
 

 

Washington Oilseed Cropping Systems Project 

Part of the Washington State Biofuels Initiative 

2018 Annual Progress Report 



2018 WOCS Annual Report 

 

Page 2 

 

Table of Contents 
Publications in 2018  ............................................................................................................................. 3 

WSU-WOCS Extension & Outreach: The Link from Research to Stakeholders (Sowers et al.)............. 4 

WSU-WOCS Large-Scale Canola Variety Trials (Sowers et al.)  ............................................................. 5 

Nitrogen Source and Rate to Minimize Damage Caused by Fee Ammonia in Canola  

 (Madsen and Pan)  .......................................................................................................................... 7 

Improving Seed Size and Seedling Emergence in Transgenic Camelina sativa by Overexpressing the  

 Atsob3-6 Gene Variant (Sharma Koirala and Neff)  .................................................................. 8 

Dual Purpose Winter Canola Grazing and Seed Harvest (Madsen and VanVleet)  ............................ 10 

Camelina: Ten Years of Cropping Systems Research at Lind (Schillinger et al.)  ................................ 11 

Tissue Test and Foliar Applications of Micronutrients to Winter Canola (Madsen)  .......................... 12 

Environmental Effects on Nectar and Pollinators in Canola (Olsson and Crowder)  .......................... 13 

Winter Canola Response to Nitrogen Rate and Timing in Semiarid Mediterranean Conditions  

 (Porter et al.) ................................................................................................................................. 14 

Yield Decline of Wheat After Canola: In Search of a Microbial Cause (Schlatter et al.) ..................... 15 

Soil Nitrogen and Water Relations with Winter Canola Nitrogen Use Effeciency 

 (Porter et al.) ................................................................................................................................. 16 

Canola in Wheat-Based Rotations: Update from Two Long-Term Field Experiments in Ritzville  

 (Schillinger et al.) ........................................................................................................................... 17 

Spring Canola and Chickpea Value in a Cereal Grain Rotation (Esser et al.) ...................................... 18 

 



2018 WOCS Annual Report 

 

Page 3 

 

Publications in 2018 

Peer reviewed articles 

Beard, T., T. Maaz, K. Borrelli, J. Harsh, and W. Pan. 2018. Nitrogen affects wheat and canola silica 
accumulation, soil silica forms, and crusting. Journal of  Environmental Quality. doi:10.2134/
jeq2018.01.0052 

Hansen, J.C., W.F. Schillinger, T.S. Sullivan, and T.C. Paulitz. 2018. Rhizosphere microbial communities of 
canola and wheat at six paired field sites. Applied Soil Ecology 130:185-193. 

Hulbert, S.H., W. Craine, W.L. Pan. 2018. Registration of WA-HT1, a Camelina Line with Resistance to 
Residual levels of ALS Inhibitor Herbicides. Journal of Plant Registrations. 12: 2: 253-256. 

Maaz, T.M., J.D. Wulfhorst, V. McCracken, H. Kaur, I. Roth, D. Huggins, A. Esser, J. Kirkegaard, and W. Pan. 
2018. Economic, policy, and social challenges of introducing oilseed and pulse crops into dryland wheat 
rotations. Agriculture, Ecosystems and Environment 253:177-194. 

Schillinger, W.F., and T.C. Paulitz. 2018. Canola versus wheat rotation effects on subsequent wheat yield. 

Field Crops Research 223:26-32. 

 

 

https://dl.sciencesocieties.org/publications/jeq/articles/0/0/jeq2018.01.0052
https://dl.sciencesocieties.org/publications/jeq/articles/0/0/jeq2018.01.0052
https://www.sciencedirect.com/science/article/pii/S0929139318301549
https://www.sciencedirect.com/science/article/pii/S0929139318301549
https://dl.sciencesocieties.org/publications/jpr/abstracts/12/2/253?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jpr/abstracts/12/2/253?access=0&view=pdf
https://www.sciencedirect.com/science/article/pii/S016788091730138X
https://www.sciencedirect.com/science/article/pii/S016788091730138X
https://www.sciencedirect.com/science/article/pii/S0378429018301229


2018 WOCS Annual Report 

 

Page 4 

 WSU-WOCS Extension & Outreach: The Link from Research to 

Stakeholders 

Karen Sowers, Dennis Roe, Aaron Esser, Ian Burke, Rachel Bomberger, Scot Hulbert, Bill Schillinger, and Tim Paulitz  

 

After nearly twelve years of field, greenhouse, and laboratory research, the Washington State Oilseed Cropping Systems 

(WOCS) project has compiled a significant volume of data and results that are tremendously valuable to stakeholders in 

Washington state and surrounding states. The catch is how to most effectively share all we’ve learned, and that is where the 

Extension and outreach portion of the WOCS program plays an ongoing, and critical role. Field tours are a traditional method 

to convey information, but we have found that a wide range of communication is key to reaching more people and being the 

‘go to’ resource when growers, crop consultants, and others have questions about anything oilseed related. The WOCS 

website (www.css.wsu.edu/oilseeds) contains information ranging from variety trial results to Extension publications to 

presentations. Facebook (WSU Oilseeds) has been effective to announce upcoming events and current field reports, and 

emails, phone calls, farm visits, radio interviews, ‘stop ‘n’ talk’ field tours, and texts are a year-round means of staying in touch 

with stakeholders. We are part of the Dryland Crops Team at WSU, the WA Oilseed Commission, and the PNW and U.S. Canola 

Associations. The annual WOCS oilseed workshops were a success once again, with 253 individuals attending the two 

locations, and 115 of those were first-time attendees (Fig. 1). Outreach beyond Washington state has strengthened 

collaboration between PNW university colleagues. The culmination of all that the WOCS team has produced, along with 

neighboring universities, will be the publication of a PNW Canola Production Guide. Canola acreage increased again in 2018 in 

WA (65,000 acres) and the 4-state PNW region (230,000 acres). We believe in order for that trend to continue, the oilseed 

research and Extension efforts of the WOCS project needs to strive to meet the educational needs of all involved in the oilseed 

industry in Washington state. 

 

 

 

 

 

Figure 1. Attendance trends at WSU-WOCS Oilseed Workshops (left), and first-time attendees in 2019. (right). 

http://www.css.wsu.edu/oilseeds
https://www.facebook.com/WSUOilseeds/
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WSU-WOCS Large-Scale Canola Variety Trials 

Karen Sowers, Dennis Roe, Scot Hulbert, Laban Molsee, Daniel Stenbakken, Aaron Esser, Keith Curran, Derek Appel, Josh 
DeMacon, Ron Sloot, Rachel Zuger, Dale Whaley, Don Wysocki, Brian Tuck, and Kyle Bender  

 

A major component of the Washington State Oilseed Cropping Systems (WOCS) Project since 2016 is the large-scale, on-farm 

winter and spring canola variety trials.  With canola acreage increasing annually in Washington state and the Pacific Northwest, 

the trials are valuable to growers and industry when making not only variety selection decisions, but the full gamut of 

production components that are part of having a successful crop. 

Winter canola plots were established at Mansfield, Ritzville, and The Dalles, OR during Fall 2017. Spring canola trials were 

seeded in 2018 at Davenport, Ralston, and Walla Walla. The Dalles, OR site marked the first time a trial was located outside of 

WA state. Yield results from the winter trials were only significant at The Dalles. Soil type and moisture variability at Mansfield, 

and weed pressure and a soil moisture gradient across the plot area at Ritzville likely contributed to the wide range of yield but 

lack of significance. The hybrid ‘Mercedes’ had the highest yield at all locations. Harvest at Ritzville occurred on two dates due to 

variable ripening on one end of the field. The Substation fire at The Dalles interrupted harvest so it was also completed on two 

different dates. Tours at all three locations attracted 122 people. Attendees at a fall ‘stop ‘n’ talk tour at the Ritzville site 

included growers, crop consultants, WSDA employees to learn about blackleg scouting, and insurance adjusters to see 

differences in crop establishment.  

Mean yield at the three spring canola sites ranged from 611 lbs/acre at Reardan to 2323 lbs/acre at Walla Walla, with similar 

yield trends between the entries. Low yield at Reardan can be attributed to the late planting date and high heat during 

flowering. Yield data from Dr. Dave Huggins, USDA-ARS, showed a 50 lb/acre reduction in spring canola yield potential for each 

day after April 12 that canola is planted (data not shown). Using that information, it can be calculated that 1500 lbs/acre more 

yield was possible at Reardan had field conditions allowed earlier seeding. There were consistent trends in flowering timing of 

the entries observed at all locations. NCC101S and HyCLASS 930 flowered 7-10 days earlier than the other entries, which is a 

factor to consider in variety selection if early spring heat is a concern. Ninety people attended tours at the spring canola sites, 

with 6-8 speakers at each. Representatives from the national USDA-RMA office attended two of the tours to interact with 

growers about establishing an insurance program for hybrid canola seed production. 

 

 

It is worth noting the depth and extent of collaboration and assistance throughout the growing season from the grower 

cooperators, industry, WSU and OSU field technicians, grad students, and faculty that was crucial to the success of the trials. 

Our deepest thanks to all! 

Winter canola trials were not seeded in 2018 due to poor planting conditions. Spring canola trials are planted at Wilbur (Brunner 

farm), the Cook Farm in Pullman, and as of printing were slated for the WSU Wilke Farm near Davenport.  

Figure 1. Tours were held at all spring and winter canola variety trial sites. Photo from the Walla Walla spring canola site. 
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Many thanks to our 2017-18 cooperators: David Brewer, Rob Dewald, Curtis Hennings, Douglas Poole, Mark & Brendan Sherry, 

and Paul Williams.  

Seed provided by Bayer CropScience, BrettYoung, Caldbeck Consulting, Nutrien Ag Solutions, Croplan by Winfield, Dow 

AgroSciences, Kansas State University, Rubisco Seeds, Spectrum Crop Development, and University of Idaho.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield results of 2017-18 On-farm Winter Canola Variety Trials 

Variety The Dalles1   Ritzvile2   Mansfield3   

  -------------—--—----—------- lbs/acre --------—----—-—----------------- 

Mercedes 3,049 a 3,130 a 2,445 a 

Griffin 2,785 ab 3,034 a 1,652 a 

HyClass 320 2,550 bc 2,583 a 1,929 a 

Edimax CL  ----  ---- 2,621 a 2,163 a 

Amanda 2,494 bc 2,828 a 1,817 a 

HyClass 225 2,333 c 2,642 a 1,796 a 

Claremore 2,241 c 2,857 a 1,722 a 

Mean 2,585   2,814   1,932   

Tukey HSD(0.05) 375   ns   ns   

CV (%) 7.0   12.1   30.2   

1 Planted Sept. 22, 2017, harvested July 16 and July 23, 2018. 
2 Planted Sept. 19, 2017, harvested July 21 and August 6, 2018. 
3 Planted August 24, 2017, harvested 7/26/18. 

Yield results of 2018 On-farm Spring Canola Variety Trials 

Variety Ralston1   Reardan2   Walla Walla3   

  ——————–——–————– lbs/acre ——————–———————–—— 

NCC 101S 1,955 a 774 a 2,417 a 

HyClass 930 1,864 ab 696 a 2,608 a 

InVigor L233P 1,793 bc 693 a 2,433 a 

BY 6080 RR 1,639 c 557 a 2,410 a 

BY 5545 CL 1,694 c 529 a 2,319 ab 

DG 200 CL 1,631 c 508 a 2,253 ab 

HyClass 730 1,709 bc — — — — 

Nexera 2024 CL 1,291 d 515 a 1,824   b 

Mean 1,710  611  2323  

Tukey HSD(0.05) 223  285  533  

CV (%) 4.8  19.4  9.8  

1 Planted April 9, harvested August 6 
2 Planted May 11, harvested September 3 
3 Planted March 30, harvested August 1 
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Nitrogen Source and Rate to Minimize Damage Caused by Free 

Ammonia in Canola 

Isaac Madsen and William Pan 

 

When planning Nitrogen (N) fertilizer application the source of the fertilizer should be considered in order to optimize nutrient 

availability as well as to avoid damaging seedling root systems. Canola root systems have been shown to be sensitive to urea 

banded below the seeds. The two primary considerations when choosing a safe source of N fertilizer are the salt toxicity and 

ammonia/ammonium toxicity. The conversion of ammonium to free ammonia is primarily controlled by the initial pH of the 

fertilizer reaction. A high pH will lead to more free ammonia than ammonium. Free ammonia has been shown to be extremely 

toxic to plant cells. Therefore fertilizers with a high pH would be expected to release more free ammonia and consequently have 

a higher level of toxicity. Urea, Anhydrous Ammonia, and Aqua Ammonia all have pH greater than 8 in solution. Fertilizers with a 

pH lower than 8 are Ammonium Sulfate, Mono-Ammonium Phosphate, and Di-Ammonium Phosphate.  In this study we 

compared the application of ammonium sulfate (AS) (pH = 5-6, partial salt index = 3.52), urea (pH = 8.5-9.5, partial salt index = 

1.61), and urea ammonium nitrate (UAN) (pH = 7, partial salt index = 2.22). In order to establish safe planting guidelines a root 

assay was conducted in a Palouse Silt Loam soil with N fertilizer sources banded 2” below the seed row at increasing rates. The 

gradients of the rates were used to model tap root survival and estimate the LD50s for tap root survival. The LD50 is the rate at 

which would expect 50% of the tap roots to die. The unconventional unit of mg/cm was used to make the applications and dose 

response because the actual amount of N which the root is exposed to depends heavily on the row spacing and the application 

rate (lbs N/A). In Table 1, you can see a conversion between the LD50 (mg/cm) and field rates (lbs N/A) at different row spacings 

for all three sources. From this table you can see that UAN is a much safer source of N to apply than UAN and that closer row 

spacing will also decrease the potential for root death.  

Take away points: It was determined that canola roots are more sensitive to urea than ammonium sulfate or UAN. This is likely 

because urea would produce higher levels of free ammonia following dissolution.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Modeled dose response and 
estimated LD50s for Ammonium Sulfate (AS), 
Urea Ammonium Nitrate (UAN), and Urea. 
LD50s can be converted to lbs N/A for each 
source by using Table 1.  

Table 1. LD50s of canola tap root survival exposed 

urea, AS, and UAN 

    Row Spacing (in) 

Source 
LD50          

(mg N/cm) 

6 12 18 

Rate (lbs N/A) 

urea 4.7 27 14 9 

AS 9.7 57 28 19 

UAN 20.6 120 60 40 
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Improving Seed Size and Seedling Emergence in Transgenic Camelina 

sativa by Overexpressing the Atsob3-6 Gene Variant  

Pushpa Sharma Koirala and Michael M. Neff                  

 

Seed shape and size are important agronomic traits because they can affect yield, ease of harvesting, and seedling 

establishment, especially under adverse conditions (e.g. drought, weed and pest pressure). The development of crop varieties 

that have large seeds and long hypocotyls as seedlings, yet maintain normal growth characteristics as adults, is challenging for 

traditional breeding because the regulation of seed/seedling size is complex and can be linked to other agronomic traits such as 

heading date or flowering time.  

Based on our previous findings, some of the AHL (AT-Hook Containing, Nuclear Localized) genes play crucial roles in determining 

seed size and hypocotyl length in Arabidopsis thaliana, a model brassica plant. When we express particular mutant form, Atsob3

-6, of the AHL gene AtAHL29/SOB3 (Suppressor of Phytochrome B-4 #3) the resulting transgenic Arabidopsis thaliana plants have 

normal adult growth that give rise to larger seeds and seedlings with longer hypocotyls than the wild type. Arabidopsis thaliana 

and Camelina sativa are from same family (Brassicas) and both have similar genomes. Camelina sativa is an emerging oilseed 

crop in dryland cropping systems.  

Based on our preliminary results, we proposed: (1) to compare seed size of different mutations of AtAHL29/SOB3 to identify the 

specific mutations that confer bigger seeds and longer hypocotyls than the wild type and; (2) translate the finding from 

Arabidopsis thaliana to the oil seed crop Camelina sativa. 

 

 

 

 

 

 

 

 

 

 

 

 

In this study we have generated transgenic lines of Arabidopsis thaliana overexpressing Atsob3-6. We have then generated 

transgenic Camelina sativa plants overexpressing Atsob3-6 as well as a similar gene variant from Camelina sativa (Cssob3-6).  

Seedling hypocotyl length, seed size, seed weight and seedling emergence from deep-planting assays were then measured. Our 

results show that transgenic plants expressing Atsob3-6 confer bigger seeds and taller seedlings than non-transgenic lines in 

Arabidopsis thaliana. These Atsob3-6 transgenic lines make seeds that are 50% bigger and seedlings that are twice as tall as non

-transgenic plants. When we overexpress Atsob3-6 in Camelina sativa, we increase seedling height (Fig. 1a), seed area (Fig. 1b) 

Figure 1. The Atsob3-6 allele regulates hypocotyl length, seed size and seed weight when overexpressed in Camelina sativa. Two independent 

Atsob3-6-OX transgenic camelina lines increased hypocotyl length (a) seed size (b) and seed weight (c) when compared to the wild type (Wt). n 



2018 WOCS Annual Report 

 

Page 9 

 and seed weight (Fig. 1c) compared to non-transgenic plants. When we overexpress the Camelina sativa variant, Cssob3-6, in 

Camelina sativa, seeds are ~30% bigger and seedlings ~50% taller than non-transgenic plants. In order to evaluate if the larger 

Atsob3-6 seeds improve Camelina sativa emergence from sub-surface planting, we planted two independent transgenic lines 

(Atsob3-6-OX-1, Atsob3-6-OX-2) and wild-type seeds 6 cm deep in moist, compacted sunshine mix #1. Approximately 25% of the 

Atsob3-6-OX transgenic seedlings emerged compared to 2% of the wild type (Fig. 2a). Hypocotyl measurements of all germinated 

seedlings demonstrated that Atsob3-6-OX increased seedling height in sub-surface planting (Fig. 2b). We also tested Camelina 

sativa emergence from sub-surface planting in dry Palouse silt loam with 30% of the Atsob3-6-OX transgenic seedlings and 0% of 

wild-type seedlings emerging (Fig. 2c). All genotypes in our emergence assays had 100% germination.  

Taken together, over-expression of Atsob3-6 increases seed size, hypocotyl length and stand establishment Camelina sativa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Atsob3-6-OX confers better seedlings emergence when expressed in Camelina sativa. Seeds of two independent Atsob3-6-OX lines 

and the wild type (Wt) were germinated beneath 6 cm of lightly compacted potting mix at 25oC for seven days before measuring percent 

emergence (a), and total hypocotyl length within and above the soil (b), n = 45. Seedling emergence of Atsob3-6-OX-2 and wild-type seedlings 

was also measured seven days after planting beneath 6 cm of dry Palouse silt loam (c), n = 36, *p< 0.0001. 
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Dual Purpose Winter Canola Grazing and Seed Harvest 

Isaac Madsen and Steve VanVleet 

 

In order to get the most out of a canola crop many farmers and researchers have been interested utilizing early seeded winter 

canola as a ‘dual purpose’ crop. The ‘dual purpose’ canola would be planted in mid or early summer, grazed in the fall, and taken 

to harvest in the following spring. However, the effect of fall grazing on the winter survival of canola is unknown. In the fall of 

2017, a winter grazing trial was established near Dusty, WA. The canola was planted with a hoe style drill into good moisture on 

July 19th 2017. The field was divided into 3 pastures. Cattle grazing began in paddock 1 on September 15th and were moved to a 

second paddock 2 on September 26th, the cattle grazed through pasture 2 much faster than pasture 1, and where moved pasture 

3. The grazing in pasture 2 was heavier than pasture 3 and the stand in pasture 2 appears to have been more damaged than 

pasture 3 (Fig. 1). The canola was harvested the following 

July with a Wintersteiger plot combine. One harvest swath 

was cut per pasture ranging from 150-300 ft in length and 

5 ft wide (Table 1). Weight gain on cattle was estimated by 

weighing a sub sample of steers before and after they had 

grazed the pastures. Weight gain on the steers was used to 

estimate the economic benefits of grazing. Further work 

should be conducted in replicated trials, lending a higher 

degree of certainty to the results.  

Takeaways: There appears to be economic potential for 

grazing winter canola in the fall following seeding. Light 

grazing of winter canola appears to do little damage to the 

following canola seed yield, but grazing appears to 

damage canola yield.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Ungrazed canola, heavily grazed canola (Paddock #1), and 
lightly grazed canola (Paddock #2). 

Table 1. Seed yield and cattle gain from canola grazing. 

Treatments Yield (lbs/a) 

Elevator 

price/lb 

canola 

seed 

Economic 

value of 

canola 

seed 

Grazing 

pressure 

(46 head) 

Economic value 

for grazing   

cattle (ADG) 

Total     

Economic 

Return 

($/a) 

Pasture 1 2464 $0.129 $317.80/a Heavy 197.34 515.14 

Pasture 2 2143 $0.129 $276.45/a Severe 197.34 473.79 

Pasture 3 3322 $0.129 $428.58/a Light 157.87 586.45 

Ungrazed 3384 $0.129 $436.52/a None 0 436.52 
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Camelina: Ten Years of Cropping Systems Research at Lind 

Bill Schillinger, John Jacobsen, Steve Schofstoll, and Bruce Sauer 
 

Overview: Camelina is a short-season annual oilseed crop in the Brassicaceae family. Interest in camelina has increased 

substantially during the past 15 years because the oil is an excellent feedstock for producing low-carbon-emission biofuel and 

has a unique fatty acid profile as a potential edible oil. Camelina has been promoted as an alternative crop in low-precipitation 

dryland regions because of its low fertilizer requirement and drought tolerance. A 10-yr field experiment was conducted from 

2008-2017 at the WSU Dryland Research Station near Lind, Washington to compare a 3-yr winter wheat (WW)-spring camelina-

summer fallow (SF) rotation with the traditional 2-yr WW-SF rotation. Annual crop-year (Sept. 1-Aug. 31) precipitation ranged 

from 7.6 to 14.8 inches and averaged 11.1 inches. Camelina seed yield ranged from 302 to 1049 lbs/acre and averaged 574 lbs/

acre (Fig. 1). Mean WW yield of 40 bu/acre in the 3-yr rotation was significantly lower (p=0.046) compared to 43 bu/acre in the 2

-yr rotation. Soil profile water was significantly lower (p<0.001) after harvest of camelina compared to after WW harvest in the 2-

yr rotation. This soil water reduction was consistently measured throughout the ensuing 13-month fallow cycle. There are no 

labeled in-crop broadleaf weed herbicides for camelina and populations of Russian thistle and tumble mustard were higher in 

camelina than in WW. This was likely a factor in the deep extraction of soil water in the camelina plots to a depth of six feet. Data 

from this study suggest that, with current varieties and management practices, camelina is not yet agronomically or economically 

stable or viable in a 3-yr WW-camelina-SF rotation  in the low-precipitation (<12 inch annual) rainfed cropping region of the 

Inland Pacific Northwest.   

Conclusions: Regional farmers did not consider camelina either agronomically or economically attractive. Growing camelina in a 

wheat-based rotation did not enhance the subsequent WW yield compared to the 2-yr WW-SF rotation. Although the ability to 

effectively control grass weeds in camelina is a big benefit, the lack of in-crop broadleaf herbicides as well as lack of federal crop 

insurance are detriments. Interest in growing camelina would likely improve as new varieties, agronomic and management 

practices, and government programs are developed and refined. For example, during the past ten years, winter canola 

production in the PNW dryland region has rapidly expanded due to a focused multidisciplinary research and extension effort by 

university, USDA, and private-company scientists, the development of varieties with herbicide tolerance/resistance and other 

attributes, and the availability of federally-subsidized crop insurance. 

 

Figure 1. The lowest camelina yield of 302 lbs/acre occurred in 2014 (left) when only 7.6 inches of precipitation occurred during the crop year. 

Note the infestation of Russian thistle. The highest camelina yield of 1049 lbs/acre (right) was in 2016 when 14.8 inches of precipitation fell 

during the crop year. 
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Tissue Test and Foliar Applications of Micronutrients to Winter Canola 

Isaac Madsen 
 

There are many questions surrounding micronutrients in canola production. In general micronutrients have been studied far less 

than macronutrients in canola production. The goals of our research were to (1.) evaluate the effects of foliar B, Zn, and Mo 

applications on canola and (2.) to look for varietal variation in micronutrient uptake. Foliar applications of B, Zn, and Mo were 

made in the fall when the winter is in the rosette stage and in the following spring at bolting. As can be seen from the initial 

results micronutrient applications did not increase yield, and at bolting applications appeared to damage yield (Fig. 1). The 

applications at bolting may have caused injury to the plant as B is known to be toxic to plants at high concentrations. Additionally 

tissue samples were taken from the canola variety trials and inter-species variation in nutrient uptake. No significant differences 

between canola varieties were found. However, inter-field variation was found to be high indicating that any difference between 

varieties may be masked by the heterogeneity of the soil supply of micronutrients as can be seen in the example of B uptake (Fig. 

2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Winter canola yield response to 

fall, at bolting, and application of foliar B, 

Zn, and Mo.  

Figure 2. B uptake by different canola varieties 

within the same field. Demonstrating the effects 

of inter-field variability out weight the effects of 

variety in this particular instance.  
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Environmental Effects on Nectar and Pollinators in Canola 

Rachel L. Olsson and David W. Crowder 
 

Flowers produce nectar as an attractant for pollinators. Typically, bees are attracted to flowers with higher nectar volume, or 

higher sugar concentration. Nectar provides the primary source of energy in the form of carbohydrates to adult bees, and for 

honey and bumble bees, is also the primary ingredient in honey. Canola doesn’t require 

insect pollination but can see a nearly 40% increase in yield when insect pollinators are 

present. Seasonal climate shifts and drought conditions may reduce overall water availability 

to plants. Nectar is made mostly of water, so we were curious if reduced water availability 

would change the quantity or quality of nectar. We expected that plants in a drought 

scenario would produce a lower volume of nectar, and that the sugar concentration of the 

nectar available would be higher. We were also interested in bee communities at farms 

dependent on nectar traits. We conducted a greenhouse experiment where canola plants 

were grown with either full availability to water, or half availability to water. We then 

measured the amount and sugar concentration of nectar produced. We found that when 

plants had full access to water, plants produced significantly more flowers and the volume of 

nectar produced was significantly higher than the volume produced by plants with less water 

access. We found no significant differences in the sugar concentration, but we found that 

some plants did not produce a measurable volume of nectar when they were part of the reduced water scheme. We tested this 

in three different canola varieties and found that NCC 101S (variety B) produced more nectar overall than HyClass930 or Invigor 

L233P. In a field observation, we found variable communities of bees at canola fields producing differing quantities of nectar 

suggesting that nectar traits are not the sole attractor for pollinators. 

Var A: HyClass 930 

Var B: NCC 101S 

Var C: Invigor L233P  

In the 2019 field season, we plan to resample the pollinator communities, and we will also assess how landscape traits might 

affect pollinator populations using GIS methods. 

 

 

 

 

 

 

 

 

 

 Figure 1. Number of flowers by variety and water treatment. Figure 2. Nectar volume by variety and water treatment. 
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Winter Canola Response to Nitrogen Rate and Timing in Semiarid 

Mediterranean Conditions  

Marissa Porter, Isaac Madsen, William Pan, William Schillinger, and Haiying Tao 
 

Integrating a new crop into a cropping system requires an 

understanding of nutrient use, specifically on the rate and timing of 

fertilizer applications in relation to soil type and climatic conditions. 

In the semi-arid dryland region of the inland Pacific Northwest 

(iPNW) where wheat (Triticum aestivum L.) covers 60% of the 

rainfed agricultural area, winter canola (Brassica napus L.) offers an 

economically viable rotation to wheat, providing breaks in pest and 

disease cycles and soil health benefits. Production in Washington 

state has increased from 4,000 to 28,000 hectares in the recent 

decade, yet little regional fertility research has been conducted 

(NASS, 2018). With a higher nitrogen (N) requirement and a lower 

nitrogen use efficiency (NUE) than wheat, canola requires unique N 

management to maximize economic return on fertilizer while 

minimizing environmental losses. Nitrogen rate and timing studies 

were conducted over two years at seven locations across the 

different 

precipitations zones of the iPNW.  Nitrogen was applied as surface 

granular urea, with six rates from 0 to 240 kg N ha-1 applied in fall, 

spring and split applications. There was no yield response to N 

application at six of the seven sites, suggesting that the high N 

uptake efficiency of canola and high N content of soils (86-182 kg 

inorganic N ha-1) limited yield responses to applied N. Nevertheless, 

seed 

quality 

was 

affected by N, with increasing rates and later application timings 

leading to higher protein and lower oil content. Additionally, a 

relationship between temperature during flowering and seed 

quality was observed, with the ratio of seed oil to protein 

decreasing as average maximum May temperature increased. This 

research suggests that N management decisions should be 

conservative and made with the end uses of canola in mind, 

specifically whether maximizing protein or oil content is more 

desirable.  

Figure 2. The relationship between seed oil content and timing of N 

application for the different agroecological classes. Rates of N are 

Figure 1. Seed protein and oil concentrations in response to nitrogen 

supply (fall residual N + spring fertilizer N + mineralized N) at 2016-17 

and 2017-18 winter canola sites. 

Figure 3. Average seed oil: protein ratio in response to average May 

maximum temperature at winter canola sites in the 2016-17 and    

2017-18 crop year. 
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Yield Decline of Wheat After Canola: In Search of a Microbial Cause 

Dan Schlatter, Jeremy Hansen, Bill Schillinger, and Tim Paulitz 

 

In a series of replicated field trials over six years in the Reardan area, spring wheat grown after winter canola had an average 

17% yield decrease compared to when grown after winter wheat (Schillinger and Paulitz, 2018, Field Crops Research 223: 26-32). 

We could not explain this with diseases, nutrients, weeds, or water use. We postulated that canola may either favor a microbial 

community deleterious to wheat or may decrease beneficial microbes that are important for wheat health (Hansen et al., 2018, 

Applied Soil Ecology 130:185-193). We attempted to answer this question by sampling the DNA from the rhizospheres of wheat 

and canola from fields in Douglas and Adams County (see 2018 Field Day Abstracts page 50) but did not come up with a 

“smoking gun”. Many of the fungal and bacterial communities on the roots of wheat and canola were in common, but we could 

detect some differences. We now have an opportunity to address this question again in a long-term cropping systems project 

near Ritzville (see previous abstract) where we are experiencing this same yield reduction of wheat after canola.  

 In the spring of 2019 (and planned again for 2020), we sampled bulk and rhizosphere soils of actively-growing spring wheat 

following canola, winter wheat and winter triticale. DNA will be extracted from the samples and sequenced with Illumina MiSeq. 

We will analyze the bacterial and fungal communities to identify differences among the three rotations. This will complement 

the phospholipid fatty acid analysis which is underway concurrently by Jeremy Hansen and colleagues. We hope to understand 

how canola may impact soil health, both positively and negatively. By understanding the cause of this phenomenon, we can 

understand the conditions under which it is a problem and possibly how it can be mitigated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The term “rhizosphere soil” refers to soil that 
adheres to the roots of plants as seen here with 
winter canola. Photo by Jeremy Hansen, USDA-
ARS. 
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 Soil Nitrogen and Water Relations with Winter Canola Nitrogen Use 

Efficiency 

Marissa Porter, Isaac Madsen, William Pan, William Schillinger, and Haiying Tao 
 

Nitrogen (N) losses from fertilizers are an abundant pollutant in agricultural regions world-wide. Maximizing nitrogen use 

efficiency (NUE) is critical to reduce adverse environmental effects of fertilizer and obtain an economic return on inputs. Winter 

Canola (Brassica napus L.) has an N requirement higher than wheat (Triticum aestvum L.) but has demonstrated limited 

responses to N fertilizer in the inland Pacific Northwest (iPNW). Nitrogen rate and timing trials were conducted at four sites 

during the 2017-18 crop year. Nitrogen was applied as surface granular urea at three timings of fall, spring, and split application, 

with split being 50% applied in fall and 

50% in spring, in five rates from 0 to 240 

kg N ha-1.  Soil samples were collected in 

the fall and spring prior to fertilization 

and post-harvest, then analyzed for N 

and moisture content. Spring plant 

samples and harvest yield and biomass 

data was collected, with plant and seed 

components analyzed for N content. 

Nitrogen use efficiency calculations for 

each season determined that NUE 

declined with increased rates of fertilizer. 

Maximum yield and nitrogen use 

efficiency (NUE) both increased with 

increased available water, whereas unit N 

requirement, the inverse of NUE, diminished with increased water 

availability. Ideal unit N requirements are between 0.05 and 0.09 

kg Ns kg seed yield-1. Our research findings suggest that residual N 

measurements to 180 cm soil depth and considering the local 

water regime are the most important factors to consider when 

making N management decisions for winter canola.  

 

 

 

 

Figure 2. Mean fall and spring unit nitrogen requirements (Ns/Gw; Nss/

Gw) in response to total available water (H2Ot; fall soil water + total 

season precipitation) and spring available water (H2Os; spring soil water 

+ spring precipitation) for 2017-18 winter canola sites. Data points 

represent averages across different nitrogen treatments across sites. 

Figure 1. Seed weight in relation to (a) N supply (fall residual N + spring fertilizer N + mineralized N) (b) 

unit N requirement (N supply/ seed weight) at 2017-18 winter canola sites . 
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Canola in Wheat-Based Rotations: Update from Two Long-Term Field 

Experiments Near Ritzville 

Bill Schillinger, John Jacobsen, Ron Jirava, Tim Paulitz, Jeremy Hansen, Dan Schlatter, Cassandra Rieser, and Dave 
Huggins 

 

Two long-term canola cropping systems experiments are well underway at the Ron Jirava farm near Ritzville, WA.  In Study 1, 

canola grown in a 3-year WC-SW-NTF rotation is compared to 3-year rotations of WW-SW-UTF and WT-SW-NTF (acronyms are 

defined below). Note that SW follows WC, WW, and WT and that a 13-month fallow period occurs after SW in all three 

rotations. In Study 2, canola is grown in a 4-year rotation of WC-NTF-WW-NTF and is compared to WP-NTF-WW-NTF as well as a 

2-year WW-UTF check. Spring canola is substituted for WC when adequate WC stands are not achieved. Both experiments have 

gone through full rotation sequences; thus, all crops are truly “in rotation”. Agronomic data collected from these experiments 

includes: soil water dynamics from all phases of all rotations, foliar and root diseases, weed ecology, and grain yields. Soil 

microbial activity is currently being assessed in both canola rotations using DNA sequencing (Schlatter and Paulitz, see next 

abstract) and PLFA methods (Hansen, Rieser, Huggins). In addition, mycorrhizal inocula to enhance/promote soil microbial 

biomass in canola and subsequent crops are being evaluated. Such data can only be obtained through long-term cropping 

systems experiments. Schillinger and colleagues have published several scientific journal articles on these topics in the past 

three years and more publications are expected as we more fully explore canola rotations for Washington’s drylands.     

Acronyms used: NTF, no-till summer fallow; PLFA, phospholipid fatty acid analysis; SW, spring wheat; UTF, undercutter-tilled 

summer fallow; WC, winter canola; WP, winter pea; WT, winter triticale; WW, winter wheat. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2018 WOCS Annual Report 

 

Page 18 

 
Spring Canola and Chickpea Value in a Cereal Grain Rotation 

Aaron D. Esser, Jack Brown, and James B. Davis 

 

Canola (Brassica napus L.) in rotation with wheat (Triticum aestivum) has been an option for farmers in the dryland cropping 

region of the Pacific Norwest for over 25 years, yet adoption has been limited because of market access, profitability and overall 

unfamiliarity with the crop. In 2014 a large-scale multi-year rotation study was initiated comparing spring wheat, canola and 

chickpea (Cicer arietinum L.) (1st year) in rotation with winter wheat (WW) (2nd year) and spring wheat (3rd year). The 

experimental design is a randomized complete block with four replications and plot size 8 x 61 meters. Each crop rotation is 

examined over two cycles (i.e. 6 years) and was repeated in 2015 and 2016. The study is located at the WSU Wilke Research and 

Extension Farm which receives an average of 350 mm of precipitation. Data collected included seed yield, costs of production, 

economic returns, and subsequent crop production yields and quality. Gross economic returns are calculated using local F.O.B. 

prices on September 15 each year, and canola and chickpea yearly contract prices. Cost of production is the input costs (seed, 

fertilizer, herbicides, etc.) only. Spring wheat had the greatest yield averaging 2,311 kg ha-1, and there is no significant difference 

in yield between canola and chickpea at 1,035 and 1,003 kg ha-1, respectively. Over the first three years, subsequent WW yields 

were greatest following chickpea at 3,978 kg ha-1, second following canola at 3,734 kg ha-1, and lowest following wheat at only 

3,399 kg ha-1. Over the two-year cropping sequence economic return over costs with chickpea/WW has averaged $254 ha-1, 

wheat/WW at has averaged $208 ha-1 and canola/WW has averaged $164 ha-1. Overall, canola and chickpea both show positive 

rotation effects on following WW yield.  Grower profit will vary according to grain prices which will fluctuate over years.   

 

 

 

 

 

 

 

 

 

 

 

 


