consist of fact sheets and extension manuals that provide practical oilseed 

production information based on research findings from the WOCS team. Previously published material utilizing 

funding from WOCS will become a part of this series. In 2014, five drafted fact sheets or extension manuals were 

submitted to the WSU review system for publication. The goal is for the series to eventually encompass all aspects of 

the WOCS project and be recognized by growers, industry, and other universities as a source for oilseed and other 

biofuel information for WA State and the PNW.  

Impact/Potential Outcomes: Canola acreage in WA increased from 37,000 acres in 2013 to 45,000 in 2014, 

necessitating the need for continued outreach to growers and industry. The WSU Oilseed & PNDSA Direct Seed 

Conference was the largest event of 2014, with the following data:  

- 485 attendees (Australia, Canada and 16 U.S. states)  

o 185 Growers  

o 200 Agriculture suppliers and crop consultants (from 63 different companies)  

o 100 University and agency  

- 49 Speakers  

- 45 Vendor booths  

- 40 Research posters  

- $61,900 sponsor monies  

- All general and breakout sessions posted on the CAHNRS YouTube channel, WOCS website and PNDSA 

website  

- Coverage by local newspaper and radio  

Website access increased in 2014, with 9,161 page views and 2570 users from 46 countries (up 28%), 45 states (up 5%) 

and 65 cities in Washington (up 2%). Forty-four percent of the visitors in Washington accessed the website for the first 

time, while 57% of all users were first time. There were also visits from 20 cities in Oregon and 13 cities in Idaho.  
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 Based on the success of the Extension and Outreach portion of the WOCS project, the director of WSU-ARC and the 

Bioenergy Coordinator at WSDA requested a meeting between a WOCS Extension team member and a member of the 

anaerobic digester-related research portion of Appendix A funding. Discussions were centered on the WOCS model of 

and approach to Extension and outreach (e.g. field tours, conference, website) as a means of sharing research 

information.  

Affiliated projects and funding: REACCH (Climate Change); NSF-NSPIRE  

Publications  

Extension:  

Esser, A.D. and D. Appel. 2014. WSU Wilke Research and Extension Farm production and economic performance 2013. 

Washington State University Extension. Technical Bulletin. Accepted, In publishing.  

Esser, A.D. and D. Appel. 2014. WSU Wilke Research and Extension Farm production and economic performance 2014. 

Washington State University Extension. Technical Bulletin. Submitted.  

Schillinger, B., D. Wysocki, T. Chastain, S. Guy, and R. Karow. 2014. Camelina: Effects of Planting Date and Method on 

Stand Establishment and Seed Yield. Pacific Northwest Extension Publication PNW661.  

Abstracts:  

Esser, A.D., and D. Appel. 2014. Spring canola in rotation at WSU Wilke Farm. In 2014 Dryland Field Day Abstracts: 

Highlights of Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Guy, S., and M. Lauver. 2014. Rotational influence of spring grown Brassica biofuel and other crops on winter wheat. In 

2014 Dryland Field Day Abstracts: Highlights of Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, 

WSU, Pullman, WA.  

McClellan Maaz, T., T. Beard, and B. Pan. 2014. Carbon and nitrogen mineralization from canola, wheat, and pea 

residues differing in nitrogen content and carbohydrate composition. In 2014 Dryland Field Day Abstracts: Highlights of 

Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Neff, M.M., D. Favero, P. Koirala, J. Qiu, and J. Zhao. 2014. Manipulating the AT-Hook Motif Nulear Localized (AHL) gene 

family for bigger camelina seeds with improved stand establishment. In 2014 Dryland Field Day Abstracts: Highlights of 

Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Pan, B., L. Young, and D. Appel. 2014. Oilseeds in crop rotation in the intermediate rainfall zone. In 2014 Dryland Field 

Day Abstracts: Highlights of Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Reese, M., B. Pan, and B. Schillinger. 2014. Winter canola planting date effects on soil water use. In 2014 Dryland Field 

Day Abstracts: Highlights of Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Schillinger, W., T. Paulitz, J. Schibel, J. Jacobsen, and S. Schofstoll. 2014. Management of fresh wheat residue for 

irrigated winter canola production. p. 54. In Dryland Field Day Abstracts: Highlights of Research Progress. Dept. of Crop 

and Soil Sciences Tech. Report 14-1, WSU, Pullman, WA.  

Schillinger, B., R. Jirava, J. Jacobsen, and S. Schofstoll. 2014. New long-term winter triticale, winter canola, and winter 

pea cropping systems study initiated near Ritzville. In 2014 Dryland Field Day Abstracts: Highlights of Research 

Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  
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 Sowers, K., M.B. Lang, and B. Pan. 2014. The rise of the canola industry in Washington State. In 2014 Dryland Field Day 

Abstracts: Highlights of Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Sowers, K., D. Roe, B. Pan, F. Young, A. Esser, and B. Schillinger. 2014. Spreading the word about oilseed production – 

WSU Extension and Outreach. In 2014 Dryland Field Day Abstracts: Highlights of Research Progress. Dept. of Crop and 

Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Young, F.L., L.M. McGrew, D.K. Whaley, I.C. Burke, and D. Roe. 2014. Feral rye (Secale Cereale L.) control in winter 

canola (Brassica Napus) in the Pacific Northwest. In 2014 Dryland Field Day Abstracts: Highlights of Research Progress. 

Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, Pullman, WA.  

Young, L., F. Young, and W. Pan. 2014. High residue no-till for moisture conservation and canola establishment. In 2014 

Dryland Field Day Abstracts: Highlights of Research Progress. Dept. of Crop and Soil Sciences Tech Report 14-1, WSU, 

Pullman, WA.  

Refereed:  

Guy, S.O., D.J. Wysocki, W.F. Schillinger, T.G. Chastain, R.S. Karow, K. Garland-Campbell, and I.C. Burke. 2014. 

Camelina: Adaptation and performance of genotypes. Field Crops Research 155:224-232.  

Evans, M. A., D. Z. Skinner, R. T. Koenig, S. H. Hulbert and W. L. Pan. 2014. Effect of phosphorus, potassium and 

chloride on cold tolerance of winter canola (Brassica napus L.). J. Plant Nutr. (in press)  

Schillinger, W.F., and T.C. Paulitz. 2014. Natural suppression of Rhizoctonia bare patch in a long-term no-till cropping 

systems experiment. Plant Disease 98:389-394.  

Sharratt, B.S., and W.F. Schillinger. 2014. Windblown dust potential from oilseed cropping systems in the Pacific 

Northwest United States. Agronomy Journal 106:1147-1152.  

Young, F.L., D.K. Whaley, W.L. Pan, R.D. Roe, and J.R. Alldredge. 2014. Introducing winter canola to the winter wheat-

fallow region of the Pacific Northwest. Crop Management. Doi: 10.2134/cm-2013-0023-RS.  

Invited Presentations:  

Beard, T.L. and W.L. Pan. Nov. 2014. The Effects of Silicon (Si) and Fiber Composition from Canola and Wheat Residue 

on Soil Crusting. Poster presentation given at 2014 National Canola Research Conference. Long Beach, CA.  

Huggins, D., F.L. Young, W.L. Pan, R.A. Rupp, H. Kaur, W.F. Schillinger, A. Esser, L. Young, K. Sowers, and S. Machado. 

Nov. 2014. Crop Diversity and Intensity in the Dryland Pacific Northwest: Current Status and Future Opportunities. Oral 

presentation given at 2014 International ASA-SSSA-CSSA annual meeting. Long Beach, CA.  

McClellan Maaz, T., T.L. Beard and W.L. Pan. Nov. 2014. Excess N Supply Impacts on Single Season and Multiple Year N 

Use Efficiencies in a Canola- Pea- Wheat Cropping Sequence. Oral presentation given at 2014 National Canola Research 

Conference. Long Beach, CA.  

McClellan Maaz, T., T.L. Beard and W.L. Pan. Nov. 2014. Uptake Efficiency and Partitioning of Soil and Fertilizer N 

Sources By Canola, Wheat, and Pea. Poster presentation given at 2014 National Canola Research Conference. Long 

Beach, CA.  
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 Madsen, I., W.L. Pan, R.P. Bolton and R.A. Rupp. Nov. 2014. Impacts of Banding Ammonium Fertilizer on Canola and 

Wheat Seedling Root and Root Hair Growth and Development.. Poster presentation given at 2014 National Canola 

Research Conference. Long Beach, CA.  

Pan, W.L., W.A. Hammac, T. McClellan Maaz, and R.T. Koenig. Moisture and Soil N Supply-Based N Fertilizer 

Recommendations for Canola in the Pacific Northwestern U.S. Poster presentation given at 2014 National Canola 

Research Conference. Long Beach, CA.  

Paulitz, T. C. New Diseases, What’s New at USDA-ARS. Farm Forum, Spokane, WA Feb. 4, 2015.  

Paulitz, T. C. Washington Research- W-3147 Multistate Project Managing Plant Microbe Interactions in Soil to Promote 

Sustainable Agriculture, Oct. 24, 2014, Riverside, CA.  

Schillinger, W.F., T.C. Paulitz and J.S. Schibel. Nov. 2014. Management of Fresh Wheat Stubble for Irrigated Winter 

Canola Production. Poster presentation given at 2014 National Canola Research Conference. Long Beach, CA.  

Sowers, K. Canola Production Strategies -SU Tolerant Varieties & SU Damage. January 2014. Oral presentation given at 

Wilbur-Ellis grower meeting. Odessa, WA.  

Sowers, K. Managing the Learning Curve of Canola Production in the PNW. February 2014. Oral presentation given at 

Farm Forum. Spokane, WA.  

Sowers, K. Canola Production in the PNW. March 2014. Oral presentation given at Asotin Co. Wheat Growers meeting. 

Asotin, WA.  

Sowers, K. Benefits of Canola as a Rotation Crop. Sept. 2014. Oral presentation given at Willamette Valley Oilseed 

Producers Association annual meeting. Rickreall, OR.  

Sowers, K.E., W.L. Pan and R.D. Roe. Nov. 2014. The Impact of Research and Extension on Oilseed Production in 

Washington State. Poster presentation given at 2014 National Canola Research Conference. Long Beach, CA.  

Young, F.L., L. Young and W.L Pan. High Residue No Till for Soil Moisture Conservation and Canola Establishment. Oral 

presentation given at 2014 National Canola Research Conference. Long Beach, CA.  

Other Publications:  

Collins, Molly and Karen Sowers. “Canola Interest Increases in Pacific Northwest; Regional Oilseed Commission 

Expands.” U.S. Canola Digest Sept.-Oct. 2014: 32. Print and online.  

Sowers, Karen. “Crop Conditions Vary in PNW: Region Invests in Conferences, Research.” U.S. Canola Digest Nov.-Dec. 

2014: 26. Print and online.  

Sowers, Karen. “Growing Regional Acres: Oilseed Conference Marks Increased Interest.” U.S. Canola Digest Mar.-April 

2014: 22-23. Print and online.  

Internet:  

Washington State University. Biofuels Cropping System Project 2013 Final Report. W.L. Pan and K.E. Sowers, ed. [cited 

30 Dec. 2014]. Available from http://css.wsu.edu/biofuels/files/2012/09/2013-Biofuel-Cropping-Systems-Research-

Progress-Report.pdf  
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 Newspaper interviews:  

Mortenson, E. (2014, October 2). Canola study raises more questions than answers. Capital Press. Retrieved from 

www.capitalpress.com  

Pihl, K. (2014, December 9). Registration opens for Kennewick seed conference. Tri-City Herald. Retrieved from 

www.tricityherald.com  

Pihl, K. (2014, April 1). U.S. Ag Report notes Washington crops. . Tri-City Herald. Retrieved from www.tricityherald.com  

Weaver, M. (2014, January 15). Australian agronomist shares canola successes. Capital Press. Retrieved from 

www.capitalpress.com  

Weaver, M. (2014, January 9). Oilseed benefits center stage at direct seed conference. Capital Press. Retrieved from 

www.capitalpress.com  

2014 WOCS Extension and Outreach Activities:  

 
Event  Location  Attendance  

Colfax & Clearwater Direct Seed meetings (8)  Colfax/Lewiston  266  

Oilseed Production & Marketing Conference  Kennewick  485  

Wilbur-Ellis canola grower meeting  Odessa  75  

Farm Forum/Ag Expo  Spokane  33  

WOCS Annual Meeting  Pullman  40  

Asotin Co. Wheat Growers meeting  Asotin  20  

CAHNRS Showcase – poster  Pullman  100  

WA Oilseeds Commission meetings  Phone - quarterly  48  

On-farm visits/University/Agency meetings  Multiple  55  

Winter Canola Field Tour  Douglas Co.  95  

Twilight canola tour – Schibel farm  Odessa  35  

Winter Canola Field Tour  Pomeroy  75  

Lind Field Day  Lind  250  

Palouse Rock Lake CD tour  Whitman Co.  72  

UI Field Tour  Moscow, ID  60  

Western Whitman Co. Tour  Various  21  

Willamette Valley Oilseed Producers Assoc meeting  Rickreall, OR  45  

Blackleg awareness meeting  Kennewick  30  

U.S. Canola Research Annual Meeting/ASA meeting  Long Beach, CA  115  

TOTAL  1,920   
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Biofuel Cropping Systems: Economic Returns to Canola Rotations in Eastern 

Washington  

PI: Dr. Vicki A. McCracken  

Technical Support: Jenny R. Connolly  

Funding term and duration: 2010-2015  

Undergraduate Student: Wendiam Sawadgo  

Background and justification: Canola growers have observed rotational benefits from growing canola including 

increased yield in subsequent wheat crops, decreased weed pressure, and improved soil quality (Painter et al., 2013). 

These benefits accrue in crops following canola, impacting total farm returns. Growing canola (a broadleaf crop in the 

Brassica family) in traditionally cereal-only rotations also impacts costs due to the use of herbicides that are compatible 

in rotation with canola and different tillage needs following canola as a result of canola residue breaking down 

differently than cereal crops (Sowers et al. 2011, Sowers et al. 2012)  

These impacts affect costs and returns in the year canola is grown and in years later in a rotation. Assessing returns for 

complete rotations gives a more accurate picture of canola’s profitability than assessing returns for a single year. 

Existing enterprise budget tools are available that estimate individual crop and full rotation returns, but they do not 

allow for the above rotational impacts that are relevant in comparisons of rotations with and without canola. The 

enterprise budgets developed as part of WOCS research are specific to growing regions in Washington State and 

include expanded features that allow for canola’s rotational impacts. These computer tools will be available to help 

users assess the on-farm economics of growing canola, and allows a grower to modify settings to reflect his/her own 

enterprise.  

Objectives: (1) To develop user-friendly enterprise budgets specific to four growing regions in Washington State—low 

rainfall (Region 2), intermediate rainfall (Region 2), high rainfall (Region 1), and irrigated (Region 3)—that account for 

canola’s rotational impacts and to make the budget tools available to growers, researchers, agricultural industry 

members, and others. (2) To develop a Microsoft interface to the flexible budgets, to allow for non-Excel users to 

personalize the budgets to their own operations; (3) To integrate the developed budgets into other soil and agronomic 

canola research programs.  

Methods: The WOCS enterprise budgets follow a format developed by Kate Painter at the University of Idaho (UI). To 

identify cost considerations associated with growing canola, we consulted numerous other researchers and Extension 

personnel at WSU, UI, and USDA-ARS, as well as growers and agricultural industry personnel. We constructed the 

budgets in Microsoft Excel, added features and formatting to make the budgets flexible and interactive, and entered 

default crop production schedules, costs, and returns typical for the appropriate growing region. The budgets differ 

between growing regions according to region-specific crop rotation patterns. Sensitivity analysis output has been 

developed that helps summarize the budget results.  

Results and Discussion: Each enterprise budget file follows a similar format, with more or fewer individual crop 

budgets depending on rotations followed in the particular growing region. Each budget file is a Microsoft Excel 
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 workbook consisting of the following tabs, where an asterisk indicates tabs with interactive features that users can 

modify to fit their particular situation:  

 Title Page  

 Summary*: Tables summarizing costs and returns by crop and by full rotation. Summary tables utilize 

formulas which pull from individual crop budget sheets. Formulas update automatically when users change 

costs in the budgets, allowing for immediate, side-by-side comparison of individual crops and full rotation 

net returns. (Figure 1)  

 Calendars for canola rotation: General schedule of field operations, inputs, and input rates for a typical 

rotation(s) including canola. Production activities and inputs account for canola’s rotational impacts.  

 Calendar for traditional (non-canola) rotation: General schedule of field operations, inputs, and input rates 

for traditional rotation(s) excluding canola.  

 Crop budget sheets* (e.g. soft white winter wheat, hard red winter wheat, dark northern spring wheat, 

winter canola, spring canola, barley, etc. where winter crops include fallow year costs for relevant regions). 

Separate crop budgets are provided for each crop in rotation with canola and traditional rotations 

excluding canola (Figure 2)  

 Machinery Complement: Detailed table of each machinery item, annual usage, value, etc. assumed to be 

owned by a typical farm. Machinery complement values were entered into the University of Idaho’s 

Machinery Cost Program (Smathers et al.) to obtain machinery costs.  

 Machinery Costs*  

 Tables of annual machinery cost by crop or fallow year. Machinery costs include fixed costs 

(ownership costs like depreciation, insurance, interest, etc.) and variable costs (operating costs like 

fuel usage, repairs, etc.). Tables are interactive so users can change the type of machinery used and 

the number of passes over the field based on the default machinery pieces included in the budgets.  
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 An example of the sensitivity analysis results that are being generated for the intermediate rainfall:  

 

 

 

 

 

 

 

 

 

 

 

 

Our budgets are tools for growers (current, former, or prospective canola growers) and advisors of growers (e.g. 

researchers, Extension agents, agricultural industry personnel - bankers) to use when evaluating the profitability of 

growing canola in traditional rotations. Canola’s additional rotational benefits and costs necessitate looking beyond 

single year costs and returns to assess profitability. These budgets provide detailed, interactive crop production 

scenarios that allow users to quickly compare costs and returns between rotations with and without canola.  

Affiliated projects and funding: We are collaborating with Dr. Kate Painter at the University of Idaho regarding her 

previous work developing enterprise budgets for Washington growing regions and her current work with the Regional 

Approaches to Climate Change (REACCH) project, which involves extensive regional grower interviews regarding 

production practices and costs.  

Publications:  

1. WSU Extension factsheet, reviewed and final changes ready for submission: Wheat and Canola Rotations in Eastern 

Washington Low Rainfall Regions (<12").  

2. WSU Extension factsheet, reviewed and final changes ready for submission: Wheat and Canola Rotations in Eastern 

Washington Intermediate Rainfall Regions (12-16").  

3. WSU Technical Bulletin, in draft stage: Potential for Canola in Rotations in Eastern Washington Intermediate Rainfall 

Region, current situation.  

4. (not an official publication but output – Honors Thesis – Wendiam Sawadgo, Profitability of Oilseed Crops in Dryland 

Eastern Washington Wheat Rotations.  

Future plans: We will finish the remaining two budgets (high rainfall region and irrigated region) in 2015. Budgets for 

all growing regions will be available through WSU Extension (four factsheets in total). In addition, we will develop a 

Microsoft interface for all budgets to allow the r non-Excel users to personalize the budgets to their own operations. 
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 We will also use the budgets as the foundation for economic analysis to work with N response curves developed by soil 

scientists to identify the optimal N application under different rotations/systems.  

References:  

Painter, K., H. Donlon, and S. Kane. 2013. Results of a 2012 Survey of Idaho Oilseed Producer. University of Idaho. 

Agricultural Economics Extension Series No. 13-01  

Smathers, R., P. Patterson, and B. Schroeder. University of Idaho Crop Machinery Cost Calculator (Version 1.30) 

[Software]. Available from: http://web.cals.uidaho.edu/idahoagbiz/management-tools/  

Sowers, K.E., R.D. Roe, and W. L. Pan. 2011. Oilseed Production Case Studies in the Eastern Washington High Rainfall 

Zone. Washington State University Extension. EM037E.  

Sowers, K.E., R.D. Roe, and W. L. Pan. 2012. Oilseed Production Case Studies in the Eastern Washington Low-to-

Intermediate Rainfall Zone. Washington State University Extension. EM048E.  



2014 WOCS Annual Report 

 

Page 14 

 
Pathology and Diseases of Canola and Camelina 

PIs:  Scot Hulbert, Timothy Paulitz 
 
Regions 1, 2, and 3 
 
Funding term and duration:  2007 - present 
 
Background: The common practice for planting winter canola after winter wheat in the irrigated region of Odessa is to 

use burning and plowing to manage residue. The perception is that canola stands cannot be established without these 

practices. Growers have believed that the wheat stubble is toxic to winter canola. Dr. Bill Schillinger has conducted 

four years of trials at Lind and Odessa, looking at alternatives such as residue removal and direct seeding. Dr. Tim 

Paulitz has been looking at pathogens in these experiments. In the initial set of irrigated trials at Lind, Rhizoctonia 

solani AG 2-1 was responsible for reducing stands of canola in plots at Lind. But due to bird problems, the plots were 

moved to grower fields in Odessa. 

Objectives: Assess the effect of diseases in a cropping systems trial to evaluate residue removal, burning, tillage, and 
no-till practices to establish winter canola after winter wheat. 
 
Methods:  Five winter wheat stubble management treatments were established in mid-to-late August 2013 prior to 

planting winter canola. These treatments were     

 Stubble burned + disked 
 Stubble chopped + moldboard plowed 
 Stubble burned, then direct seeded 
 Direct seeding into standing and undisturbed stubble. 
 Broadcast into direct stubble.  

 
Plots were surveyed in Fall 2013 and Spring 2014. However, because of the extreme winter, most of the canola was 
killed. However, surprisingly, the plots with direct seed or broadcast into wheat stubble were completely killed, while 
most of the other plots survived. This was due to the long hypocotyls from etiolated seedlings coming up in the shady 
environment of the stubble. Despite the killed plots, soil was still sampled and a bioassay performed in Spring 2014.  
Soil from each treatment was placed in two-inch pots, four pots/treatment, with four replicate blocks. Pots were 
planted with 10 canola seeds (cv. Athena). Over the next 3 weeks, emergence and disease (post-emergence damping-
off) were assessed. Shoot dry weights were taken at the end of the experiment. The results of diseases are shown in 
Figure 1. In August 2014, the experiment was planted again, with the identical treatments, and sampled in October 
2014. Figure 2 shows the bioassay results. 
 
Effect of Winter Canola Rotations on Spring Wheat in Intermediate Rainfall Area. Another project of Schillinger has 
been conducted over a number of years to compare spring wheat performance after either winter wheat or winter 
canola. Surprisingly, he found significantly less yield after winter canola compared to winter wheat, contrary to the 
literature which shows a rotation benefit. Water was ruled out as a factor. We looked at the possibility of disease 
being a factor in this response. Soil was sampled from the plots and wheat was planted into soil from either the winter 
canola or winter wheat rotation. Results are shown in Table 1. Surprisingly, we saw the opposite response - plant 
growth was better after winter canola than after winter wheat. In Spring 2015, we will sample for nematodes, 
specifically root lesion nematodes (Pratylenchus). One hypothesis is that some canola varieties can be good hosts for 
this nematode, and result in population buildups that could reduce yield in the subsequent spring wheat crop. 
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 Blackleg - A Threat to Canola Production in Washington. A significant outbreak of blackleg was discovered in the 
Willamette Valley of Oregon in Spring 2014. Paulitz and Hulbert are on the team of researchers from Idaho, Oregon and 
WA communicating on this problem.  In addition, blackleg was discovered in Lewiston, ID in Fall 2014. Paulitz provided 
contacts in the Univ. of Manitoba to begin looking at race structure of the pathogen (D. Fernando).  In collaboration 
with researchers in ID (Kurt Schroeder) we hope to begin more extensive surveys of ID and WA in 2015. 
 
Results and Discussion: Results of the canola bioassays are shown in Figures 1 and 2. No disease was detected in the 
field, either in Fall or Spring surveys. There was no significant disease detected in the bioassay. The fumigation in the 
previous potato crops may be reducing the levels of inoculum, allowing growers to use direct seeding and still get a 
good crop. 
 
Soft white spring wheat cv. Louise planted into soil previously cropped to winter canola showed greater growth than 
when in soil previously planted with winter wheat, an expected result.  Soil will be analyzed to see if N levels may be 
responsible for the differences. 
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 Impact/Potential Outcomes: Disease pressure from Rhizoctonia solani AG 2-1 on winter canola is low, in irrigated 

circles in the Odessa area following winter wheat, where potatoes are in rotation. The fumigation in the potato 

rotation may be reducing inoculum of this pathogen. Yields of winter canola direct-seeded into winter wheat stubble 

were comparable to other treatments with burning and tillage.  This indicates that growers can use techniques which 

will decrease soil erosion, input costs and increase soil organic matter, without sacrificing yield. 

 

Table 1.   Growth of Louise planted into soil from WC/WW experiment of Schillinger on the farm of H. Johnson, 
Reardan, WA 
 

 
 
 

Affiliated projects and funding: Washington Department of Ecology, Agricultural Burning Practices and Research Task 

Force, W. Schillinger, PI. Management of Fresh Wheat Residue for Irrigated Winter Canola Production 

 

Presentations and Publications:  

Paulitz, T. C.  Diseases of Oilseeds.  Presented at the Direct Seed and Oilseed Conference, Kennewick, WA, Jan. 2015. 
 
Paulitz, T. C.  New Diseases, What’s New at USDA-ARS.  Farm Forum, Spokane, WA Feb. 4, 2015. 
 
Paulitz, T. C.  Washington Research - W-3147 Multistate Project Managing Plant Microbe Interactions in Soil to 
Promote Sustainable Agriculture, Oct. 24, 2014, Riverside, CA.  
 
Proposed Future Research/Extension for 2015/2016: 
 
Sclerotinia diseases on canola. Extension Bulletin. Paulitz and Schroeder- submitted 2014 
 
Rhizoctonia diseases of canola. Extension Bulletin. Paulitz and Schroeder- to be submitted in 2015 

Previous Crop Plant height (cm) 

  

Dry weight (mg/plant) 

  

Number of Tillers 

  

Length of 1st 

true leaf (cm) 

  

Winter Canola 30.0 A 54.7 A 2.9 A 10.9 

Winter Wheat 26.8 B 42.7 B 2.6 B 10.9 
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Development of Camelina Varieties Resistant to Group 2 Herbicides 

PIs:  Scot Hulbert, Ian Burke 
 
Regions 1 and 2 
 
Funding term and duration:  2007 - present 
 
Technical Support:  Josh DeMacon 
 
Background: Camelina has potential as an oilseed crop and valuable rotation crop in the dryland farming areas of 
Eastern Washington but is extremely sensitive to ALS-inhibitor (Group 2) herbicides.  Earlier work identified a mutation 
that conferred tolerance to these herbicides and have now breed this mutation into to a high yielding, high oil content 
variety. The first breeding population (population A) was derived from a cross between our favorite herbicide tolerant 
(HT) mutant SM4, in the variety Cheyenne background, and the variety Calena. Several series of field selections were 
conducted among 500 lines established from this cross. In 2013 the best 50 lines were evaluated in multiple locations 
and nine lines which performed better than our favorite check cultivar Calena, were selected for testing in 2014.   

Methods and Results: 

Objective 1:  Select the best performing line from breeding population A for variety release. 
 
Replicated field trials of nine lines from breeding population A were planted in 3 locations: Davenport (WSU Wilke 
farm), LaCrosse, and Lind.  Yield and data were taken mainly from the Davenport and Lind experiments, where stands 
were most uniform.  Oil content was determined for three replications of each line.  Other data taken included heading 
date and rate of stand establishment.  A single line was selected for release. The yield and oil content were not 
significantly different than Calena in 2014.  The line is homozygous (true breeding) for the HT gene. 
 
Objective 2:  Make and advance new breeding populations by crossing HT breeding lines to germplasm with higher 
yield potential or other useful traits.   
 
In 2011-2013 we examined lines from the national germplasm center and private companies in replicated yield trials at 
Davenport and Pullman.  Some of the accessions were heterogeneous and single plant selections were made.  Five of 
the accessions yielded more than our check cultivar Calena. Crosses were made between some of our best HT breeding 
lines and many germplasm accessions in the last few years.  Breeding populations we believe have the most potential 
are detailed as follows.   
 

Acc-31 x HT-494:  Acc-31 is a Danish accession that has very high yield potential in the PNW.  After crossing it to 
several HT lines and growing large F2 bulk populations in Pullman in 2014, we selected 360 single plants from 
one of these populations for advancement.  The HT line it was crossed to is a sister line of the above line 
selected for release. These lines were advanced one generation in the greenhouse and 360 F4-derived lines will 
be evaluated this summer.    

Acc-3 x HT-494: Acc-3 is the largest seeded accession we have identified and has average yield and oil content.  This 
line was crossed to HT-494 to start developing larger seeded breeding lines. A large F3 derived bulk population 
was grown in Pullman in 2014 and individual plants with large seed pods and pod numbers were selected: 
genotypes with larger seed generally have larger seed pods.  The seeds from these lines were then evaluated 
for size and 40 F4-derived lines were selected for field testing in plots in 2014.  

CL-1914 x HT-494:  Some Washington growers are interested in low erucic acid lines for food consumption and we 
reason that a food market for camelina will probably advance the adoption of the crop in the PNW.  The CL-
1914 was obtained from Chaofu Lu, Montana State University.  It was derived from mutagenesis and has very 
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 poor agronomic performance.  After crossing it to HT-494 and advancing it in the greenhouse, we grew a large 
F3 bulk population in Pullman in 2014. Single vigorous plants with good seed yields were selected and 
advanced another generation in the greenhouse.  In 2015, 48 F5-derived lines will be tested for yield and oil 
content in the field.   

Other advanced lines: Other lines in our replicated yield trials in 2015 include several derived from crosses 
between our SM4 mutant and two sustainable oils cultivars. Eight F5 derived lines from these crosses will be 
evaluated.  

 
Objective 3: Conduct genetic studies to determine future breeding aims. 
Genetic experiments have been underway to determine the limits in seed size in available germplasm and to 
determine if this is a reasonable breeding goal, or if larger seed sizes are negatively correlated with important traits 
like yield or oil content.   
 
A program of recurrent selection for large seed size was initiated by intercrossing the three largest-seeded germplasm 
accessions with three HT breeding lines.  After self-fertilizing the F1s, F2 seed was planted in plots in Pullman and 
sprayed with Beyond to select the HT trait.  Roughly 100 individual plants with large seed pods were visually selected 
in 2013 and the 12 largest seeded lines were then planted and intercrossed in the greenhouse.  Seed from this second 
cycle of intercrossing was again planted in the greenhouse to generate seed for a second cycle of selection. These were 
grown in a large bulk F2 population in 2014.  In 2015, 27 F3 families with the largest seed size will be grown in 
replicated plots.  The families will be selected for both yield and seed size in 2015.  The project will indicate what type 
of progress can be made in increasing seed size by conventional recurrent selection from diverse germplasm. Future 
breeding lines will likely be selected from this population.   
 
In 2014, we completed construction of two large recombinant inbred populations that are both segregating for seed 
size and oil content as well as some other performance related traits.  Analysis of these lines in field plots will begin 
this summer and will indicate whether there is an inverse relationship between seed size and oil content as has been 
suggested in one report. 
  
Impact and Potential Outcomes:  Cultivars grown in the PNW to date have generally consisted of selected European 
cultivars, and the selections were not made in the PNW.  There is great potential for breeding cultivars better adapted, 
and higher yielding in the PNW by making and intercrossing selections under our environmental conditions.  High 
yielding HT cultivars will be advance the crop in the PNW because of the importance of Group 2 herbicides in our 
cropping systems.  Cultivation of these varieties will eliminate much of the risk of camelina production for growers, 
especially those that are new to growing oilseed crops.   
 
Proposed Future Research/Extension for 2015/2016:  We will establish a variety release committee for Camelina at 
WSU and begin the process of releasing the first HT variety. 
 
We will continue to advance selections from HT breeding populations to develop higher yielding lines as well as lines 
with larger seed and lower erucic acid content.  Many crosses with the HT trait have been made to increase the genetic 
diversity and agronomic potential of our HT breeding populations.   
 
Preliminary analysis of our recurrent selection population for large seed size and our two mapping populations will 
shed light on what progress can be made breeding large seeded camelina varieties and whether this has a penalty in 
yield or oil content.   
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Winter Canola Production in the Low to Intermediate Rainfall Zones of the 

Pacific Northwest 

PI: Frank Young 
 
Co PI: Bill Pan, Ian Burke, Mike Stamm, and Jim Davis 
 
Funding term and duration: July 2008 to present 
 
Graduate students: Lauren Port and Megan Reese 
 
Technical support: Funding will provide 5 months full time employment for one Associate in Research, one half-time 
support and one quarter-time support for additional Associates in Research and time slip personnel through the Crop 
and Soil Sciences Department, Washington State University. 
 
Background: Approximately 60% of the cereal and grain legume production areas of the PNW are characterized by the 
winter wheat/summer fallow system which is plagued by winter annual grass weeds such as jointed goatgrass, feral 
rye, and downy brome. This region provides the greatest opportunity to expand oilseed acreage in the PNW. For 
example, Douglas and Okanogan counties produced <180 acres of winter canola in each county in 2007 whereas in 
2013 almost 10,000 acres of winter canola were produced in those two counties. In addition, Douglas Co. planted the 
second highest canola acreage/county WA in 2014. Previous funding from the Washington State Oilseed Cropping 
Systems project (WOCS) allowed us to research for the first time winter canola seeding date and rate in the non-
irrigated, low-to intermediate-rainfall zones to improve canola emergence and stand establishment. Data indicated 
that the optimum time to plant winter canola is between July 25 and August 25 and most importantly when “Mother 
Nature tells you”, i.e., when cooler temperatures (85°F) are forecast after planting. Planting prior to July 25, soil water 
may be limiting for the canola and insect pests may have to be controlled at a significant cost to the grower. Planting 
after August 25, yields may be reduced because of the shortened fall growing season. Until recently, there has been no 
research on winter canola variety trials in the wheat/fallow region. The U of I conducts variety trials in the irrigated 
area, high rainfall annual cropping region, and the high-end of the intermediate rainfall zone. Varieties that tolerate 
cold temperatures and open winters need to be found for this region to reduce production risks. In the PNW, winter 
annual grass weeds (especially feral rye) are a major problem in winter wheat. The only effective control measure for 
feral rye in the growing crop is to use imazamox resistant winter wheat varieties. However, research in the southern 
Great Plains has shown great variation in feral rye tolerance to imazamox (Peeper et al., 2008). Therefore crop and 
chemical rotation are important strategies for the management of feral rye. In the PNW there had been no research on 
herbicide efficiency and time of herbicide applications for the control of feral rye in winter canola. Previous funding 
from the WOCS has also allowed us to collect 2-yrs data on feral rye control in winter canola.  
 
For the past four years WOCS funds have been utilized to research the use of the stripper header and high residue 
winter cereals to improve chemical fallow by increasing soil moisture and decreasing soil temperature so that growers 
can plant winter canola in August when they want to rather than when “Mother Nature” tells them to. 
 
Two new projects were/will be initiated this year and include: 1) Modeling water use efficiency (WUE) and nitrogen 
cycling in winter canola in our variety trials and 2) examining the effect of planting date and mowing on winter canola 
yield, water use, and detailed N cycling. Both of these studies will be conducted in the low rainfall zone, have not been 
researched before, resulted from growers’ interest and requests, and have research and knowledge gaps for the PNW.  
 
Research: 1) Evaluate 12-15 winter canola varieties in four to six locations in the low-rainfall zone for yield, plant 
establishment, winter survival, WUE and N cycling; 2) evaluate several spring canola varieties for replanting in cold-
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 killed winter canola as well as effect of seed zone conditions for replanting; 3) evaluate the use of the stripper header 
and tall winter cereal varieties to reduce soil temperature and wind speed, increase soil moisture to improve the 
introduction of no-till winter canola into the high residue chemical fallow system; 4) determine the effect of winter 
canola seeding date and mowing on winter canola yield, water and N use and N cycling in the plant and soil; and 5) 
assist Dr. Bill Pan’s research team evaluating N timing and rates for winter canola. 
 
Methods: 
Herbicide efficacy study in winter canola. A third year of the herbicide efficacy study for the management of feral rye 
was conducted at Okanogan, WA in 2013-14. Select (clethodim), Assure II (quizalofop), and Roundup (glyphosate) were 
applied in the fall, in the spring, and in the fall plus spring to a natural infestation of feral rye in winter canola which was 
planted September 2013. Percent weed control, weed seed produced, weed biomass, crop yield, and oil quantity was 
recorded. 
 
Winter canola variety trials. We continued to conduct winter canola variety trials to determine the best varieties to 
plant in the wheat/fallow region based on yield and cold tolerance. Last year, twelve varieties were planted at 
Bridgeport, Ralston, Davenport, Pomeroy, and Pullman and included conventional and herbicide tolerant/resistant 
varieties. Varieties included were from the University of Idaho, Kansas State University, CROPLAN, Rubisco Seeds, and 
Spectrum Crop Development. Depending on seeding conditions, an array of drills were used to plant winter canola and 
included a Monosem plate planter, JD deep-furrow HZ, and AGPRO air seeder. Plant establishment was visually 
evaluated 3 weeks after planting on a scale of 1 (poor establishment) to 5 (excellent establishment). Cold hardiness/
winter survival was determined by recording crop stand counts in the fall before freeze-up and in the spring after 
dormancy was broken. Additional data collected included crop yield and oil content and quality. In late summer 2014, 
14 varieties were planted at Okanogan, Pomeroy, and Asotin. This year soil water content, WUE, and N soil and plant 
content are monitored in one of the varieties at each location. 
 
Ralston stripper header project. We are in the fourth year of a project located in an 11.5 inch rainfall zone to increase 
residue which will increase subsequent soil moisture so that winter canola can be planted no-till into chemical fallow. 
Winter canola was planted no-till and conventionally on July 28, 2013 into tall cereal stubble that was fallowed during 
2012-2013. Bare areas of conventional planted canola were reseeded 10 days later. All winter canola was killed in 
February and spring barley was planted in its place and appropriate plots were harvested with either the stripper 
header or conventional header. Additional instrumentation was placed in plots to record wind speed and soil moisture 
in both the growing crop and stubble fallow. We harvested the 2012-2013 wheat and triticale with both the stripper 
header and conventional header. In late August, 2014 winter canola was planted into very dry conditions. 
 
Spring canola variety trial. Several varieties of spring canola will be planted in cold-killed, elk-eaten winter canola plots 
to evaluate yield and seed zone planting conditions. The plots will be planted with the Monosem plate planter. 
 
Seeding date, mowing frequency, N management, and WUE of winter canola. During the summer of 2015 an 
experiment will be conducted at Ralston and Davenport and will have winter canola planted early and mid-July, and 
August. Frequency of mowing includes twice for the early July planting and once for the mid-July planting. Canola will 
not be mowed for the August planting. Soil moisture and plant water use will be monitored in the twice mowed and 
zero mowed canola from the early July planting, the once-mowed mid-July planting and the August planting. Nitrogen 
monitoring will indicate if additional N will be required based on the various treatments. Additional plots will be planted 
in August for destructive analysis of N15 which will be applied to the plants to follow N cycling during decomposition of 
plant material in the fall. 
 
Timing and amount of N fertilizer for winter canola. We will assist Dr. Pan’s team to determine when and how much N 
should be summer/fall applied and N effect on yield and winter survival. 
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 Results and Discussion: 

Herbicide efficacy study in 
winter canola. This study 
was conducted in growers’ 
fields that were naturally 
infested with feral rye. This 
past growing season, 
winter canola was planted 
early September 2013, fall 
herbicide treatments were 
applied on October 10 and 
spring applications on April 
10. Treatments included 
Assure II, Select, Roundup 
and a non-treated control. 
This past year was dry and 
the rye infestation was 
heavy and very competitive 
(Figure 1 and Table 1). 

The best treatments for 
winter canola yield, feral 
rye control, density, and 
biomass reductions were 
split applications of Assure II and Roundup or when these herbicides were applied in the fall (Table 1). When allowed 
to grow over winter, feral rye reduced winter canola yield > 50% when Assure II and Roundup were applied in the 
spring compared to when they were split-applied. The combination of Assure II and Roundup split-applied controlled 
feral rye 100% while alternating site of action herbicides.  

Figure 1. Excellent control of feral rye (left) with split herbicide applications and no winter canola present in the non-

treated control (right).  

Table 1: Effect of three herbicides on feral rye control, above ground dry weight, plant density, seed production and winter 
canola population and yield in 2014 at Okanogan, WA. 

  Control _____Feral Rye_____ ____Canola____ 

Treatment a Rate b 5/12/2014 Dry weight Plants Plants Yield 

 kg ha-1 % kg ha-1 no. m-2 no. m kg ha-1 

Nontreated - - 4025 136 1.4 0 

Select  (F) 0.105 70 1070 22 7.9 745 

Select  (F+S) 0.105+0.105 90 0 0 6.2 745 

Select  (S) 0.105 35 4325 106 2.0 85 

Assure II  (F) 0.062 97 0 0 7.4 865 

Assure II  (F+S) 0.062+0.062 100 0 0 7.2 785 

Assure II  (S) 0.062 83 320 14 5.0 430 

Roundup  (F) 0.866 96 0 0 7.9 840 

Roundup  (F+S) 0.866+0.866 99 0 0 10.9 1040 

Roundup  (S) 0.866 100 0 0 1.9 350 

Roundup  (F) + Assure II  (S) 0.866+0.062 99.5 0 0 10.0 1075 

Assure II  (F) + Roundup  (S) 0.062+0.866 100 0 0 7.3 750 
a
 Abbreviations: F = fall; S = spring; T = trace amounts of seed (<2). Treatments applied October 10, 2013 and April 10, 2014. 

b Rates are expressed in  kg ai ha-1 for Select and Assure II and kg ae ha-1 for Roundup. 
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  Winter canola variety study. Although winter canola was planted at five locations, canola winterkill or poor 
establishment in dry fall conditions occurred at four locations. Winter canola was harvested only at the Pomeroy site. 
Establishment ranged from 2.3 to 5.0 (1 being poor and 5 being excellent - Table 2). Survival ranged from 67% to 
>100%. Edimax and WC-1 yielded ≥2400 lbs/A while Falstaff and DKW 46-15 yielded >2300 lbs/A. Edimax is 
imidazolinone tolerant; WC-1 and Falstaff are conventional varieties and DKW is glyphosate resistant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fourteen winter canola varieties were planted at Asotin, Pomeroy, and Okanogan on August 19, 20, and 26 
respectively. Varieties were planted at each location with the 6-row, 16-inch row spacing AGPRO no-till drill (Figure 2). 

 
 
 

Table 2. Winter canola establishment, survival, and yield for 2013-2014 at Pomeroy, WA. 

Variety Establishment * Survival (%) Yield (lbs/A) 

Edimax 5.0 67 2445 

Safran 2.3 109 2105 

Casino 2.3 104 1765 

Falstaff 4.0 92 2340 

Largo 3.8 93 965 

WC-1 3.0 108 2400 

05.6.33 3.8 100 2295 

Amanda 4.0 73 2235 

Claremore 3.8 74 2215 

Sumner 3.3 77 2020 

Griffin 3.0 118 2055 

CP 115 4.5 78 1810 

CP 125 4.3 72 1840 

DKW 46-15 3.5 75 2330 

* Establishment on a 1 to 5 basis 

  

Figure 2. No-till winter canola planted into chemical fallow stubble. 
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 Plant establishment reflected the difference in soil moisture conditions at the time of planting at each location. The 
best plant establishment was at Asotin where soil moisture was almost at the soil surface and establishment ranged 
from 4.0 to 5.0. Plant establishment ranged from 3.5 to 4.5 at Okanogan where conditions were drier than the other 
two locations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Additional data collected at all three variety locations included soil moisture and plant biomass measured on a 
biweekly basis, as well as 
periodic soil N information.  
All data were collected in 
CP115-plots.   
 
Winter canola at Pomeroy did 
not utilize water stored at 4 
and 5 feet until about two 
months after planting, first 
using water in the top three 
feet of soil (Figure 3).  By the 
November 4 sampling date, 
winter canola was extracting 
water down to 5 feet, while 
fall precipitation began to 
recharge the first foot of the 
profile.  This water extraction 
pattern was not seen in 
Okanogan, however (Figure 
3).  The initial water content was much lower at Okanogan, and winter canola only accessed water down to 3 feet, 
which reflects its lower biomass accumulation compared to the Pomeroy site (Table 4) and perhaps indicates a sub-
soil obstruction such as a rodweeder hard pan.   

Table 3. Winter canola establishment in 2014-2015 in Washington. 

Variety Okanogan Asotin Pomeroy 

Mercedes 4.3 4.8 4.5 

Edimax 3.0 4.0 3.6 

Safran 3.5 4.5 3.4 

Inspiration 4.0 4.9 4.0 

Largo 3.9 4.8 4.4 

Falstaff 4.3 4.5 3.6 

Cp115 4.3 4.8 4.0 

Cp125 4.5 4.8 4.3 

Cp13-26 4.0 5.0 4.3 

Amanda 4.3 4.8 4.4 

WC-1 3.9 4.8 - 

05.6.33 3.6 4.6 - 

Griffin 4.1 4.8 3.9 

Claremore 4.1 4.8 4.6 

* Establishment on a 1 to 5 basis 

  

Figure 3.  Volumetric water content throughout the 50foot soil profile for various sampling dates at the 2014-2015 

Okanogan and Pomeroy variety trial sites.  Okanogan values are shown in dashed lines. 
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 Total fall water use and biomass accumulation varied widely between Pomeroy and Okanogan (Table 4).  The higher 
initial water content in Pomeroy, along with more soil N, contributed to increased biomass accumulation and therefore 
more water use.  Due to the extremely low water use in Okanogan, a higher WUE value was observed (727 lb/ac∙in, 
compared to 516 lb/ac in at Pomeroy). 

At the Asotin site, soil depth was highly variable and greatly influenced the soil water content measurements 
(Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

A planting date comparison was observed 
at Asotin, as the cooperating farmer 
planted the field surrounding our trial one 
month earlier than we planted (Figure 5).  
Within the first 2 feet, the canola in the 
grower’s field used 5.3 inches of water 
and terminated growth for winter 
approximately October 5 because of lack 
of water. In contrast, the canola in the 
variety trial used 3.5 inches of water in 
the top 2 feet of soil.  The later planted 
canola continued to extract water at least 
until November 4. 

Table 4. Environmental conditions, and winter canola growth and water use at Pomeroy and Okanogan for the 
fall of 2014. 

  Initial soil water 
content 

Initial soil N 
content 

Fall 
precipitation 

Fall dry biomass 
accumulated 

Total fall 
water use 

 in lb/ac in ton/ac in 

Pomeroy 19.42 262 2.14 9.02 5.89 

Okanogan 8.76 119.6 2.54 3.79 0.87 

Figure 4.  Total soil water in soil profile in inches for several sampling locations in the Asotin variety trial plots. 

Figure 5.  Visual comparison of variety trial plots surrounded by farmer’s field. 
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Figure 6. Soil moisture at 0-3’’ and 3-6’’ depths in cutter bar winter wheat tilled fallow (CBWW) and 

stripper header winter triticale no-till fallow (SHWT).   

Ralston project:  

In the east side plots, 2014 harvest of spring barley planted into stripper header no-till fallow, cutter bar no-till fallow, 
and reduced tillage fallow following the winter kill of the anticipated 2013-2014 winter canola crop resulted in no yield 
differences among  treatments. Grain protein of barley was higher in the reduced tillage winter wheat residue 
treatment; however test weight of barley in reduced tillage winter wheat residue management was lower than in 
barley produced in both of the triticale residue treatments (Figure 6).  

 

 

 

 

 

 

 

 

Soil water content after harvest was similar across treatments (down to 6 feet), and will allow us to attribute soil 
moisture recharge differences in the 2014-2015 season due to residue management treatments.  
 
Measurements of soil temperature, moisture, and surface wind speeds were recorded during the summer fallow 
period on the west side plots. In contrast to the previous year, soil temperatures did not vary between treatments, 
likely due to the overall lack of soil moisture (which contributes to the soil energy balance) at the shallow depth where 
the temperature probes were placed. Gravimetric water content over the course of the season was higher in the no-till 
stripper header triticale stubble than in the reduced tillage cutter bar winter wheat stubble (Figure 6). The difference in 
water content can partially be attributed to the differences in wind speeds measured 6’’ above the soil surface in the 
two treatments. Over a nine-day measurement period, the maximum wind speed in stripper header triticale stubble 
was 1.94 m/s, while its counterpart over tilled fallow recorded a maximum speed of 5.44 m/s (Figure 7). The average 
wind speeds measured in stripper header triticale stubble and reduced tillage cutter bar winter wheat fallow were 0.32 
m/s and 1.28 m/s, respectively.  

Table 5. Average values for barley protein and test weight across treatments. Means followed 
by the same letter is not significantly different at the P=5% level. 

Residue management Protein Test Weight 

Cutter Bar Winter Wheat Tilled Fallow 14.4a 44.3c 

Stripper Header Winter Wheat No Till Fallow 12.43b 45.48bc 

Stripper Header Triticale No Till Fallow 12.43b 46.73ab 

Cutter Bar Triticale No Till Fallow 11.75b 47.85a 
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Soil moisture differences at the 0-3’ depth was present when winter canola was seeded on August 27 and 28, 2014, 
and likely contributed to the establishment differences recorded between treatments. In addition temperature may 
have been a factor in the establishment of winter canola, as differences in seed zone temperature were observed 
between the two extreme treatments of stripper header triticale fallow and cutter bar winter wheat tilled fallow 
(Figure 8). Average establishment ratings in the no-till fallow treatments ranged from 22.5% to 33.75%, with the 
highest establishment recorded following stripper header triticale no-till fallow (Figure 9). The average establishment 
rating for the reduced tillage fallow treatment was <1% which indicated that planting conditions were too hot and dry 
for seed germination.  

Figure 7.Wind speeds measured at 6 inches (16 cm) from soil surface in two different residue management systems.  

Figure 8. Seed zone temperature recorded after planting of winter canola. 
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Figure 9. Canola establishment in stripper header triticale no till fallow (left) vs. cutter bar winter wheat reduced tillage fallow (right).  
 

 

Impact/Potential Outcomes: In 2014, Douglas County planted the second highest canola acreage in the state – almost 
8,000 acres compared to <200 acres in 2007. We held a growers field day in May and 100 people attended and 
observed varieties, no-till and conventionally planted canola, and biosolids research. In southeastern Washington a 
field day was held for >50 growers to observe 12 different varieties. In June, growers attended the feral rye control in 
winter canola field day. Because of this research, growers are reducing chemical inputs, and alternating herbicides with 
a different mode of action to prevent/delay herbicide resistance. The use of the stripper header and tall residue for 
chemical fallow has improved winter canola establishment 35-40% compared to canola establishment in traditional 
fallow. 
 
Affiliated Projects and Funding:  We are cooperating with USDA-ARS at Pendleton, OR to increase residue in the 
wheat/fallow region. These studies are included in the Pendleton and Pullman USDA-ARS five year plans that are 
appropriated by Congress.  We have received a small grant from the Washington State Oilseed Commission to help 
with travel expenses and materials for the winter canola variety studies we have established throughout the PNW. We 
receive a small amount of funding from REACCH to assist with maintaining the study site and collect data at Ralston, 
WA. 
 
Extension/Outreach: Members of our team had interaction with almost 2000 growers, agribusiness personnel, 
administrators, and scientists during the year. Highlights included the oilseed/direct seed conference (510); three 
hosted field days (>175); and the Colfax/Lewiston Cropping Systems breakfasts. 
 
Publications: 
Manuscripts: Crop Management, published. 
Young, F.L., D.K. Whaley, W.L. Pan, R.D. Roe, and J.R. Alldredge. 2014. Introducing winter canola to the winter wheat-
fallow region of the Pacific Northwest. Crop Management. Doi: 10.2134/cm-2013-0023-RS. 
 
Proposed Future Research/Extension. We plan on hosting several field days throughout eastern WA describing winter 
canola varieties performance at several locations. In addition, we are having a farm tour in Okanogan/Douglas Co. to 
visit canola growers’ fields. Lastly we are describing no-till winter canola in standing stripper header stubble. An 
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 extension bulletin (factsheet) is in review on spring canola planting methodology. We are working with growers in the 
wheat/fallow region to integrate winter canola and chemical fallow into their system to delay/prevent weed resistance. 
 
We will continue to conduct variety trials in the wheat/fallow area where 60% of wheat production is located in the 
PNW. We evaluate several different varieties in addition to those included in U of I variety trials. Our research is located 
at different elevations, snow accumulation and rainfall amounts compared to the U of I evaluations. Research on 
“residue building” and moisture retention with the stripper header will continue so growers can plant winter canola 
when they want to and not when “Mother Nature” tells you to. We will initiate two new projects including 1) Time and 
rate of N fertilization for winter canola; and 2) The effect of date of planning and mowing on N cycling, WUE and canola 
yield. 
 
References:  
Peeper, T. F., J. R. Roberts, D. A. Solie, and A. E. Stone. 2008. Variation in characteristics and imazamox tolerance of 
feral rye. Agron. J. 100:198-204. 
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 Dryland and Irrigated Cropping Systems Research with Winter Canola, 

Camelina, and Safflower 

 

PI: William F. Schillinger, WSU 
 
Region 2 
 
Collaborating scientists: Timothy Paulitz, USDA-ARS; Brenton Sharratt, USDA-ARS; Ann Kennedy, USDA-ARS; William 
Pan, WSU; Stewart Wuest, USDA-ARS.  
 
Funding term and duration:  This progress report covers research and extension activities conducted in 2014. 
 
Graduate students: Jeremy Hansen is a Ph.D soil science student conducting research on soil microbial changes that 
occur when oilseed crops are introduced into cereal-based cropping systems.  Schillinger is his major professor.  Megan 
Reese (funded and advised by Dr. Pan) is conducting her MS research project on soil water use and growth of winter 
canola planted into no-till fallow on several planting dates near Ritzville. 
 
Cooperating farmers: Ron Jirava, Ritzville; Jeff Schibel, Odessa; Bruce Sauer, Lind; Hal Johnson, Davenport. 
 
Technical support: John Jacobsen, WSU agricultural research technician III; Steve Schofstoll, WSU technical assistant III; 
Samantha Crow, WSU office assistant III. 
 
Background: This progress report covers the 2014 results of seven oilseed-related research and extension projects 
conducted in eastern Washington.  These projects are three long-term dryland cropping systems studies (Lind, Ritzville, 
and Davenport), a dryland winter canola planting date experiment, a new dryland winter canola cropping systems 
study that was initiated near Ritzville in 2014, and a residue management study for irrigated canola production near 
Odessa.  The oilseed crops are camelina (low precipitation zone) winter canola (both low and intermediate 
precipitation zone as well as irrigated) and safflower (low precipitation zone).     
 
Acronyms used: C, camelina; NTF, no-till summer fallow; SAF, safflower; SC, spring canola; SW, spring wheat; TSF, tilled 
summer fallow; WC, winter canola; WP, winter pea: WT, winter triticale; WW, winter wheat. 
 
OBJECTIVES:  
Winter Canola (Four studies) 
Study 1.  Determine the benefits of WC grown in a 3-year dryland WC-spring wheat (SW)-no-till fallow (NTF) rotation 
compared to the traditional winter wheat (WW)-SW-NTF rotation in the intermediate precipitation zone on soil water 
dynamics, foliar and root diseases, grain yield of the subsequent SW crop, and soil microbial changes. 
 
Study 2.  For irrigated winter canola production, conduct field and laboratory research to (i) better understand the 
physiological mechanism(s) governing winter canola health when planted soon after the harvest of winter wheat, and 
(ii) to learn how to effectively and profitably produce WC without burning or excessive tillage of wheat stubble.  Our 
hypothesis is that fresh wheat stubble is not phytotoxic to WC and that WC can be successfully produced in a direct-
seed system after wheat harvest as a viable alternative to field burning plus heavy tillage. 
 
Study 3.  Determine the optimum planting date to achieve the best plant stands of winter canola (WC) sown into no-till 
summer fallow in the low-precipitation zone and measure the effects of planting date on soil water dynamics, 
overwinter survival, and seed yield. 
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 Study 4.  Conduct a long-term (initiated in 2014) cropping systems study to test a 4-year rotation of WC-NTF-winter 
triticale (WT)-NTF and a 4-year rotation of winter pea (WP)-NTF-WT-NTF at Ritzville.  The 2-year WW-TSF treatment is 
included as a check treatment. 
 
Camelina 
Study 5.  Determine the long-term suitability of camelina in the typical winter wheat-summer fallow cropping zone of 
eastern Washington.  This would allow farmers to plant crops in two out of three years (i.e., increase cropping 
intensity) instead of only once every other year as currently practiced. 
 
Safflower (two studies) 
Study 6.  Evaluate safflower production potential when grown in a 3-year WW-safflower (SAF)-tilled summer fallow 
(TF) rotation compared to a 3-year spring wheat WW-spring wheat (SW)-TF rotation and a 2-year WW-TF rotation.  
 
Study 7.  Evaluate the performance of the 12 best-performing safflower varieties from the North Dakota State 
University safflower variety testing program at Lind. 
 
METHODS 
Study 1:  This study was initiated in August 2007 on deep, productive soils at the Hal Johnson farm east of Davenport, 
WA.  Annual precipitation at the site averages 18 inches.  We are comparing a WC-SW-NFT rotation with the more 
traditional WW-SW-NTF system.  All crops are direct seeded with a hoe-opener drill.  The experimental design is a 
randomized complete block with six replications.  Individual plot size is 16 ft x 100 ft.  Fertilizer application rate is based 
on soil test results.  In addition to WC, WW, and SW grain yield (determined using a plot combine), we are measuring 
soil water content in all plots (i) just after harvest in August, (ii) in early April, and (iii) in NTF in August.  Ponded water 
infiltration is measured using 2-ft-diameter infiltration rings in standing WC and WW stubble from the previous harvest 
during some winters when soils are partially frozen.  Plant diseases and microbial attributes are assessed by Tim Paulitz 
and Ann Kennedy, respectively.  Doctoral student Jeremy Hansen (he is also Ann Kennedy’s research technician) has 
collected soil samples for microbial analysis twice per year since 2008. 
 
Study 2:  This experiment was initiated in 2012.   In the first year, four winter wheat stubble management treatments 
were established in August and September at the Jeff Schibel farm SW of Odessa, WA.  The experiment was embedded 
in a circle of irrigated winter canola belonging to Mr. Schibel.  Irrigated WW stubble in the plot area was burned in 
treatments I and III (below) on August 20 and irrigation water immediately applied to promote germination of 
volunteer wheat. Glyphosate was applied to the entire plot at a rate of 24 oz/acre on September 4.  Land was prepared 
as required by protocols for each treatment (i.e., straw chopping, disking, moldboard plowing; see list of treatments 
below) on September 4-6.  Winter canola was planted and fertilized in one pass on September 7 using a Kile no-till hoe 
drill.  Assure II herbicide for grass weed control was applied on October 6.   
 
For the second year of the experiment, an additional (i.e., fifth) treatment was added.  This additional treatment 
consists of broadcasting WC seed into standing WW before wheat harvest.  After wheat harvest, the WC germinates 
after the irrigation water is applied.  Volunteer WW is controlled with Assure II grass-weed herbicide in October.  All 
field operations, as well as the timing, were essentially identical to those outlined above for year one. In year three 
(the current 2015 crop year), field operations and timing were essentially identical as those practiced in the two 
preceding years.  
 
All field equipment used in establishment of the experiment was transported to the site from the WSU Dryland 
Research Station.  Treatments are: (i) stubble burned + disked, (ii) stubble chopped + moldboard plowed, (iii) stubble 
burned, then direct seeded, (iv) direct seeding into standing and undisturbed stubble, and (v) WC broadcast directly 
standing WW before wheat harvest. Experimental design is a randomized complete block with four replications of each 
treatment for a total of 20 plots.  Individual treatment plot widths range from 8-to 10-ft depending on the tillage 
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 implement (if any) used.  All plots are 100 feet long.  Application of irrigation water, which totals about 15 inches for 
the crop year, is managed by Mr. Schibel.  Fertilizer (N, P, K) is applied in the fall and again in the spring at rates 
recommended by Mr. Schibel.  A fungicide is applied with irrigation water by Mr. Schibel in the spring.  Winter canola 
is harvested with a plot combine. 
 
Study 3:  Winter canola (cv. Roundup Ready WinField 115) was planted into no-till summer fallow on June 20, July 3, 
and July 24, 2014 at the Ron Jirava farm near Ritzville, WA.  The experimental design is a randomized complete block 
with four replications of each planting date.  Canola was seeded at a rate of 5 lbs/acre with a Cross-slot no-till drill.  
Individual plots were 8 ft x 100 ft in dimension.  Acceptable emergence occurred after all three planting dates, but all 
the WC plants died within one week of emergence.  A check of the collaborating farmer’s records showed that he 
applied some Ally herbicide (a sulfonated urea) in his burn-down herbicide mix  prior to our first planting.  Ally has a 
long soil residual and WC does not tolerate sulfonated urea herbicide.  The cooperating farmer was extremely 
apologetic for this error.  Schillinger has worked closely with Mr. Jirava for more than 20 years and this was the first 
time anything of this nature has occurred.  Due to the Ally herbicide application, this experiment was discontinued for 
the 2015 crop year.  Plans have been made to establish the experiment in 2015 (i.e., 2016 crop year) on land on Mr. 
Jirava’s farm that has no soil-residual herbicide history for at least 10 years. 
  
Study 4:  A new WC cropping systems study was initiated at the Ron Jirava farm near Ritzville in 2014.  This study will 
test a 4-year WC-NTF-winter triticale (WT)-NTF rotation.  The timing of the WC planting will likely be after July 20.  The 
ongoing WC planting date experiment at this site (i.e., Study 3) will help to further define the optimum planting date.  
Winter triticale will be included in the rotation because research by Schillinger et al. (2012) has shown that late 
planted (mid-October or later) WT produces equivalent grain biomass as early planted (early September) WW.  This is 
of crucial importance because with NTF there is rarely adequate seed-zone moisture for early establishment of WW.  If 
farmers have to wait until the onset of fall rains, which typically begin no earlier than mid-October or later, their WW 
grain yields will be reduced by an average of 36% compared to early-planted WW.  The grain yield difference between 
early versus late planted WT is much less than for WW.  Thus, with the use of NTF, the 4-year rotation of WC-NTF-ST-
NTF represents a promising possibility for a stable, sustainable, profitable, and ecologically-friendly crop rotation for 
the low precipitation zone. 
 
This new project also includes another four year rotation of winter pea (WP)-NTF-WT-NTF.  Winter pea yield has 
shown potential for high yield (Schillinger has averaged 2300 lbs/acre WP yield planted on summer fallow in several 
years of testing at the Jirava site).  The 2-year WW-TSF rotation is included as the check treatment.  All segments of all 
rotations appear each year and the experiment is replicated four times for a total of 40 plots.  Each plot is 24 x 100 
feet in dimension at the experiment covers 2.2 acres. 
 
Study 5.  We are currently in year 7 of a 9-year-long cropping systems experiment to evaluate camelina (C) produced 
in a 3-year WW-C-TSF rotation compared to the 2-year WW-TSF rotation practiced throughout the low-precipitation 
zone.  The experiment is located at the WSU Dryland Research Station near Lind.  Experimental design is a randomized 
complete block with four replicates.  There are 20 plots, each 250 ft x 30 ft.  Camelina is direct drilled + fertilized into 
standing WW stubble during late February or early March.  Winter wheat is planted into TSF in late August.  Soil water 
content to a depth of six feet is measured in all 20 plots after C and WW harvest in July and again in March, and from 
the eight TSF plots in late August just before planting WW.  Weed species in C and WW are identified, counted, and 
collected just before grain harvest within a 6 ft x 6 ft sample frame randomly placed in each plot.  Above ground dry 
biomass of each weed species is determined after placing samples in a low-humidity greenhouse for 30 days.  Surface 
residue remaining after planting WW into TF is measured in both rotations using the line-point method.    
 
Study 6:  Since 2010, the production potential for safflower (SAF) is being determined at the long-term dryland 
cropping systems experiment on the Ron Jirava farm located west of Ritzville, WA.  Safflower is grown in a 3-year WW-
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 SAF-TSF rotation and is compared to WW-SW-TSF and WW-TSF rotations.  Each phase of all rotations is present each 
year and there are four replicates.  Individual plots are 30 x 500 feet.  Soil water is measured in all plots after grain 
harvest in August and again in early April, and from TSF in early September.  Treflan, a soil-residual herbicide, is 
applied in March or April to be rain incorporated into plots that will be sown to SAF.  Safflower is direct sown at a rate 
of 40 lbs/acre + fertilized into standing and undisturbed WW stubble in late April or early May.  Grain yield is 
determined with a commercial-sized combine and a weigh wagon. 
 
Study 7:  Beginning in 2014, twelve varieties from the North Dakota State University safflower variety testing program 
were grown at Lind.  The plot area was injected with 50 lbs N and 10 lbs S fertilizer per acre prior to planting.  The 
study was planted with a 5-ft-wide double-disc opener small-plot drill equipped with a cone feeder on April 21.  
Seeding rate was 40 lbs/acre.  Experimental design was a randomized complete block with four replications.  Individual 
plot size was 20 x 5 feet.  Russian thistle was hand weeded from the experiment during late spring and summer.  The 
trial was harvested on September 8 using a plot combine. 
 
RESULTS, DISCUSSION, AND IMPACT 
Winter Canola  
Study 1:  Winter canola rotation benefit.  Excellent plant stands of both WW and WC were achieved for the 2014 crop 
year, but WC was killed by cold winter temperatures.  Spring wheat yields in 2014 were 29 bushel/acre following WW 
versus 18 bushels/acre following WC (Table 1).  Spring wheat plants after WW had more rapid phenological 
development compared to SW after WC.  For example, on June 24, SW after WW was mostly headed out whereas SW 
after WC was still in the boot stage.  This was visibly apparent in all six replicates.  Visual differences among treatments 
were also obvious at time of SW grain harvest on August 25 (Photo 1). 

Table 1. Grain yield of winter wheat (WW) and winter canola (WC) and the subsequent grain yield of 

spring wheat (SW) following either WW or WC. 

    
________________________________  Grain yield  ______________________________ 

    
WW WC     SW after SW after   

    (bu/A) (lb/A)     WW (bu/A) WC (bu/A)   

Year 1 2008   68   602   2009     57 a       43 b†   

Year 2 2009   83   644   2010 65  64   

Year 4‡ 2011 110 2888   2012    57 a     41 b   

Year 5 2012 108 3800   2013 84 77   

Year 6 2013 105 3687   2014   29 a    18 b   

Avg.      95§ 2324       58 a    49 b   

† Within-year spring wheat grain yield means followed by a different letter are significantly different at 

p<0.05. 
‡ Winter canola was killed by cold during the 2010 crop year; therefore, no WW or WC harvest in 2010 nor 

subsequent SW crop in 2011. 
§ Analysis of variance was not conducted for grain yield differences between WW and WC. 
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With five years of SW yield 
data (WC was killed by cold 
in 2010, thus no SW yield 
data for 2011), SW wheat 
yield was significantly 
greater after WW in most 
years (Table 1).  The 5-year 
average yield for SW is 58 
bushels/acre after WW and 
49 bushels/acre after WW; 
these differences being 
statistically significant at 
P<0.001. 
 
We are as yet uncertain of 
the reason for these SW 
grain yield differences 
among treatments. We 
have achieved truly 

outstanding yields for WW and WC in many years (note yields in 2011, 2012, and 2013 in Table 1).  Detailed soil water 
measurements have been obtained every year after WW and WC harvest, in late April in WW and WC stubble just 
before planting SW, and again after SW harvest.  There was some year-to-year differences in water use by WW 
compared WC, but no trend.  Averaged over six years, WW used 0.3 inches more soil water than WC, but this 
difference was not statistically different (Table 2).  Overwinter soil water storage between treatments also varied 
somewhat from year to year but, on average, soil water content in late April was essentially equal (there was an 
average of 0.1 inch more water in WC stubble, Table 2).  We are encouraged that, despite the fact that WW stubble 
has much more residue biomass than that of WC, overwinter water storage between the two treatments was equal.  
Does the taproot of WC allow better water infiltration compared to the fibrous roots of wheat?  To test this theory, we 
conducted comprehensive ponded water measurements on partially frozen soils in standing WW and WC stubble in 
February (Photo 2).  These measurements did not show greater ponded water infiltration with WC.  

Photo 1. Spring wheat near Davenport at time of harvest in 2014 where the preceding crop was either winter wheat 

(left) or winter canola (right). 

Table 2. Soil water content in six feet of soil: (i) after harvest of winter wheat (WW) and winter canola (WC) in August and (ii) 

in WW and WC stubble at the end of April.  The last two columns show net overwinter soil water gain in WW and WC stubble. 

  Soil water (inches) 

  Baseline   Late April   +ΔH2O 

Crop year 
WW 

stubble 

WC 

stubble 
 WW stubble WC stubble  WW stubble 

WC 

stubble 

2009     10.2 a†     9.0 b      20.3 a   19.8 b    10.1   10.8 

2010 13.9 14.0   18.2 17.6     4.3    3.6 

2011 10.8 10.7      21.6 a    20.5 b       10.8 a        9.8 b 

2012     9.3 b    11.7 a   16.0 17.4      6.7     5.7 

2013    10.2 b    11.5 a   19.9 20.5      9.7     9.0 

2014  11.5 10.7   16.0 16.9      4.5     6.2 

6-yr avg.  11.0 11.3   18.7 18.8       7.7     7.5 
† Within-row soil water values for both sampling dates as well as net water gain values followed by a different letter are significantly different at P < 0.05. 
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 Dr. Tim Paulitz has observed and taken 
plant tissue and soil samples from the 
WW and WC portion of the rotation 
every year.  He never saw any foliar 
disease on plant tissue or soil-borne 
pathogens in the soil.  There were 
essentially no weeds (including downy 
brome) in any crop in any year except 
some volunteer WC in SW in 2012 and 
2013.  Could the volunteer WC have 
used enough water to depress SW yield 
in 2012 and 2013?  Possibly, but this still 
does not explain the same yield decline 
trend that occurred in SW in 2014 when 
there was no WC volunteer (the WC 
volunteer was killed by cold winter 
temperatures). 
 
Could the yield decline in SW be caused 
by WC extracting more nutrients from 
the soil than WW, therefore leaving SW 
after WC inadequately fertilized?  The 
cooperating farmer took care of all fertilizing, planting, and weed control for the SW portion of the experiment.  
Although we have not yet received the field soil fertility test results or the fertilizer rates used for SW, the cooperating 
farmer has this information in his records and has promised to share with us.  Our cooperator, Hal Johnson, is known 
to be an excellent farmer who always applies ample fertilizer. He (as well as two very knowledgeable farm staff) is 
highly doubtful that soil nutrient deficiency could be an issue.  Still, until we obtain the aforementioned records, this 
cannot yet be ruled out. 
 
Another possible reason for the difference in SW grain yield between the two treatments is root lesion nematodes.  
Canola (as well as numerous other crops) is known to be a host of root lesion nematodes.  According to data from Dr. 
Richard Smiley, OSU plant pathologist, the WC variety ‘Amanda’ used in our experiment is the most susceptible to 
root lesion nematodes of the WC varieties he has tested.  Therefore, in early April 2015 we will obtain composite soil 
samples in 6-inch intervals to a depth of 18 inches from the 2014 SW plots (2 treatments x 6 replicates x 3 depth 
increments = 36 samples) and have them analyzed for root lesion nematodes.      
 
Study 2:  Irrigated winter canola.  Adequate stands of WC were achieved in all five treatments in all replicates in 
September 2013 (i.e., the 2014 crop year).  We used a 5 lbs/acre seeding rate for all treatments.  The broadcast seed 
into standing wheat stubble before wheat harvest treatment had extremely thick plant stands. The thick, 120 bushel/
acre yielding WW cut at 12-inch stubble height along with completion with other WC plants in the broadcast 
treatment resulted in an average above ground hypocotyl length of four inches.  The hypocotyl is the stem area from 
the seed to the lowest branches. 

During the winter of 2013-2014, all plants in the broadcast as well as the direct seeding into standing stubble were 
killed by cold temperatures. The other treatments were heavily damaged, but survived.  Of the three surviving 
treatments, the stubble chop + moldboard plow was most heavily damaged and stands much diminished. 

A twilight field tour organized by Karen Sowers, WSU oilseeds extension specialist, was held at the experiment site on 
May 29.  Approximately 50 farmers and agricultural industry personnel attended (Photo 3).  Collaborating farmer Jeff 
Schibel, Schillinger, and others presented. 

Photo 2. Water infiltration measurements in partially frozen soil in February near Davenport in 

winter canola stubble and winter wheat stubble. 
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 Winter canola seed yields in 
2014 for the three surviving 
treatments ranged from 1830 
to 2832 lbs/acre (Table 3).  
The chop + moldboard plow 
treatment had the lowest 
seed yield due to fewer 
number of plants that 
survived the cold winter 
temperatures; i.e., there were 
still bare areas in this 
treatment at time of harvest 
even though surviving WC 
plants exhibited extensive 
branching and number of 
pods per plant.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the 2015 crop year, WC was planted in all five treatments according to the protocols outlined in the “Methods” 
section above.  Excellent stands were achieved in all treatments in all four replicates.  For the broadcast WC seed into 
standing wheat before wheat harvest treatment, we reduced the seeding rate to 3 lbs/acre (we used 5 lbs/acre in the 
2013 crop year).  Lowering the seeding rate for the broadcast treatment lowered the WC plants per unit area 
compared to the previous year.  By October, the above-ground portion of the hypocotyl of WC plants average 1.5 
inches (versus 4 inches in the previous year) and the hypocotyls were generally prostrate (Photo 4) compared to 
completely upright in the previous year.  There was essentially no portion of the hypocotyl extending about the 
ground in the chop + moldboard plow, burn + direct seed, and the burned + disc treatments (Photo 5). 

Photo 3. Twilight tour on May 29, 2014 of the irrigated winter canola experiment at the Jeff Schibel farm near 

Odessa.  Photo courtesy of Darrell Kilgore, WSU CAHNRS Communications. 

Table 3: Irrigated winter canola seed yields during the first two years of wheat stubble management 
experiment conducted near Odessa, Washington. 
  

  ----------------------Year---------------------- 

        

  2013 2014 2-yr avg. 

  ----------------Grain yield (lbs/ac) -------------- 

Stubble burned + disked 3092 2832 2962 

Stubble burned + direct-seeded 3020 2678 2849 

Stubble chopped + moldboard plowed 3246 1830 2538 

Direct seeded into undisturbed stubble 2988 **   

Broadcast into standing wheat * **   

Statistical significance ns (p=0.40) ns (p = 0.06) ns (p = 0.11) 

*  The broadcast into standing wheat before harvest treatment was not present in 2013. 
** Canola killed by cold temperatures in 2014. 
ns = No significant statistical differences at p<0.05. 
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There were no foliar diseases present in the WC in any treatment when assessed in late October, 2014.  In addition, 
soils collected from all treatments and all replicates in October had no detectable soil-borne pathogens (See report by 
Dr. Tim Paulitz).  Thus, we were highly optimistic about the seed yield potential in this experiment. 
 
One day in early December 2014, a warm daytime temperature of 60 degrees F was followed that evening by a low 
temperature of 4 degrees F.  Winter canola plants were not hardened to withstand this sudden, dramatic temperature 
change and essentially all WC plants in all treatments of the experiment were killed.  The WC in Jeff Schibel’s circle (in 
which the experiment was embedded) was also killed. 
 
Although we lost this experiment for the 2015 crop year (which was supposed to be the final year), farmer 
collaborator Schibel and Schillinger have decided to continue this study. 
 
Study 3:  The winter canola planting date study in 2014 was conducted in following the protocols outlined in the 
“Methods” section above.  The Roundup Ready WC variety WinField 115 was planted with a Cross-slot no-till drill on 
16-inch row spacing into standing, undisturbed stubble of the previous spring wheat crop.  Uniform WC seedling 
emergence occurred from planting dates of June 20, July 3, and July 24.  However, soon after emergence, all plants 
died.  Careful examination of the collaborating farmer’s records showed that he had a sulfonated-urea soil-residual 
herbicide (Ally) in his spring burn-down herbicide mix.  The experiment was, therefore, terminated. 
 
We plan to establish this experiment again in 2015 on land that the collaborating farmer is absolutely sure has no 
sulfonated urea history for at least the last 10 years.  The experiment area has already been flagged for six planting 
dates.  We will, again, plant WC with the Cross-slot drill until and unless the soil moisture line is more than 2.5 inches 
below the soil surface (which may likely happen by late July), in which case we will use a deep-furrow hoe drill.  
  
One change planned for the 2015 experiment is to mow WC from a portion of the plots planted in June and early July 
in mid-to-late July to determine the effects on water use, subsequent dry matter production, and seed yield.  WSU 
graduate student Megan Reese will again take extensive measurements of WC soil water use and dry matter 
production as affected by the various planting dates.  
 

Photo 4. Aboveground (1.5-inch long) portion of the hypocotyl of 

the broadcast treatment in the irrigated winter canola experiment 

near Odessa in October 2014. 

Photo 5. Winter canola in the burn + disk treatment in the Odessa 

experiment where there is essentially no aboveground extension 

of the hypocotyl. 
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 Study 4:  This new long-term cropping systems study at Ritzville has two 4-year rotations and the 2-year WW-TSF 
rotation as a check treatment. These rotations are: 

WC-NTF-Winter triticale (WT) – NTF 
Winter pea (WP) – NTF – WT – NFT 
WW - TSF 

Both 4-year crop rotations are direct seeded (there is no tillage done in any portion of the rotation).  We know from 
research published by Sharratt and Schillinger (Agronomy Journal, 2014) that even undercutter tillage during fallow 
after camelina, SAF, canola, and WP will not retain adequate surface cover to protect the soil from wind erosion.  
Farmers in the low-precipitation zone are, therefore, left with two feasible options following oilseed crops and WP:  (i) 
plant a spring crop (i.e., no summer fallow), or; (ii) practice NTF rather than TSF. 
 
Winter canola, WP, and WW were planted into NTF on August 28, 2014 with a deep-furrow drill.  Winter wheat was 
planted into TSF on September 2.  Soil moisture adequate for germination and emergence was located three inches 
below the soil surface.  We achieved excellent stands of WP, WT, and WW.  The emerging WC seedlings, however, 
failed to emerge through the relatively warm soil surface (maximum air temperature was 88 degrees F seven days 
after planting).  The WP, WT, and WW made it through the 2014-2015 winter in good shape.  Spring canola (SC) will be 
planted in lieu of WC in this experiment for the 2015 crop year. 
 
Camelina 
Study 5:  Excellent stands of ‘Calena’ 
camelina were achieved from a March 
12, 2014 planting (Photo 6).  Spring 
rainfall was much less than average.  
Total crop year (Sept. 1 – Aug. 31) 
precipitation at Lind in 2014 was only 
7.69 inches compared to the long-term 
average of 9.42 inches.  As a result, 
camelina yields were only 305 lbs/acre in 
2014 compared to the 5-year average of 
405 lbs/acre from this experiment (Table 
4).  Winter wheat grain yield in 2014 for 
the 3-year WW-C-TSF rotation was 27.3 
bushels/acre versus 25.9 bushels/acre in 
the 2-year WW-TSF rotation (Table 4). 
 
Average winter wheat grain yields in the 
3-year WW-C-TSF rotation versus those 
in the 2-year WW-TSF rotation are 37.1 
and 39.5 (a 2.4 bushel/acre or 6% 
difference, Table 4).  This slight WW yield 
decline in the 3-year rotation has 
occurred every year, although there have never been any statistically significant differences in WW yield between the 
two rotations. 

Photo 6. WSU agricultural research technician John Jacobsen in a camelina plot in the long-term 

cropping systems experiment at Lind in early June. 
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As mentioned in previous oral and written reports on this project, the slight decline in WW grain yield in the 3-year 
rotation is likely due to difference in water loss in the two rotations that occur during fallow from mid-March to late-
August.  Although primary spring tillage with the undercutter V-sweep and any subsequent rodweedings during late 
spring and summer take place at the same time and at the same depth, an average of 0.5 inch of additional soil water 
is consistently lost in TSF after camelina compared to TSF after WW (Table 5).  The 2014 fallow year was somewhat 
unusual in that we failed to achieve a stand of camelina in 2013, thus these plots were “double summer 
fallowed” (plots remained bare in throughout the 2013 and 2014 crop years).  The top portion of Table 5 shows the 
additional water that was stored in these double-summer fallowed plots compared to the WW-TSF rotation.  The 
double-summer fallowed plots, of course, had more water throughout the 2014 fallow cycle and, by August, had stored 
and additional 2.3 inches compared to the 2-year rotation.  However, since the 2014 fallow cycle was so dry, the fallow 
in the 3-year rotation actually had 10% more water in the soil profile in August 2013 (after a 12-month fallow) than it 
did in August 2014 (after a 24-month fallow) (Table 5).  These values are reflected in the precipitation storage efficiency 
(PSE) data in the last column of Table 5. 

Table 4: Camelina (C) seed yield and subsequent grain yield of winter wheat (WW) when grown in a 3-year winter wheat-camelina-
fallow rotation or a 2-year winter wheat fallow rotation at Lind, WA. Camelina yields are in pounds per acre and winter wheat in 
bushels per acre. 
  

  Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 5-yr avg. 

Rotation 2008 2010 2009 2011 2010 2012 2011 2013 2012 2014 2013 2015 Camelina WW 

C–TF–WW 70† 47.0 440 32.8 325 38.0 635 41.8 555 25.9 0‡   405§ 37.1 

TF-WW  51.3  34.9  41.7   42.4   27.3       39.5 

†Previous camelina yield in rotation (lbs/acre). 
‡Camelina planted twice and failed twice in 2013, thus these plots left in fallow. 
§ The 5-yr avg. does not include 2013.  The 2014 camelina yield was 305 lbs/acre. 

Table 5. Soil water content at the beginning (after harvest), early spring, and the end of fallow (just before planting of winter wheat) and 
associated gain or loss of water and precipitation storage efficiency (PSE = gain in soil water/precipitation that occurred during the fallow 
period) in the 6-foot soil profile in summer fallow in a 2-year winter wheat-fallow rotation versus a 3-year winter wheat-camelina-fallow 
rotation.  The top portion of the table shows water content during the 2013-2014 fallow cycle and the bottom portion shows fallow water 
content for the 6-year average.  ns = no significant differences. 
  

  _________________________  Timing in fallow period  _______________________   

  Beginning (late 
Aug.) 

Spring 
(mid Mar.) 

Over-winter 
gain 

End 
(late Aug.) 

Mar. to Aug.  
water 

PSE† 
(%) 

  ________________________  Soil water content (inches)  _____________________   

    A. 2013-2014     

Fallow treatment             

    After winter wheat 
     (2-yr rotation) 

       6.0       9.0         3.0      7.0       -2.0      13 

    After camelina 
     (3-yr rotation) 

     10.1     11.6         1.5      9.3       -2.3     -10 

p-value    0.003     0.01       0.01  0.002         ns   0.03 

    B. 6-year average     

Fallow treatment             

    After winter wheat 
     (2-yr rotation) 

       6.2         9.7         3.5        8.9       - 0.8      27 

    After camelina 
     (3-yr rotation) 

       6.7       10.1         3.3        8.8        -1.3      20 

p-value      0.04       0.01          ns         ns  < 0.001 0.001 

†2014 crop-year precipitation = 7.69”; average crop-year precipitation for five fallow years from 2009-2014 = 9.42”. 
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 In 2015, we plan extensive field and laboratory testing of the surface soil mulch characteristics in the 2-year and 3-year 
rotations to determine the cause of the consistently higher soil water losses from mid-March to late-August in the 3-
year rotation.  We expect the main reason may be surface residue cover, but it also could possibly be soil clod size 
distribution within the soil mulch.  This new work effort will be of interest to both farmers and the scientific 
community. 
 
Safflower 
Study 6:  We completed our fifth year of 
a long-term safflower (SAF) cropping 
systems experiment on the Ron Jirava 
farm near Ritzville in 2014.  Safflower is 
grown in a 3-year WW-SAF-TSF rotation.  
We planted SAF on April 28 in 2014; 
more than a month later than other 
spring planted crops at this site.  Due to 
the drought (8.14 inches of precipitation 
during the 2014 crop year), SAF only 
produced a seed yield of 125 lbs/acre in 
2014 (Photo 7).  The 5-year average seed 
yield for SAF is 534 lbs/acre. 
 
Due to safflower’s relatively high soil 
water use (data not shown), crops grown 
after SAF sometimes produce lower 
grain yield than those following wheat.  
The water shortfall carries through a 
year of fallow after SAF harvest 
compared to a year of fallow after SW or 
WW (data not shown).  Table 6 shows 
WW grain yield at the Ritzville site in 
three rotations for three cycles. The 
highest average WW grain yield of 72 
bushels/acre is in the WW-SW-TSF rotation.  The next highest average WW grain yield is 64 bushels/acre in the WW-
TSF rotation.  The lowest average WW grain yield of 59 bushels/acre occurred in the WW-SAF-TSF rotation. 

Photo 7. Safflower in the long-term cropping systems study near Ritzville in mid-July, 2014. 

Safflower is usually in full flower in mid-July, but the 2014 crop was already water stressed at this 

time. Note the green borders where safflower is using available water from neighboring fallow 

(left) and spring wheat (right). This crop produced a seed yield of only 125 pounds per acre. The 

2014 crop-year (Sept. 1 – Aug. 31) precipitation at the site was 8.14 inches. 

Table 6. Winter wheat grains yields in three crop rotations during three complete cycles in the Jirava cropping systems 
study near Ritzville, WA.  Crop rotations are safflower-tilled fallow (TSF)-winter wheat (WW), spring wheat (SW)-TSF-
WW, and WW-TSF. 

  

  Cycle 1 Cycle 2 Cycle 3 Cycle 4 3-cycle avg. 

Rotation 2010 2012 2011 2013 2012 2014 2013 2015   

Safflower–TSF–WW   125†    62 b‡ 1091 64 b 774 55 552   59 c 

SW–TSF–WW     39§     79 a     43 81 a   28 52   21   72 a 

TSF-WW       75 a   63 b   55     64 b 

† Previous safflower yield in rotation (lbs/acre). 
‡ Within-column means followed by a different letter are significantly different at P<0.05. 
§ Previous spring wheat yield in rotation (bu/acre). Crop-year (Sept. 1 – Aug. 31) precipitation at the site was 8.14 
inches. 



2014 WOCS Annual Report 

 

Page 40 

 Although the 3-cycle average WW grain yield is lowest in the WW-SAF-TSF rotation, the only significantly different 
within-year WW yield differences between the WW-SAF-TSF and WW-TSF rotations occurred in 2012.  Winter wheat 
yield in these two rotations were essentially identical in 2013 and 2104 (Table 6).  This indicates that SAF may be 
providing a rotation benefit to the subsequent crop that offsets its well-documented high soil water use.  
 
Some readers may be confused as to why we only have three “cycles” of data despite having grown and harvested 
SAF for five years.  The reason for this is there is a year of fallow in all three rotations before WW is planted.  Thus, 
there is a two-year time period from SAF, SW, and WW harvest until the next WW harvest.  The message here is that 
cropping systems research takes time.   
 
Study 7:  Twelve entries of the North Dakota State University safflower variety testing program were planted in a 
replicated study at Lind on April 21, 2014.  The experiment was harvested using a plot combine on September 8.  Seed 
yields of the twelve entries ranged from 133 to 267 lbs/acre.  There were statistically significant differences among 
the entries with the variety ‘Gila’ producing the highest yield.  As previously mentioned, only 7.69 inches of 2014 crop
-year precipitation occurred at Lind. 
 
Affiliated Projects and Funding:  Schillinger and Paulitz are Co-PIs on a 3-year grant from the Washington Department 
of Ecology for a project titled “Management of fresh wheat residue for irrigated winter canola production”.  
Schillinger received $10,000 from the REACCH Project in 2014 for partial support of the large-scale (i.e., 20 acre) Jirava 
cropping systems experiment near Ritzville that is now in its 19th year.  
 
 
Oilseed-related publications in 2014 
Referred Journal Articles 
Sharratt, B.S., and W.F. Schillinger. 2014.  Windblown dust potential from oilseed cropping systems in the Pacific 

Northwest United States.  Agronomy Journal 106:1147-1152.  
 
Guy, S.O., D.J. Wysocki, W.F. Schillinger, T.G. Chastain, R.S. Karow, K. Garland-Campbell, and I.C. Burke.  2014.  

Camelina: Adaptation and performance of genotypes.  Field Crops Research 155:224-232. 
 
Schillinger, W.F., and T.C. Paulitz.  2014.  Natural suppression of Rhizoctonia bare patch in a long-term no-till cropping 

systems experiment. Plant Disease 98:389-394. 
 
Extension Bulletins 
Schillinger, W.F., D.J. Wysocki, T.G. Chastain, S.O. Guy, and R.S. Karow.  2014.  Camelina: Effect of planting date and 

method on stand establishment and seed yield.  PNW Extension Bulletin 661. Washington State Univ., Oregon 
State Univ., Univ. of Idaho. 

 

Abstracts from Professional Meetings 
Schillinger, W.F., T.C. Paulitz, J.S. Schibel, and J.A. Jacobsen.  2014.  Management of fresh wheat residue for irrigated 

winter canola production.  American Society of Agronomy annual meeting.  2-5, Nov., Long Beach, CA.  ASA, CSSA, 
SSSA Abstracts. 

 

Washington State University Field Day Abstracts 

Reese, M., B. Pan, and B. Schillinger.  2014.  Winter canola planting date effects on soil water use.  p. 51.  In Dryland 
Field Day Abstracts: Highlights of Research Progress.  Dept. of Crop and Soil Sciences Tech. Report 14-1, WSU, 
Pullman, WA. 
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 Schillinger, B. R. Jirava, J. Jacobsen, and S. Schofstoll.  2014.  New long-term winter triticale, winter canola, and winter 
pea cropping systems study initiated near Ritzville.  p. 50-51.  In Dryland Field Day Abstracts: Highlights of Research 
Progress.  Dept. of Crop and Soil Sciences Tech. Report 14-1, WSU, Pullman, WA. 

 
Schillinger, W., T. Paulitz, J. Schibel, J. Jacobsen, and S. Schofstoll.  2014.  Management of fresh wheat residue for 

irrigated winter canola production.  p. 54.  In Dryland Field Day Abstracts: Highlights of Research Progress.  Dept. of 
Crop and Soil Sciences Tech. Report 14-1, WSU, Pullman, WA. 

 
Sowers, K., D. Roe, B. Pan, F. Young, A. Esser, and B. Schillinger.  2014.  Spreading the word about oilseed production – 

WSU extension and outreach.  p. 49.  In Dryland Field Day Abstracts: Highlights of Research Progress.  Dept. of Crop 
and Soil Sciences Tech. Report 14-1, WSU, Pullman, WA. 

 
Field Tours 
A twilight tour of the irrigated winter canola residue management experiment at the Jeff Schibel farm near Odessa (50 

people attended) was held on May 29, 2014. 
 
The long-term camelina cropping systems study at Lind was presented, and winter canola studies discussed, at the 

98th annual Lind Field Day (250 people in attended) on June 12, 2014. 
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 Canola Insect Pests  

 
PI: Dale Whaley  
 
Region 2 
 
CoPI: Frank Young  
 
Funding term and duration: 2014 – present   
 
Background: Historically there has been little canola production in the low-to-intermediate rainfall zone of central 

Washington. In 2007, there was one producer who planted an estimated 600 acres. Since then, more producers 

continue to add winter canola to their traditional winter wheat-summer fallow rotations after seeing research 

conducted by USDA-ARS and Washington State University Extension. This ongoing research includes stand 

establishment, planting date and rate studies and variety trials. As of 2014, there were 7,791 acres planted in Douglas 

County which represents about 22% of the total canola production for the state of Washington. In one of the fields I 

observed a large number of weevils on the winter canola. The insect was later identified as Cabbage Seedpod Weevil 

(CSPW) Ceutorhynchus obstrictus (Marsham). This insect pest causes damage to members of the Brassicaceae or 

mustard family, including cultivated crops such as canola and brown mustard. The CSPW was introduced to North 

America from Europe in the 1930’s where it first showed up in the southwestern province of British Columbia. From 

that initial introduction, this alien species quickly spread south and eastward and by the 1990’s had become a major 

pest across much of the temperate United States including Canada. When left unmanaged, the CSPW can cause 

significant damage to ripening seeds and therefore can impact overall yields. 

 

Objectives: Determine the extent of cabbage seedpod weevil numbers in canola 

fields across central Washington and educate landowners about this common pest 

of canola.  

Methods:  
Sampling was conducted within several canola fields to determine peak 
emergence and population density levels of CSPW. Fields were surveyed on May 5 
and again on May 12.  A standard heavy canvas sweep net was used taking ten 
180° sweeps along field borders and at various spots within the center of the 
sampled field. 
 
Results and Discussion:  
Cabbage seedpod weevil survey results from May 12 are summarized in Table 1. 

Insect pressure varied with the largest number of CSPW being recorded in 

northern Douglas and southern Okanogan counties. No insects were found south 

of Highway 2 during the survey.  

Impact/Potential Outcomes: Literature has established an action or treatment threshold of 30 to 40 adults per ten 

sweeps. Producers were notified if the threshold was exceeded and treatment options were discussed.  
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 Presentations and Publications:  
Whaley, D.K. 2014. Insect Pests of Canola. Winter Meeting, Waterville, WA. 

 

Whaley, D.K. 2014. Winter Canola Crop Field Tour, Waterville, WA.  

 

Whaley, D.K. 2015. Insect Pests of Canola. PNW Oilseed and Direct Seed Conference, Kennewick, WA. 

 

Whaley, D.K. and Young, F.L. 2015. Extension Fact Sheet. Cabbage Seedpod Weevil. Submitted. 
 
Proposed Future Research/Extension for 2015/2016  
The highest population levels of CSPW continue to originate from northern Douglas and southern Okanogan counties.  
We plan on additional surveys in Grant, Lincoln and Adams counties during 2015.  
The next step is to look at the various control options listed in the literature and determine which ones are most 
beneficial while being economically feasible. Trials will be designed to compare in-season foliar/spray treatments 
versus seed treatments.  Trap cropping will also be explored as a means to control CSPW. 

Table 1. Cabbage seedpod weevil counts taken May 12, 2014. 

Site Site Description1 CSPW in ten sweeps2 

1 Dyer Hill, Rd A NW, 90% bloom 8 

2 Dyer Hill, Rd A NW, 90% bloom 10 

3 Dyer Hill, Rd A NW, 90% bloom 3 

4 Dyer Hill, Rd 26 NW, 100% bloom 0 

5 Dyer Hill, 100% bloom 5 

6 Rd C NE 9 

7 Rd C NE 5 

8 Rd E NE 18 (6) 

9 Rd A NE  3 (1) 

10 Rd B NE 5 (0) 

11 Rd H NE 13 

12 Rd 18 NE 1 

13 Rd L NE 4 (5) 

14 Rd L NE 6 (1) 

15 Heritage Rd, 80% bloom 5 

16 Chalk Hills Rd 100 

17 Road H SW 0 

18 Cameron Lake Rd 42 

19 Timentwa Rd 30 

1 Sites 1-17 are in Douglas County. Sites 18 and 19 are in Okanogan County. 
2 Numbers in parentheses indicate CSPW counts also taken the previous week (May 5). 
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 Canola Production in the Intermediate Rainfall Cropping Region 

 
PI:  Aaron Esser 
 
Region 2 
 
Co-PI: Scot Hulbert 
 
Funding term and duration: 2007 - present  
 
Technical Support: Derek Appel 
 
Background and justification:  
The adoption of oilseeds into rotation have been talked about by growers and researchers for years, yet oilseed 
planting and production success remains hit and miss across the intermediate (13-17 inches annual precipitation) 
cropping zone.  Spring canola varieties have shown a trend for increased yield (12% over the last 8 years. Source: 
University of Idaho Brassica Breeding web page) and offer unique weed control options that can fit well with cereal 
grain cropping systems.  This project uses large scale long-term crop rotation studies and targeted extension outreach 
of key results to provide growers with information needed to successfully adopt canola into their crop rotation.  At the 
WSU Wilke Research and Extension Farm we have fully incorporated spring canola into the 4-year rotation and 
“practicing what we preach.” A second study has been initiated at Wilke examining spring canola in crop rotation 
compared to spring wheat and garbanzo beans. A third large scale on-farm test north of Almira, WA is examining 
nitrogen (N) fertilization of winter canola at seeding to help improve yield.     
   
Objectives:  
The objective of this project is to utilize “show and tell” large scale projects to demonstrate canola as a positive fit into 
a crop rotation in this region. For this to happen, growers need to see long-term economic benefits and improved 
weed control efficacy.    
 
Methods:  
The WSU Wilke Research and Extension Farm has been divided into seven large (~25 acres each) strips since 2004. 
Three of these strips are maintained in a 3-year rotation of no-till fallow, winter wheat and spring cereal. Four strips 
are maintained in a 4-year rotation of no-till fallow, winter wheat, spring cereal and spring cereal.  In 2012, spring 
canola was incorporated into the 4-year rotation - no-till fallow, winter wheat, spring canola and spring cereal. The 
large strips are not replicated each year but results over time will be documented on a large commercial scale.  
 
The north side of the farm has been continuously cropped to cereal grain production in a 3-year rotation of spring 
barley, spring wheat, and re-crop winter wheat. In 2014 a large study was initiated that has three treatments: spring 
wheat, garbanzo beans and spring canola in rotation with recrop winter wheat and then spring barley. This study is a 
randomized complete block design with 4 replications. A second location is going to be established in 2015 and a third 
location will be added in 2016. Treatment and subsequent grain yields and economic production data will be collected 
each year.  
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 In 2013 at Brunner’s farm eight miles north of Almira, an on-farm test (OFT) was established examining winter canola 

liquid N fertilizer rates placed approximately two inches away from the seed. The trial was seeded into no-till fallow 

using a JD ConservaPak direct seed drill on 12-inch row spacing. The three fertilizer treatments are detailed below:  

 

 

 

 

 

 

 

 

 

Subsequent fertilizer applications are applied with a sprayer equipped with stream jet fertilizer nozzles. The OFT is a 
randomized complete block design with 3 replications, and was established for a second year in 2014.   
 
Results and Discussion:   
In 2014 spring canola at the WSU Wilke Research and Extension farm had the lowest overall economic return over 
input costs of -$55.09/ac (Table 1). Winter wheat, spring wheat and no-till fallow averaged $335, $45 and -$45/ac 
return, respectively. This was mostly due to an insecticide application cost in canola and low yields because of dry 
conditions and hot temperatures. However Plot 3 and Plot 1, which have had canola over the past three years, had the 
highest average economic return over input cost of $200 and $199/ac compared to Plot 4, 5, 2, North, 6 and 7 with 
$184, $180, $156, $137, $123, and $119/ac respectively.   
 
In the crop rotation study, spring wheat had the greatest yield at 1,514 lbs/ac, and garbanzo beans produced the least 
amount at 526 lbs/ac (Table 2). Canola yields were less then wheat and greater than garbanzo beans at 745 lbs/ac. 
Wheat had the greatest economic return at $194/ac and no differences were detected between canola and garbanzo 
beans at $123 and $121/ac. No differences were detected in input costs between the three crops with an average of 
$117/ac. Wheat had the highest economic return over input costs of $77/ac compared to $6 and $5/ac for canola and 
garbanzo beans, respectively. Sprinter hard red winter wheat was seeded over the top of the study in the fall of 2014 
and will be harvested in 2015 to capture rotation impacts on grain yield and economic returns.  
 
In the OFT at Brunner’s, fertilizer applied at seeding significantly decreased winter canola yield (Figure 1). Canola that 
received no fertilizer at seeding yielded 818 lbs/ac, compared to only 741 and 719 lbs/ac when 15 and 30 lbs N/ac was 
applied at seeding.  
 
Impact/Potential Outcomes:   
This research/extension project will show how spring canola incorporated long-term in a rotation has positive benefits 
reflective in greater economic returns over time. The fertilizer timing with winter canola, if repeatable over years, has 
the potential to increase winter canola average yields and may help improve winter survivability. Research plots and 
outreach go hand-in-hand with field days, social media, web pages, and extension bulletins. At the inception of this 
study virtually no spring canola was produced in Lincoln County and over the last two years more than five growers 
have produced spring canola.    
 
Affiliated projects and funding:   
REACCH funding is the closest affiliated project with this one.  
 
 

Treatments Drill applied N Fall applied N Spring applied N Total applied N 

  ------------------------------------------ lbs N applied/ac -------------------------------------------- 

0 lbs N/ac 0 60 30 90 

15 lbs N/ac 15 45 30 90 

30 lbs N/ac 30 30 30 90 

Note: All three treatments received 25 lbs/ac MicroEssentials® SZ™ (MESZ) fertilizer applied with the seed. MESZ is a granulated 

fertilizer that incorporates phosphorus, sulfur and zinc with each granule.  
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 Publications:  
Esser, A.D. and D. Appel. 2014. WSU Wilke Research and Extension Farm production and economic performance 

2013. Washington State University Extension. Technical Bulletin. Accepted, In publishing.  

Esser, A.D. and D. Appel. 2014. WSU Wilke Research and Extension Farm production and economic performance 
2014. Washington State University Extension. Technical Bulletin. Submitted.  

In the near future I will also submit for publishing the results for the WSU Wilke Research and Extension Farm in 2015; the crop 
rotation study and the fertilizer placement study data might be used in combination with other work being completed on canola 
fertilization.  
 

References:  
University of Idaho Web Page. http://www.cals.uidaho.edu/brassica/growers.asp 

 Table 1. Agronomic and economic performance of crops produced under a 4-year crop rotation at the 
WSU Wilke Research and Extension Farm.  
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 Table 2. Canola, garbanzo beans and spring wheat yields, gross economic returns, input costs and economic returns 
over input costs at the WSU Wilke Research and Extension Farm in 2014. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Crop Yield Return Costs R/C

Treatment (lb/ac) ($/ac) ($/ac) ($/ac)

Wheat 1514 194 117 77

Canola 745 123 118 6

Garbs 526 121 115 5

Level of Sign. 0.001 0.001 n/a 0.001

Tukey (P<0.10) 114.91 18.4 n/a 18.4

CV 6.96 7.09 n/a 35.05

† Means within columns assigned different lower case letters are different (P<0.10) LSD(0.10) = 54  

Figure 1. Winter canola yield with varied rates of fertilizer applied about 2 inches from the seed with a 

ConservaPak direct seed drill at Brunner’s farm in 2014.The ConservaPak design allows for banding fertilizer to 6 

in. within the seedbed and up to 4.5 in. of separation between the seed and fertilizer.  
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 Utilization of Winter Canola Grown under Irrigation for Grain and Silage 

 
PI’s:  Don Llewelyn and Steve Fransen 
 
Funding term and duration:  July 1, 2014 through June 30, 2015 
 
Technical Support: Monica Silva will be added in April and May, others as needed. 
 
Background and justification: This project was borne from minimal information for potential dual use of winter canola 
fall growth as forage and summer growth as harvested grain. August planted winter canola grown under irrigation 
produces significant accumulated yields prior to onslaught of winter. We know this low DM forage is impossible to 
field dry for haymaking, but could be used as feedstuff when ensiled. Low DM feeds will produce excessive amounts of 
effluent, which is high in biological oxygen demand (BOD). Once silage effluent reaches water ways, the oxygen 
concentration of the water is dramatically reduced resulting in environmental damage and fish kills. Our study 
integrates agronomic production and animal focused silage production of winter planted canola. A secondary question 
of this study is that if winter canola is harvested for silage, will canola crop stands and canola grain production be 
reduced at harvest the following summer? Based on previous research by our team, we intermixed commercially 
produced alfalfa cubes to mitigate potential effluent losses. The impact of this research will provide recommendations 
to livestock producers needing additional silage to meet winter and early spring operational demands. Additionally, 
quality of silage through fermentation patterns and nutritive value based on fall nutrient management will provide 
more complete information to the dairy and beef industry. Recently, a USDA-WSARE three-year collaborative proposal 
was funded whereby WSU will be contributing research and Extension related to this work, but with different and 
complementary objectives. Washington State producers must make annual decisions as to what and how much to 
grow to meet their livestock requirements. It is possible that oil seed acres will increase, but terminated after the 
silage harvest or alternatively allow the crop to mature until grain harvest. Either way, there would be a net increase in 
oil seed acreage and use of oil seed crops in the region. 
 
Objectives:   

1.Quantify grain yield and grain quality of irrigated winter canola at different N:S fertility ratios.  
2. Compare 5:1 N:S ratios with and without Agrotain for canola forage and grain productivity. 
3. Compare early canola stand establishment and winter survival by fertility and management treatments.  
4. Determine forage yield and quality of irrigated winter canola grown at different N:S fertility ratios.  
5. Produce adequate forage by crop and fertility for ensiling in laboratory tube silos. 
6. Publish manuscripts and Extension bulletins on results and provide producers with recommendations. 

 
Methods:  This new study was planted August 13, 2014 on a Warden silt loam soil (coarse-silty, mixed, superactive, 
mesic Xeric Haplocambids) in block H-21 at IAREC, Prosser with an Argentine type, Croplan 154W RR winter canola 
hybrid at 8 pounds PLS per acre. Eight soil nitrogen and sulfur (N:S) fertility treatments were: 100-0; 100-20; 100-40; 
100-20 + Agrotain; 200-0; 200-20; 200-40; and 200-40 + Agrotain, N:S pounds per acre, respectively.  One third of each 
fertility treatment was applied prior to planting while the remaining 2/3 will be applied in early April, 2015. Stand 
counts were taken on September 29th, 2014 and will be repeated in early spring 2015. Upon canola harvest on October 
13 and 14, 2014 to determine DM yields, fresh canola forage was weighed by treatment and tube silos filled. Source of 
fresh canola forage came from the following field fertility treatments:  100-0; 100-20; 100-40; 200-0; 200-20; and 200-
40 N:S replicated four times with and without alfalfa cubes. Canola silage tubes were emptied on November 24 – 26, 
2014, samples of pre and post-ensiled were prepared for quality analysis. Fermentation profiles on the post-ensiled 
samples were conducted. All pre and post-ensiled and field samples have been scanned in the FOSS 6500 NIRS. We will 
be developing a new winter Canola equation to accurately predict canola forage quality for the 2014 and 2015 samples 
from this project. Pre and post ensiled and field samples were measured for S using ICP and TKN at Kuo Labs.   
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Results and Discussion:  Initial soil samples were collected by rep at 1, 2, 3 and 4 foot depths, for 16 samples, Table 1. 
Soil nutritional values are adequate in the top one-foot where most ag practices have been conducted. Below one-foot 
most nutrients are low and pH increases. Based on these results, we uniformly applied 52 pounds P205 per acre across 
all plots from MAP and no potassium.  No additional P and K will be applied this spring. Canola stand counts were taken 
from two regions of each plot, designated as use for ‘grain’ or ‘forage’. There was no difference in stand counts by 
nutrient treatment for crop use of grain and forage at 15.8 and 16.7 plants per 0.5 m-2, respectively. Forage plot DM 
yield was similar among nutrient treatments, averaging 0.91 tons DM per acre, Table 2. Canola forage tissue for 100 
N:0 S and 200 N:0 S were similar and lower than nutrient treatments when S was added at 20 or 40 pounds per acre, 
Table 2. Agrotain treated nutrient treatments were similar in canola DM yield compared to similar nutrient treatments 
without Agrotain.  October harvested winter Canola forage was ensiled at Prosser in 48 tube silos. We expected low 
DM of fresh forage thus the six nutrient treatments were ensiled alone or mixed with alfalfa cubes to absorb effluent. 
Pre and post silage results will be presented next year after all fermentation pattern and nutritive analysis are 
completed.  

 
Impact/Potential Outcomes:  This project is innovative through the integrated agronomic – animal science approach 
where winter canola field fresh forage is directly ensiled into experimental tube silos. One theme of this project is to 
determine potential crop damage through fall utilization of winter canola forage on winter survival, spring stands and 
canola seed production during the following harvest. Livestock and dairy producers may have a new TMR component 
feedstuff if high quality silage results from ensiled treatments. These results should complement informational needs 
for both oilseed producer and silage feeders.  

Table 1. Soil test analysis for winter canola forage (silage) and grain study on July 31, 2014 at H-21 IAREC, Prosser. 

Rep  :   Depth      
(No)     (ft) 

pH SS 
(mmhos) 

OM 
(%) 

Olson P 
(ppm) 

K 
(ppm) 

Mg 
(meq) 

Ca 
(meq) 

Na 
(meq) 

N03 
(lbs/A) 

NH4 

(lbs/A) 
S 
(ppm) 

Zn 
(ppm) 

Cu 
(ppm) 

Fe 
(ppm
) 

1            1 6.9 0.1 1.2 24 232 1.6 17.2 0.16 24 12 10.1 3.1 1.7 24 

1            2 8.5 0.1 0.4 7 120 1.7 31.9 0.19 14 9 9.5 0.3 1.3 17 

1            3 8.7 0.1 0.3 5 141 2.0 29.1 0.30 14 8 8.5 0.2 0.5 14 

1            4 8.7 0.1 0.3 4 127 1.9 28.4  0.24 12 6 7.6 0.2 0.6 14 

1            5 8.7 0.1 0.3 4 114 1.9 27.9 0.24 6 6 7.4 0.2 0.6 12 

2            1 8.2 0.1 1.2 25 209 1.5 21.0 0.17 24 11 9.6 2.1 1.7 20 

2            2 8.5 0.1 0.6 6 101 1.9 33.3 0.20 17 8 9.2 0.3 1.4 14 

2            3 8.7 0.1 0.2 5 105 2.3 34.1 0.24 16 9 8.8 0.1 0.9 15 

2            4 8.8 0.1 0.2 3 114 1.8 27.6 0.22 7 5 6.8 0.2 0.5 11 

3            1 8.0 0.1 1.2 31 277 1.3 15.4 0.21 23 13 10.1 2.8 1.9 23 

3            2 8.5 0.1 0.4 10 110 1.8 31.4 0.21 16 8 10.3 0.4 1.6 15 

3            3 8.7 0.1 0.2 3 113 2.2 33.3 0.24 9 7 10.4 0.2 1.1 13 

3            4 8.7 0.1 0.4 2 106 2.3 31.9 0.24 6 6 13.5 0.2 0.9 13 

4            1 8.2 0.1 1.4 24 349 1.4 22.7 0.13 22 14 10.8 3.9 1.9 21 

4            2 8.5 0.1 0,1 8 119 1.7 33.7 0.22 12 7 9.5 0.3 1.6 14 

4            3 8.7 0.1 0.2 2 98 2.2 34.8 0.23 7 6 10.9 02 1.1 14 

4            4 8.7 0.1 0.2 3 89 2.3 34.4 0.22 9 6 7.5 0.2 0.8 13 
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Affiliated projects and funding:  A new WSARE project, led by Dr. Kefy Desta at Montana State University, titled: 
“Sustainable Cropping Systems for Dual-Purpose Biennial Canola” project: SW14-014 will be complementary to this 
project. Nutrient treatments, cropping systems and animal digestion responses will be different than the WOCS 
project.  
  
Publications: We are too early in this project to have any publications to report.  
 
Budget needs: Budget requested for July 1, 2015-June 30, 2016 is $19,510.   
 
References:  None at this time 

Table 2. Dry matter yield, tons / acre, of winter canola harvested October 13 and 14, 2015 and 
Sulfur, mg/kg tissue from harvested canola forage. 

Nutrient Treatment (lbs/acre) DM Yield (tons/acre) S (mg S/ kg tissue) 

100 N : 0 S 0.95 1682.0 

100 N : 20 S 0.98 3152.0 

100 N : 40 S 0.99 4156.8 

100 N : 20 S + Agrotain 0.60 3835.8 

200 N : 0 S 0.98 1746.8 

200 N : 20 S 0.94 2777.8 

200 N : 40 S 1.07 3503.6 

200 N : 40 S + Agrotain 0.83 3167.2 

LSD 0.05 NS 652.1 
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Modification of Hypocotyl Length and Seed Size in Camelina and Canola via 

Manipulation of the AHL Gene Family 

PI: Michael M. Neff 

 

Funding term and duration: 7/1/14 – 6/31/15 

 

Graduate students: David Favero and Reuben Tayengwa are both Ph.D. graduate students contributing to this 

project. Both receive RAs from other sources of money. They are both in the Molecular Plant Sciences Graduate 

Program at WSU and working on this gene family in Arabidopsis. 

 

Undergraduate students: Courtney Pierce and Breanna Ervin are both undergraduate students contributing to this 

project. Both receive support from other sources of money. They are working with Reuben Tayengwa on CRISPR/Cas9

-based DNA editing of AHL genes in Arabidopsis. Kim Le is an undergraduate contributing to this project. She receives 

support from other sources of money. She is working with David Favero on determining how the AHLs interact with 

hormone and light signaling pathways in Arabidopsis. 

 

Technical Support: Pushpa Koirala (Technician) and Jiwen Qiu (Postdoc) are both working on this gene family in 

camelina and canola. Both are supported from other sources of money. 

 

Background and justification: In low rainfall, dryland-cropping areas of Eastern Washington, such as the regions 

around Washtucna, Lind and Dusty, stand establishment can have a major impact on yields of camelina and canola. 

During dry years, these seeds need to be planted in deep furrows so that the developing seedling has access to soil 

moisture. In areas with higher rainfall, canola and camelina are often used in rotations where they are planted into 

wheat stubble left over after harvest to reduce erosion and increase soil quality. One approach to facilitate stand 

establishment in each of these regions is to develop varieties with larger seeds and longer hypocotyls as seedlings 

while maintaining normal stature as adults. Unfortunately, few mechanisms have been identified that uncouple adult 

stature from seedling height. 

 

The Neff lab has identified a group of plant-specific genes that, when mutated in a particular way, increase seed size 

and seedling height without adversely affecting adult stature. These genes encode AHL (AT-Hook Containing, Nuclear 

Localized) proteins. When these proteins are over-expressed, the result is seedlings with shorter hypocotyls. When 

the activity of multiple genes is disrupted, the result is seedlings with taller hypocotyls, demonstrating that these 

genes control seedling height in a redundant manner (Street et al., 2008). In the Brassica Arabidopsis thaliana, we 

have identified a unique allele (sob3-6) for one of these genes, SOB3/AHL29, that over-expresses a protein with a 

disrupted DNA-binding domain and a normal protein/protein interaction domain. In Arabidopsis, this mutation 

confers normal adult plants that produce larger seeds and seedlings with hypocotyl stems that can be more than 

twice as long as the wild type. 

 

Objectives: The goal of this project is to enhance camelina and canola seedling emergence when they are planted 

deeply in low-rainfall dryland-cropping regions (generally less than 12”/year) or in wheat stubble. This can be 



2014 WOCS Annual Report 

 

Page 52 

 achieved by manipulating AHL gene family members to develop varieties that have long hypocotyls as seedlings yet 

maintain normal growth characteristics as adults. 

 

Methods: This project includes three major sub-aims: 

1) Continue characterizing the activity of sob3-6-like mutations in other Arabidopsis AHL genes. 

2) Generate transgenic camelina and canola plants over-expressing wild-type and mutant forms of Arabidopsis AHL 

genes. 

3) Identify, clone and characterize AHL gene family members from camelina. 

 

Results and Discussion: During this funding period, the Neff Lab has used a combination of molecular, genetic, 

biochemical, bioinformatics and biotechnological approaches to understand the role of AHL genes in plant growth 

and development. Our primary goal has been to characterize AHL genes from Arabidopsis and camelina, including an 

analysis of the evolution of this gene family (Zhao et al. 2014). The molecular mechanisms underlying the foundation 

of this work are described in a November 2013 publication from the Neff lab in the Proceedings of the National 

Academy of Sciences, USA (PNAS) (Zhao et al. 2013). 

 

Related to Sub-aim #1: Generating transgenic Arabidopsis over-expressing AHL genes from complex genomes has 

been a powerful way to identify those genes with similar function as SOB3/AHL29 and other family members that 

have been characterized previously in Arabidopsis. For example, as a part of our phylogenetic/evolutionary analysis 

we over-expressed a dominant-negative AHL gene from soybean (Glycine max) in Arabidopsis and demonstrated a 

similar long-hypocotyl phenotype to those produced when expressing various dominant-negative sob3 alleles (Fig. 1; 

Zhao et al. 2014). 

 

Using this phylogenetic/evolutionary analysis, we identified two Arabidopsis AHL genes that were unique as 

compared to previously characterized AHLs: AtAHL6 and AtAHL20. We over-expressed sob3-6-like mutations for each 

of these genes in Arabidopsis, and compared them to the over-expression of wild-type forms for these genes. For 

example, the over-expression of wild-type AtAHL20 leads to plants with delayed flowering time. In comparison, over-

expression of a sob3-6-like allele of AtAHL20 leads to the opposite phenotype, with earlier flowering. In contrast, 

over-expression of wild-type AtAHL6 leads to earlier flowering with necrotic leaves. Surprisingly, over-expression of a 

sob3-6-like allele of AtAHL6 causes essentially the same phenotype as the wild-type copy of the gene, suggesting that 

this particular type of mutation does not cause a dominant-negative phenotype in all AHL genes. This finding is part 

of Reuben Tayengwa’s Ph.D. dissertation as well as a manuscript that will be submitted for peer review in the near 

future. It is important to note that the sob3-6-like mutation in AtAHL6 represents only one of the three methods we 

have identified for generating dominant-negative mutations in AHL genes. Thus, it is still possible that one of the 

other two methods may still create a dominant-negative phenotype for AHL6-like genes. 

Reuben Tayengwa, along with two undergraduate researchers, has also been using CRISPR/Cas9-based genome 

editing to generate loss-of-function and ultimately dominant-negative mutations in AHL genes. This approach uses a 

transgene-based guide RNA to target specific genes, which are then edited by the Cas9 protein. Once the genome has 

been successfully edited, the transgene can be crossed out, leading to a non-transgenic product that is currently 

being considered non-GMO. This approach will be a major area of focus during our next round of funding. 

Related to Sub-aim #2: We are also using Arabidopsis transformation as a means for assessing the function of 

camelina AHLs. For example, we have transformed Arabidopsis with both CsAHL6 and CsAHL20, which are camelina 
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 versions of AtAHL6 and AtAHL20. Our T1 CsAHL6 over-expression lines in Arabidopsis confer adult plants with necrotic 

tissue, a phenotype that is also seen when AtAHL6 is over-expressed in Arabidopsis. In addition, our T1 CsAHL20 over-

expression lines in Arabidiopsis confer larger adult plants with delayed flowering, a phenotype that is also seen when 

AtAHL20 is over-expressed in Arabidopsis. We have also begun expressing camelina AHLs in camelina. For example, we 

have observed that over-expression of CsAHL6 and CsAHL20 in Camelina confer the same phenotypes described above 

in Arabidopsis. 

 

As a part of this sub-aim, we have also been attempting to generate transgenic canola using the floral-dip technique. 

Unfortunately, this approach has not been successful to date. Thus, we are now using a tissue-culture-based approach 

for generating transgenic canola. This will also be a major area of focus during our next round of funding. 

Related to Sub-aim #3: We have been using the camelina genome sequence to identify and clone full-length camelina 

AHLs. BLAST-search analysis using Arabidopsis genes as a query has led to the identification of homologous camelina 

sequences for all 29 Arabidopsis AHLs, with most genes having three candidate copies in camelina due to its hexaploid 

genome. We have cloned versions of the following camelina AHLs: CsAHL29, CsAHL27, CsAHL6, CsAHL19 and CsAHL20. 

We are currently in the process of cloning six more camelina AHLs. During our next round of funding we will continue 

to identify and clone AHL genes from camelina. We will also expand our AHL gene cloning to include members from 

canola. 

 

Impact/Potential Outcomes: We have now shown that expressing at least three different mutant forms of AHL genes 

leads to larger seeds and taller seedlings in both Arabidopsis and the oilseed crop camelina. Two of these mutant 

forms encode proteins with a disrupted or deleted DNA-binding domain. The third form encodes an AHL protein with a 

deleted AHL/transcription-factor-binding domain. Based on our Arabidopsis research, we may be able to double the 

size of camelina seeds by generating transgenic plants expressing mutant forms of these genes. Even if the total 

harvestable oil per plant is unchanged, this may lead to an increase in yield/acre by enhancing stand establishment 

and reducing harvest loss due to blowing out of the combine. During the current funding period, we have begun 

identifying AHL gene family members in camelina. A key step in this characterization is the demonstration that these 

and other AHL proteins physically interact with themselves and each other. This observation has led to developing a 

molecular-genetic method for identifying and cloning AHL family members that are specifically associated with seed 

and seedling development. This method plays a central role in a USDA/NIFA grant that was recently funded (see 

below). 

 

Affiliated projects and funding: The characterization of the AHL gene family in Arabidopsis was previously supported 

by a grant from the Department of Energy. The characterization of the AHL gene family in wheat has been supported 

by grants from the Washington Grain Commission and the Orville A. Vogel Wheat Research Fund. We used preliminary 

data from these funds as well as those from the Washington Grain Commission and the Orville A. Vogel Wheat 

Research Fund as the basis for a $500,000 three-year grant proposal submitted to the USDA/NIFA entitled “Increasing 

seed size and plant biomass via manipulation of the AHL gene family”. Though the proposal was not funded the first 

time, the panel ranked the proposal as “high priority”. Based on the progress we made with this project, we 

resubmitted the proposal to USDA/NIFA, which led to a ranking of “outstanding” and an award of $498,000/three 

years (start date 12/1/13). Half of this award is for working with wheat, and the other half for camelina. 
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 Publications and Presentations: During the past funding period we published a manuscript describing a phylogenetic/

evolutionary analysis of the AHL gene family in plants (Zhao et al. 2014). We are also preparing a manuscript 

describing the functional analysis of AtAHL6 and AtAHL20. Further, we published an extension bulletin/abstract for 

the 2014 WSU field days. In addition Dr. Neff spoke with the following groups (>1000 total attendees/participants) 

about GMOs as well as the AHL gene family and how it can be manipulated to increase seed size and seedling height: 

1/15/14, CBCCA Extension Short Course, Moses Lake WA, ~90 attendees/participants; 2/19/14, Washington Grain 

Commission Meeting, Pullman WA, ~40 attendees/participants; 2/21/14, Washington Biofuel Cropping Systems 

Meeting, Pullman WA, ~30 attendees/participants; 2/12/14, Crop Production Services Growers Meeting, Almira WA, 

~50 attendees/participants; 3/29/14, Sandhill Crane Festival, Othello WA, ~50 attendees/participants; 4/24/14, 

University of Massachusetts, Amherst MA, ~50 attendees/participants; 5/14/14, USDA-NIFA Plant Biology/Plant 

Breeding Project Directors Meeting, Washington DC, ~50 attendees/participants; 7/8/14, Washington State University 

Extension County Faculty Meeting, Spokane WA, ~100 attendees/participants; 9/9/14, Washington State Master 

Gardeners Annual Conference, Tacoma WA, ~300 attendees/participants; 11/18/14, Crop Production Services Ag 

School Winter Conference, Kenewick WA, ~400 attendees/participants; 12/16/14, Washington State University 

Extension Wheat Academy, Pullman WA, ~60 attendees/participants. We recognize the importance of extension 

publications for sharing research findings with the stakeholders of Washington State. We now have sufficient material 

to present a summary of our findings to the general public. We will work with Karen Sowers and other extension 

specialists on the WOCS team to present this material in a manner that can be understood and appreciated in lay 

terms. 
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Figure 1: Hypocotyl growth of wild-type Arabidopsis (Col-0), Arabidopsis plants over-expressing AtSOB3/AHL29 (SOB3-D) and the dominant-negative PPC 

domains from AtSOB3/AHL29 (SOB3-PPC-ox) and Gm06g01650 (GmPPC-ox). Plants were grown in 20 μmol/m2/sec of continuous white light. Scale bar = 5 mm 


