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Executive Summary 

The Washington state Biofuels Cropping Systems (WBCS) Program was initiated in 2008 to provide 

research and extension leadership, coordination and government/industry linkages targeting the 

expansion of biofuel feedstock production in Washington State.  An emerging demand for biofuel crop 

feedstocks is rapidly growing in the regional ground and air transportation fuel markets, and regional 

processing industries will require local feedstocks to be viable.  Previous to this project, dryland 

agronomic research and extension programming at WSU over the past century has predominantly 

focused on cereal production in the region.  The WBCS program uniquely focuses on implementing crop 

diversification and intensification by utilizing oilseed crops grown in rotation with cereals. With expanded 

crop choices, producers can lead the way towards agronomic and economic development, improving the 

sustainability of the region, increasing our energy security, and positively impacting the environment.  

Simultaneously, crop diversification may also lead towards expanding food and feed market opportunities 

for the region.  A near term goal will be to increase oilseed acreage from <1% to 10% within the next 5-10 

years.   

After five years of research and outreach, WSU and USDA-ARS scientists and staff have identified specific 

opportunities, benefits and constraints for oilseed and cellulosic production in each of the four major 

cropping zones defined by precipitation and temperature.  New discoveries and information shared from 

fifteen projects across the state of Washington is helping fuel more interest from growers about the 

opportunities for improved overall production when including an oilseed or cellulosic crop in their 

rotation.  A summary of future plans for 2012 can be found on page 87.  Highlights of the most recent 

findings to date include: 

Regions 1 and 2: High, Intermediate and Low Rainfall Zones of Eastern Washington 
 

1. Spring canola as a viable alternative crop in rotation with winter wheat. Yield results from 
spring canola in three-year crop rotations at WSU Cook Agronomy Farm from 2001-2009 averaged 
1900 lb/acre.  Yield of broadcast spring canola was similar to no-till, indicating the potential of 
early spring seeding into winter wheat residue. Economic analyses show that while spring canola 
had negative net returns, other rotational crops were also unprofitable.  Given current market 
prices for canola, the economic analyses would change dramatically, as it is at more than double 
the average price of $12.80/cwt during the study period.  In north central WA, the first year of 
spring canola production was successful with yields averaging over 1000 lb/acre at 7- or 14-inch 
row spacing. 

 
2. Rotational benefits for wheat production. Numerous producers in eastern WA have observed 

increased wheat yield following an oilseed crop in rotation.  Data from a study with eight different 
spring crops grown before winter wheat indicated that winter wheat following spring wheat and 
barley performed poorer than following broadleaf crops.  These data suggest that growers may be 
able to assign rotational benefits to oilseed crops due to increased productivity of winter wheat 
and reduced nitrogen (N) fertilizer costs to obtain those yields.  Use of herbicide resistant canola 
provides greater weed control throughout the entire rotation. Another study found that spring 
wheat after winter canola produced a significantly higher yield than after winter wheat despite 
the fact that there were no differences in soil water content after harvest of winter canola and 
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winter wheat. These data show that winter canola provided a significant rotation benefit to spring 
wheat compared to winter wheat that was not related to water. 
 

3. Overcoming herbicide carryover.  In the high rainfall, annual cropping zone, Group 2 residual 
herbicides continue to pose a major constraint to producing oilseed crops, particularly canola and 
camelina. One mutant population has been identified in camelina that shows resistance to all 
Group 2 herbicides tested, and in 2011 seed was sent to two commercial breeding programs.  
Incorporating the mutation into several widely grown cultivars may provide a valuable tool for 
reducing risks associated with camelina production and increasing adoption of camelina as a 
rotation crop in this and other regions. 
  

4. Three -for-one forage + oil + meal crop.  It is well recognized that winter canola can be grown as a 
biennial crop (one planting, two seasons). A biennial canola study on 17 acres near Pullman 
examining interseeded winter canola and spring peas as a potential source of forage showed 
positive results.  Plants swathed and ensiled late summer 2010 had good dairy cow feeding 
qualities and substituted well for alfalfa or corn silage into a total mixed ration for lactating dairy 
cows without affecting milk production or composition. Nitrate-N concentration was reduced 80% 
by ensilage. Canola regrowth following swathing exhibited good winter survival, and canola 
harvested in 2011 yielded 2200 lbs/acre.  This experiment also demonstrated it is feasible to plant 
winter canola as early as July 1 and successfully achieve high over-winter survival and grain yield 
in the subsequent year. 
 

5.  Refining fertilizer recommendations.  The four year N x sulfur (S) fertility experiment indicates 
that accurate estimation of soil N supply and canola yield potential is critical in determining 
proper N fertilization rates. This research suggests N fertilizer rates can be reduced if residual N is 
high, because canola can aggressively utilize soil N carried over from previous seasons. Variation 
in oil concentration with N and S management appears to be minor, but variation amongst site 
years could be related to winter vs. spring canola.  There appears to be a physiological link 
between chloride (Cl) nutrition and cold tolerance in canola, related to the freezing point 
depression of cell sap.  This information suggests 1) further Cl soil fertility research on canola is 
needed to determine if cold tolerance can be enhanced with Cl fertility and 2) existing regional 
guidelines for canola fertility management need modified with the goal of maximizing cold 
tolerance, and yield and oil productivity. 
 

6. Increasing canola adoption. In north central Washington, there was no yield advantage in 2011 to 
increasing the seeding rate, or planting in early or late August. Thus, the recommended time of 
planting is during August when cool weather is forecast. Winter canola acreage has increased in 
Okanogan and Douglas Counties from 15 acres in 2007 to 2500 acres planted in 2011 as a result of 
concerted efforts by USDA-ARS and WSU research and extension, and in connection with the 
Colville Confederated Tribes.  
 

7. Successful camelina establishment.  Camelina can be successfully sown over a wide range of 
planting dates ranging from early fall to early spring.  Fall-planted camelina has excellent winter 
hardiness, similar to that of winter wheat. However, due primarily to lack of in-crop herbicides to 
control winter-annual broadleaf weeds, we recommend that growers apply glyphosate or other 
non soil residual burn-down herbicide in mid-to-late February to control weeds, followed by late 
February-early March camelina planting.   
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8. Increasing camelina seeding efficiency. Both direct drilling and broadcasting were successful 
methods for camelina stand establishment. From an economic standpoint, we recommend that 
growers use the broadcast planting method as broadcast applicators more than 60-ft wide are 
readily available to rent from local chemical dealers that easily allow planting of 400 acres per 
day.  Conversely, grain drills are not as wide, more expensive to rent or own, generally need to 
operated at a slower speed, and thus can cover only a fraction of the acres of broadcast machines 
during a given time period.  
 

9. Managing camelina residue in rotation. Growers need to be mindful that camelina produces 
relatively little residue.  With heavy tillage, soil erosion may be a problem during or after camelina 
production.  To reduce the potential for soil erosion, we recommend that (i) camelina be planted 
directly into the standing and undisturbed stubble of the previous crop (i.e., no tillage), and (ii) 
limited or no tillage be conducted after camelina seed harvest and before planting the 
subsequent crop.  This is especially important if a long fallow cycle is scheduled in the rotation 
after camelina seed harvest. 
 

10. Increase seed size to increase yield potential. Establishment of camelina and canola can be 
difficult in both deep-furrow planting and direct seed systems due primarily to the small seed size.  
Research has identified a unique mutation of plant-specific genes that result in increased seed 
size in camelina and a 30% increase in hypocotyl length, resulting in taller seedlings with no 
negative impact on adult plant size.  With larger seed size and taller seedlings, stand 
establishment can be improved, and seed loss from combine reduced, resulting in increased yield 
potential. 
 

11. Identifying pathogens:  Twenty canola cultivars tested in 2011 for resistance to Rhizoctonia were 
killed when exposed to AG2-1 (Rhizoctonia solani). One cultivar showed tolerance to damping-off 
from R. solani AG 8, AG 10 and the binucleate Rhizoctonia, while two genotypes exhibited high 
level of tolerance to R. solani AG 10.  Camelina plants infected with downy mildew resulted from 
infested seed, indicating that the disease is seed transmitted. Primers were developed that could 
detect the pathogen, which will be useful in seed certification and testing.  However, the primers 
may also cross-react with H. parasitica, downy mildew of Brassicas.  We are also not sure of the 
relationship between downy mildew on camelina and canola - can they cross infect?  Greenbridge 
control appears to be the best strategy in minimizing damage from pathogens in canola, and 
producers should use certified or tested seed to reduce the chance of downy mildew in camelina. 
Seed treatment with mefanoxam may control the disease. 
 

12. Dryland safflower in rotation.  Safflower was successfully established for the second time in a 
large scale, on-farm dryland cropping systems experiment near Ritzville.  The 2011 crop yielded 
1090 lbs/acre, and rotation benefits compared to other three-year crop rotation treatments will 
be available after the 2012 crop year. 

 

Region 3: Irrigated Central Washington 
  

1. Safflower shows promise. Irrigated safflower yields averaged 2770 lb/acre, and yields were 
significantly higher with 100 lb N/acre than 145 lb N/acre.  Yields averaged over the four years of 
the study were not significantly different between 90 and 70% ET, suggesting a potential 4.7-7.5” 
water savings using a deficit irrigation strategy.  Similarly, oil yield was higher under deficit 
irrigation, a reflection of higher yields and greater water use efficiency. 
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2. Cellulosic forage.  Irrigated switchgrass production at Prosser has shown that warm season grass 

hay can be consistently produced in the northern Columbia Basin region.  A critical factor to 
consider once production increases is how to store the feedstock bales pending processing at a 
biorefinery.  Our studies will provide four years of storage data that can be used in developing 
guidelines for long term storage. 

 

Region 4: Western Washington 
 

1. Spring oilseed trials at Mount Vernon revealed no clear yield trends across seeding or fertilizer 
rate, although all mustard plots yielded three to four times as much seed as camelina. Research at 
Puyallup focused on the use of biosolids for organic fertilizer on certified organic land.  Winter 
canola yields increased with higher biosolids application rates, but not significantly.  Average yield 
across fertilizer rates was 2355 lbs/acre, considerably less than expected due to pre-harvest 
shattering.  In general, low N fertilizer resulted in higher weed populations by April, likely because 
the canola crop was less vigorous. Fall seeded camelina winterkilled; however spring camelina 
was successfully established and yielded over 3000 lbs/acre in 2011.  Spring seeded canola, 
rapeseed, mustard, and camelina yields did not significantly differ by fertilizer regime.  

 
Overall Project 

1.  Supplying oilseed analyses. Almost 2000 oilseed samples have been submitted for analysis by 
WSU researchers since 2008. The most recent set of samples (825 total) were from camelina trials 
at several locations in the PNW.  Correlating crop yield and oil analyses by agroclimatic zones, 
varieties, fertilizer rates, and other factors will allow more site-specific crop recommendations for 
maximum potential seed and oil production.   
 

2. Reaching larger audiences. Outreach and extension efforts expanded again in 2011, with 
attendance exceeding 1845 at 25 events, including the following: 

 oilseed research plots and/or presentations featured at nine field days  
 250 attendees at inaugural Oilseed Crop Production Workshops at three locations with 

positive feedback to continue in 2012 
 poster and oral presentations by WSU and USDA-ARS personnel at five regional and 

national conferences  
 experienced oilseed growers and university researchers speaking at several local farmer 

breakfast and luncheon meetings 
 WSU and USDA-ARS attending quarterly Washington Canola and Rapeseed Commission 

meetings in person or by phone, serving as liaison between the university and the 
commission, and keeping the Commission abreast of current oilseed research.  

  
3. Increasing online interest. There were almost 2000 hits on the Biofuels website in 2011, two-

thirds of which came from 47 cities in Washington.   
 

4. Continuing collaboration. Multi-agency collaboration continued with the Confederated Colville 
Tribes, with USDA-ARS and WSU most recently receiving a small grant from the CCT to expand 
oilseed production into other tribal districts and to advise them on planting canola.   
 

5. Providing educational materials. The first set of case studies about oilseed producers in the four 
production regions of Washington was published as an Extension manual and the remaining three 
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sets are being edited for publication in 2012. These grower case studies highlight grower insights, 
advice to other growers, and perceived benefits and constraints in producing canola in wheat 
rotations. The WBCS research team published a fact sheet about canola growth, development and 
fertility, and several refereed journal articles and Extension fact sheets and bulletins about canola, 
camelina, and switchgrass production in the PNW are pending publication in 2012. 
 

6. Fostering related research. Oilseed rotation and fertility experiments are being co-supported by 
the USDA-NIFA funded REACCH (Regional Approaches to Climate Change) project, with 
recognition of EPA Life Cycle Assessment that substitution of biodiesel for petroleum diesel will 
reduce greenhouse gas emissions by 50%. 
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REGIONS 1 and 2 

Eastern WA annual cropping and intermediate rainfall zones 
 
Title:  Rotational Influence of Biofuel and Other Crops on Winter Wheat  
 
PI:  Stephen Guy 
 
Technical Support:  Mary Lauver 
 
Funding:  2010-2012, ongoing 
 
Background:  Growing Brassica oilseed crop in eastern Washington must fit within the regional rotational 
cropping systems. When grown, broadleaf crops usually precede winter wheat in rotation and studies 
worldwide have shown the benefit to winter wheat of following a broadleaf crop. Potential spring 
rotation crops that could precede winter wheat in our region include:  barley; wheat; dry pea; lentil; 
chickpea; and four Brassica crops, camelina, canola, yellow mustard, and oriental mustard. This is not an 
exhaustive list, but these crops are commonly grown in rotation with winter wheat. All the Brassica crops 
have potential as biofuel crops and camelina is targeted as a dedicated biofuel crop currently. When 
evaluating the potential economic benefit of these crops, is it imperative to include the rotational effect 
of these crops on winter wheat. Work conducted in the 1990’s at the University of Idaho showed the 
potential benefit of some of these crops (Guy & Gareau, 1998). Winter wheat grown after five different 
broadleaf crops averaged 29% greater yield than winter wheat following winter wheat, while the rotation 
benefit of two spring cereals to winter wheat averaged only 9% (Guy et al., 1995). These effects are with 
optimum N fertilization in the winter wheat crop. This quantifies the large benefit of crop rotation on 
winter wheat, but needs to be quantified in Washington for multiple years and rainfall zones with current 
alternate crops. 
 
Objectives:  
1. Evaluate spring rotation crops preceding winter wheat for relative productivity. 
2. Determine the spring crop rotation influence on a following winter wheat crop. 
3. Investigate the winter wheat crop’s response to N fertilizer rates among the preceding spring rotation 
crops. 
 
Methods:  These studies are two year crop sequence studies that involve eight spring crops (spring wheat, 
spring barley, dry pea, lentil, camelina, yellow mustard, oriental mustard, and canola) planted in year1 
followed by winter wheat (year2) grown across all year1 spring crops. Figure 1 shows the spring 2010 
plots at Spillman farm with lentil, pea, yellow mustard, canola, oriental mustard, camelina, barley and 
wheat left to right in the rearmost plots. The year2 winter wheat planted within each of the previous 
spring crop areas is divided into sub-plots and fertilizer rates of 32, 64, 96, 128, 160 lb N/acre are applied 
with a split application of 70% in the fall and 30% in the spring. The spring crops are managed with 
uniform fertilizer applications to all crops except the pea and lentil that did not receive fertilizer. Plot size 
in year1 is 24 ft X 24 ft and year 2 plots are 4 ft X 20 ft. in four replications of the two factor factorial split 
plot design. Spring plots were planted at the Moscow, ID Parker farm in 2008, at the Palouse Conservation 
farm in 2009, and at Spillman farm in 2010 and 2011 near Pullman, WA. Year2 winter wheat was seeded 
in the fall of the same year following the spring crops. Spring planting dates were as early as practical to 
allow freezing avoidance for the mustard and canola crops, and this puts a crop like camelina at a 
disadvantage since it is not planted at an optimum time. Year2 crops were planted in October. Year1 
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residues were maintained on each crop area as much as possible and ground was minimally worked prior 
to planting ‘Brundage 96’ winter wheat with a double-disc small plot drill.  
 

 
Figure 1. 2010 Rotation Study Spring Crops planted to winter wheat for 2011 at Spillman Farm, Pullman, 
WA 
 
Table 1.  Spring Crop Seed Yields, 2008 Moscow, 2009 Pullman-PCFS, 2010 and 2011 Pullman-Spillman. 

Spring Crop 2008 2009 2010 2011 2008-11 avg. Avg. %  

 
--------------------- lbs/acre ---------------------- Variation 

Spring Wheat 3750 3915 1700 2770 3035 26.4 
Spring Barley 4625 5485 3520 4145 4445 13.8 
Dry Pea  1830 245 840 2565 1370 61.4 
Lentil 1075 740 480 1850 1035 56.8 
Camelina 1895 2585 1715 1530 1930 17.0 
Yellow Mustard 1390 1635 695 1415 1285 23.1 
Oriental Mustard 915 2290 700 1750 1415 42.9 
Canola 700 1610 670 1395 1095 37.3 

Average 2025 2315 1290 2175 1950 34.8 

LSD (0.05) 515 765 750 455 
  CV (%) 17 23 39 14 
   

Results and Discussion:  Spring crop yields for 2008-2011 are presented in Table 1. The three highest 
yielding crops averaged across years in descending order are spring barley, spring wheat, and camelina. 
The mustard and canola yields tend to vary more year to year than camelina and barley. This variation is 
described by the average % variation from the crop average values. These results fit other experimental 
observations and grower experiences that report high variability for canola, mustard, and grain legume 
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crops. High variability year to year is an impediment to successfully growing crops. Another interesting 
crop comparison is a ratio of barley to camelina yield that averaged 2.3 times more barley grain yield than 
camelina. Barley and camelina are both cool adapted, early planted spring crops that have similar growing 
seasons and historic barley performance might be a good indicator of camelina yield potential. Crop yields 
were good in 2008, pea and lentil were disadvantaged in 2009 due to seeding difficulties, and the 2010 
site was variable with shallow soil, while the 2011 site was good for all crops, but camelina was injured by 
herbicide and downy mildew. Overall yields should average close to 1400 lbs/acre for lentil and 2000 
lbs/acre for pea, otherwise average yields across these years are similar to expected yields for these 
locations. 

  
 Table 2.  2011 Winter Wheat Performance Following 2010 Spring Crops 

 
  Wheat Yield   Test wt.   Height Protein 

 Previous Spring Crop 
 

bu/acre 
 

lb/bu 
 

inches % 
 Spring Wheat 

 
38 

 
58.9 

 
30 7.6 

 Spring Barley 
 

47 
 

58.2 
 

30 7.2 
 Dry Pea  

 
68 

 
58.9 

 
32 7.9 

 Lentil 
 

68 
 

58.8 
 

32 8.1 
 Camelina 

 
62 

 
57.7 

 
32 6.6 

 Yellow Mustard 
 

65 
 

57.7 
 

31 7.0 
 Oriental Mustard 

 
58 

 
57.8 

 
31 6.8 

 Canola   62   57.6   32 6.6 
 Average 

 
58 

 
58.2 

 
31 7.2 

 LSD (0.05) 
 

NS 
 

NS 
 

NS 0.8 
 C.V. (%) 

 
13 

 
0.8 

 
5 5.4 

 

         
 

  Seed Yield   Test wt.   Height Protein 
 N Fertilizer Rate (lb/acre)   bu/acre   lb/bu   inches % 
 32 

 
48 

 
58.2 

 
29 6.9 

 64 
 

53 
 

58.2 
 

30 7.0 
 96 

 
59 

 
58.1 

 
32 7.1 

 128 
 

63 
 

58.1 
 

32 7.4 
 160   69   58.3   33 7.7 
 Average 

 
58 

 
58.2 

 
31 7.2 

 LSD (0.05) 
 

4 
 

NS 
 

1 0.2 
 C.V. (%) 

 
13 

 
0.8 

 
5 5.4 

  
 Winter wheat grain yield, test weight, protein, and plant height in 2011 for each spring crop and 
fertilizer rate is presented in Table 2. Wheat yield, test weight, and plant height was not significantly 
different among the previous crops, although at p=0.1076 (Table 3) there is a good indication that winter 
wheat following spring wheat and barley performed poorer than following broadleaf crops. The highest 
wheat yields were following pea and lentil. The winter wheat performance was reduced following spring 
wheat by volunteer spring wheat and stripe rust although fungicide was applied once. This is a shallow soil 
site and wheat yields are low overall. Wheat yield increased as N fertilizer rate increased from 32 to 160 
lb/acre and the highest wheat yields occurred for all spring crops at 160 lb N/acre. Grain protein was also 
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highest following pulse crops and increased across N rates. There was no significant interaction of 
previous crop and N rate for any parameter.  
 The previous 2010 report details results from similar trials conducted in 2009 and 2010 that show 
winter wheat yielded highest following spring legumes, followed by brassicas, then small grains, especially 
in 2010. However, in 2010 there was not a positive response to N fertilizer rate. 
 

Table 3.  2011 Winter Wheat Probabilities Following 2010 Spring Crops, Pullman, WA 

Source Seed Yield Test wt. Height Protein 

Previous Spring Crop 0.1076 0.2396 >.4000 0.0013 
Fertilizer Rate 0.0001 >.4000 0.0001 0.0001 
Crop X Fertilizer  >.4000 >.4000 0.2945 0.3521 

 
Impact/Potential Outcomes:  These trials provide a direct comparison of spring crop performance that 
can be used by growers to determine the value of biofuel crops and expected yields relative to other 
crops they have grown. When reliable results show wheat performance after spring crops, growers can 
also assign rotational benefits to biofuel crops due to increased productivity of winter wheat and N 
fertilizer input costs. This information boosts growers’ decision-making ability to grow biofuel or any 
spring crop prior to winter wheat. Adoption of biofuel crops must be made rationally or failure to meet 
expectations is assured and has occurred historically with canola.  
 
Publications: Results are ongoing for refereed publication. WSU Extension publication: 
‘Camelina Production in the Dryland Pacific Northwest’ (in review) 
 
Proposed Future Research/Extension:  The 2011 spring crop study is planted to winter wheat and 
hopefully will not be as highly influenced by site conditions as the 2010 winter crop. There needs to be 
another rotation of the spring to winter crop sequence to replace the 2010 winter data and plans are in 
place to plant the 8 spring crops in another study. In addition, a series of these trials needs to be 
conducted in the intermediate rainfall area. 
 
References: 
Guy, S.O. and R.M. Gareau. 1998. Crop rotation, residue durability, and nitrogen fertilizer effects on 

winter wheat production. J. Prod. Agric. 11:457-461 
Guy, S.O., R.M. Gareau, and M.K. Heikkinen. 1995. Canola, rapeseed, mustard and other crop rotational 

influence on winter wheat productivity and N fertilizer response. P. 75-83 In G. Johnson and M. Lewis 
(ed.) Proc. PNW Canola Conf., Coeur d’ Alene, ID, 5-7 Nov. Montana State Univ., Bozeman. 
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Title:  Development of Camelina Lines Resistant to Group 2 Herbicides 
 

PI:  Scot Hulbert 
 

Co-PI:   Ian Burke 
 

Funding and Duration:  2007-2012. The project was initially funded from a grant from the Western 
SunGrant program, from 2007-2010 

Graduate Students: Dusty Walsh was originally supported by the project through 2010. Ebrahiem Babiker 
was then partially supported by the project during 2011. 

Technical Support: Ron Sloot 

Background: Because camelina is a new crop in North America, farmers and researchers have not 
optimized its agronomy and many questions remain about how to best produce it economically and 
sustainably. Weed infestation is currently the greatest limitation for the effective production of camelina. 
Broadleaf weeds, such as prickly lettuce, kochia, Russian thistle, mayweed chamomile, redroot pigweed, 
and common lambsquarters, and grasses such as Italian ryegrass, wild oat, and downy brome, are 
particularly troublesome. At present, there is only one herbicide registered for use in camelina and that 
herbicide only controls some grass weed species. To successfully integrate industrial oil seed crops into 
existing rotations in the Northwest, inputs need to be discovered and evaluated not only to protect the 
new crop, but also to mitigate impacts on other crops grown in rotation. Camelina is highly sensitive to 
soil residues of Group 2 herbicides, which are widely used in the region, and this has led to herbicide 
damage in many fields during first attempts to grow camelina. We have therefore identified herbicide 
insensitive camelina mutants including one that is resistant to both imidazolinones and sulfonyl ureas as 
described below. 

Although camelina has been cultivated in Europe for over 2,000 years for oil and livestock fodder 
(1), its production in the last century was almost completely displaced by that of canola and oilseed rape. 
Accordingly, camelina breeding research has been limited. The current varieties are simply a small 
number of selections from the world camelina germplasm collections chosen for seed yield, seed weight, 
fatty acid profile, and agronomic characteristics. There is considerable variation in camelina germplasm (2, 
3). Plants grow to a height of 30 to 120 cm; plants produce seeds with an average 1000-seed mass 
between 0.7 and 1.6 g; seed yields range from 2 to 3 t/ha; and oil content ranges from 28% to 42%. This 
relatively high variation indicates that rapid genetic gains could be made with intensive breeding. In 
addition, camelina is adapted to a wide range of environmental conditions, especially in semi-arid regions 
and in low-fertility or saline soils (4), making it a potential crop to grow on marginal land. 

Much of the genetic variation that underlies agronomically important traits like oil content and 
seed yield is complex and is governed by quantitative trait loci (QTL; 5). The integration of DNA markers 
with conventional plant breeding has enormous potential to improve the efficiency and precision of crop 
breeding (6, 7). Although genetic and genomic knowledge of camelina is limited (8) the very close 
relationship between camelina and the model plant Arabidopsis thaliana (9,10) should make it possible to 
infer candidate genes and markers for beneficial agronomic traits. Rates of crop improvement through 
genetics are difficult to predict in a crop like camelina where little public or private effort has been 
focused, but the considerable variation between lines indicates progress can be made quickly.  

Objectives: The main objective is to identify lines that are less sensitive to imidazolinone herbicides like 
Pursuit and Beyond.  Pursuit is used widely in legume rotations and Beyond is used increasingly in 
Clearfield wheat production.  A secondary objective is to find lines with increased resistance to 
sulfonylureas, like Maverick.  The ultimate objective is to release these lines to camelina breeders and 

Regions 1 and 2 
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possibly release a WSU variety so that the herbicide resistant traits are incorporated into commercial 
cultivars.  

Methods: To identify mutations in camelina that confer tolerance to group 2 herbicides, we constructed 
EMS mutagenized populations of the camelina cultivars Calena and Cheyenne. The mutagenized seed was 
advanced by self-fertilization one generation without selection to allow mutant alleles to become 
homozygous to better reveal recessive or codominant alleles. Resistant individuals were identified and 
verified from mutant screens that examined very large populations (roughly 107 M2 plants) in the field 
with herbicide application. Progeny of potential mutants were then re-examined by re-application of the 
same herbicide on greenhouse grown seedlings. Lines with verified resistance were intercrossed and 
crossed to wild-type camelina to examine inheritance of the resistance. The mutant with the highest level 
of resistance, designated SM4, was originally identified in the Cheyenne background.  This was crossed to 
the cultivar Calena and F2 families from multiple F1 plants were screened in the field for resistance to 
Pursuit at a 1 oz. active ingredient per acre rate. Seed from approximately 500 individual plants were 
selected to make F3 families, which were subsequently planted in small plots at Lind in Spring 2011. 
Approximately 400 individual plants were selected from these plots to make F4-derived families which will 
be tested in replicated yield plots at Davenport spring 2012. 

Results and Discussion:  Our initial field experiment identified several putative mutants resistant to the 
herbicide imazethapyr (Pursuit). The putative mutants were transplanted to the greenhouse and seed was 
recovered from most. We tested the progeny with imazethapyr by spraying recommended field rates (4 
oz/acre) to determine which of the families are derived from true herbicide resistant mutations. We also 
tested progeny seedlings of the putative mutants for tolerance to imazamox (Beyond herbicide). Four of 
the lines, designated IM1-IM4, showed significant levels of resistance to both herbicides and no 
morphological abnormalities. One of the mutants (IM1) was from the Cheyenne population and three 
were from the Calena population. All of the progeny from each mutant appeared to have similar levels of 
increased resistance to both herbicides indicating the original selection was homozygous for the mutation 
and that the mutation caused cross resistance. Fertility, seed set and morphology were similar to the 
parental lines.    
 We also screened the mutagenized populations to identify resistance to the sulfonyl ureas 
herbicide sulfosulfuron (Maverick). Seed from several possible mutants were collected and tested in the 
greenhouse for resistance. One of the lines, designated SM4, showed increased resistance. As with the 
IM1-IM4 mutants, seed from the SM4 mutant appeared true breeding for resistance indicating the 
original mutant plant selected was homozygous for the resistance gene.   
 The mutants were intercrossed to each other and to Calena. F2 populations of resistant x 
susceptible crosses were made for all but IM3, where no F1 seed were obtained.  Examination of 
segregation in the F2 populations indicated that the resistances of the IM1, IM2, IM4 and SM4 were 
caused by single dominant or codominant genes (Table 1). The levels of damage varied among the 
segregating F2 seedlings so they were initially scored as resistant, susceptible and intermediate.  When the 
intermediate and resistant classes were combined, all of the mutants segregated 3:1 as expected for a 
single dominant gene.  When the frequencies of the three classes were tested against a 1:2:1 ratio, the 
IM1 and SM1 progeny showed excesses of seedlings scored as intermediate.  Testing progeny of some of 
these plants scored as intermediate indicated some bred true for resistance, indicating the F2 plants were 
actually homozygous.  Taken together, the data indicate that resistance segregates as a co-dominant 
gene, but the homozygous resistant and heterozygous plants are difficult to distinguish.   
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Table 1: Segregation of resistance to imazethapyr in F2 families derived from resistant by susceptible crosses. 

 Number of Plants   

F2 Total Resistant Intermediate Susceptible Chi-sq 1:2:1 Chi-sq 3:1 

Calena/IM1 809 149 450 210 19.4351* 0.39596 

Cheyenne/IM2 551 117 279 155 5.3303 2.8802 

Cheyenne/IM4 646 145 354 147 5.9628 1.7358 

Calena/SM4 821 173 452 196 9.6796* 0.5558 

* indicate Chi-square values that deviate significantly (P<.01) from expected ratios.  

 

 F2 populations from crosses between the different mutants did not segregate for susceptibility or 
levels of resistance that were noticeably higher than the parent.  This indicates that all of the resistances 
occurred at the same locus.   

 To better characterize their resistances, lines derived all five mutants were examined with group 2 
herbicides from three different chemical classes (Fig. 1).  All of the lines showed increased resistance to 
Imazethapyr and Flucarbizone, but SM4 showed higher levels of resistance.  In addition, SM4 showed 
increased resistance to the sulfosuluron, while the others appeared similarly sensitive to the control 
plants.   

 To determine the nature of the mutation in the SM4 line, ALS encoding genes were PCR amplified 
and sequenced using degenerate primers.  Four different genomic clones and 15 different cDNAs were 
sequenced.  Surprisingly, 11 different sequences were identified among the 19 clones (Figure 2).  Only one 
of the genes showed a nucleotide substitution that had been previously observed in yeast and tobacco 
which gained resistance to group 2 herbicides.  This was the SM4-5-cDNA (Fig. 2) which showed a T to C 
substitution.  The substitution caused a phenylalanine to leucine replacement at corresponding amino 
acid 578 (Figure 3).  To determine if this change was unique to the SM4 variant, PCR primers were 

 
Figure 1. Resistances of five Camelina mutants to three group 2 herbicides as 
compared to the sensitive cultivar Calena. 

Calena

SM4

IM1

IM2

IM3

IM4
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generated that were specific to the nucleotide substitution.  The primers efficiently amplified DNA 
fragments of the expected size from the SM4 mutant but not from the parental line Cheyenne.   

SM4-1-GENO  TTGTAAGGTCCTGATTGCTCCTTGTCTCTCGAGACGTTAACTCAATAG 

SM4-2-GENO  TTGTAAGGTCCTGATTGCTCCTTGTTTCTCGAGACGTTAACTCCGTAT 

SM4-6-CDNA  TTGTAAGGTCCTGATTGCTCCTTGTTCTTTATTTTGCGATTACCGTAT 

SM4-4-GENO  TTGTAATGCTTGAATTTCTTCCTTCCTCTCGAGACGTTAACTCAATAG 

SM4-1B-GENO TAATTATGCTTGAATTTCTTCCTTCCTCTCGAGACGTTAACTCAATAG 

SM4-8-CDNA  TAATTATGCTTGAATTTCTTCCTTCCTCTCGAGACGTTAACTCAATAG 

SM4-4-CDNA  TAACTGGCTTTTAGCGGACCACCGTCCCGTAAGTCATCGACTTGGTAT 

SM4-1-CDNA  CAGTTGGCTTTTAGTGGACCACCGTCCCGTAAGTCATTAACTTAATGT 

SM4-5-CDNA  CAGTTGGCTTTTAGTGGACCACCGTCCCGTAAGTCATTAACTCAACAT 

SM4-5B-CDNA CAGTTGGCTTTTAGCGGACCACCGTCCCGTAAGTCATTAACTCAATAT 

SM4-7-CDNA  CAGTTGGCTTTTAGTGGACCACCGTCCCGTAAGTCATTAACTCAATAT 

SM4-3-CDNA  CAGTTGGCTTTTAGTGGACCACCGTTCTTTATTTTGTGATTACCGTGT 

Figure 2. Alignment of polymorphic nucleotides from genomic and cDNA clones of the ALS encoding genes from 
the SM4 mutant.   
 

DNA sequence                           

Cheyenne   TTGGCATGGTTATGCAATGGGAGGATCGGTTCTACAAAGCTAACCGA 
SM4        TTGGCATGGTTATGCAATGGGAGGATCGGCTCTACAAAGCTAACCGA 

Amino acid sequence                                                  578 

Cheyenne   LATIRVENLPVKILILNNQHLGMVMQWEDRFYKANRAHTYLGNPAAE 
SM4        LATIRVENLPVKILILNNQHLGMVMQWEDRLYKANRAHTYLGNPAAE 

Figure 3. Nucleotide substitution in the ALS encoding gene causing the increased resistance in the SM4 mutant.  
The resulting phenylalanine to leucine substitution is also shown. 

 In conclusion, four of five mutants were very similar or identical in their responses to the 
herbicides tested, while the SM4 mutation appeared different and superior for practical purposes.  SM4 
showed higher levels of resistance to all three chemical classes tested and was the only mutant that 
showed increased resistance to sulfosuluron. Even the SM4 mutant, however, was not completely 
resistant to the herbicides when they are sprayed directly on the foliage because the seedlings typically 
are stunted at least temporarily. The incomplete resistance is probably due in part to the copy number of 
the ALS gene family in camelina. Eleven different sequences were identified in the SM4 line. Although this 
line was derived from a single M2 plant, it is possible it is heterozygous for some family members.  The 
numbers of sequences generated, however, indicates there are at least six different ALS genes in 
camelina.  Since most of the genes were identified as cDNA sequences, it appears that most of these 
genes are actively transcribed.   
   Since the SM4 mutant is partially resistant to three subclasses of the group 2 herbicides this is 
now the favorite mutant and is being bred for release.  This mutant occurred in the Cheyenne background 
and we have crossed it to Calena. Several large F2 families were planted in the field in June and sprayed 
with Pursuit. Seed from 470 vigorous plants were harvested and planted in duplicate plots at Lind in late 
winter (2011). Seeds from single plants were again selected and will be planted in yield plots this spring. 

Impact/Potential Outcomes:  Camelina varieties resistant to group 2 herbicides will help adoption of this 
crop in all rainfall regions. We hope to release a WSU cultivar in 2013 and we have already sent seed of 
the original mutant in the Cheyenne background to two different commercial breeding programs. We 
expect the SM4 mutation to be incorporated into several widely grown cultivars in the future, and expect 
this to reduce risks associated with camelina production in most regions.    
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Affiliated projects and funding:  We have recently submitted a proposal as a subcontract to Colorado 
State University to the USDA BRDI program ($7M total) that will fund continuation of this work.  In 
addition, we are currently cooperating with the University of Idaho on writing a Biofuel Feedstock 
Coordinated Agricultural Project for approximately $10M. 

Publications:  
Walsh, D.T., E.M. Babiker, I.C. Burke, and S.H. Hulbert.  Camelina Mutants Resistant to Acetolactate 
Synthase Inhibitor Herbicides. In revision for Molecular Breeding. 

Posters were presented in 2010 and 2011 at ASA-SSSA-CSSA meetings, the 2009 PNDSA meeting, the 2010 
Clean Energy meeting.   

A formal germplasm release publication is being planned for submission in late 2012.  

Research agreements have been agreed upon with two companies and a licensing agreement is being 
drafted.  

Proposed Future Research/Extension: Our main objective is to get the ALS-SM4 mutant allele 
homozygous into a good genetic background that can be released to breeders or grown as a variety.  We 
will: 

1) Select good yielding homozygous lines from our nursery in Lind. 
2) Write and submit a germplasm release paper.   
3) Write and submit a paper describing the mutants and their inheritance. 
4) Amplify sufficient seed to begin field herbicide trials to test relative resistance to levels of group 2 

herbicide carryover.  These will be conducted in two locations and will begin with fall 2011 soil 
treatments and spring 2011 plantings at Davenport and Pullman. The cultivar Cheyenne will be 
compared to favorite ALS-SM4 lines.  

References: 
1)   Schultze-Motel, J. 1979. Die Anbaugeschichte des Leindotters, Camelina sativa (L.) Crantz. Archaeo-
Physika. 8: 267-281. 
2)  Putnam, D.H., et al. Camelina: A promising low-input oilseed, in New Crops, J. Janick and J.E. Simon, 
Editors, Wiley: New York, 1993. p. 314-322. 
3)  Ghamkhar, K., et al., 2010. Camelina (Camelina sativa (L.) Crantz) as an alternative oilseed: molecular 
and ecogeographic analyses. Genome. 53(7): 558-67. 
4)  Budin, J.T., W.M. Breene and D.H. Putnam. 1995. Some compositional properties of Camelina 
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Technical Support: Ron Sloot 

Background: Winter canola has better and more consistent yield potential than spring canola in Eastern 
Washington if good stands can be established and plants have formed a healthy rosette before cold 
winter temperatures occur (Davis et al. 2008). In irrigated areas sufficient size is generally achieved when 
planted by mid September. In the rainfed annual cropping areas, mid September plantings typically do not 
have sufficient soil moisture to germinate until fall rains begin. The plants from these later plantings are 
then very small during early winter and don’t survive the low temperatures. In the low and intermediate 
rainfall regions winter canola is typically planted into summer fallow in late August or early September 
and stands can also be difficult to achieve under these conditions.  Canola is poorly suited for deep furrow 
seeding that has been developed for winter wheat seeded into fallow. Soils are dry and hot and moisture 
is well below the surface. Unlike the Midwest, rains rarely occur during this period and the seed must be 
planted very deep to find moisture; the combination of deep planting and hot soil temperatures makes 
stand establishment very inconsistent. 

Planting winter canola in late spring or early summer makes stand establishment much easier.  
This is not a common practice however, so it is difficult to predict how the canola plants will respond to a 
long period of growth the first summer before vernalization, and how it will affect their ability to survive 
the winter and perform well the following season.  Canola varieties vary in their vernalization 
requirements, so some ‘winter’ varieties may actually flower the first summer or fall.  Canola plants will 
likely use most of the available water the first summer, and varieties may respond differently in how they 
are affected by this.   

Growing canola as a biennial crop might also present opportunities for other beneficial cropping 
systems variations like grazing and intercropping. Cropping rotations that include perennial or biennial 
forages can provide multiple agronomic and environmental benefits which enhance soil tilth and fertility 
(Russelle et al 2007).  In a mixed cropping system where livestock are rotated with cash crops, winter 
canola can provide an immediate source of high quality forage and a grain crop for oil production the 
following year while improving the profitability and flexibility of the system (Kirkegaard 2006; Neely et al 
2009). Winter canola has been grazed in Oklahoma and Australia but this is typically planted in the fall and 
grazed in the winter (http://www.canola.okstate.edu/cropproduction/forageproduction/index.htm; 
Kirkegaard et al 2008).  When winter canola was planted in March or April in Australia and grazed in mid-
August, the varieties recovered from grazing to produce 4 tons ha-1 fresh weight; 9.9 tons acre-1 and 
good 47% oil content.  Oil yield was unaffected by grazing but a later grazing date increased forage 
production and reduced grain (oil) yield.  Canola could be intercropped to enhance its forage quality or 
possibly to supply nitrogen. Legumes are valuable in intercropping because they fix nitrogen and can thus 
be used to improve soil fertility without purchasing fertilizer. Legumes have been grown with wheat, 
without affecting crop yields (Wiersma et al 2005).  Yield reductions could occur when cropped with 
canola if the crops were competing for limited water, but if the competition is limited to the first year of a 
biennial crop, this should have a smaller effect.   
  

Objectives:  
1. Identify conditions where winter canola can be grown more reliably in dryland eastern Washington 

environments.   

Regions 1 and 2 

http://www.canola.okstate.edu/cropproduction/forageproduction/index.htm
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2. Identify varieties or germplasm that are best adapted to these conditions, such as accessions that can 
1) survive hard freezes as seedlings, 2) survive very dry conditions and then subsequent winters, 3) 
emerge and survive during very hot dry conditions, or 4) that are resistant to any diseases 
encountered in these conditions.     

Methods: Canola lines and varieties were collected from all major canola production regions. These 
varieties were screened by a variety of lab, greenhouse and field tests.  Methods are described here. 
Additionally, canola and canola-legume intercropping plots were planted in both Pullman and Davenport 
in 2009 and Davenport in 2010. In 2010, plantings were June 25 and July 25 at Davenport.  Plot sizes were 
8 X 50’ and were planted with 1) 21.4 grams of DKW 45-10 canola with 12-inch row spacing (8 rows), 2) 
10.6g canola with 208g ‘Ariel’ spring peas, or 3) 10.6g canola with 208g ‘AC Greenfix’ chickling vetch.  In 
the intercropped plots, the legumes and canola were planted in alternate rows approximately 12” apart.  
Each of the three cropping treatments was replicated four times in a randomized complete block design. 

An additional 17-acre field of canola intercropped with spring peas was planted in Pullman in 
2010. Approximately 100 lbs/acre of Aragorn peas were planted with no fertilizer on July 1 with a Horsh 
drill.  Canola (4.5 lbs/acre) was then planted on July 2 with a Cross-Slot drill and 40-10-10 (lbs N-P-S/acre) 
fertilizer. The field was swathed and windrows harvested on September 8, and the forage was ensiled into 
an air-tight plastic silo bag. A feeding study was conducted by the WSU Department of Animal Sciences 
using 36 lactating Holstein cows in which cows were group-fed either a control total mixed ration (TMR) 
or a TMR that contained 9% canola/pea silage (dry matter basis).  In the TMR, the canola/pea silage 
replaced a portion of the alfalfa hay and corn silage such that crude protein (CP) and neutral detergent 
fiber (NDF) percentages were similar between treatments.  After 21 days the canola/pea silage was 
increased to 15% (DM basis) of the TMR.  The canola was harvested August 23, 2011 with a John Deere 
6622 combine. 

Results and Discussion:  Growth chamber tests of canola seedlings failed to identify repeatable 
differences among canola varieties in their resistance to low temperatures. Conditions that killed one 
variety typically killed all the varieties in each test.  To look at differences in canola genotypes we planted 
the varieties in the National Winter Canola Variety Trials along with local varieties.  Details of the various 
variety trials are as follows: 

Site1 Planting Date Environment Useful Data 
Othello 2008 Sept. 10 Irrigated Yield potential 

Othello 2009 Sept. 22 Irrigated Yield potential 

Ralston 2008 Aug. 14 Dry fallow None/No stands 

Pullman 2008 Sept. 25 Late seeding None/No winter survival 

Reardan 2008 Sept. 17 Mod/late seed None/Chemical damage at flowering 

Pullman 2009 Aug. 28 Early/dry Early drought survival 

Davenport 2009 Sept. 2 Std chem fallow Seedlings died in early fall 

Davenport 2010 June 10 Biennial Premature bolting/survival 

Davenport 2010 July 10 Biennial Survival 

Ralston 2011 June 29 Biennial None/No winter survival 

Ralston 2011 July 23 Biennial No/No stands 

Davenport 2011 June 25 Biennial None/No winter survival 

Davenport 2011 July 20 Biennial None/Chemical damage 
1 Year indicates when canola would be harvested 

http://www.css.wsu.edu/biofuels/reports/final_report_2010/R1R2_Hulbert_%20Camelina.pdf
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Yield results from 2008 and 2009 at the irrigated site in Othello, WA can be can be accessed here. 
 

Variety trials were planted in 2009 and 2010 in Davenport to test varieties adaptation to early 
planting in this region. Ralston was added as an additional site in 2010.  Varieties included most of the 
commercially available material in the PNW and some other material that has shown high yield potential 
in trials in Othello.  The plots were planted into stubble from the previous year’s winter wheat crop.  Good 
stands were obtained through most of the plots, except for the Davenport 2010 plots where seedlings did 
not emerge, or died after emergence in plots on the east side of the field.  In general, little if any flowering 
was observed in any of the July-planted plots, but several varieties showed some premature flowering in 
the June planting.  The varieties Sumner and Wichita showed an estimated 48 and 32% flowering plants.  
Two Idaho varieties, Erika and Athena, also showed a tendency to flower in this trial, with approximately 
18% and 14% flowering, respectively.  The other varieties all averaged 10% or less flowering and several 
had no flowering plants.  The stems of many plants were elongated ~2-10 cm but this appeared to be 
affected as much or more by environment that genotype.  Areas of the field that appeared the most 
drought stressed showed little stem elongation, possibly because the plants had quit growing before they 
were stimulated to begin flowering.   

All varieties in the June planting showed extensive winter kill with roughly half the plots having no 
surviving plants in the spring. The variety with the best survival, KS4022 averaged only 12 surviving plants 
per plot or roughly 1-2% survival.  The July-planted plots fared a little better, but survival was still 
generally poor.  Varieties ranged from an estimated average of 2% to 23% survival.  A Kansas State 
University line KS4022 showed the best survival in both planting dates with an estimated 1.5% in the June 
planting and 23% in the July planting.  Other varieties that survived well in the July planting included the 
University of Idaho varieties Erika (19.3%) and Athena (15.7%). Glyphosate resistant varieties also showed 
a range of winter hardiness ranging from Monsanto’s DKW45-10 (14.3%) to Croplan’s HyClass110WRR 
(3.3%).  The plots were not harvested for yield because of the large range, and generally poor survival in 
the plots.   

 Since a single location and year is not sufficient to gauge winter hardiness or other performance 
attributes, the varieties were planted again in early summer plantings in 2010 at Davenport and Ralston.  
The June 2010 plantings at both locations again appeared drought stressed by last summer and showed 
almost no winter survival.  We concluded that June plantings in the low and intermediate rainfall regions 
are not feasible, regardless of the variety planted.  The July planting at Davenport again appeared less 
stressed in late summer and showed better winter survival.  A gradient of chemical damage, possibly from 
soil residual activity of herbicide, affected plots in each replication of the July planting and prevented 
meaningful variety comparisons, but survival was much better than the June plantings.   

Unusually cold fall and winter weather killed all of the canola plants in the canola intercropping 
plots in Pullman in the 2009 planting.  June plantings at Ralston and Davenport also all died in both 2009 
and 2010 although winter conditions were not as severe as in Pullman.  Survival was generally better in 
the July-planted variety trials than the June-planted variety trials, but the July planted intercropping trials 
had almost no survival. In the 2010 plantings at Davenport, the variety DKW45-10 was used since it 
showed better survival in the 2009 variety trials (14.3%).   While this variety showed up to 6% survival in 
the variety trials in 2010, none of the plants in the intercropping experiment survived the winter.  It is not 
clear why the intercropping plots had such poor survival. If intercropping adds additional stress due to 
competition for water it would not be feasible to intercrop for nitrogen fixation or biomass considering 
the relatively low amounts of biomass produced in Davenport.   

http://www.css.wsu.edu/biofuels/final_report_2009/R1_R2_Potential_Bienially_Grown_Canola.pdf
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In the 17-acre intercropped field, both peas and winter canola had good stands.  Swathing yielded 
approximately 2000 lbs forage DM/acre at 31% DM. The chemical composition of the canola/pea forage 
before and after ensiling changed to the extent that the silage was more palatable for dairy cows (Table 
1). Most notably, nitrate-N content decreased about 80% during ensilage, allowing for limit feeding. 
Nitrate and sulfur levels in canola forage can be a concern for grazing cattle, but ensiling can avoid high 
nitrate levels. 

Table 1. Chemical composition of the canola and pea forage before and after ensiling for 28 days. 

 Pre-ensiled forage1 Post-ensiled forage1 

Dry matter, % 30.73 30.6 
Crude protein, % 12.72 13.28 
Soluble protein, % 35.49 54.66 
Acid detergent fiber, % 24.53 24.12 
Neutral detergent fiber, % 35.29 29.82 
Acid detergent insoluble N, % 0.65 0.70 
IVDMD, %2 72.68 75.06 
Starch, % 10.12 8.08 
Fat, % 1.99 1.98 
Sulfur, % 0.32 0.31 
Ash, % 14.91 17.5 
Nonfiber carbohydrate, % 37.6 38.6 
Nitrate-N, ppm 139.25 27.7 
NEL, Mcal/kg 1.56 1.56 
pH NA 4.3 
Lactic acid, % NA 6.92 
Acetic acid, % NA 1.97 
Butyric acid, % NA 0.00 
1Mean of 4 individual composite samples 

 The silage had good dairy cow feeding qualities and substituted well for alfalfa or corn silage into 
a TMR for lactating dairy cows (Table 2) without affecting milk production or composition. Canola grain 
yield in the second summer was approximately 2200 lbs/acre.   

Table 2.  Ingredient composition (% of DM) of the total mixed rations 

 
Ingredient 

 
Control TMR 

TMR with 9% 
canola/pea silage  

TMR with 15% 
canola/pea silage 

Corn silage 18.4 12.6 8.6 
Alfalfa hay 39.4 36.4 34.3 
Canola/pea silage --- 8.8 14.9 
Concentrate1 33.4 33.4 33.4 
Distillers grains & solubles 5.3 5.3 5.3 
Whole cottonseeds 3.5 3.5 3.5 

 

Conclusions: The project has had little success in identifying canola germplasm with high levels of cold 
tolerance at the seedling stage.  Few repeatable differences between varieties were observed in 
laboratory tests on seedlings.  In addition, late planted trials have indicated that all the commercial 
varieties tested were sensitive to hard frosts as young plants.  Late planted winter canola is therefore not 
currently a viable option for consistently growing winter canola in the annual cropping regions.  Early 
plantings of winter canola, in June and July, make stand establishment much easier especially in the low 
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and intermediate rainfall regions.  Unfortunately, earlier planting may cause additional water stress in the 
first year which decreases winter survival.  In higher rainfall regions, like Pullman, the levels of water 
stress are much less severe, and up to five tons of feed are available from the first year’s growth. This may 
make winter canola profitable in the high rainfall region, even though two growing seasons are required 
to grow a crop.  This may be especially true for growers with livestock and growers with fields that have 
large weed seed banks. 

Impact/Potential Outcomes:     Biennial canola provides an opportunity for growers with livestock to 
provide a source of feed in late summer in the first year of canola production.  This is more likely to be 
profitable in the high rainfall parts of the inland PNW where biomass production is higher and late 
summer drought stress is not as severe. It may be possible intercrop with a variety of different crops and 
legumes could be used to minimize the amount of N required.  The intercropping of canola and peas 
yielded an ensilage that was palatable with an acceptable feeding value as indicated by the chemical 
composition, in vitro digestibility, and feeding study with lactating dairy cows.  Ensiling the forage crop 
and feeding it as part of a total mixed ration avoided potential problems that might occur with direct 
grazing.  Thus, biennial forage canola appears to be a viable option in crop rotation systems in dryland 
areas to diversity crop production and obtain forage for ruminants.  Including canola in rotations with 
wheat can facilitate weed control and provide other rotation benefits and thereby increase overall 
profitability (Guy and Karrow 1998; Helm and Hansen 2008; Herdrich 2001; Painter et al. 2009). 

Affiliated projects and funding:  We have recently submitted a proposal as a subcontract to Colorado 
State University to the USDA BRDI program ($7M total) that will fund continuation of this work.  In 
addition, we are currently cooperating with the University of Idaho on writing a Biofuel Feedstock 
Coordinated Agricultural Project for approximately $10M. 

Publications:  
Kincaid, R.L., K.A. Johnson, J.J. Michal, A.C. Huisman, S.H. Hulbert, and W.L. Pan. 2012. Case Study: 
Production of silage containing biennial canola and peas for use as forage in a dairy rotation. The 
Professional Animal Scientist 28:120-124. 
 
Kincaid, R.L., K.A. Johnson, J.J. Michal, S.H. Hulbert, W.L. Pan, J. Barbano, and A.C. Huisman. 2011. Biennial 
canola for forage and ecosystem improvement in dryland cropping systems. 2011. Advances in Animal 
Biosciences 2(2):457. 
 
Proposed Future Research/Extension:  We will present the results of this work at winter oilseed 
production workshops in 2012.    
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Title:  Oilseed Crop Fertility 
 
PIs: William Pan, Richard Koenig, Dan Skinner 
 
Graduate students : Ashley Hammac and Tai McClellan, PhD Soils and NSF IGERT Fellows; Meagan Hughes 
MS Soils  
 
Technical support: John Rumph, Ron Bolton, partly supported  
 
Duration:  Fall 2007-present. The nitrogen (N) x sulfur (S) experiment will be expanded to follow residual 
N in the crop sequence and impacts on legume and wheat fertility in 2013. Potassium chloride (KCl) plots 
have been established on grower fields in fall 2011 to follow up on cold tolerance findings reported 
below. 
   
Background: Canola seed yield responds well to applied N when residual soil levels are low but the 
magnitude of response is variable due to interacting factors of climate, available soil N, cultivar, and 
management practices. Previous extension publications recommend N application rates similar to wheat, 
but rates are widely variable. Excess N application has been known to cause decreased oil concentration, 
delayed maturity, and lodging.  Earlier studies have shown no benefit to split N application in canola.  In 
some cases, excess fall N application in winter canola was detrimental to overwinter survival and yield. 
Cycling of nutrients in residue to subsequent crops is likely one important rotational benefit of canola due 
to high residue nutrient concentrations.   Other nutrients such as sulfur may also play a critical role in 
yield and oil quality. 
 Cold-hardiness is critical to the survival and productivity of both winter and spring canola.  
Fertility management of K, Cl and phosphorus (P) nutrition may provide an agronomic tool for improving 
plant survival during freezing stress, as has been demonstrated in other crops such as alfalfa.   
 
Objectives: 

1. Develop nutrient (primarily nitrogen and sulfur) management recommendations for major 
oilseed crops that maximize oil yield and quality; 

2. Disseminate information on oilseed crop fertility management to growers in extension 
bulletins, and to the scientific community in peer-reviewed journal articles; 

3. Determine whether enhancing K, Cl and P fertility can increase cold hardiness of acclimated 
and un-acclimated canola. 

 
Materials and Methods:   
N x S Fertility.  In the 4th year of a N x S experiment, spring canola was planted at the Wilke Farm near 
Davenport and the Palouse Conservation Field Station [PCFS] near Pullman, WA. Preplant soil sampling 
was conducted to characterize baseline fertility conditions at each site. Treatments consisted of a range of 
nitrogen rates (0 to 180 kg N/ha in 45 kg increments with 17 kg S/ha) applied in treatments replicated 
four times in a randomized complete block experiment design. Additional treatments were included at 
rates of 45 and 135 kg N/ha in which sulfur was omitted to evaluate sulfur responses. Select fall-spring 
split N application treatments were also included.  
 
Cold Tolerance Under Field Conditions.  Experimental plots were established on August 2, 2010 at 
Washington State University’s Plant Pathology Farm near Pullman, Washington.  The experimental design 
was a randomized complete block with the fertilizer sources treated as the only variable. Fertilizer K and P 
was band-applied at the time of seeding at  0, 58, and 116 kg K ha-1 as KCl (51% K, 47% Cl) and 0 and 13 kg 

Regions 1 and 2 
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P ha-1 as triple super phosphate or TSP (19% P). HyCLASS 110WRR winter canola seed was planted with a 
1.9 m wide, double-disc drill and packer at 5.6 to 7.8 kg seed ha-1 in 19 cm rows. The fertilizer salts were 
applied at least 5 cm below the seed to ensure adequate separation, avoiding burning of the seedlings. 
There were six treatments including a control (no added fertilizer) replicated four times with plots 2.3 m 
wide and 15.2 m long.  Soil and air temperatures were measured with probes and dataloggers. Pre- and 
post-winter survival was determined before the first frost and at maturity by counting two linear, one-
meter plant rows in each plot. The remaining plot areas were used for plant samples collected on 
November 18, 2010 for fresh tissue analysis of K, P, and Cl concentrations in the sap and photosynthesis 
yield measurements. Photosynthetic yield was estimated from chlorophyll fluorescence of the youngest 
developed leaf of four plants per plot using a “MINI-PAM” fluorometer. Average K, P, and Cl 
concentrations in the sap were quantified from the newest mature leaves of five plants before seed set in 
fall 2010. The samples were frozen in liquid N, crushed, allowed to thaw, and the sap extracted with 
centrifugation, and nutrient concentrations were analyzed with ion specific electrodes. 

 
Cold Tolerance Under Controlled Conditions.  Canola seedlings were grown in potting mix-filled 
germination trays treated with Cl amendments: NH4Cl, CaCl2, NaCl, or KCl applied in soil concentrations 
equivalent to 56 and 112 kg Cl ha-1, similar to the rates used in the field study. Units for application were 
converted from kg ha-1 to mg kg-1 on a 6 inch acre furrow slice basis. After 21 days of growth, leaf tissue 
was collected from the newest, fully-open leaves of four randomly selected plants in four different cells 
per fertility treatment for sap extraction as described above. Half of the plants were acclimated for three 
days in a growth chamber (Model E-8, Conviron, Pembina, ND, USA) at 3oC and 1000 umol m-2 s-1 
irradiance supplied with cool white fluorescent lights with a 12-hour photoperiod, and half were kept at 
room temperature on a greenhouse bench. Plants from the greenhouse were moved to a windowless 
room for 12 hours each day to effect a 12-hour photoperiod. After three days, non-acclimated plants 
were transferred to the 3oC growth chamber for freezing temperature treatments. The soil was drenched 
with Snomax at 10mg l-1 and ice was added to the soil surface to facilitate ice formation. The temperature 
was then lowered at a rate of 1.5 oC to a test temperature of -3, -5, -7, -8, -9, or -10 oC. Plants were 
removed once the target temperature was reached. After the freezing treatments the trays were placed 
in a 4oC growth room for 96 hrs for recovery before transfer to the greenhouse bench. Once on the bench 
the treatments were observed for survival for three weeks. Plants were counted as dead if they failed to 
produce new leaf growth within three weeks. Meristem regrowth after the plants were subjected to 
freezing temperatures is commonly used to estimate cold tolerance. 
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Results and Discussion:  

N x S Fertility.  Residual inorganic soil N was low, 82 kg N/ha, at the Wilke Farm at Davenport, WA, and 

115 kg N/ha at PCFS at Pullman, WA.  The 2011 spring canola grain yields at PCFS were higher than in 

previous years, and therefore more responsive to N fertilizer additions (Fig. 1). As in previous years, no 

consistent yield responses to S additions were observed.  Harvest indices for canola were once again 

lower than those typically reported for wheat, with values ranging from 19 to 22% at Pullman and 14 to 

24% at Davenport. 

  
 
Figure 1.  Grain yield response to N supply at Pullman (PCFS) and Davenport (Wilke). The left-most plotted 
point on each response curve represents 0 N fertilizer applied.  
 
 
 The economically optimum N rate, calculated at high prices for canola grain ($0.22/lb) and N fertilizer 
($0.56/lb N as urea) were estimated for each location as the N rate at which the incremental increase in 
total revenue product (yield x canola price) equaled the incremental increase in fertilizer cost.  The 
economically optimum N rate at the Wilke Farm was 77 kg N/ha, while at PCFS it was determined that no 
N fertilizer added under these yield response and price scenarios paid for itself.   
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Nitrogen and S effects on oil and protein concentration in canola grain for 2008-2010 were compiled and 
summarized (Table 1).  Both nutrients had only minor to no effects on both grain parameters, in contrast 
to more consistent N x S effects on protein in wheat.  The greater oil concentration at Pullman in 2009 
was likely related to the fact that winter canola survived that year, suggesting either variety or earlier 
maturation increased oil concentration in contrast to other site years in which spring canola was grown. 

 
Cold Tolerance Under Field Conditions. Increased Cl ion concentration in the sap, but unchanged K or P, 
suggested luxury consumption of Cl with increasing application rates of KCl (Fig. 2).  

 
Figure 2. A) Sap K concentration and B) Sap Cl concentration in response to KCl application rates. 
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Chlorophyll fluorescence differences by KCl application rate measured on Nov 10 and Dec 14 suggested 
greater photosynthetic efficiency later into the autumn with applied KCl (Fig. 3). Plant survival ranged 
from 22 to 42% across treatments; plant counts following winter were consistent with the prediction that 
Cl influenced survival, but the grain yields over all plots averaged 2969 kg ha-1

 suggesting plant stand did 
not limit yields due to the compensatory nature of winter canola to branch and fill in voided spaces in the 
field . 

 
 

 
Figure 3. (A) Chlorophyll fluorescence measurements from young leaves of canola plants grown in the field near Pullman, WA, USA during the 
2010-2011 season with three levels of added KCl fertilizer. Bars with the same letter within dates indicate means were not significantly different. 
Measurements were of photosynthetic yield  (Fm' - F/ Fm'); Fm' is the fluorescence emitted after the saturation pulse is applied from the 
fluorometer. F is the initial fluorescence taken before the saturation pulse is applied. The statistical differences among the December 14 readings 
were based on maximum photosynthetic yield. (B) Air temperature record from the canola field, vertical bars indicate the days on which the 
chlorophyll fluorescence measurements (A) were made. 
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Cold Tolerance Under Controlled Conditions.  Cold acclimation improved the rate of survival to 90.4% 
while 55.0% of non-acclimated plants survived. Sap Cl level and its impact on survival was dependent on 
Cl source. CaCl2 and NH4Cl behaved as expected with greater survival corresponding to greater Cl 
accumulation (Table 2). Survival of plants treated with CaCl2 was increased by 22.4% without acclimation 
and by almost 10% (85.8 to 95.5%) after acclimation (Table 2). Plants treated with KCl did not show a 
difference in survival, but the Cl concentration difference between the low and high treatment was not 
significant in that case (Table 2). Survival levels under the two NaCl treatments were significantly 
decreased with increased percentage of Cl in the sap (Table 2), likely due to Na toxicity. 

 

Table 2. Means separation of freezing survival and average measured leaf sap Cl concentrations of 

winter canola in acclimated and non-acclimated plants, treated with low and high treatments of Cl 

fertilizers at 21 days of growth in a controlled environment.  

Chloride 

rate/ source Acclimation Cl 

 

 

 

Observations 

 

               Survival________           

 

 

ΔCl† 

kg Cl ha-1  x10-4 M 

Plants? % Std 

Dev 

Min Max  

56 CaCl2 Yes 311 11 85.8a 0.28 0.10 1.00 35 

112 CaCl2 Yes 346 12 95.5ab 0.09 0.78 1.00  

56 CaCl2 No 311 16 37.9cd 0.40 0.00 1.00 35 

112 CaCl2 No 346 15 60.3d 0.39 0.00 1.00  

56 KCl Yes 356 11 96.0a 0.13 0.56 1.00 1 

112 KCl Yes 357 11 97.0a 0.10 0.67 1.00  

56 KCl No 356 16 50.1cd 0.41 0.00 1.00 1 

112 KCl No 357 16 54.4cd 0.38 0.00 1.00  

56 NH4Cl Yes 339 12 81.1ab 0.27 0.25 1.00 169 

112 NH4Cl Yes 508 11 92.7a 0.14 0.63 1.00  

56 NH4Cl No 339 15 52.8cd 0.33 0.00 1.00 169 

112 NH4Cl No 508 16 58.4cd 0.34 0.00 1.00  

56 NaCl Yes 369 12 90.2a 0.23 0.37 1.00 46 

112 NaCl Yes 414 12 83.7a 0.22 0.43 1.00  

56 NaCl No 369 13 72.5bc 0.36 0.00 1.00 46 

112 NaCl No 414 

15 

 

55.6cd 

 

0.34 

 

0.00 

 

1.00 

 

 

Control Yes 328 11 0.912a 0.23 0.25 1.00 0 

Control No 328 16 0.531cd 0.39 0.00 1.00  
†mM Cl differences between the low and high treatments of chloride fertilizers 

 

Conclusions. The four year N x S fertility experiment indicates that accurate estimation of soil N supply 
and canola yield potential is critical in determining proper N fertilization rates. In recognition that canola 
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can aggressively utilize soil N supplies if available, N fertilizer rates can be reduced. Variation in oil 
concentration with N and S management appears to be minor, but variation amongst site years could be 
related to fall vs. spring canola.  There appears to be a physiological link between Cl nutrition and cold 
tolerance in canola, related to freezing point depression of cell sap.  This information suggests further Cl 
soil fertility research on canola is needed to determine if cold tolerance can be enhanced with Cl fertility. 
 
Impact/Potential Outcomes.  This research is leading towards a modification of existing regional 
guidelines for canola fertility management with the goal of maximizing cold tolerance, and yield and oil 
productivity. 
 
Affiliated funding.  This project dovetails with the UI/OSU/WSU USDA NIFA funded REACCH project 
examining crop diversification and N management impacts on climate change. 
 
Proposed Future Research/Extension. The N x S experiment has been expanded into a crop sequence 
experiment so that we can continue to document N x S responses in canola over more site years, but also 
follow the carryover N and its effects on subsequent legumes and wheat grown in rotation.  The objective 
is to evaluate the proper N credits following canola, recognizing there is significant crop residue N 
returned to the soil following canola grain harvest.  Experiments will continue to be located in Pullman 
and Davenport.  A nitrogen management guide for canola will be written and published. The chloride 
research has been expanded into on-farm chloride fertility trials where KCl rates are applied in replicated 
plots on existing growers’ winter canola fields.  Current experiments are located at Dusty, Ralston and 
Davenport.   Soil and air temperatures, plant survival, leaf fluorescence, Cl plant concentrations, yield and 
oil concentration will be measured.  Results will be discussed at field days and workshops. 
 
Publications. 
Hammac, W.A., W.L. Pan, R.T. Koenig and I.C.Burke. 2011. Nitrogen and Sulfur Fertility Effect On Canola 
(Brassica napus) Protein Content and Fatty Acid Profile. American Society of Agronomy annual meeting, 
16-20 Oct., San Antonio, TX.  ASA, CSSA, and SSSA Abstracts. 
 
Hammac, W.A., W.L. Pan, R.P. Bolton, R.T. Koenig.  2011. High resolution imaging to assess oilseed 
species’ root hair responses to soil water stress. Plant Soil 339: 125-135. 
 
Hammac, W.A., W.L. Pan, and R.T. Koenig.  2011. Impact of Nitrogen Use Efficiency on Greenhouse Gas 
Emission in Canola Biodiesel Feedstock Production.  Soil and Water Conservation Society International 
Conference.  Washington, DC. 
 
Hughes, M. 2012. Winter Hardinesss of Canola in Response to Alternative Fertility Management 
Approaches. MS Thesis.  Washington State University, Pullman, WA. 
 
Koenig, R. T., W. A. Hammac, W. L. Pan. 2011. Canola growth, development and fertility. WSU Extension 
Fact Sheet FS045E.  
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Figure 1. No-till winter canola establishment in winter wheat 
residue under conditions of marginal seed-zone soil water.  
Wheat residues may also promote more favorable seed-zone 
water for the establishment of shallow-seeded spring canola. 

Title:  Spring and Winter Canola Research at the WSU Cook Agronomy Farm 
  
P.I.’s:  David Huggins, USDA-ARS, Pullman; Kate Painter, Univ. of Idaho 
 
Technical Support:   
 
Duration:  2001-2009 
 
Objectives:   

1. Evaluate agronomic practices and methods used for spring canola production including no-till drill 

and broadcast planting 

2. Measure spring canola yields (2001-2009) and the influence of planting date on yields 

3. Determine Roundup Ready spring canola impacts on weed management 

4. Calculate the economics of spring canola in rotation for this site and time period. 

Background 
Spring canola production can diversify 
cropping systems within dryland cropping 
zones of the Pacific Northwest.  No-tillage 
systems may be particularly well-suited to 
spring canola as crop residues promote 
seed-zone moisture conservation near the 
soil surface that could benefit the 
establishment of the small, shallow-seeded 
crop (Fig. 1).  Cereal crop residues create 
warmer surface air temperatures (Huggins 
and Pan, 1989) that could protect canola 
seedlings from spring frosts.  

Field research comparing 
differences in soil disturbance and residue 
configuration created by different no-till 
drills demonstrated that residues 
remaining standing after the seeding 
operation were more effective at 
maintaining spring canola stands following 
spring frosts (Fig. 2) (Appel, 2010). 
Emergence tended to be more rapid with the inverted-T opener, however, stands also tended to be more 
easily affected by spring frost.  This occurred as the inverted-T drill left residue relatively flat on the 
surface as compared to more standing residue with the double-disk and hoe-type openers.  The coldest 
air temperatures tend to be at the surface of the residue and increase within the residue.  Therefore, 
standing cereal residues tend to provide a thicker zone of protection from spring frosts as compared to 
flattened residue or no residue at all. Spring canola varieties that are resistant to herbicides (e.g. 
Roundup) can also provide useful alternatives for managing weeds such as annual grasses that are 
problematic in other rotational crops.  
 
 
 

Regions 1 and 2 
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Methods 

In 2001, three-year rotations including a crop rotation with spring canola were initiated at the 
WSU Cook Agronomy Farm.  Round-up Ready spring canola was no-till planted using a double-disk drill 
(Great Plains) into spring barley (first year only) or hard red winter wheat residue (8 years). Seeded and 
harvested strips at the WSU Cook Agronomy Farm were approximately five acres (Fig. 3). Planting dates 

ranged from as early as March 26 to 
as late as May 12 and were dependent 
on spring weather and soil conditions. 
Seeding rates were initially high (8-10 
lbs/ac) but were reduced after the 
first 3 years to 6 lbs/ac.  ‘Ryder’ spring 
canola was planted the first year, 
‘Dekalb 223’ the fourth year, and 
‘Hyola 357’ the remaining seven years. 
All seed was treated for early season 
control of flea beetles, seed-borne 
blackleg, seed-borne Alternaria and 
the seedling disease complex 
(damping-off, seedling blight, seed rot 
and root rot) caused by Pythium spp., 
Fusarium spp. and Rhizoctonia spp. 
(e.g. HELIX® XTra). No further 
insecticides were needed for aphids, 

cabbage seedpod weevil or Diamondback moth with the exception of 2009 when Sniper was applied on 
Aug. 6th at 2.5 oz/ac. During two years (2003 and 2004), spring canola was broadcast planted into standing 

Figure 2. Spring canola seedling emergence and stand establishment 
under three different no-till drill opener types: double disk, hoe, and 
inverted-T (Cross-slot) (Appel, 2010). 

Figure 3. Aerial photograph of the WSU Cook Agronomy Farm with alternative 
crops in rotation with winter and spring wheat.  No-till spring canola is 
flowering (yellow). 
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winter wheat stubble using a Vermeer spreader. This occurred in strips where winter canola had failed to 
establish and served as a comparison between drilled and broadcast crops. In 2003, Hyola 357 was 
broadcast at 10 lbs/ac on April 14 and was then top-dressed with ammonium nitrate at 112 lbs N/ac.  In 
2004, Dekalb 223 was broadcast at 8 lbs/ac and then top-dressed with 112 lbs N/ac of ammonium nitrate. 

Liquid fertilizer was deep-banded 3 to 4 inches through the no-till drill by low-pressure injection 
behind a turbo coulter mounted ahead of the double-disk seed openers. Total applied N ranged from 100 
to 130 lbs N/ac and averaged 110 lbs N/ac for the nine year period. Liquid phosphorus (10-34-0) was 
applied at 10-20 lbs P2O5 /ac and S (thiosul) was applied at 15-30 lbs S/ac averaging 25 lbs S/ac.  Weed 
management with herbicides was accomplished with three separate applications of Round-up: a late fall 
application, spring prior to seeding, late spring in crop with rates ranging from 12 to 20 oz/ac depending 
on formulation and time. 

Spring canola was harvested by hand in the standing crop at 20-25 geo-referenced points (1 m2) 
representative of the 5-ac strip. Following hand harvest, the spring canola was combined without further 
treatment and the full strip combine yields compared to the collective hand harvested yields.   
 
Results  
Yield: Spring canola yield ranged from 1065-2758 lbs/ac and averaged 1880 lbs/ac over the nine year 
period (Fig. 4). Year-to-year variation in crop yields was similar to spring wheat and barley crops (Fig. 4).  
Spring canola yields were inversely related to planting date (Figure 5). With the exception of one year 
(2005), spring canola yield decreased 43 lbs/ac for every day seeding was delayed after April 12th.  
  

 

  

Figure 4. Spring canola yields, 2001 through 2009, at the WSU 
Cook Agronomy Farm. Also shown are spring barley and wheat 
yields for the same time period. 

 

Figure 5. Spring canola planting date effects on seed 
yield at the WSU Cook Agronomy Farm. 
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In turn, spring canola planting date was directly related to September through April precipitation where 
earlier planting was achieved during drier fall and winter soil recharge periods (Fig. 6). During two years 
(2003 and 2004), spring canola was broadcast seeded using a Vermeer spreader after winter canola failed 

to establish (Fig. 7).  Broadcast seeded and no-till planted spring canola yields were similar for both years 
averaging 2035 lbs/ac broadcast and 2259 lbs/ac no-till seeded (Fig. 8). As seeding occurred at relatively 
early (mid-April or earlier) and similar dates, these comparisons do not include the potential benefit of 
earlier seeding that may be achieved using broadcast methods.  

 
 

 
  

Figure 6. Relationship between spring canola planting date 
and September through April precipitation at the WSU Cook 
Agronomy Farm. 

 

Figure 7. Vermeer spreader used to broadcast plant spring 
canola into winter wheat residue in 2003 and 2004 at the WSU 
Cook Agronomy Farm. 

 

Figure 8. Spring canola yield comparison of broadcast versus 
no-till drilled planting methods during 2003 and 2004 at the 
WSU Cook Agronomy Farm. 
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Economics 
U.S. domestic consumption of canola oil has substantially exceeded U.S. production since the 1980’s with 
recent demand over 2-times the supply (Fig. 9).   Globally, the U.S. is a major importer of canola oil while 

Canada and Australia are major 
exporters (Fig. 10). Canola 
prices remained fairly flat from 
1991 through 2006, but 
recently have experienced 
substantial gains with prices in 
2007 of $11/cwt and in 2011 
nearly $19/cwt (Fig. 11).  
Consequently, as spring canola 
was produced at the WSU Cook 
Agronomy Farm from 2001 
through 2009, prices ranged 
from a low of $7/cwt in 2001 to 
a high of $18/cwt in 2009. In 
early 2012, the daily cash price 
for canola was over $24/cwt 
(Fig. 12).  

 

 
 

  

Figure 9. U.S. canola oil production and demand. 

 

Figure 10. Global canola trade 2008-2009. 
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Profits (net returns over total costs) for spring canola production at the WSU Cook Agronomy Farm ranged 

Figure 11. Canola prices, 1991 through 2011.  
 

Figure 12. Daily cash prices for canola on 1/24/12 (Source: 
Northern Canola Growers Assoc.). 
 

Figure 13. Net returns over total costs for spring canola produced at the WSU Cook Agronomy 
Farm from 2001 through 2009. 
 



 
35 

 

from a low of -$97/ac in 2005 to a high of $44/ac in both 2004 and 2009.  Net returns over total costs 
averaged -$30/ac over the nine year period (Fig. 13).  In comparison, returns for the other two rotational 
crops in the study averaged -$75/ac for spring peas and -$20/ac for spring barley over the same nine year 
period.  This was a period of fairly low returns but rising costs, particularly for fertilizer and fuel.  
 
Conclusions 
The market outlook for canola oil is strong, with U.S. domestic consumption exceeding U.S. production 
since the 1980’s. Currently, U.S. demand for canola oil is more than double the national supply. Globally, 
the U.S. is a major importer of canola oil while Canada and Australia are major exporters. 
 
At the Cook Research Farm, net returns for spring canola averaged -$30/ac, with a standard deviation of 
$44 over the 2001-2009 study period. Other rotational crops were also unprofitable, however. Returns for 
spring barley averaged -$20/ac, with a standard deviation of $53 and returns for spring peas averaged -
$75/ac with a standard deviation of $46/ac. The January 2012 market price of $24/cwt would dramatically 
change these results, as it is approximately double the average price during the study period of 
$12.80/cwt. 
 

References: 
Appel, D. and D. Huggins. Comparative Performance of Low and High Disturbance No-Till Drill Openers for 
Establishing Crops.  2010 Dryland Field Day Abstracts: Highlights of Research Progress. Technical Report 
10-2. Washington State University Department of Crop and Soil Sciences.   
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University of Idaho Brassica Breeding and Research (www.cals.uidaho.edu/brassica/)  
 
University of Idaho Crop Budgets (www.cals.uidaho.edu/aers/r_crops.htm). This site contains current 
budgets for canola, camelina and mustard for North Idaho, plus major commodities and rotational crops; 
lower rainfall dryland canola (eastern Idaho) is also included. 
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Title: Canola and Camelina Diseases 
 
PI:  Timothy Paulitz 
 
Co-PI:  Scot Hulbert 
 
Graduate students: Ebrahiem Babiker 
 
Technical Support: Kurt Schroeder 
 
Background 
Canola:  Little work has been done on resistance to Rhizoctonia diseases in canola (Acharya et al. 1984, 
Yang and Verma, 1992).  In addition, all the work has been done with R. solani AG 2-1, and little is known 
about the virulence of two other groups common in the PNW: AG-10 and Ceratobasidium spp.  
Camelina:  Downy mildew of camelina was detected in fields in 2010 and 2011, with an incidence of less 
than 5%, but it may be impacting yield.  This is the first report of this disease in Washington, and recent 
reports have also come out of Oregon and Nebraska (Putnam et al. 2009, Harveson et al. 2011).  Prior to 
the aforementioned reports, there have been no published reports of this disease in North America. 
Where did the disease come from if these areas had not grown camelina before?  We suspect it is seed 
transmitted, and wanted to verify this. 
 
Objectives   
Canola:  Screen cultivars to test for virulence of other Rhizoctonia groups, and see if any cultivars have 
resistance/tolerance (Table 1). 
Camelina:  Confirm identity of downy mildew in camelina, determine if it is seed transmitted, and if seed 
treatments can reduce disease. 
 
Methods 
Canola:  Greenhouse screenings using soils inoculated with the different pathogens groups, AG 2-1, 10 
and Ceratobasidum. 
Camelina:  We planted infested seed in the greenhouse and provided high humidity.  We isolated DNA 
from infested plants, sequenced ITS region to identify, and tested mefanoxam seed treatment. 
 
Results and Discussion: 
Canola:  No cultivars exhibited any resistance to AG 2-1; all were killed in the experiment.  One B. napus 
hybrid (Visby) performed well in the two trials and showed high level of tolerance to damping-off from R. 
solani AG 8, AG 10 and the binucleate Rhizoctonia, while two genotypes (Amanda and Baldur) exhibited 
high level of tolerance to R. solani AG 10 (Tables 2 and 3). 
Camelina:  Infected plants resulted from infested seed, indicating that the disease is seed transmitted. 
The pathogen was confirmed as Hyaloperonospora camelinae. Conidia were seen on stems and seed, and 
oospores in leaves (Figs. 1-4).  Primers were developed that could detect this pathogen, which will be 
useful in seed certification and testing (Table 4).  However, the primers may also cross-react with H. 
parasitica, downy mildew of Brassicas.  We are also not sure of the relationship between downy mildew 
on camelina and canola - can they cross infect? 
 
Impact/Potential Outcomes:  Resistance to the major pathogen AG 2-1 has not been identified, but there 
may be some tolerance to the other groups. Downy mildew of camelina is transmitted by seed, and 
growers should use certified or tested seed.  Seed treatment with mefanoxam may control the disease. 
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Publications (in preparation):   
Babiker, E., T. Paulitz and S. Hulbert. Evaluation of Brassica species for resistance to Rhizoctonia solani and 
binucleate Rhizoctonia (Ceratobasidum spp.) under controlled environment conditions. Plant Disease. 
Babiker, E., S. Hulbert, and T. Paulitz.  Detection, seed transmission, and control of Hyaloperonospora 
camelinae on Camelina sativa (L.) in Washington State.  Plant Disease. 
 
Proposed Future Research/Extension: We will continue to monitor and investigate canola and camelina 
diseases. We will verify the identity of pathogen on camelina and relation to H. parasitica with DNA work.  
We will confirm if isolates from camelina are cross-pathogenic to canola.  
 
References:  

1. Acharya, S. N., P.R. Verma, J. Dueck, and R.K. Downey. 1984. Screening rapeseed/canola for 
resistance to damping-off and seedling root rot caused by Rhizoctonia solani. Can. J. Plant Pathol. 
6:325–328. 

2. Harveson, R. M., D.K. Santra, M.L. Putnam, and M. Curtis. 2011. A New Report for Downy Mildew 
[(Hyaloperonospora camelinae Gäum.) Göker, Voglmayr, Riethm., M. Weiss and Oberw. 2003] of 
Camelina [Camelina sativa (L.) Crantz] in the High Plains of the United States. Online. Plant Health 
Progress doi:10.1094/PHP-2011-1014-01-BR. 

3. Putnam, M. L., M. Serdani, D. Ehrensing, and M. Curtis. 2009. Camelina infected by downy mildew 
(Hyaloperonospora camelinae) in the western United States: A first report. Online. Plant Health 
Progress doi:10.1094/PHP-2009-0910-01-BR.  

4. Yang, J., and P.R. Verma. 1992. Screening genotypes for resistance to preemergence damping-off 
and postemergence seedling root rot of oilseed rape and canola caused by Rhizoctonia AG2-1. 
Crop Protection 11: 443-448. 
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Table 1. Names and type of Brassica napus genotypes that were tested for susceptibility to R. solani AG 2-
1, R. solani AG 8, R. solani AG 10 and binucleate Rhizoctonia. 

 

Name Type Source 

Amanda Open pollinated University of Idaho 

Athena Open pollinated University of Idaho 

Baldur Hybrid DL seeds Inc. 

Dimension Hybrid DL seeds Inc. 

Durola Open pollinated University of Idaho 

Dynastie Hybrid DL seeds Inc. 

Flash Hybrid DL seeds Inc. 

Hornet Hybrid DL seeds Inc. 

Hybristar Hybrid Momont, France 

Kadore Open pollinated Momont, France 

Kiowa Open pollinated Kansas State University 

KS4022 Open pollinated Kansas State University 

Riley Open pollinated Kansas State University 

Rossini Open pollinated Technology crops international 

Safran Hybrid DL seeds Inc. 

Sitro Hybrid DL seeds Inc. 

Summer Open pollinated Kansas State University 

Virginia Open pollinated Virginia State University 

Visby Hybrid DL seeds Inc. 

Wichita Open pollinated Kansas State University 

 

 

 

 
Table 2. Analysis of variance probability levels for screening different Brassica napus genotypes for 
resistance to R. solani AG 8, R. solani AG 10 and binucleate Rhizoctonia (BNR).  

 

  Seedling survival (%)  Shoot length reduction (%) Shoot fresh weight 

  First trial Second trial First trial Second trial First trial Second trial 

Genotype < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

Isolate  < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

Genotype x Isolate < 0.0001 < 0.0001 0.05 0.06 0.6 0.7 
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Table 3. Effect of R. solani AG 10, R. solani AG 8 and binucleate Rhizoctonia (BNR) on the percent of 
seedling survival and percent of shoot length reduction of different Brassica napus genotypes 

 

  
Seedling survival (% of noninoculated 

control) Shoot length reduction (%) 

  First trial Second trial First trial Second trial 

  AG10 AG8 BNR AG10 AG8 BNR AG10 AG8 BNR AG10 AG8 BNR 

Amanda 100* 88.9 55.6 100* 82.7 100 6.0* 20.9 20.9 5.4* 34.8 39.1 

Athena 100 66.6 100 88.9 66.6 88.9 13.2 16.2 27.9 41.2 47.1 26.5 

Baldur 100* 77.8 88.9 100* 66.7 84.9 7.4* 11.8 17.6 2.9* 34.8 26.7 

Dimension 100 100 22.2 100 92.4 88.7 12.0 18.7 25.3 24.3 34.3 29.9 

Durola 100 33.3 44.4 96.2 47.9 77.6 25.3 19.0 20.3 37.0 31.7 21.0 

Dynastie 100 44.4 55.6 100 22.2 10 26.4 16.7 38.9 40.4 40.6 41.2 

Flash 100 88.9 77.8 100 66.7 100 13.3 24.0 21.3 40.4 31.6 41.2 

Hornet 100 44.4 22.2 92.4 66.7 92.4 9.6 25.3 27.7 17.0 37.7 32.1 

Hybristar 100 100 100 99.7 92.4 77.8 22.5 36.8 14.5 49.5 36.8 32.7 

Kadore 100 88.9 100 100 92.4 100 20.0 20.0 10.8 31.7 37.7 29.8 

Kiowa 55.5 55.6 100 77.3 40.6 47.8 26.9 25.4 23.9 21.2 36.1 40.0 

KS4022 100 66.7 66.7 88.7 88.7 81.1 8.6 16.5 29.7 23.1 36.4 36.3 

Riley 22.2 66.7 77.8 51.7 70.2 74 25.4 35.2 19.7 34.6 34.2 34.6 

Rossini 55.6 33.3 44.4 66.7 22.2 33.4 19.7 25.4 51.2 46.6 54.6 61.3 

Safran 55.6 44.4 100 70 44.4 58.7 16.4 32.4 16.4 32.7 33.3 26.9 

Sitro 77 88.9 100 84.9 82.8 88.7 12.3 16.9 18.5 25.7 32.4 25.7 

Summer 11.1 44.4 44.4 44 14.7 22.2 27.5 39.4 39.1 23.9 39.4 24.4 

Virginia 44 66.7 77.8 47.9 66.4 92.4 16.7 29.7 27.3 42.6 45.4 38.9 

Visby 100 100 100 92.4 91.2 90.2 19.7 18.3 21.1 2.9 24.3 15.7 

Wichita 66 55.6 88.9 47.9 55.3 77.7 7.6 19.7 21.2 29.2 21.1 32.3 

 

Table 4. List of primer pairs designed for the amplification of the ITS1-5.8S-ITS2 region from H. camelinae 
(Up) and H. parasitica (Down) with the optimum annealing temperature.   

  Primer Sequence (5' → 3') 

Annealing temp. 

(C)  

H. camelinae  HC-L attgggagtcgtgatcttgg 60 

 HC-R ctcgacaaccgaagttgaca   

H. parasitica  HP-L gatcttggtggtaactactagtctcg 60 

  HP-R actggcctcacggacacac   
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Figure 1. Flowering stem of camelina infected with downy mildew (Hyaloperonospora camelinae). 
 
 
 
 
 

 
 

Figure 2. Scanning electron micrograph of the surface of camelina seeds colonized by H. camelinae. Conidiophores 
(A) and conidium (B) of H. camelinae on the seed surface. 
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Figure 3. Conidiophore on the surface of camelina seeds colonized by H. camelinae. 
 
 
 
 
 

 
 

Figure 4. Oospore of H. camelinae. 
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REGION 2 
Eastern WA low to intermediate rainfall 

 
Title: Stand establishment of winter canola in the low- to intermediate-rainfall zones of the Pacific 
Northwest 
 
PI: Frank Young  
 
Funding term and duration: FY 2011 
 
Graduate student: Chasity Watt, WSU Department of Crop and Soil Sciences. 
 
Technical support: Funding provides half-time support for an Associate 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. This system is plagued by winter annual grass 
weeds such as jointed goatgrass, feral rye, and downy brome. Growers are becoming more interested in 
producing winter canola in this region to improve pest management strategies, diversify markets (food, 
fuel, and feedstock), and increase sustainability. However, winter canola stand establishment is a major 
impediment to growers in the non-irrigated, low- to intermediate-rainfall zones, so it is considered a high 
risk to produce. Even at best, an avid winter canola producer in an 11-inch rainfall zone experiences a 20% 
failure rate of establishing winter canola (Painter and Roe 2007). Traditional deep furrow planting 
techniques for winter wheat are not as reliable for winter canola because canola is very sensitive to the 
hot, dry soil covering the emerging seedling (Young et al 2008). The vast majority of winter canola 
research has been conducted in irrigated systems at Prosser, WA (Hang et. al 2009), Lind, WA and pre-
irrigated systems at Pendleton, OR. As with winter canola, very little spring canola research has been 
conducted in the wheat/fallow region with the exception of irrigated systems (Hang et al 2009) and one 
year when spring canola was planted in lieu of a failed winter canola crop (Young et al 2008).   
 
Objectives 
Research:  

1.  Determine the optimal seeding date, rate, and method for winter canola in the low- and 
intermediate-rainfall regions of the PNW to improve stand establishment, seedling survival, and 
crop yield. 

2. Determine optimum row spacing and best variety of spring canola in north central WA. 
3. Evaluate herbicides for feral rye control in winter canola to improve quality of future winter 

wheat crops and prevent herbicide resistance in weeds. 
4. Evaluate several winter canola varieties for winter survival in north central WA. 

 
Partnership and Community Development: Continue a partnership created in 2008 focusing on the 
Colville Confederated Tribes (CCT) to improve human and animal health, improve self-sustainability, and 
stimulate the local economy by creating jobs and keeping the dollar local.  
 
Methods:  
Objective 1:  Sites were established near Okanogan and Bridgeport from 2007 to 2011 and near Pullman 
in the spring of 2008 and 2010. Winter canola was seeded at 4 lbs and 8 lbs/A throughout August and 
early September each year. In addition winter canola was planted at 2, 4, and 6 lbs/A on August 31, 2009. 
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Roundup Ready® (RR®) winter canola was planted at all of the Okanogan and Bridgeport sites with a 

modified JD HZ drill. Modifications included a grass seed box for accurate seed rates, 10, 13, or 15 
shovels to move the hot soil out of the seed row, and 55 lb packer wheels to insure good seed-soil 
moisture contact. 
Objective 2:  In the spring of 2011, two glyphosate tolerant spring canola varieties (early and late 
maturity) and one glufosinate tolerant variety were planted in 7- and 14-inch row spacing at the same 
plants/A population. Data collected include crop population, yield, and oil quality.  
Objective 3:  A preliminary herbicide efficacy study for the management of feral rye was initiated in 
winter canola in the spring of 2011. Select (clethodim), Assure II (quizalofop), and Roundup (glyphosate) 
were applied early spring. Percent weed control, weed seed produced, weed biomass, and crop yield 
were recorded 2011. The study is being repeated this year in a severe, natural infestation of rye. The 
same three herbicides will be applied in the fall, spring and both fall and spring.  
Objective 4:  Seven winter canola varieties were planted on August 9, 2011 at Bridgeport, WA (2,500 ft 
elevation) and August 17 at Okanogan, WA (1,500 ft elevation) to evaluate winter survival. Varieties 
included 2 GMO varieties and 5 conventional varieties (four Brassica napus and one B. rapa). Plant 
populations were recorded fall 2011 in three, 1-meter row areas per plot to compare to counts recorded 
in spring 2011. 
 
Results and Discussion 
Winter canola rate and date of planting study: The 2010-11 growing season concluded our rate and date 

study in north central WA. This study has been conducted for four years. “Camas” Roundup Ready 
canola was planted at 4 lbs and 8 lbs/A on July 28, August 10, and August 18, 2010. The July 28th planting 
did not survive a hail and rain storm on July 31 which crusted the soil and prevented emergence. The 
remaining four treatments (4 and 8 lbs/A seeding on August 10 and 18) had nice stands going into the 
winter. Sun and growing degree days were lacking in the spring, however canola yield was excellent. As in 
the past, there was no advantage to increasing seed rate with regard to yield. When averaged over 
seeding dates, yield was 1,650 lbs/A at 4 lbs/A, and 1,580 lbs/A at the higher seeding rate. Canola yields 
for both August seeding dates were also similar – 1,605 lbs/A for the August 10th date and 1,620 lbs/A for 
the August 18th date. 
 
Spring canola row spacing and variety study: When averaged over row spacing, InVigor (glufosinate 
tolerant) canola yielded 935 lbs/A compared to the glyphosate tolerant DKL late maturing (1,120 lbs/A) 
and early maturing (1045 lbs/A) varieties (Fig. 1). Yields were slightly higher in the 7-inch spacing for both 
the InVigor and late maturing DKL variety compared to the 14-inch spacing (Fig. 2). Both glufosinate and 
glyphosate controlled all annual grass weeds and Russian thistle. 
 

 
 
  

Figure 1. Spring canola variety trial. Figure 2. Spring canola row spacing study. 
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Preliminary herbicide efficacy study:  Because winter canola plants had canopy closure in the fall of 2010, 
feral rye was sprayed only in the spring. Final feral rye control in mid-May was 74%, 64%, and 99% for 
Assure II, Select Max, and Roundup, respectively (Table 1). Feral rye biomass and head counts responded 
similarly within each herbicide treatment. In the plots treated with Roundup no seed heads were 
produced, and Assure II treated plots resulted in only three feral rye seed heads/yd2. This is in sharp 
contrast to 255 feral rye heads/yd2 produced in the untreated plots (Figs. 3 and 4). Winter canola yield 
increased 40% to 48% compared to the untreated check depending on the herbicide treatment. 
  
Table 1. Effect of grass herbicides on feral rye control, biomass, seed heads, and winter canola yield.a 

aBiomass and head counts recorded June 1, 2011. Control recorded on May 16, 2011. 
 
 

             
 
 
 
 

Herbicide efficacy study 2011-2012: An herbicide efficacy study was initiated in the fall of 2011 in a 
natural stand of feral rye in Douglas County.  Assure II, Select 2EC, and Roundup were applied to CP115 
canola (glyphosate tolerant) on October 16, 2011. Three weeks later control of the initial severe feral rye 
population with Roundup was excellent; however controlling this population opened up the canopy and a 
new flush of feral rye was emerging and establishing (Fig. 5). This new flush of rye was not occurring in the 
untreated or other two herbicide treated plots because feral rye ground cover was complete in these 
treatments. Assure II and Select 2EC stunted the feral rye considerably. 
     

Herbicide Control Rye Biomass Heads Yield 

 % lbs/A no yd-2 lbs/A 
Untreated 0 3,920 255 1,165 
Assure II 74 823 3 1,635 
Select Max 64 1,597 40 1,680 
Roundup 99 290 0 1,730 

Figure 3. Untreated plots averaged 255 feral rye 
seed heads per square yard. 

Figure 4. No feral rye seed heads were produced in 
plots treated with Roundup. 
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Impact/Potential Outcomes: Our project has provided information to the USDA Risk Management Agency 
to procure crop insurance for winter canola in Okanogan and Douglas Co. This has decreased greatly the 
risk of producing winter canola. For example, a grower in Okanogan Co. lost 275 acres of winter canola in 
2011, and was paid a guaranteed price for a production average of 1,500 lbs/A and $50/A to reseed to 
spring canola. 
 
We have discovered the optimum time of planting is when “Mother Nature” tells you to – generally from 
August 5 to August 20-25 when cool weather is forecast. The past two years, growers have actually 
stopped wheat and canola harvest to plant their winter canola. Because of the innovative farmers we 
have cooperated with, our research in the area, and multi-agency sponsored field days, five new growers 
planted winter canola in Okanogan and Douglas Co. in August 2011.  Winter canola acreage has increased 
from 15 acres to almost 2,500 acres since 2007. One member of the CCT planted 35 acres of winter canola 
in 2011. We have worked with the CCT to assist them in establishing an Agriculture Team focusing on 
canola production. The team has 45 acres ready to plant in the fall of 2012. After attending our 2011 
spring canola field day at Okanogan, a grower in Okanogan Co. contracted to plant an irrigated circle of 
spring canola for seed increase. 
 
Affiliated Projects and Funding. We are cooperating with USDA-ARS at Pendleton, OR to increase residue 
in the wheat/fallow region. We are duplicating the study at Ralston, WA. If we can increase residue and 
subsequent soil moisture we can no-till winter canola at the optimum time without a dust mulch. 
 
We are also cooperating with ARS Pendleton on the use of in-line near infrared (NIR) spectroscopy for 
measurement of seed quality (canola seed oil concentration) in a moving stream. Spectra of samples from 
four crop years at three locations in WA were obtained by sliding grain directly across the sensor. 
Reference analytical results were estimated using NIR optical spectra as regression estimators. The 
resulting prediction equation resulted in a coefficient of determination (R2) of 0.987 and standard error of 
prediction of 0.4167%. These results demonstrated that in-line NIR spectroscopy is capable of accurately 
monitoring a grain stream for oilseed quality. These findings have important implications for screening in 
breeding trials and providing information to the oilseed processing industry during harvest.  
 

Figure 4. Secondary flush of feral rye after initial 
infestation was controlled with Roundup. 
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We received a small grant from the CCT to expand oilseed production into the other tribal districts and to 
advise them on planting canola. 
 
Publications:  
Young, F.L. and D.L. Long. Effect of planting methods on spring canola establishment and yield in the low-
rainfall region of the Pacific Northwest. 2011. Crop Management. Accepted with revision November 4, 
2011. 
 
Young F.L. “Building a lasting partnership – Small-scale canola biodiesel experiment may go big.” 2011. 
U.S. Canola Digest. Vol. 3 #1:18-19. 
 
Proposed Future Research/Extension: 

Research: Continue with herbicide efficacy study, spring canola row spacing, and winter canola 
variety winter survival study. Establish cropping systems/stripper header study at Ralston so we can 
produce winter canola on chemical fallow. 
 

Program and Community Development: Assist the CCT Ag Team in implementing their 
Conservation Innovation Grant to plant oilseeds in eastern 3 districts. A hands-on workshop is planned for 
the CCT spring 2012 to learn how to calibrate drills and set drills for planting. 
 

Extension/Outreach: Participate in field day/hands-on workshop to educate the CCT on how to 
calibrate drills for planting canola, prepare seedbed, and harvest the crop. 
 
References: 
Hang, A.N., H.P. Collins, and K.E. Sowers. 2009. Irrigated spring and winter canola production in 
Washington. Washington State Ext. Manual EM006E. Pullman, WA. 
 
Painter, K. and D. Roe. 2007. “Economics of canola production in the Pacific Northwest.” Working Paper 
Series, WP 2007-17. Washington State University School of Economic Sciences. Available online: 
http://www.ses.wsu.edu/PDFFiles/WorkingPapers/WP2007-17_BiofuelsDec11.pdf  
 
Young, F.L., L.S. Bewick and W.L. Pan. 2008. Systems approach to crop rotation research: guidelines and 
challenges. In: Crop Rotation, Nova Science Publishers, Inc. Chapter 2, pp. 41-69. 
 
Young, F.L. and M.E. Thorne. 2004. Weed-species dynamics and management in no-till and reduced-till 
fallow cropping systems for the semi-arid agricultural region of the Pacific Northwest, USA. Crop Prot. 
23:1097-1110. 

http://www.ses.wsu.edu/PDFFiles/WorkingPapers/WP2007-17_BiofuelsDec11.pdf


 
47 

 

Title: Camelina, Winter Canola, and Safflower Agronomy Research in the Low and Intermediate 
Precipitation Zones 
 
PI: William F. Schillinger 
 
Collaborating Scientists: Timothy Paulitz, USDA-ARS, Ann Kennedy, USDA-ARS; William Pan, WSU; 
Brenton Sharratt, USDA-ARS 
 
Cooperating Growers: Ron Jirava, Ritzville; Hal Johnson, Davenport; Bruce Sauer, Lind; Jeff Schibel, 
Odessa 
 
Technical Support: John Jacobsen, WSU agricultural research technician III, Steve Schofstoll, WSU 
technical assistant III, Cindy Warriner, WSU technical assistant II. 
 
Background: Agronomic and related cropping systems research is needed to advance production of oilseed 
crops in the Inland Pacific Northwest to reduce dependence on foreign oil (Shonnard et al., 2010).  This 
research project focuses on camelina (low precipitation zone) winter canola (intermediate precipitation 
zone and irrigated), and safflower (low precipitation zone).     
 
OBJECTIVES 
Camelina Agronomy 
To evaluate camelina at the WSU Dryland Research Station at Lind (9.5” annual precipitation) in two 
experiments.  These experiments are: 

1. Planting date and planting method trial 
2. Camelina in dryland cropping systems 

 
Winter Canola (Dryland) 
Specific objectives are to determine the benefits of winter canola (WC) grown in a 3-year WC-spring 
wheat (SW)-no-till fallow (NTF) rotation compared to the traditional WW-SW-NTF rotation in the 
intermediate precipitation zone on: 

1. Grain yield of the subsequent spring wheat crop 
2. Plant diseases of the subsequent spring wheat crop 
3. Soil microbial changes after winter canola versus after winter wheat 
4. Soil water infiltration and frozen soil runoff after winter canola versus after winter wheat 

 
Winter Canola (Irrigated) 
This study was initiated in 2010 at Lind to develop methods to successfully establish winter canola planted 
into heavy irrigated winter wheat stubble without burning or excessive tillage.  
 
Safflower 
Evaluate safflower in the long-term dryland cropping systems experiment at the Ron Jirava farm near 
Ritzville (11.0” annual precipitation). 
 
METHODS 
Camelina 
Planting Date and Method Experiment. We completed the fourth year of the camelina planting rate and 
method trial in 2011.  Camelina was planted on five dates from October 15 through March 15.  Two 
planting methods were used, either direct seeding with a no-till drill or broadcast into undisturbed winter 

Region 2 
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wheat stubble and lightly incorporate into the soil with a 5-bar tine harrow.  Fertilizer rate is 25 lbs/acre 
applied in early February using Solution 32 formulation with a sprayer.  Grain yield is determined using a 
plot combine.  Experimental design is a split plot in randomized block arrangement with four replications 
with planting date as the main plot and planting method as subplots.  Each plot is 8 ft x 100 ft.  
 
Camelina Cropping Systems Experiment. The camelina cropping systems experiment was established in 
the 2008 crop year.  This is a 9-year experiment to evaluate the traditional 2-year winter wheat-summer 
fallow rotation with a 3-year winter wheat-camelina-summer fallow rotation.  The experiment must be 
conducted for 9 years because all rotations in a cropping system study must have a common denominator 
(Schillinger, 2011).  Experimental design is a randomized complete block with four replications. Each 
phase of both rotations appears each year in 30 ft x 250 ft plots (total = 20 plots). 

Winter Canola (Dryland) 

A winter canola rotation benefit study was initiated in August 2007 at the Hal Johnson farm located NE of 
Davenport, WA.  Average annual precipitation at the site is 18 inches.  The traditional 3-year WW-SW-NTF 
rotation is compared to a 3-year WC-SW-NTF rotation.  All crops are produced with direct seeding. 
Experimental design is a randomized complete block with six replications (total area per site is 0.9 acres). 
Fertilizer rate is based on soil test.  Winter canola and winter wheat are planted and fertilized with a no-
till drill equipped with Kyle hoe-type openers.  Grain yield of WC and WW is determined using a plot 
combine. 
 
In addition to grain yield, soil volumetric water content is measured in all plots just after harvest in 
August, in mid March, and again after grain harvest.  During the winter after the harvest of WC and WW, 
ponded water infiltration rate is determined in plots within a 2-foot-diameter infiltrometer ring when 
surface soils are partially or completely frozen.   Plant diseases (Paulitz) and soil microbial attributes 
(Kennedy) that include pH, electrical conductivity, and dehydrogenase enzyme activity are determined 
where the previous crop was either WC or WW.    

Winter Canola (Irrigated) 

This experiment was initiated in 2010 at Lind to evaluate direct seeding winter canola into heavy irrigated 
winter wheat stubble.  The following treatments were established on irrigated winter wheat stubble prior 
to planting winter canola in August 2010 and 2011: 

1. Burn + disk  
2. Mechanical straw removal + 2 diskings 
3. Chop stubble + moldboard plow 
4. Burn + direct seed 
5. Direct seed into standing stubble 
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The following measurements were planned in the winter canola:  

1.  Soil water dynamics and water use efficiency 
2. Plant stand establishment 
3. Rhizoctonia levels in the soil 
4. Rhizoctonia AG-8 and AG 2-1 on roots 
5. Weed pressure 
6. Grain yield 
7. Oil content 

 

Safflower 

Safflower was incorporated into a long-term dryland cropping systems experiment at the Ron Jirava farm 
near Ritzville beginning in the 2010 crop year.  A 3-year rotation of winter wheat-safflower-summer fallow 
is compared with several other 3-year, 2-year, and continuous wheat rotations.  The 3-year rotation that 
includes safflower will remain in place for six years (i.e., for the 2010-2015 crop years). The Jirava 
cropping systems experiment, now in its 16th year, covers 20 acres and has 56 individual plots, each 30 ft x 
500 ft.  Of particular interest are safflower grain yield, safflower water use, and the rotation effect of 
safflower on the subsequent winter wheat yield. 
 
 
RESULTS AND DISCUSSION 
The 2011 crop year was favorable for most producers in the low and intermediate precipitation zones of 
eastern Washington.  Crop year (September 1 – August 31) precipitation at Lind was 11.70 inches 
compared to the long-term average of 9.54 inches.  Crop-year precipitation at the Jirava cropping systems 
experiment near Ritzville was 13.01 inches. 
 
Camelina Planting Date and Method Experiment 
Both direct drilling and broadcasting were successful for achieving plant stands and the majority of time 
there were no significant differences in stand establishment between the two methods on individual 
planting dates and, when there were differences, they were evenly divided in favor of either method.  We 
suspect that, even though seed is placed less than 0.5 inch into the soil, fragile soil crusts that occur after 
rain showers may have sometimes hindered emergence in the direct drilled treatment.  Similarly, lack of 
rainfall following broadcasting of seed sometimes had a severe negative effect on broadcast plant stands 
as can be seen, for example, from the mid March 2008 and 2010 planting dates (Table 1) where no rainfall 
occurred for more than two weeks after planting. 
 
Over-winter plant mortality is a factor as dead camelina seedlings are found intermixed with healthy 
seedlings, and this phenomenon occurs with both methods of planting.  However, camelina seedlings in 
the two-leaf stage of development appear to have excellent tolerance to extreme cold.  For example, in 
December 2008 camelina withstood -10oF air temperature for 8 hours with no snow cover and with 
sustained winds of 25 miles/hr with approximate 70% survival rate.  Such cold tolerance is similar to that 
of winter wheat, the staple crop for the region. 
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Table 1. Camelina plant stand establishment for various planting dates using two planting methods during 
four years at Lind, WA. 

 
______________________ Year ______________________ 

 2008 2009 2010 2011 
Planting date ______ Plant population (seedlings/m2) _____ 

    Mid October     
           Direct drill  59  34  74  42 
           Broadcast  74  66  113  63 
    Mid November     
           Direct drill  12  66  73  42 
           Broadcast  60  171  84  62 
    Mid January     
           Direct drill * *  145  71 
           Broadcast    121  72 
    Mid February     
           Direct drill  74  108  202 * 
           Broadcast  13  281  85  
    Early March     
           Direct drill  87  87  177  86 
           Broadcast  16  220  38    115 
    Mid March     
           Direct drill  43  159  137  86 
           Broadcast      6  183   3   153 

     
LSD (0.05)  28  64  70  73 
 
 
Winter annual broadleaf weed species that are a factor in this experiment are tumble mustard 
(Sisymbrium altissimum L.) and tansy mustard (Descurainia pinnata Walt.).   Application of herbicides to 
control these weeds prior to the late-winter and early-spring planting dates is not possible as the fall 
planting treatments were intermixed throughout the experiment area.  However, we know from practical 
experience that both of these mustard species can be easily controlled when glyphosate herbicide is 
applied prior to planting camelina in mid-to-late winter or early spring.  Lack of opportunity to control fall-
germinating broadleaf weeds is a major disadvantage of planting camelina in the fall. 
 
Spring annual broadleaf weeds of importance are Russian thistle (Salsola kali L.), and prickly lettuce 
(Lactuca serriola L.).  Russian thistle becomes established in April or later after the period of severe frosts, 
thus there are presently no in-crop herbicide options for Russian thistle in camelina.  Over the four years, 
the late-winter camelina planting averaged 24 Russian thistle plants/m2 compared with 6 plants/m2 for 
the fall plantings.  Dry biomass of Russian thistle measured at camelina seed harvest in July averaged 13 
and 238 lbs/acre for the fall and late-winter camelina planting dates, respectively; in this case showing an 
advantage of fall planting for weed control. 

The application of grass weed herbicide to established camelina plants is effective in controlling 
downy brome.  Therefore, the incorporation of a broadleaf crop such as camelina in cereal-based 
cropping systems offers excellent opportunity to control this major winter annual grass weed.  In our 
experience, the herbicide Assure IITM is much more effective than the herbicide PoastTM for in-crop grass 
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weed control. Unfortunately, Poast is the only grass weed herbicide currently labeled for camelina. Efforts 
should be made to get an Assure II label for camelina. 

On the three planting dates over the four years where seed yield was significantly less with 
broadcasting versus drilling (Table 1), we suspect that dry surface soil combined with lack of precipitation 
for several weeks after planting was the likely reason for broadcast method yield decline.  Seed yield 
increase or decline between planting methods at Lind has always been associated with differences in 
plant stand.  Averaged over the four years, planting method had a highly significant (P<0.001) effect on 
seed yield combined with significant year x method and date x method interactions (data not shown).  
The date x method interaction is explained by the fact neither planting method showed a consistent 
overall advantage over the other (Table 2).  However, when averaged over planting dates, seed yields 
with direct drilling were significantly greater than with broadcasting in 2010 and 2011 as well as the four-
year average (Figure 1). 
 
Table 2. Camelina seed yield from five planting dates using two planting methods during four years at 
Lind, WA. Crop-year precipitation for each year is shown at the bottom. 

 
______________________ Year __________________________ 

 2008 2009 2010 2011 
Planting date ______________ Grain yield (lbs/A) _________________ 

    Mid October     
           Direct drill  102  431  835   670 
           Broadcast  134  335  743   674 
    Mid November     
           Direct drill     25  461  706  674 
           Broadcast      89  563  715  599 
    Mid January     
           Direct drill * *  810  720 
           Broadcast    614  590 
    Mid February     
           Direct drill    118  498  840       * 
           Broadcast    37  504  709      
    Early March     
           Direct drill   80  508   1193  854 
           Broadcast   20  533  853  729 
    Mid March     
           Direct drill   52  521  889  813 
           Broadcast         3  520  463  799 
      
LSD (0.05)   86  105  427  258 
 

__________  Crop-year precipitation (in.) __________ 
     6.85   8.46   11.58   11.70 
* Planting not possible due to snow and/or frozen soil. 
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There were significant year x date and date x method interactions on seed yield which are explained by 
great variation in precipitation across years, e.g., extreme drought (2008), less than average precipitation 
(2009), and above-average precipitation (2010 and 2011) (Table 2). 
In summary: 
 

1. Camelina can be successfully sown over a wide range of planting dates ranging from early fall to 
early spring.  Fall-planted camelina has excellent winter hardiness, similar to that of winter wheat. 
However, due primarily to lack of in-crop herbicides to control winter-annual broadleaf weeds, we 
recommend that growers apply glyphosate or other non soil residual burn-down herbicide in mid-
to-late February to control weeds, followed by late February-early March camelina planting. 
 

2. Both direct drilling and broadcasting are effective methods for planting camelina.  There was no 
overall advantage of one method over the other for any particular planting date.  There were 
three occasions, however, where broadcast stands and subsequent seed yield were significantly 
reduced compared to drilling when no precipitation occurred for several weeks after planting.  
From an economic standpoint, we recommend that growers use the broadcast planting method 
as broadcast applicators more than 60-ft wide are readily available to rent from local chemical 
dealers that easily allow planting of 400 acres per day.  Conversely, grain drills are not as wide, 
more expensive to rent or own, generally need to operated at a slower speed, and thus can cover 
only a fraction of the acres of broadcast machines during a given time period. 

 
  

Figure 1. Camelina seed yield of direct drilled versus broadcast method of planting averaged over all 
planting dates during four years at Lind, WA. Different letters above within-year bars indicate significant 
differences at the 5% probability level. 
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Camelina Cropping Systems Experiment 
This experiment was initiated in 2008 to determine the long-term fit of camelina into dryland cropping 
systems.  More than 90% of dry cropland in the less than 12-inch annual precipitation zone is in a winter 
wheat (WW)-summer fallow (SF) rotation.  The logical fit for camelina (C) in the region is in a 3-year WW-
C-SF rotation.   
 
The experiment is located on a south-facing slope.  Soils on south-facing slopes are exposed to intense 
sunlight and drying.  Therefore, seed-zone water content for deep-furrow planting of winter wheat can be 
a problem in dry years.  Crop-year (Sept. 1 – Aug. 31) precipitation was 6.85, 8.46, 11.58, and 11.70 inches 
in 2008, 2009, 2010, and 2011. Due to inadequate seed-zone water in August of 2007 and 2008, we were 
unable to establish WW with deep-furrow planting into carryover moisture and instead had to plant WW 
in October after the onset of fall rains.  For this reason, combined with low crop-year precipitation, WW 
grain yields were low in 2008 and 2009 (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
For the 2008, 2009, and 2010 crop years, we planted camelina in mid October.  However, we learned from 
the camelina planting date and method experiment (also at the Lind Station, see above) that the best 
grain yield potential appears to be from a late February-early March planting.  A later planting date also 
allows for application of  glyphosate herbicide just before planting to control tumble mustard and tansy 
mustard; both of these broadleaf weeds  establish themselves during the fall and winter.  For these 
reasons, we changed the planting date in 2011 to March 1. 
 
Figure 2 shows yields in both the WW-SF and WW-C-SF rotations.  Seed yield of camelina ranged from less 
than 100 lbs/acre in 2008 under extreme drought to 690 lbs/acre in 2011.  Winter wheat grain yield in the 
WW-SF rotation has generally been slightly (but not significantly) higher than in the WW-C-SF rotation 
(Figure 2).  We believe the reason for this is because soil water in the 6-ft profile has (so far) been 
depleted more after camelina than after WW (data not shown).  We believe that broadleaf weeds, mainly 

Figure 2. Grain yield of winter wheat grown either in a two-year winter wheat-summer fallow rotation or 
a three-year winter wheat-camelina-summer fallow rotation as well as camelina seed yield during the first 
four years of a long-term camelina cropping systems experiment at Lind, WA. 
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Russian thistle, are responsible for this large soil water extraction.  Unfortunately, there are no in-crop 
broadleaf herbicides that can be applied to camelina.  However, beginning for the 2012 crop, we will 
apply TreflanTM soil-residual herbicide before planting camelina on half of the plot area to determine its 
effectiveness for weed control.  
      
Finally, growers need to be mindful that camelina produces relatively little residue.  With heavy tillage, 
soil erosion may be a problem during or after camelina production.  To reduce the potential for soil 
erosion, we recommend that (i) camelina be planted directly into the standing and undisturbed stubble of 
the previous crop (i.e., no tillage), and (ii) limited or no tillage be conducted after camelina seed harvest 
and before planting the subsequent crop.  This is especially important if a long fallow cycle is scheduled in 
the rotation after camelina seed harvest.      
 
Winter Canola (Dryland) 
Excellent stands of winter canola (WC) were once again achieved from mid August 2010 planting into no-
till summer fallow at the Hal Johnson farm near Davenport.  The WC plants survived the winter in good 
shape and produced a seed yield of 2910 lbs/acre in 2011 (Figure 3, Photo 1).  This is, by far, the best WC 
seed yield obtained during the first four years of this experiment.  Winter wheat planted into no-till fallow 
produced 115 bu/acre, the highest WW yield so far obtained (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
  

Photo 1. John Jacobsen, WSU Agricultural Research Technician, in a winter canola 
rotation benefit experiment in June 2011 at the Hal Johnson farm NE of Davenport, WA. 
This winter canola crop had an average seed yield of 2910 lbs/acre. 
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One very interesting phenomena in 2011 was that spring wheat after WC produced a significantly higher 
67 bu/acre compared to 60 bu/acre after WW (Figure 3) despite the fact that there were no differences in 
soil water content after harvest of WC and WW in August 2010 (Table 3). These data show that WC 
provided a significant rotation benefit to spring wheat compared to WW that was not related to water. 

Figure 3. Grain yield of winter wheat (solid bars) versus winter canola (striped bars) in 2008, 2009, 2010, 
and 2011 that was planted into no-till fallow on the Hal Johnson farm NE of Davenport, WA. Subsequent 
grain yield of spring wheat (solid white bars) grown after either winter wheat or winter canola is shown 
for 2009, 2010, and 2011. 



 
56 

 

Table 3. Water content (inches) in the six-foot soil profile in: (i) winter wheat and winter canola stubble 
just after harvest in August, (ii) at time of planting spring wheat in late April-early May, (iii) net over-
winter soil water gain, and (iv) water remaining after harvest of spring wheat. Data are from three 
complete three year cycles, i.e., WW-SW-NTF versus WC-SW-NTF (2009, 2010, and 2011) as well as the 
after-harvest measurement for the 2012 crop year. Within-year and within-cycle values followed by a 
different letter are significantly different at the 5% probability level. 

 
 
Another interesting data set from 2011 show that WW extracted 2.3 inches more water than WC by time 
of harvest (Figure 3, Table 3).  These soil water differences were highly significant statistically and 
apparent in all six replicates.  Our previous experience had indicated that WC extracts more soil water 
than WW, but that was obviously not the case in 2011. 
 
Infiltration tubs were installed in all 12 plots of recently harvested WC and WW in November.  We will 
conduct ponded water infiltration tests in January or February 2012 to measure water infiltration under 
frozen soil conditions. 
 
Winter Canola (Irrigated) 
For the second year in a row, we were unable to obtain a stand of winter canola in the irrigated winter 
canola study because horned lark birds consumed the seedlings before and/or immediately after they 
emerged from the soil.  In 2010, attempts to scare the birds from the field with a large plastic owl 
mounted on a perch and a boom cannon set to go off automatically every 20 minutes throughout the day 
were not successful in deterring the horned larks from eating each and every winter canola seedling. In 
2011 we laid out bird netting over the entire 1.5 acre experiment (extremely labor intensive) immediately 
after planting canola into the five residue management treatments.  The horned larks were still able to 
get underneath the bird netting where the pieces joined or poke their beaks through the netting mesh.  
Many horned larks died after becoming trapped under the netting, but this did not deter the others.   
Laboratory experiments with WC planted in one-gallon pots with various levels of fresh wheat residue 
mixed into the soil, laid on top of the soil, no residue etc. are currently underway.  Dr. Tim Paulitz is in 
charge of this experiment.  He is measuring general plant health, rhizoctonia levels in the soil, and 

 After WW & 
WC harvest 

At SW 
planting 

Net over-
winter gain 

After SW harvest 

 
________________ Water content in 6 ft profile (in.) _______________ 

Crop season  

    2009     
        Winter wheat 10.3 a  20.3 10.0   13.6 
        Winter canola   9.0 b  19.8 10.8  14.1 
    2010     
        Winter wheat 13.9  18.2  4.3  11.0 
        Winter canola 14.0  17.6  3.6  11.0 
    2011     
       Winter wheat 10.8   21.6 a 10.8 a    9.5 
       Winter  canola 10.7    20.5 b 9.8 b    9.4 
    2012     
       Winter wheat 9.3 a    
       Winter canola 11.6 b      
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rhizoctonia AG-8 and AG 2-1 on roots.  The soil and the fresh wheat residue were obtained from within 
field experiment at Lind. 
Plans for 2012 are to move the field experiment to the Jeff Schibel farm located 15 miles SW of Odessa.  
Jeff Schibel successfully produces WC on irrigated circles and we plan to place the experiment within his 
circle.  
 
Safflower 
Safflower was successfully established into standing winter wheat stubble from an April 6, 2011 planting 
date in the long-term cropping systems experiment at the Ron Jirava farm near Ritzville, WA.  We applied 
TreflanTM soil residual herbicide before planting and, for the second year, achieved excellent control of 
Russian thistle.  The safflower crop was harvested on September 22 and seed yield was 1090 lbs/acre. This 
is only the second harvest of safflower in this six-year experiment, so it is still too early to report on any 
rotation benefits compared to the other three-year crop rotation treatments at the Jirava experiment. 
 
AFFILIATED FUNDING 
Affiliated funding for the irrigated winter canola research described above was received from the 
Washington Department of Ecology Agricultural Burning Task Force. 
 
PUBLICATIONS  
Referred Journal Articles 
Schillinger, W.F., D.J. Wysocki, T.G. Chastain, S.O. Guy, and R.S. Karow.  Camelina planting date and 

method impacts stands and seed yield in the Pacific Northwest USA.  Field Crops Research 
(submitted). 

 
Abstracts from Professional Meetings  
Schillinger, W.F., D.J. Wysocki, T.G. Chastain, S.O. Guy, and R.S. Karow.  2011.  Camelina: Planting date and 

method impacts on stands and seed yield in Oregon, Washington, and Idaho [CD-ROM].  American 
Society of Agronomy annual meeting, 16-20 Oct., San Antonio, TX.  ASA, CSSA, and SSSA Abstracts. 

Wysocki, D.J., W.F. Schillinger, S.O. Guy, T.G. Chastain, and R.S. Karow.  2011.  Camelina: Grain yield and 
protein response to applied nitrogen in Oregon, Washington, and Idaho.  CD-ROM].  American Society 
of Agronomy annual meeting, 16-20 Oct., San Antonio, TX.  ASA, CSSA, and SSSA Abstracts. 

Chastain, T.G., S.O. Guy, W.F. Schillinger, D.J. Wysocki, and R.S. Karow.  2011.  Camelina: Genotype and 
environment impacts on seed yield in Washington, Oregon, and Idaho.  [CD-ROM].  American Society 
of Agronomy annual meeting, 16-20 Oct., San Antonio, TX.  ASA, CSSA, and SSSA Abstracts. 

 
Field days 
The camelina cropping systems experiment was presented and discussed with 242 growers and 
agricultural industry personnel at the Lind Field Day on June 16, 2011. 
 
Plans for Extension Publications 
We plan to obtain permission from Field Crops Research to publish the camelina planting date and 
planting method paper as a WSU Extension Manual if/when the manuscript is accepted and published in 
the journal. The PI will make a strong case with the Chair of the WSU Department of Crop & Soil Sciences 
to again publish the annual Crop & Soil Sciences Field Day Abstracts.  The Field Day Abstracts are an 
excellent means to extend current research findings to a large grower audience.  In the past, the 
publication has been available as a hardcopy as well as on the Internet and is a very valuable resource. 
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PROPOSED FUTURE RESEARCH/EXTENSION 
The camelina planting date and method experiment, long-term camelina cropping systems experiment, 
the dryland and irrigated winter canola experiments, and the safflower rotation experiment will be 
continued in 2012. 

 
We plan to submit a camelina fertility management manuscript and a camelina cultivar and numbered 
line performance manuscript in 2012 for consideration for publication in Field Crop Research. 
 
REFERENCES 
Schillinger, W.F.  2011.  Practical lessons for successful long-term cropping systems experiments.  

Renewable Agriculture and Food Systems 26:1-3. 
Shonnard, D.R., Williams, L., Kalnes, T.N.  2010.   Camelina-derived jet fuel and diesel: Sustainable 

advanced biofuels. Environmental Progress & Sustainable Energy 3:382-392. 
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REGION 3 

Central WA irrigated 
 
 
Title: Safflower Oilseed Production under Deficit Irrigation and Variable N Fertilization 
 
 PI: Hal Collins, Ashok Alva and Rick Boydston  
 
Technical Support: Partial Funding - Time slip 
 
Duration: 2007-2011 
 
Background: The production of oilseed crops represents a unique opportunity for PNW producers to 
provide a biodiesel feedstock for an emerging renewable energy industry.  The inclusion of oilseeds in 
rotation offers producers an alternative strategy to improve farm economies and gain additional benefits 
that improve soil and water conservation, reduce pest cycles, and diversify cropping systems. In addition 
to the transportation needs in the U.S. a likely market for alternative fuels is within agriculture itself.  Low-
cost alternative fuels can be used to power farm equipment and small agricultural production and 
processing facilities within rural communities.  A Pacific Northwest biofuel industry has the potential for 
assisting rural and farm development, aiding our national security through increased reliance on domestic 
renewable energy, and mitigating environmental concerns such as greenhouse gas emissions. For 
example, biodiesel is an EPA approved renewable fuel that can be produced either from regionally farmed 
oilseed crops or from recycled vegetable and animal fats.  Development of biodiesel crushing and 
processing plants within the region could effectively add to state and, in particular, rural and farm 
economies by utilizing area commodities through the creation of a new job related infrastructure.   

Biodiesel has been made from soybeans, sunflower seed, cottonseed, canola and rapeseed, 
crambe, safflower, flaxseed, and mustard seed. Currently, soybeans are the most commonly used fuel 
feedstock in the U.S., while rapeseed is the primary feedstock in Europe. Safflower (Carthamus tinctorius) 
belongs to the Compositae family and can be used for food, flower arrangement, medicine or dye.  
Safflower can tolerate extreme weather conditions.  It is considered a low input and drought tolerant 
crop, but responds well with irrigation and fertilizers.  It is planted in early spring and reaches maturity in 
about 5 months in Washington.  Oilseed yield is about 3000 to 3500 lbs with oil concentration of 35-40% 
depending upon variety.  

 
Objectives: To determine 1) varietal responses of safflower to deficit irrigation and N fertilization under 
center pivot irrigation and 2) oil production and quality under deficit irrigation and N fertilization. 
 
Methods: The final year of a four year study was conducted at the USDA-ARS Integrated Cropping 
Systems Research Field Station near Paterson, Benton County, WA (45o 56’ N, 119o 29’ W; 114 m above 
sea level) on a Quincy sand (Xeric Torripsamments) containing 4 g kg-1 organic C and 0.37 g N kg-1. The 
area is characterized by an annual average precipitation of 178 mm, mostly occurring as rain/snow mix 
during winter months, making supplemental irrigation necessary. The surface soil (0-15 cm) has a bulk 
density of 1.33 kg m-3, a sand and silt content of 917 and 56 g kg-1, and a pH of 6.7.  

Three safflower (Carthamus tinctorius L.) varieties S345, CW99OL, and S334 were planted under 
center pivot irrigation. The experimental design has been a strip-split plot with four replications. The main 
plot consisted of safflower variety; splits were irrigation and fertilization rate. The field trials received a 
blended dry granular fertilizer containing 64 kg P2O5 ha-1, 220 kg K2O ha-1, 22 kg S ha-1, and 1.3 kg B ha-1 
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applied with a tractor using a Barber™ spreader. Each cultivar was planted at a seeding rate of 56 kg seed 
ha-1 with a Tye grain drill.  Fertilizer treatments consisted of four split N application rates (at 
approximately two week intervals), the low rate treatment received four 28 kg N ha-1 (for a total in-season 
rate of 112 kg N ha-1y-1), the high rate treatment received 28 kg N ha-1 on April 28 and three applications 
of 45 kg N ha-1 (for a total in-season rate of 162 kg N ha-1y-1).  Irrigation treatments were 90 and 70% of ET 
with approximate in-season (May-September) applications of 75 and 58 cm of irrigation, respectively. 
Water use was analyzed from measurements of soil water status using neutron probe accounting 
procedures. Safflower yield of each treatment was determined by harvesting a 1.2 by 9 m area with a 
Wintersteiger plot combine.  Oil analyses were determined by an independent laboratory in 2008 - 2010. 
Oil analyses are pending for the 2011 crop year. 

 
Results 

• Irrigation The total amount of irrigation water applied for standard and deficit irrigation during 
the 2009, 2010 and 2011 growing seasons were similar (Figure 1).  

 - Standard irrigation was 725, 726 and 691 mm for 2009, 2010 and 2011, respectively. 
 - Deficit irrigation was 600, 555 and 495 mm in 2009, 2010 and 2011, respectively. 

• The difference in water applied between the deficit irrigated and the standard water treatment 
was 126 mm in 2009 for 80% of ET; 171 mm, in 2010 and 196 mm in 2011 for 70% of ET.  
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Figure 1. Irrigation applied in 2009, 2010 and 2011. 
Pre-season water refers to irrigation applied 
before deficit irrigation treatments began. 
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Seed Yield  

• Safflower oilseed yields averaged 3100 kg ha-1 among years in for all treatments  
under center pivot irrigation. 
 

- Year of production had a significant effect on yield (Table 1) 
 

• Safflower oilseed yields were significantly lower in 2009 (-900 kg yield ha-1) due to a  
  high density of hairy nightshade within the fields. 
 

• Safflower oilseed yields were significantly higher (+224 kg yield ha-1) under the 112  
than 162 kg N ha-1 fertilizer rate in 2008, 2010 and 2011, indicating low N rates (<112 kg  
ha-1) are viable. 
 

• Safflower oilseed yields averaged over the four years of study were not significantly different 
between the 90 and 70% ET treatments due to seasonal variations, most likely related to 
accumulated degree days and date of harvest. This suggests a potential 12-19 cm water savings 
using a deficit irrigation strategy. 
 

• Varieties showed significant differences in deficit irrigation and N fertilization among years.  
- CW99OL and S345 had higher yields than S334 (~200 - 600 kg ha-1) under the 70% of ET 
irrigation and 112 kg N ha-1 fertilizer regimes most years. 
 

   - The S345 variety had higher oilseed yields than CW99OL (~300 kg ha-1) at 70% of ET 
irrigation and 112 kg N ha-1 regimes. 

 
-The S334 variety performed poorly under the irrigation and fertilizer regimes in  
 2011. We attributed low yields to the late harvest in 2011 and observation of high  
 shattering of seed heads compared to the other varieties. 
 
 

 
 

 

Figure 2. Photos of the safflower research at the USDA-ARS Integrated Cropping Systems Research Field 
Station near Paterson, Benton County, WA 
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Table 1. Oilseed yields for CW99OL, S345 and S334 safflower varieties under variable fertilizer and irrigation rates. 

 Fertilizer Irrigation 2008 2009 2010 2011 Average 

Variety  Rate Rate Yield Oil Yield Oil Yield Oil Yield Oil Yield Oil 

 kg N ha-1 %ET kg ha-1 % kg ha-1 % kg ha-1 % kg ha-1 % kg ha-1 %¶ 

CW99OL  162 100 3084 a 34.3 2419 a 32.6 2877 a P 3839 a P 3055 a 33.5 

 162 70 3026 a 37.6 2212 a 35.5 2105 b P 2860 b P 2551 b 36.6 

 112 100 3103 a 37.9 2547 a 37.7 3040 a P 3197 b P 2972 a 37.8 

 112 70 3250 ab 39.7 2819 ab 37.8 2934 a P 3170 b P 3043 a 38.8 

Average   3116 37.4 2499 35.9 2739 P 3267 P 2905 36.6 

             

S345  162 100 3017 a 36.2 2982 b 34.7 3068 a P 3292 b P 3090 a 35.5 

 162 70 3326 ab 38.2 2383 a 35.8 3361 a P 2398 c P 2867 a 37.0 

 112 100 3370 ab 38.2 2326 a 37.8 3028 ac P 2826 b P 2888 a 38.0 

 112 70 3557 b 39.9 2793 ab 39.0 2871 c P 2595 bc P 2954 a 39.5 

Average   3318 38.1 2621 36.8 3082 P 2778 P 2950 37.5 

             

S334 162 100 -- -- -- -- 2390 b P 2121 c P 2256 -- 

 162 70 -- -- -- -- 2822 a P 1444 d P 2133 -- 

 112 100 -- -- -- -- 2936 a P 1547 d P 2242 -- 

 112 70 -- -- -- -- 2978 a P 1207 d P 2093 -- 

Average   -- -- -- -- 2782 P 1580 P 2181 --  
ET- evaporation/transpiration. Deficit irrigation was 80% of ET in 2009 and 70% in 2008, 2010 and 2011. Means followed by the same letter within a 
column are not significantly different at p<0.5.  
P – Pending.  
¶Based on 2008-2009 data



Water Use Efficiency (WUE) 
 

• Water use efficiencies were similar among varieties within each irrigation regime (Table 2). 
 

•  N rate did not significantly affect WUE among varieties in 2009 and 2010 CY. 
 

•  Under deficit irrigation (70% of ET) WUE of S345 was greater under reduced N fertilization 
compared to the high rate in 2011.  A similar trend was observed for CW99OL. 
 

•  WUE was lower in 2009 due to the high incidence of the weed - hairy nightshade in the plots.  
 

• WUE was the lowest for the S334 variety, presumably due to the late harvest in 2011 and 
observation of high shattering of seed heads compared to the other varieties. 

 
 
Table 2. Water use efficiency (WUE) for CW99OL, S345 and S334 safflower varieties under variable 
fertilizer and irrigation rates.  

 Fertilizer Irrigation Water use efficiency 

Variety Rate Rate 2009* 2010 2011 

 kg N ha-1 % of ET kg yield ha-1 mm-1 

CW99OL 162 100 3.2 a 4.2 a 5.6 a 

 162 80/70 3.6 a 5.3 b 5.6 a 

 112 100 3.4 a 4.1 a 4.6 b 

 112 80/70 4.6 b 3.7* ac 6.4 c 

S345 162 100 4.0 ab 4.4 a 4.8 b 

 162 80/70 3.9 a 6.0 b 4.8 b 

 112 100 3.1 a 4.2 a 5.2 b 

 112 80/70 4.6 b 5.1 b 5.7 a 

S334 162 100 -- 3.4* c 3.1 e 

 162 80/70 -- 5.0 b 2.9 d 

 112 100 -- 4.1 a 2.2 d 

 112 80/70 -- 5.3 b 2.4 d 

ET- evaporation/transpiration. Deficit irrigation was 80% of ET in 2009 and 70% in 2010 and 2011.  
Means followed by the same letter within a column are not significantly different at p<0.5. 
*High weed pressure.  
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Oil Yields 
 

• Oil contents of the seed were 1.5 – 2.2% higher under deficit irrigation than under full irrigation 
following the higher yields and greater water use efficiencies.  

 
• There was no significant difference in oil yield among varieties. 

 
• Oil yields were greater in 2008 than 2009 as result of high weed pressure.  Oil yields for 2010 

and 2011 are pending. 
 
 
Impact/Potential Outcome: The results of this research will provide growers with information about the 
agronomic practices needed to successfully produce irrigated safflower.  Deficit irrigation and N 
fertilization recommendations under center pivot irrigation are key components of the information that 
will be available within the next year as an Extension bulletin. The chemical composition of the oil as a 
biodiesel feedstock and identification of components of the oil that may have greater value for other 
uses, such as nutracueticals, will also be available.  Energy producers will use this information to adjust 
energy production goals.  This data will also be useful in the development of secondary markets such as 
C-credit trading following Life Cycle Analysis. 
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Title: Establishing Switchgrass for Biofuel in the North Columbia Basin 
  
PI: Steve Fransen, WSU-Prosser.  
 
Background:  The U.S. Department of Agriculture published “A USDA Regional Roadmap to meeting the 
biofuels goals of the Renewable Fuels Standards by 2022”. This multi- USDA agency document should be 
controversial for anyone investigating and desiring to grow any biofuel energy crops in the Western 
region. In essence UDSA proposes less than 5% of the biofuel needed by the U.S. will be supplied from 
the Western region. There is little justification from USDA why more than 1/3 of the total country land 
area is projected to produce such minimal levels. The U. S. Department of Energy published a “billion 
ton report” in 2005 (DOE, 2005) which was updated in 2011 (DOE, 2011). These reports discuss annual 
biomass potentials from various feedstock sources around the nation. Both reports rely on agricultural 
residues and forestry waste feedstocks to meet the goal of 1.4 billion tons annually. Dedicated energy 
crops, such as switchgrass are projected to play a larger role in cellulosic bioenergy and bioproducts over 
the next 20 years.   

Switchgrass biofuel research started at WSU in 2002 in Prosser after observing circles of 
switchgrass seed produced by Rainier Seed Company in 2001. This project was initiated to investigate 
new ‘windows’ for successful establishment of switchgrass in the Columbia Basin and to evaluate long 
term storage of switchgrass hay for bioenergy conversion. Date of planting studies initiated at WSU-
Othello in 2008 and 2009 and results have been previously reported to WSU and WSDA Biofuel Cropping 
Systems. Those results have been incorporated into a new switchgrass Extension Bulletin that is 
expected to be published soon.  

The second area of interest in switchgrass feedstock management is long-term storage as dry or 
high moisture hay. This study was planted at Othello in 2008 intending for two complete grass hay 
harvests in 2009, 2010 and 2011. Dedicated bioenergy crops will need to be stored because modern day 
cellulosic biorefineries will operate daily for about 11 months per year. Crops cannot be harvested 
continuously over this time so the feedstock will require storage. There are two other known locations 
in the U.S. where hay storage studies are being conducted, University of Nebraska (USDA-ARS) and 
University of Tennessee. In both cases they only use round bales since hay tends to be stored outdoors 
in the Midwest and southeast. Round bales tend to shed water better than square bales, an important 
factor during wet winter conditions. Small and large square bales are common in the west because they 
are transported long distances by truck to point of destination. Our study uses two-tie small square 
bales. Short and long-term storage studies of warm-season grass (WSG) hay feedstock in the western 
region could help both growers and biorefiners as changes in fiber quality may alter bioenergy 
conversion after storage. 
 
Original Project Objectives:  

1. To determine possible planting windows of switchgrass and other perennial WSG’s in the north 
Basin region. 

2. To monitor winter survival of new seedling stands. 
3. To develop new bulletins on establishment, quality, growth and development of switchgrass for 

the irrigated regions of WA State. 
4. To establish larger acreages of switchgrass and Eastern gamagrass to determine quality changes 

in storage for feedstock bales used in biorefineries  

  

Region 3 
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Objectives of the Hay Project:  
1. To determine change in bale weight of switchgrass and Eastern gamagrass after a year of 

storage. 
2. To determine effect of covering warm-season grass hays when stored long-term. 
3. To determine effect of initial bale moisture on bioenergy change of WSG hays. 
4. To utilize switchgrass hay results in pursing national competitive grants.  

 
Methods: A three-acre block was planted in one-acre units in 2008 for WSG hay biomass studies. Two 
WSG feedstock hay harvests were conducted in July and October 2011.  In March 2011 grasses were 
fertilized at 100-50-300-75 pounds N-P2O5-K20-S04 per acre followed by 100 pounds N per acre after first 
cutting in July. The first cutting was taken July 10-14 and the second cutting from October 1-7. Bales 
were transported to Prosser for the long-term storage study on wooden pallets. Experimental bales 
were randomly assigned to either dry (control) or high moisture, covered storage under tarps, or left 
uncovered for each feedstock type. EZ logger® temperature probes were placed about 14 inches deep 
into bales of each grass, moisture and covering treatment. Data was recorded every three hours until 
temperatures stabilized. Bale weights were determined on a platform scale to within 0.5 pounds. Bale 
moisture concentrations were determined by compositing 14 cores from each bale using a hay probe. 
Samples were weighed to within 0.01 grams and dried in a forced air oven at 500C until dry. Dried grass 
samples were ground through a 1-mm cyclone mill and stored in zip-type plastic sample bags. All pre-
storage samples from 2011 have been scanned through the FOSS 6500 NIRS located at Fransen’s lab at 
Prosser. Changes in hay quality were measured by NIRS pre- and post-storage. Data have been entered 
and SAS analysis is underway. 
 
Results:  Warm-season grass hay bales were produced in both the July and October 2011 harvests. Bales 
will remain in storage until mid- to late-2012. We have drawn upon past haymaking experience to best 
predict when to cut and to judge field tedding operations and drying conditions. This is always a moving 
target as weather conditions change quickly.   

Changes in grass hay temperatures are shown over time in Figure 1. Differences were found 
among treatments and time (days) required for bales to stabilize after placed in storage. Bale weight and 
dry matter content results for 2011 are reported in Tables 1, 2, and 3. Bale weights from July harvest are 
higher than October (Table 1). This is similar to typical biomass harvest of these grasses for biofuel 
feedstock. No differences were found between initial storage bale weights when averaged over grasses 
and moisture treatments (Table 1). A grass x moisture treatment interaction was found for bale weight 
(Table 2). Nemaha Eastern Gamagrass (EGG) produces less total biomass yield per acre, so to ensure an 
adequate number of bales, the baler was adjusted to produce lighter EGG bales.  EGG air dries very 
quickly compared to either switchgrass variety during haymaking so the high moisture treatment was 
baled one to two days earlier than for switchgrasses. High moisture treatment bales were heavier than 
dry bales. Kanlow bales weighed more than Blackwell which weighed more than Nemaha EGG (Table 2).  
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Table 1. Average warm-season grass bale weight over grass specie and variety, and moisture treatment 
of hay grown at WSU-Othello and stored at WSU-Prosser in 2011. 

 ------- Factor ------- LSD 0.05 

 July Harvest October Harvest  
Bale Weight (lbs) 104.2 81.4 5.2 

 Uncovered Hay Covered Hay  
Bale Weight (lbs) 93.0 91.7 NS 
 
 
Initial mean bale dry matter content was similar between the July and October harvests (Table 3). 
Kanlow had lower DM than other grasses. No differences were found between covering treatments. 
Bales are still under storage at Prosser until mid to late summer 2012. At that time experimental stacks 
will be disassembled, each experimental bale weighed, and 14 cores collected for dry matter and ground 
for NIRS analysis.  
  

Figure 1. Changes in grass hay temperature over time based on either dry (control) or 
high moisture storage conditions. 
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Table 2. Average warm-season grass bale weight (lbs) over harvest dates and covered/uncovered hay 
grown at WSU-Othello and stored at WSU-Prosser in 2011. 

 
 
 
 
 
 
 

 
 
Table 3. Average bale dry matter content of warm-season grass hay by harvest date, grass specie and 
variety, moisture treatment and cover treatment of hay grown at WSU-Othello and stored at WSU-
Prosser in 2011. 

Parameter ---------------- Factor -------------------- LSD 0.05 

Harvest Date July  October   
Dry Matter (%) 79.4 80.9  NS 

Grass Blackwell SWG  Kanlow SWG Nemaha EGG  
Dry Matter (%) 82.3 75.8 81.4 2.1 
Moisture Dry (control) High Moisture   
Dry Matter (%) 86.4 73.8  1.7 

Covering Uncovered Covered   
Dry Matter (%) 79.5 80.8  NS 

 
Discussion:  

WSU-Othello is at 460N latitude. These are the first hay results from a lowland switchgrass 
(Kanlow) or Eastern Gamagrass (Nemaha) from that far north. We have proven WSG hay can be 
consistently produced in the northern Columbia Basin region.  Secondly, future cellulosic biorefineries 
can use a multitude of feedstocks, including perennial WSG’s. These feedstocks can be stored for long 
time periods to maintain consistent biorefinery function and bioproduct production. Thirdly, by 
investigating new grass establishment windows and subsequent winter survival, successful increases in 
grass acreage can be expected over a longer time period in the Basin. This will become important when 
new cellulosic biorefineries become economically viable and establish bioenergy businesses in the 
region.  

 
 

Impact/Potential Outcomes:  
Potentially thousands of acres will be planted to WSG for cellulosic biofuels in the irrigated 

region. Once grass stands are established and producing high yields of feedstocks, harvesting and 
storing this biomass for refining is the next step in the process. Long-term storage will become a key 
factor when biorefineries require 1000 tons of biomass daily to meet the goal of 25 million gallons of 
renewable transportation fuels. This is a massive amount of feedstock and our research will help answer 
many questions from both the grower and biorefiner. Our completed study will demonstrate changes in 
bale weight and moisture content and fiber/energy quality when comparing immediate or initial 
samples to the same bales stored about a year later. Understanding changes in feedstock biomass 

Grass Dry Hay High Moisture Hay Grass Mean 
Blackwell SWG 82.2 106.8 94.5 
Kanlow SWG 95.8 108.3 102.0 
Nemaha EGG 64.2 99.7 81.9 
LSD 0.05 LSD 0.05 =13.3 LSD 0.05 = 6.3 
Moisture Mean 80.7 104.9 LSD 0.05 = 5.2 
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during storage will be important to the grower and biorefiner because contract prices may be highly 
correlated to fiber quality, i.e. net bioenergy production. 
 
Publications:  
Fransen, S.C., H.P. Collins, and R.A. Boydston.  Establishment and First-Year Management of Switchgrass 
for Biofuel Under Irrigation. WSU Extension Manual (in review).  
 
Future directions in the upcoming year:  

Results and ideas from this funded research have been used in a recently submitted BRDI-USDA 
grant.  
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REGION 4 
Western WA 

 

Title: Growing Biofuels in Western Washington 
 

Co-PI’s: Tim Miller and Craig Cogger 
 
Funding term and duration:  2010-2011 
 
Technical Support: Carl Libbey at WSU Mount Vernon NWREC and Andy Bary and Liz Myhre at WSU 
Puyallup were partially funded by this project. 
 
Background:  It is not known whether biofuel crops currently grown for oil production (including, canola, 
flax, sunflower, mustard, sunflower, safflower, meadowfoam, and camelina), can be economically 
produced in western Washington.   Previous testing at Mount Vernon has shown that, while 
meadowfoam, safflower, and sunflower can be grown in the region, their yield or other production 
factors likely will not allow them to be produced profitably by growers, so current research is aimed at 
canola, mustard, and camelina.  Simple agronomic production guidance is scarce for these crops in this 
region; therefore, research thus far has focused on determining seeding dates, seeding rates, fertilizer 
requirements, harvest factors (seed moisture, maturity, etc.), and other production factors.  Testing 
from 2008-2010 at WSU Puyallup has centered on use of organic fertilizers on certified organic land, 
species, and seeding dates, while testing at WSU Mount Vernon NWREC has centered on species, 
seeding dates, seeding rates, and fertilizer rates. 
 
Objectives:  The objective of this research is to determine optimal production strategies for various 
oilseeds in western Washington.  Specific trials include: 
 

1.  Conduct fertilization trials using biosolids with fall and spring canola, yellow mustard, and 
camelina on organic ground at WSU Puyallup. 

 
2.  Conduct seeding rate and fertilizer rate trials with yellow mustard and camelina at WSU 

Mount Vernon NWREC. 
 
These trials will help to determine whether these crops may be profitably produced under western 
Washington conditions as well as identifying production obstacles that remain to be overcome. 
 
Methods:  
1A.  Fall canola trial, WSU Puyallup.  Fall canola (Brassica napus, cv. ‘Athena’) and camelina (Camelina 
sativa, cv. ‘Celine’) was seeded at approximately 8 lbs/acre into 10- by 20-ft plots September 3, 2010.  
Plots were treated with two sources of biosolids at two rates:  Soundgro biosolids at 1 or 2 dry tons/acre 
(corresponding to an estimated 117 or 236 lbs total N/acre, respectively), or Everett biosolids at 6 or 12 
dry tons/acre (corresponding to an estimated 213 or 426 lbs total N/acre, respectively); products were 
mechanically incorporated prior to seeding.  Seed was sprinkled on the surface of the soil as 
appropriate, then raked by hand to shallowly incorporate.  Percent crop and weed cover was visually 
estimated September 27, October 20, November 30, 2010 and January 31 and April 23, 2011.  Crop 
plants within a 12- by 20-inch quadrat were clipped at ground level July 21.  Excess stem material was 
trimmed off each plant, and remaining upper stems and racemes were placed into paper grocery bags 
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and then stored in a greenhouse at WSU Mount Vernon NWREC for slow drying and seed ripening to 
occur (maximum daytime temperatures did not exceed 85 F during the drying process).  After 
approximately three weeks of drying, seed was threshed by hand, passed over screens to remove large 
chaff, and freed of fine chaff and dust using a blower-style seed cleaner.  Seed weight for each sample 
was then recorded.  Yield data were analyzed using a general linear models procedure and means were 
separated using Fisher’s Protected LSD at the P = 0.05 level.  The design was a randomized complete 
block with three replicates. 
   
 

1B. Spring oilseed trial, WSU Puyallup.  Spring canola (‘Sunrise’ and ‘Clearwater’) and spring rapeseed 
(‘Gem’ and ‘Sterling’) (all Brassica napus), ‘IdaGold’ yellow mustard (Sinapis alba) and ‘Celine’ camelina  
were seeded April 23, 2011 at WSU Puyallup.  All oilseed crops were seeded at 8 lbs/acre and then raked 
by hand to shallowly incorporate seed.  Plots (10- by 20-ft) were treated with two sources of biosolids as 
described above for winter canola. Crop plants within a 12- by 20-inch quadrat were counted and 
clipped at ground level August 11 and processed as described above for winter canola.  Yield data were 
analyzed using a general linear models procedure and means were separated using Fisher’s Protected 
LSD at the P = 0.05 level.  The design was a randomized complete block with three replicates. 
 
 

2.  Spring oilseed trial, WSU Mount Vernon NWREC.  ‘IdaGold’ yellow mustard and ‘Celine’ camelina 
were seeded June 3, 2011 at WSU Mount Vernon NWREC.  Crops were seeded at 5 or 8 lbs/acre using a 
6-row cone seeder.  Plots (10- by 30-ft) were treated with urea (46-0-0) and mechanically incorporated 
the day prior to seeding; rates were equivalent to 0, 50, or 100 lbs N/acre.  Crop and weed biomass was 
sampled August 3.  Crop plants and weeds within a 12- by 20-inch quadrat were clipped at ground level, 
separated, then dried at 50°C for 48 hours and weighed.  Crop plants were harvested using a plot 
combine September 21.  After drying in a seed dryer for three days at 70°C, seed was threshed by hand, 
passed over screens to remove large chaff, and freed of fine chaff and dust using a blower-style seed 
cleaner.  Seed weight for each sample was then recorded.  Yield data were analyzed using a general 
linear models procedure and means were separated using Fisher’s Protected LSD at the P = 0.05 level.  
The design was a randomized complete block with four replicates. 
 

Results and Discussion:   
 
1A.  Fall canola trial, WSU Puyallup.  Initial growth of canola was excellent by October, with cover 
ranging from 78 to 92% (Table 1).  Lower means were associated with Soundgro and Everett at the 6 
ton/a rate.  Crop cover had decreased by April ranging from 43 to 77%, with lower means again resulting 
from Soundgro, or with Everett at the 6 ton/a rate.  Camelina cover was only half that of the canola in 
October, with Everett resulting in almost twice the cover as from Soundgro.  By January, camelina had 
winter-killed.  Weed cover was minimized by canola fertilized with Everett at 12 tons/a in October and 
November (8 and 7%, respectively) (Table 2).  In general, low N fertilizer resulted in higher weed 
populations by April, likely because the canola crop was less vigorous. 
 

Canola yield similarly closely followed N application rate (Table 3).  Some seed was lost prior to 
harvest due to seed pod shatter, so these yields are lower than would otherwise be expected.  Crop 
stand at harvest did not differ by nutrient source.  Because camelina winter-killed, no camelina seed was 
produced in this trial. 
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Table 1. Percent crop cover in fall-seeded crops at WSU Puyallup (2010-11). 

 Rate1  9/27/10 10/20/10 11/30/10 1/31/11 4/23/11 
Nutrient source dry tons/a Crop % % % % % 

Everett 6 (213) Canola 28 85 82 73 60 
Everett 12 (426) Canola 32 92 93 80 77 
Soundgro 1 (117) Canola 32 78 78 60 43 
Soundgro 2 (236) Canola 27 80 82 72 60 
Everett 6 (213) Camelina 23 42 27 0 0 
Everett 12 (426) Camelina 20 40 40 0 0 
Soundgro 1 (117) Camelina 12 28 18 0 0 
Soundgro 2 (236) Camelina 12 23 15 0 0 
1Soundgro biosolids equivalent to an estimated 117 or 236 total lbs N/acre; Everett biosolids equivalent to an estimated 213 or 426 total lbs 

N/acre.  

 
Table 2. Percent weed cover in fall-seeded crops at WSU Puyallup (2010-11). 

 Rate1  9/27/10 10/20/10 11/30/10 1/31/11 4/23/11 
Nutrient source dry tons/a Crop % % % % % 

Everett 6 (213) Canola 40 15 18 20 35 
Everett 12 (426) Canola 40 8 7 12 12 
Soundgro 1 (117) Canola 45 20 22 35 57 
Soundgro 2 (236) Canola 37 20 18 23 40 
Everett 6 (213) Camelina 42 58 72 95 100 
Everett 12 (426) Camelina 50 60 60 95 100 
Soundgro 1 (117) Camelina 42 68 82 100 100 
Soundgro 2 (236) Camelina 45 75 83 98 100 
1Soundgro biosolids equivalent to an estimated 117 or 236 total lbs N/acre; Everett biosolids equivalent to an estimated 213 or 426 total lbs 

N/acre.  

 
Table 3. Canola stand and oilseed yield (2011). 

 Rate1 Crop stand2 Yield2 
Nutrient source dry tons/a plants/quadrat lbs/a 
Everett 6 (213) 8.7    2624 ab 
Everett 12 (426) 10.3 3045 a 
Soundgro 1 (117) 7.3 1436 b 
Soundgro 2 (236) 6.3    2317 ab 
Means within a column followed by the same letter or not followed by a letter are 

not significantly different (P < 0.05).  Plots were seeded and shallowly 
incorporated September 3, 2010. 

1Soundgro biosolids equivalent to an estimated 117 or 236 total lbs N/acre; Everett 
biosolids equivalent to an estimated 213 or 426 total lbs N/acre.  

2Crop stand sampled and yield collected July 21, 2011. 

 
 
1B. Spring oilseed trial, WSU Puyallup.  In 2010, yield was significantly greater for canola and rapeseed 
(from about 2900 to 4300 lbs/acre) than for mustard or camelina (about 1900 and 1300 lbs/a, 
respectively) (Table 4).   In 2011, all cultivars produced similar amounts of seed, ranging from 2834 to 
4698 lbs/a.  Although yield did not significantly differ by fertilizer regime either year (Table 5), there was 
a trend for Soundgro to result in higher yields than Everett on a pound-for-pound basis, particularly in 



 
73 

 

2010.  The higher application rates in 2010 also tended to result in more seed production than did the 
lower rates, although this was less clear in 2011. 
 

Table 4.  Seed yield by cultivar. 

Cultivar/species 2010 Yield1 2011 Yield1 
 lbs/a lbs/a 

Sunrise canola     3511 ab 3852 
Gem rapeseed       2892 abc 4698 
Sterling rapeseed      3100 ab 3753 
Clearwater canola   4281 a 3431 
Celine camelina    1279 c 3094 
IdaGold mustard      1923 bc 2834 
Means within a column followed by the same letter or not followed 

by a letter are not significantly different (P < 0.05).  Fertilizer was 
applied and incorporated April 22 and plots were seeded April 23, 
2010, and on the same dates in 2011. 

1Oilseed yield samples collected August 30, 2010 and August 11, 
2011. 

 
Table 5. Seed yield under different fertilizer regimes. 

Nutrient source Rate1 2010 Yield3 2011 Yield3 
 dry tons/a lbs/acre lbs/acre 

Everett biosolids 6 (213) 2851 3912 
Everett biosolids 12 (426) 3190 3830 
Soundgro biosolids 1 (117) 2657 3761 
Soundgro biosolids 2 (236) 3017 3047 
Means within a column followed by the same letter or not followed by a letter are not 

significantly different (P < 0.05).  Fertilizer was applied and incorporated April 22 
and plots were seeded April 23, 2010 and on the same dates in 2011. 

1
Soundgro biosolids equivalent to an estimated 117 or 236 total lbs N/acre; Everett 

biosolids equivalent to an estimated 213 or 426 total lbs N/acre.  
3
Oilseed yield samples collected August 30, 2010 and August 11, 2011. 
 
2.  Spring oilseed trial, WSU Mount Vernon NWREC.  In 2010, crop biomass at two months after seeding 
was greatest (10,341 lbs/a) with yellow mustard seeded at 8 lbs/acre and fertilized with 100 lbs N/acre 
(Table 6).  Mustard also produced about 7200 to 8100 lbs/acre of biomass when seeded at 5 lbs/acre 
and fertilized at 50 or 100 lbs N/acre, or when seeded at 8 lbs/acre and fertilized with 50 lbs N/acre.  A 
comparable level of biomass (about 6000 to 7000 lbs/acre) was produced with camelina seeded at 5 
lbs/acre and 100 lbs N/acre or seeded at 8 lbs/acre and fertilized with 50 or 100 lbs N/acre.  In general, 
the higher the seeding and fertilizer rate, the greater the biomass production for either crop, although 
yellow mustard tended to produce more biomass at comparable rates than did camelina.  There were 
no clear trends due to seeding rate or fertility in 2011, however, with all mustard plots outproducing 
camelina 3- to 4-fold.  There were no differences among mustard plots or among camelina plots due to 
seeding or fertilizer rate. 
  
In 2010, weed biomass at two months after seeding did not differ between crop species, N rate, or crop 
seeding rate (Table 6).  Although not statistically significant, there was a trend toward greater weed 
biomass with camelina than with mustard.  It also appeared that when no N was applied to either 
species, the 8 lbs/acre seeding rate resulted in much more weed suppression than did the 5 lbs/acre 
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seeding rate.  In 2011, weed biomass was up to 10 times greater in camelina than in mustard.  Unlike in 
2010, there was a trend toward higher weed biomass at higher seeding rates.   
 
In 2010, yield of yellow mustard did not differ by fertilizer or seeding rate (Table 6); camelina yield also 
did not differ by treatments.  In general, mustard yielded more than camelina, with ranges from about 
3400 to 5400 lbs/acre for mustard compared to about 1600 to 3100 lbs/acre for camelina.  In 2011, all 
mustard plots yielded more than camelina, except for mustard seeded at 5 lbs/acre and either not 
fertilized or fertilized at 50 lbs N/acre when compared to camelina at 5 lbs/acre with no added N. 
 
Table 6.  Crop and weed biomass and oilseed yield under different fertilizer and seeding  rates. 

 
Species 

Fertilizer 
rate 

Seeding 
rate 

Crop biomass1 Weed biomass1 Yield2 
2010 2011 2010 2011 2010 2011 

 lbs N/a lbs/a lbs/a lbs/a lbs/a lbs/a lbs/a lbs/a 

Camelina     0 5   2758 e 1594 b 1214   1522 bcd 1991 cd 752 c 
Camelina     0 8   2384 e 1092 b   651 2384 bc    3102 bcd 349 d 
Camelina   50 5     5070 cd   819 b   836    2025 bcd 2864 cd 406 d 
Camelina   50 8     6032 bc   948 b   730 3246 ab     1629 d 259 d 
Camelina 100 5     6937 bc   991 b   725   1824 bcd 2462 cd 362 d 
Camelina 100 8     6248 bc   934 b 1053    4323 a   3368 a-d 347 d 
Mustard     0 5     3418 de 3519 a   330 474 d   3723 a-d   932 bc 
Mustard     0 8     5271 cd 4065 a   126 531 d   3770 abc 1143 ab 
Mustard   50 5     7253 bc 4022 a   454 431 d 5015 ab   950 bc 
Mustard   50 8   7655 b 3849 a   481 560 cd   3886 abc 1175 ab 
Mustard 100 5   8072 b 3375 a   490 531 d 5199 ab 1040 ab 
Mustard 100 8 10341 a 4122 a   247 517 d     5409 a  1237 a 
Means within a column followed by the same letter or not followed by a letter are not significantly different (P < 0.05).  Fertilizer was applied and 

incorporated May 6, 2010 and June 2, 2011; plots were seeded May 7, 2010 and June 3, 2011. 
1Plant biomass estimated July 9, 2010 and August 3, 2011. 
2Oilseed yield samples collected September 30, 2010 and September 21, 2011. 
 
 
Impact/Potential Outcomes:  Camelina and yellow mustard biofuel plots were featured on the WSU 
Mount Vernon NWREC field tour (July 4, 2011; 150 people attending).   
 
Publications: 
Miller, T.W., C.G. Cogger, A.I. Bary, C.R. Libbey, and E.A. Myhre.  Growing biofuel crops in western 
Washington.  2010. Proceedings, Bioenergy Research Symposium, Seattle, WA.   
 
A journal article with this two-year study, with an accompanying extension fact sheet, is being prepared. 
 

Proposed Future Research/Extension:  The 2012 spring trials will be conducted at WSU Mount Vernon 
NWREC.  Because of poor seeding conditions in 2011, oilseed performance wasn’t as good as in 2010, so 
this trial will be repeated in 2012. ‘IdaGold’ yellow mustard and ‘Celine’ camelina will be seeded at 5 

and 8 lbs/acre into plots were treated with urea and mechanically incorporated the day prior to seeding 

at rates equivalent to 0, 50, and 100 lbs N/acre.    
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CROSS-CUTTING PROJECTS 
 
Title: Oil analysis  

PI:   Ian Burke 
 
Duration:  7/1/11 – 6/30/13, and renewed for the current biennium (2011-2013) 
 
Graduate students:  Undergraduates: Lydia Baxter-Potter, Madeline Jacobsen 
 
Technical Support:  Pat Fuerst, Scott Mattinson 
 
Background:  The purpose of this project is to provide oilseed quality analysis as a service in support of 
the field research component of this project. Data produced includes parameters such as oil yield from a 
seed crusher, total oil content, and fatty acid composition. Fatty acid composition is the key determinant 
of oil quality for biodiesel.  The oil quality and quantity work will allow our research team to assess the 
suitability, locations and crop varieties across growing seasons for oil content and quality.  

Prior research indicates that environmental conditions can affect oil content and quality in 
oilseeds. Late-season insect infestations reduce both seed yield and seed oil content, with no effect on 
oil quality, in canola and rapeseed (Brown et al., 1999). Contamination of oilseeds with weed seeds can 
increase linolenic and erucic acids (Davis et al, 1999), both of which are highly undesirable in biodiesel. 
Production environment had a substantial effect on seed oil content of soybeans; the same six soybean 
lines averaged 27% more oil in seeds from plants grown in Mississippi, where seed-fill temperature was 
27°C, than those from Indiana, where the seed-fill temperature averaged 21°C. 

GC analysis is an efficient and precise method for assessing biodiesel quality, especially because 
it quantifies problematic fatty acids present in certain crops and cultivars.  Certain fatty acids are very 
undesirable in biodiesel, including very long-chain fatty acids and highly unsaturated fatty acids.  Canola 
breeding has dramatically decreased the undesirable fatty acids and increased the desirable fatty acids 
like oleic acid.  As it turns out, these are generally the best fatty acids for many purposes, including 
biodiesel, health, and food processing.  In contrast to canola, there has been very little selection for oil 
quality in camelina and the quality of this oil for biodiesel is substantially lower (Frohlich and Rice, 2005).  
Our own results confirm that camelina has relatively high levels of long-chain and highly unsaturated 
fatty acids which are undesirable in both biodiesel and food applications.   
 
Objectives:  Determine the cold press oil yield, total oil content, fatty acid composition, and potential 
biodiesel problems of canola, camelina, and other oilseed crops from seed samples produced in field 
plots by other researchers in this project. Oil quantity and composition will be used along with yield data 
to make crop and variety recommendations to growers and processors.      
 
Methods:   Oil yield is determined using a Komet oil extractor to estimate maximum oil yield that could 
be obtained on an industrial scale.  Total oil content is determined at the University of Idaho by nuclear 
magnetic resonance (NMR).  Oil composition is determined in methyl-esterfied extracts; methyl-
esterification is also the process that produces biodiesel.  Methyl -ester composition is determined by 
gas chromatography / flame ionization detection (GC-FID) and verified by gas chromatography / mass 
spectrometry (GC-MS).  When analyses are complete, we provide a data summary to each investigator.  
Developing efficient and highly repeatable methods for each procedure, especially GC, was a time 
consuming part of our work; details are provided in the 2009 Progress Report. 

http://www.css.wsu.edu/biofuels/reports/final_report_2009/CC_Oil_Analysis.pdf
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Results and Discussion:  
As an example of the analyses and interpretation we provide, the results from two studies conducted in 
2010 by Dr. Stephen Guy are presented below. In the first trial, a comparison of 20 camelina varieties 
indicated only a slight variation in total oil content among the varieties. Total content varied between 30 
and 36%, and only a few varieties differed significantly (Fig. 1). In a second experiment, camelina oil 
seed content decreased with increasing nitrogen rate (Fig. 2). When expressed on a per acre basis, oil 
yield increases with increased nitrogen, but there is a diminished return as nitrogen rate increases (Fig. 
3). As part of the quality analysis, eurisic acid yield – an undesirable component of oil from camelina – 
increased in response to increasing rates of nitrogen (Fig. 4). 

 
 
  

lb N/A
0 20 40 60 80 100 120

lb
 o

il
/A

0

200

400

600

800

1000

Oil Content (% by weight)

0 5 10 15 20 25 30 35 40

Blaine_C

Calena

Celine

Cheyenne

Columbia

GP07

GP41

GP42

GP48

GP67

HPX-G-24

HPX-G43

Ligena

SO-1

SO-2

SO-3

SO-4

SO-5

SO-6

Suneson

lb N/A
0 20 40 60 80 100 120

O
il
 c

o
n

te
n

t 
(%

)

0

10

20

30

40 ‘Calena’ 

y=-0.05x + 37.5 r=0.99 

y=794/[1+e(x-1.08/28.5)] r
2

=0.99 

lb N/A
0 20 40 60 80 100 120

lb
 e

u
ri

s
ic

 a
c
id

/A

0

5

10

15

20

25

30

35

y=35/[1+e(x-19.4/19.4)] r
2

=0.99 

Figure 1. Oil content of 20 camelina varieties 
grown in Pullman, WA, in 2010. 

Figure 2. Oil content of the camelina variety 
‘Calena’ grown in Pullman, WA, in 2010 in 
response to increase rates of nitrogen. 

Figure 3. Oil yield per acre of the camelina variety 
‘Calena’ grown in Pullman, WA, in 2010 in 
response to increase rates of nitrogen. 

Figure 4. Eurisic acid yield in the camelina variety 
‘Calena’ in response to increasing nitrogen rates 
in Pullman, WA, in 2010. 

‘Calena’ 
‘Calena’ 
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Tables 1-3 include a synopsis of the analyses and status of oilseed samples submitted from 2008-2011. 
 

Table 1.  2008 Oilseed Samples (approximately 400 samples in all). 

Investigator Study 
# 

Samples moisture crush NMR GC 
analyze 

data 

Send 
report to 
scientists 

Stevens Canola Variety 24 √ √ √ √ √ √ 

Stevens Canola Line source 160 √ √ √ √ √ √ 

Stevens Canola Fertility 54 √ √ √ √  √ √ 

Hulbert Camelina Variety 75 √ √ √ √  √  √ 

Young Young - Canola seeding 6 √ √ √ √ √  √ 

Hammac Canola Fert, 2 sites 80 √ √ √ √    √ 
 
Table 2. 2009-10 Oilseed Samples (approximately 700 samples in all). 

Investigator Study 
# 

Samples moisture crush NMR GC 
analyze 

data 

Send 
report to 
scientists 

Davenport Canola Variety  24 √ √ √ √ √ √ 

Davenport Canola Line source 160 √ √ √ √ √ √ 

Davenport Canola Fertility 54 √ √ √ √  √ √ 

Guy Camelina Variety 2 Trials 171 √ √ √ 
 

√ √  

Guy 
Camelina seeding date & 

Fertility 140 NA* √ √ 
 

√ √  

Young Young – Canola low rainfall 80 NA* √ √ 
 

√  √ 

Hammac Canola Fertility, 2 sites 80 √ √ √ 
 

√   √ 
*NA - not available due to small sample sizes. 
 
Table 3. Progress in Analyzing 2010 Camelina Samples (approximately 825 samples in all). 

Investigator Study 
# 

Samples moisture crush GC 
analyze 

data 
Send report 
to scientists 

Schillinger 2010 Variety 145 √ √ √ √  

Corvallis 2009 Planting Date (2-20-09) 72 √ √ √ √  

Corvallis 2009 Planting Date (12-5-08) 56 √ √ √ √  

Corvallis 2009 Fertility Trial 49 √ √ √ √  

Corvallis 2010 Fertility Trial 48 √ √ √ √  

Corvallis 2010 Variety Trial 100 √ √ √ √  

Pendleton 2009-2010 Variety Trial 100 √ √ √ √  

Pendleton 2010 Fertility Trial 32 √ √ √ √  

Pendleton 2010 Planting Date 48 √ √ √ √  

Pendleton 2009-2010 Variety Trial 48 √ √ √ √  

Guy 2010 Variety Trial 80 √ √ √ √  

Guy 2010 Fertility Trial 48 √ √ √ √  
 



 
78 

 

Impact/Potential Outcomes: Given the differences in agronomic zones four regional projects, 
differences in the seed oil content can be expected among the experimental locations.  The knowledge 
generated by this cross-cutting project will allow: 

A. Crop-specific recommendations based on quantity of oil produced in each region. 
B. Crop-specific recommendations based on seed oil quality for 

a. Biodiesel  
b. Human consumption 
c. Other oil use 

C. Variety-specific recommendations for each region for seed oil quantity and quality. 
 
Affiliated projects and funding: None yet, but oilseed analyses are an important component of an 
Oilseed CAP Grant authored by Morra et al. currently in review. 

 
Publications: The oilseed analysis project is a support project and a component of other research 
projects. It is anticipated that publications produced by other projects that submitted samples to this 
project will produce publications (peer-reviewed and extension) with oilseed content and quality data 
included in them. If not, the oilseed data can be published as a standalone product. 
 

Proposed Future Research/Extension: As a cross-cutting project, the future research objectives match 
that of the previous objectives. This is ‘value-added’ research of the same importance as a wheat quality 
laboratory. Our intent is to support research and extension personnel in developing input 
recommendations based not just on yield but on quantity and quality of oil. Additionally, we intend to 
support Dr. Scot Hulbert in his efforts to start a camelina breeding program.  
 
References: 
AOCS (American Oil Chemist’s Society), Official Method 2-41. Moisture and Volatile Matter.  
 
Barthet, V.J., and J.K. Daun. 2005. Effect of Sprouting on the Quality and Composition of Canola Seed 
and Oil. J. Am. Oil Chemists' Soc. 82:511-517. 
 
Barthet, V.J., T. Chornick, and J.K. Daun. 2002. Comparison of methods to measure the oil contents in 
oilseeds. J. Oleo Sci. 51:589-597. 
 
Brown, J., J.P. McCaffrey, B.L. Harmon, J.B. Davis, A.P. Brown, and D.A. Erickson. 1999. Effect of late 
season insect infestation on yield, yield components, and oil quality of Brassica napus, B. rapa, B. juncea, 
and Sinapis alba in the Pacific Northwest region of the United States. J. Agric. Sci. 132:281-288. 
 
Davis, J.B., J. Brown, J.S. Brennan, and D.C. Thill. 1999. Predicting decreases in canola (Brassica napus 
and B. rapa) oil and meal quality caused by contamination by brassicaceae weed seeds. Weed Technol. 
13: 239-243. 
 
Frohlich, A., and B. Rice. 2005. Evaluation of Camelina sativa oil as a feedstock for biodiesel production. 
Industrial Crops and Products 21:25-31. 
 
Hammond, E.G., 1991. Organization of rapid analysis of lipids in many individual plants. In:  Essential Oils 
and Waxes, E.F. Linskens & J.F. Jackson, Eds., pp. 321-330. Springer-Verlag, Berlin.  
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Title:  Economic Returns to Canola Rotations in Eastern Washington 
*** 2011 PROGRESS REPORT PENDING 
 
PI: Vicki McCracken 

Graduate Students: Greg Astill 

Future Plans:  We will complete work on a crop rotation budget generator for easier (and interactive) 

use by others.  The generator will be based on additional information acquired from growers about 

realistic impacts on yields and input usage. 

  

Cross-Cutting 
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Title:  Extension and Outreach Activities 
 
PI:  Bill Pan  
 
Co-PI’s:  Karen Sowers (fully funded), Dennis Roe (partially funded) 
 
Technical Support:  Deb Marsh (partially funded) 
 
Duration: 2007-2012 
 
Background:  Teaching, research, and extension are cornerstones of the historical mission of land-grant 
universities.  In Washington State, on-farm research, on-farm visits with producers, organized meetings, 
workshops, and field tours have been and always will be an important part of Extension and outreach 
efforts.  More recently, electronic means of communication such as email, online publications, and 
websites have become more commonplace. With volumes of new data and information generated 
about oilseed crops from the research portion of the Washington Biofuels Cropping Systems Research 
and Extension Project (WBCS) since 2007, it is imperative to transfer the university-based research 
results to producers and other stakeholders in the agriculture sector in a timely and understandable 
format.  
 
Objectives:  Provide growers, agriculture industry, agency personnel, the general public, and other 
stakeholders with relevant and updated information from the WBCS Project.  Evaluate the effectiveness 
of information delivery based on on-site surveys. 
 
Methods:  Written and online publications; a dedicated website; and presentations at workshops and 
field days, and professional meetings are utilized to disseminate information.   
 
Results and Discussion:  Attendance at events where research and Extension activities from the WBCS 
Project was featured increased to over 1800 (see table below).  A series of comprehensive oilseed crop 
production workshops was held in early 2011 at Okanogan, Reardan and Colfax, WA.  The attendance far 
exceeded expectations, with a total of 250 at the three locations. Nearly half of the attendees were local 
and regional producers, with the balance comprised of researchers and Extension faculty, agency 
personnel, agriculture industry reps, and others.   

The number of on-farm and University research farm field days increased in 2011, as well as the 
venues where research and Extension activities from this project were featured, including large 
conferences in Seattle and San Antonio.  The WBCS website is updated on a regular basis, and is a 
resource for current oilseed news and research, upcoming events, publications, and more.  The first fact 
sheet in a series about oilseed research and production was published, and two more are in review. The 
first set of case studies (eastern WA, high rainfall) was published in July.  The next set (eastern WA, low 
to intermediate rainfall) is in final review and will be published in early 2012. 
 Collaboration with agriculture industry:  The importance of collaborating with the agriculture 
industry about oilseed production and research cannot be understated, as they are often the resource 
producers seek for information when trying something ‘new.’ With the increased number of field tours 
and workshops, we are establishing and maintaining a larger email and phone database to keep in closer 
contact with agriculture industry reps throughout the year.  We also met on-site with individual 
companies, again establishing a trusted relationship where ideas, research, and other information can 

Cross-Cutting 
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be shared.  We have served as a liaison from the WBCS project to the Washington Canola and Rapeseed 
Commission, participating in their quarterly meetings and making presentations when requested. 
 

 
Events with an oilseed production component held in 2011: 

Event Location Attendance 

Colfax Palouse Direct Seed meeting Colfax 35 
Oilseed Crop Production Workshop Multiple 250 
CCT Fuel Station Planning (for biodiesel) meeting Colfax 12 
WA Canola & Rapeseed Commission meeting Ritzville 15 
Electrical & Mechanical Engineering Graduate seminar Pullman 20 
Sustainable Aviation Fuel NW planning meeting Seattle 50 
WA Canola/Rapeseed Commission meeting Phone - quarterly 40 
WSU Innovators luncheon Seattle 60 
REACCH Launch Meeting/Poster session Moscow 50 
Winter Canola field day – Troutman farm Okanogan 22 
Meetings with local agriculture industries Pullman, Colfax 10 
Western Whitman County research tour – Camp farm Lacrosse 50 
Winter Canola field day – Townsend farm Okanogan 40 
Lincoln County Winter Canola field tour – Williams farm Reardan 20 
AgVentures NW canola tour – Hennings farm Ralston 12 
Lind Field Day Lind 250 
Cook Farm Field Day Pullman 106 
Prevented Planting meeting Spangle 35 
Spillman Farm Field Day Pullman 220 
Mount Vernon field day Mount Vernon 150 
NCW District Fair Waterville 105 
Chelan County Fair Cashmere 66 
ASA-CSSA-SSSA Annual meetings San Antonio 150 
Future Energy Conference Seattle 48 
Clearwater Direct Seed meeting Lewiston 30 

TOTAL                 1846 
 
Impact/Potential Outcomes:  Oilseed acreage is increasing in some areas of WA as results from WSU 
and USDA-ARS on-farm research, along with experienced oilseed producers, are convincing more 
producers to try oilseeds.  For example, in north central Washington (Douglas County), six producers 
planted winter canola for the first time after watching a neighbor and WSU/USDA-ARS successfully raise 
winter canola and reduce weed populations that had been a problem for years.  Feedback from the 
oilseed production workshops was very positive, and communication between WSU and workshop 
attendees continues to increase via phone conversations, emails, and website visits.  A survey 
conducted at the 2011 workshops revealed that over half of the producers in attendance had tried 
growing oilseed crops, and 93% would consider growing an oilseed in the future.  In addition, attendees 
cited their agronomic knowledge about oilseed production increased by 25% over the course of the day. 
Several growers and industry representatives strongly encouraged another set of workshops for 2012, 
so WSU and USDA-ARS are following through with that request.  The project website had an 80% 
increase in visits compared to 2010. Demographics showed visitors from 21 countries and 28 states.  
Visits from Washington state comprised 70% of the total hits, with visits from 47 cities recorded.   
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Affiliated projects and funding:  REACCH (Climate Change); NSF-NSPIRE; AFRI/USDA - Switchgrass 
 
Publications:  A website dedicated to the WBCS Project(http://www.css.edu/biofuels) is updated on a 
regular basis to provide information on upcoming oilseed and bioenergy events, current legislation 
affecting biofuels, current news events about oilseed crop research or production, and presentations 
from field days, conferences and workshops.   Other written materials from the WBCS Project are as 
follows: 
 
Refereed journals: 

Kincaid, R., K. Johnson, J. Michal, S. Hulbert, W. Pan, J. Barbano, and A. Huisman. 2011. Biennial 
canola for forage and ecosystem improvement in dryland cropping systems. 2011. Advances in 
Animal Biosciences 2(2):457. 
Kincaid, R.L., K.A. Johnson, J.J. Michal, A.C. Huisman, S.H. Hulbert, and W.L. Pan. 2012. Case 
Study: Production of silage containing biennial canola and peas for use as forage in a dairy 
rotation. The Professional Animal Scientist 28:120-124. 

Extension publications: 
Esser, A.  Wireworm Scouting 101: Shovel Method and Modified Wireworm Solar Bait Trap. WSU 
Extension Fact Sheet (accepted for publication). 
 
Fransen, S.C., H.P. Collins, and R.A. Boydston. Establishment and Management of Switchgrass for 
Biofuel under Irrigation. WSU Extension Manual (in review). 
 

Hulbert’s., S. Guy, B. Pan, T. Paulitz, B. Schillinger, D. Wysocki, and K. Sowers. Camelina 
Production in the Dryland Pacific Northwest. WSU Extension Fact Sheet (in review). 
 
Kincaid, R., K. Johnson, J. Michal, S. Hulbert, W. Pan, J. Barbano, and A. Huisman. 2012. 
Intercropped biennial canola for silage. WSU Dairy Newsletter. 21:1. 
 
Koenig, R.T., W A. Hammac, and W.L. Pan. 2011. Canola Growth, Development, and Fertility. 
WSU Extension Fact Sheet FS045E. 
 

Sowers, K.E., R.D. Roe, and W.L. Pan. 2011. Oilseed Production Case Studies in the Eastern 
Washington High Rainfall Zone. WSU Extension Manual  EM037E. 
 
Sowers, K.E., R.D. Roe, and W.L. Pan. Oilseed Production Case Studies in the Eastern Washington 
Low to Intermediate Rainfall Zone. WSU Extension Manual  (in review). 

 
Poster presentations: 

Sowers, K.E., R.D. Roe and W.L. Pan. 2011.Tailoring Extension Education Efforts to Region-
Specific Oilseed Production Zones In Washington State.  [CD-ROM].  American Society of 
Agronomy annual meeting, 16-20 Oct., San Antonio, TX.  ASA, CSSA, and SSSA Abstracts. 
 
Sowers, Karen, Dennis Roe and Bill Pan. 2011. Connecting Researchers to Growers with Region-
Specific Extension and Outreach. Washington State University CAHNRS and Extension All Faculty 
Conference. 4-6 Oct., Pullman, WA. 
 

http://www.css.edu/biofuels
http://cru.cahe.wsu.edu/CEPublications/FS045E/FS045E.pdf
http://cru.cahe.wsu.edu/CEPublications/EM037E/EM037E.pdf
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Sowers, Karen and Bill Pan. 2011. Linking the Washington State Biofuels Cropping Systems 
Program to REACCH PNA. REACCH PNA Launch Meeting Poster Session. May 9, Moscow, ID. 

Internet: 
Washington State University. Biofuels Cropping System Project 2010 Final Report.  W.L. Pan and 
K.E. Sowers, ed. [cited 27 Dec. 2011]. Available from 
http://www.css.wsu.edu/biofuels/reports/final_report_2010/index_2010.html 

 
Proposed Future Extension and Outreach:  
- Oilseed Production Workshops are scheduled for late January 2012 with a wide array of speakers 

and subject matter related to oilseed production and the entire supply chain.   
- We will be exploring the possibility of starting Oilseed breakfast meetings, modeled after the 

successful Direct Seed breakfasts.  
- After meeting with a major agribusiness retailer and farm consultant company, we offered to 

compile a set of basic oilseed production information for them to use in training their 
representatives in the different agroclimatic zones of WA. The information contained in that initial 
set will be expanded by publishing Extension fact sheets based on research from the BCSREP. 

- More on-farm oilseed research trials are in place and will be established in 2012, including 
coordinating with county Extension faculty and agriculture industry on several projects. 

- The remaining oilseed case studies will be completed and published in 2012.  
- Presentations at regional conferences, field days, grower meetings and other events will continue to 

be the primary means of outreach.  Communication with agriculture industry and agencies will 
continue. 

- An oilseed production blog will be implemented on either the BCSREP website or in cooperation 
with other university Extension personnel on a different website.  

- Video from the oilseed workshop presentations, and interviews with oilseed growers, researchers, 
and agriculture industry will be posted on the website. 

- We will assist economists in compiling data to develop interactive enterprise budgets for crop 
rotations involving oilseeds. 

http://www.css.wsu.edu/biofuels/reports/final_report_2010/index_2010.html
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Figure 1. Oilseed Crop Production Workshops were 
held for the first time and well attended at Okanogan, 
Reardan and Colfax (pictured) in January. 

Figure 2. Paul Williams, Reardan, has hosted industry 
canola variety trials and tours on his farm for several 
years. 

Figure 3. Dr. Frank Young and his team have established 
canola research plots in north central WA; attendance 
at field tours and canola acreage in the region have 
increased annually. 

Figure 4. Karen Sowers and John Rumph take soil 
samples in research plots established to evaluate if 
cold tolerance in winter canola is enhanced with the 
addition of KCl in the fall. 

Figure 5. Jason Echelbarger, who farms near Reardan, 
is one of eighteen oilseed growers in WA interviewed 
about their experience with oilseed crops. Case studies 
are published through WSU Extension. 

Figure 6. Ron Sloot applies herbicide to Dr. Scot 
Hulbert’s camelina research plots at the WSU Lind 
Field Station in early June. 
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AFFILIATED PROJECTS 

 

Title: Modification of hypocotyl length in camelina and canola via manipulation of the AHL gene family 
 
PI:  Michael M. Neff Ph.D. 
 
Funding term and duration: 7/1/2010 – 6/30/2011 
 
Graduate students: David Favero and Jeanne Zhao are both Ph.D. graduate students on this project. 
They are both in the Molecular Plant Sciences Graduate Program at WSU and working on this gene 
family in Arabidopsis. Paul Faroese is a fourth year undergraduate in the honors college. He too is 
working on this gene family in Arabidopsis. 

Technical Support: Pushpa Koirala (Technician), Jaen Qiu (Postbox) are both working on this gene family 
in Camelina. 

Background: 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 direct seeded into wheat stubble from the previous year. One approach to facilitate 
stand establishment 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 mutation (sob3-6) in one of these genes, SOB3/AHL29, 
that expresses a protein with a disrupted DNA-binding domain and a normal protein/protein interaction 
domain. In Arabidopsis, this mutation is capable of generating normal adult plants that produce larger 
seeds and seedlings with hypocotyl stems that are up to twice as long as the wild type. 
 

Objectives: The goal of this project is to enhance camelina and canola seedling emergence when 
planted deeply in low-rainfall dryland cropping regions (generally less than 12”/year) or in wheat 
stubble. This can be achieved by manipulating AHL gene family members to develop varieties that have 
long hypocotyls as seedlings while maintaining 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 plants expressing wild-type and mutant forms of Arabidopsis AHL 

genes. 
3) Identify, clone and characterize AHL gene family members from camelina. 
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Results and Discussion: We have shown that a similar DNA-binding mutation (esc-11) in another AHL 
family member in Arabidopsis, ESC/AHL27, confers similar phenotypes as sob3-6. We have also shown 
that expressing this Arabidopsis mutation in the Brassica Camelina sativa leads to taller seedlings with 
no negative impact on adult size. By analyzing seed weight, we have shown that these taller seedlings 
are, in part, caused by an increase in seed size. However, the increase in height using the Arabidopsis 
mutant allele in camelina is only 30% and not the 100% realized by using the Arabidopsis mutant allele 
in Arabidopsis. Even with this 30% increase in hypocotyl length in camelina, we have shown that these 
larger seeds and taller seedlings can dramatically enhance emergence from deep planting (2.5 inches) in 
dry soil.  

Impact/Potential Outcomes:  To date, our work has demonstrated that expressing mutant forms of AHL 
genes encoding proteins with a disrupted DNA-binding domain leads to larger seeds and taller seedlings 
in both Arabidopsis and the oilseed crop camelina. Based on preliminary Arabidopsis research, we may 
be able to double the size of camelina seeds by generating transgenic plants expressing mutant forms of 
these genes cloned from the camelina genome. Even if the total harvestable oil per plant is unchanged, 
this may lead to an increase in seed yield per acre by enhancing stand establishment and reducing 
harvest loss due to blowing out of the combine. Based on these preliminary results, a full patent 
application was filed by WSU during the funding period covered by the progress report. During the 
current funding period, we have begun identifying AHL gene family members in camelina with two full-
length sequences cloned and undergoing further characterization. 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 proposal, currently in review, for studying this gene family in 
wheat and camelina.  
 
Affiliated projects and funding: The characterization of the AHL gene family in Arabidopsis was 
supported by a grant from the Department of Energy. The characterization of the AHL gene family in 
wheat was recently supported by grants from the Washington Grain Commission and the Orville A. 
Vogel Wheat Research Fund. Preliminary data from this support as well as those listed above have led to 
the recent grant proposal submitted to the USDA/NIFA foundational research program. 

 

Publications: At least three publications are being written and/or pending based on this research: 1) A 
phylogenetic analysis of AHL gene evolution in plants. 2) A manuscript describing the mode-of-action for 
AHL family members in Arabidopsis. 3) A manuscript describing the manipulation of AHL genes to 
increase seed size and seedling height in Arabidopsis and camelina. All publications will be submitted to 
high-impact peer-reviewed journals. Results from these experiments have been included in eight invited 
lectures. 

 

Proposed Future Research/Extension: We are currently cloning and characterizing the corresponding 
AHL gene members in camelina, creating the same type of mutant allele as was found in Arabidopsis and 
generating transgenic plants expressing these mutant alleles. Seed size, seedling height and stand 
establishment will be characterized in transgenic plants expressing these mutant alleles. For the third 

(and current) year of this project, if funded we would like to leverage our recent findings via two 
approaches. One would be to use next-generation sequencing to develop transcriptase data to identify 
AHL gene family members expressed in embryos, seeds and seedlings. We would also use these funds to 
build a yeast-two-hybrid library to screen for AHL proteins that are abundant in these tissues. If our 
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current NIFA/USDA proposal is rejected, the data generated from these studies will certainly enhance 
the probability of funding success in the future. Our ultimate goal is to develop the tools that will allow 
us to efficiently translate this technology into non-transgenic camelina plants via a TILLING platform. 
Thus, we will continue to use these funds to develop proof-of-principal results that may lead to larger 
funds from either the private or public sector. 

References:  
Street, I.H., P.K. Shah, A.M. Smith, N. Avery, and M.M. Neff. 2008. The AT-Hook Containing Proteins 
SOB3/AHL29 and ESC/AHL27 are Negative Modulators of Hypocotyl Growth in Arabidopsis. Plant Journal 
54:1-14. 

Patent applied for October 2010: “Genetic manipulation of the AT-hook domain in plant AHL genes to 
modulate cell growth” Inventor: Michael M. Neff. Owner: Washington State University. 
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Future Plans 
 

Overview 
The Washington state Biofuels Cropping System (WBCS) Project continues to focus on 

sustainable oilseed production throughout the state, to provide local crop oil and meal feedstocks for 

biofuel and animal industries.   Greater than 90% of the state funding is devoted to oilseed production 

research and outreach, with the remainder of the funds invested in alternative cellulosic crops of the 

future.  Specific opportunities for oilseed production have been identified in each growing region: 1) 

spring oilseeds in rotation with cereals and legumes in the high rainfall, annual cropping zone; 2) spring 

oilseeds as a fallow-replacement in the intermediate rainfall zone, 3) winter canola in rotation with 

wheat-fallow and early seeded camelina flex cropped as summer fallow replacement in the low rainfall 

wheat-fallow zone, 4) winter canola as a high water use efficient crop in irrigated systems where water 

supply is at issue, 5) organic canola production for supplying organic high protein meal to organic meat 

and milk industries, 6) canola and camelina production during transition of Conservation Reserve 

Program lands back into crop production. In particular, herbicide resistant canola affords a potential tool 

for dealing with weed and grass-suppression challenges during the transition.  The WBCS scientists 

propose the following research and extension activities in 2012 to advance the above-described 

transformations in zone specific cropping systems to achieve the overall goal of biofuel crop feedstock 

production throughout the state. 

 

Canola Seedbed Establishment and Seeding Date 
Spring canola row spacing (F. Young): We will continue the spring canola row spacing study 

initiated in 2011 at Okanogan to determine optimum row spacing in that region.   
Winter canola winter survival (F. Young):  Winter canola variety trials to evaluate winter 

survival at two elevations in north central WA were established for the second year near Okanogan and 
Bridgeport, WA to be evaluated in spring 2012. 

Planting winter canola after wheat without stubble burning (B. Schillinger):  This new project 

was initiated in fall 2010 at Lind.  However, total crop loss due to horned lark populations has 

necessitated that the project be relocated.  Plans for 2012 are to move the irrigated winter canola 

field experiment to the Jeff Schibel farm located 15 miles SW of Odessa.  Jeff successfully produces 

WC on irrigated circles and we plan to place the experiment within his circle.    

 

Crop Rotation 
High rainfall annual cropping zone (S. Guy): The 2011 spring crop rotation study is planted to 

winter wheat and hopefully will not be as highly influenced by weather as the 2010 winter crop. The 

same eight spring crops will be planted in another study at the Cook farm near Pullman.  A series of 

these trials needs to be conducted in the intermediate rainfall area.   

Low to intermediate rainfall zone (B. Schillinger, F. Young): A study evaluating rotation benefits 

of winter canola in the low to intermediate rainfall zone of eastern WA is ongoing at Davenport and 

Lind.  At Davenport, a study evaluating both canola and camelina in direct-seed, 3- or 4-year rotations is 

continuing.  A cropping systems/stripper header study will be established at Ralston to determine if 

direct-seed winter canola can be successfully produced on chemical fallow by managing wheat residue 

to increase soil moisture.   
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Disease (T. Paulitz):  We will continue to monitor and investigate canola and camelina diseases. 

We will verify the identity of pathogen on camelina and relation to H. parasitica with DNA work.  We will 

confirm if isolates from camelina are cross-pathogenic to canola.  
Economics (V. McCracken): We will complete work on a crop rotation budget generator for 

easier (and interactive) use by others.  The generator will be based on additional information acquired 

from growers about realistic impacts on yields and input usage. 

 

Canola fertility 
Dryland canola fertility (R. Koenig, B. Pan):  The N x S experiment in Pullman and Davenport has 

been expanded into a crop sequence experiment so that we can continue to document N x S responses 
in canola over more site years, but also follow the carryover N and its effects on subsequent legumes 
and wheat grown in rotation.  The objective is to evaluate the proper N credits following canola, 
recognizing there is significant crop residue N returned to the soil following canola grain harvest.  A 
nitrogen management guide for canola will be written and published. The chloride research has been 
expanded into on-farm chloride fertility trials where KCl rates are applied in replicated plots on existing 
winter canola fields.  Current experiments are located at Dusty, Ralston and Davenport.  Soil and air 
temperatures, plant survival, leaf fluorescence, Cl plant concentrations, yield and oil concentration will 
be measured.  Results will be discussed at field days and workshops. 

 

 Herbicide use in oilseed rotations:   
Feral rye control in winter canola (F. Young):  The herbicide efficacy study initiated this year in a 

severe infestation of feral rye will continue in 2012 at Okanogan.  The study compares the timing, rates 

and efficacy of three herbicides to evaluate options for avoiding development of herbicide resistant 

weed populations.   
Genetics of Herbicide-Resistant Camelina (S. Hulbert):  We will continue working toward our 

goal of getting the ALS-SM4 mutant allele homozygous into a genetic background that can be released 
to breeders or grown as a variety.  We will select good yielding homozygous lines from our nursery in 
Lind, and amplify sufficient seed to begin field herbicide trials to test relative resistance to levels of 
group 2 herbicide carryover.  These will be conducted in two locations and will begin with fall 2011 soil 
treatments and spring 2012 plantings at Davenport and Pullman. The cultivar Cheyenne will be 
compared to favorite ALS-SM4 lines. In addition, we will write and submit a germplasm release paper, 
and a paper describing the mutants and their inheritance. 

 

Camelina agronomy 
Camelina production, variety and fertility trials (S. Guy, B. Schillinger, C. Cogger, T. Miller, M. 

Neff): A rotation study will continue at the Spillman Farm near Pullman to evaluate the performance of 
winter wheat in rotation with 8 different spring crops, including camelina.  Fertilizer response will be 
evaluated as part of the same study.  A camelina variety trial with 20 entries will be established in the 
low to intermediate rainfall zone of eastern WA.   In Region 4, spring oilseed trials will be repeated at 
WSU Mount Vernon NWREC in 2012 as poor seeding conditions in 2011 led to minimal oilseed 
performance data. Camelina will be seeded at 5 and 8 lbs/acre into plots that are treated with urea and 
mechanically incorporated the day prior to seeding at rates equivalent to 0, 50, and 100 lbs N/acre.   

Camelina planting method/planting date (B. Schillinger): This study of direct seeded versus 
broadcast camelina yield response to several planting dates from October to May is continuing for the 
fifth year. 
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Camelina cropping systems (B. Schillinger):  This long-term (9-year) study initiated in 2008 is 
ongoing at Lind, comparing a 3-year winter wheat-camelina-summer fallow with a more traditional 2-
year rotation of winter wheat-summer fallow. 

 Long-coleoptile camelina (M. Neff): We are currently cloning and characterizing the 

corresponding AHL gene members in camelina, creating the same type of mutant allele as was found in 

Arabidopsis and generating transgenic plants expressing these mutant alleles. Seed size, seedling height 

and stand establishment will be characterized in transgenic plants expressing these mutant alleles. For 

the third (and current) year of this project, if funded we would like to leverage our recent findings via 

two approaches. One would be to use next-generation sequencing to develop transcriptome data to 

identify AHL gene family members expressed in embryos, seeds and seedlings. We would also use these 

funds to build a yeast-two-hybrid library to screen for AHL proteins that are abundant in these tissues. If 

our current NIFA/USDA proposal is rejected, the data generated from these studies will certainly 

enhance the probability of funding success in the future. Our ultimate goal is to develop the tools that 

will allow us to efficiently translate this technology into non-transgenic camelina plants via a TILLING 

platform. Thus, we will continue to use these funds to develop proof-of-principal results that may lead 

to larger funds from either the private or public sector. 

Safflower  

 Deficit Irrigation and Variable N Fertilization (H. Collins):  The study was completed following the 

2011 growing season, and economic analyses of safflower production will be conducted in 2012.  An 

extension bulletin about irrigated safflower production is planned, and a peer-reviewed journal article 

pending collection and analysis of all data.  

 Safflower in rotation in the intermediate rainfall zone (B. Schillinger): This study was initiated in 

spring 2011 near Ritzville and will continue in 2012. With its larger seed size, safflower tends to provide 

more reliable stand establishment and better freezing tolerance during the seedling stage than canola or 

mustard in the intermediate rainfall zone.   

 

Cellulosic Crops 

 Switchgrass (S. Fransen):  This study will conclude after the post-storage hay bales are 
processed and NIRS scanning completed on the cored samples. Results and ideas from this funded 
research have been used in a recently submitted BRDI-USDA grant. An extension bulletin is currently 
being edited and a peer-reviewed journal article will be submitted in 2012. 

 

Project Support and Outreach 

Oilseed Analysis (I. Burke):   As a cross-cutting project, the future research objectives match 
that of the previous objectives. This is ‘value-added’ research of the same importance as a wheat quality 
laboratory. Our intent is to support research and extension personnel in developing input 
recommendations based not just on yield but on quantity and quality of oil. Additionally, we intend to 
support Dr. Scot Hulbert in his efforts to start a camelina breeding program.  

Extension, outreach (B. Pan, K. Sowers, D. Roe and F. Young):  The second annual oilseed crop 
production workshops are scheduled at two locations in January with a wide array of speakers and 
subject matter related to oilseed production and the entire supply chain. Video from the workshop 
presentations, and interviews with oilseed growers, researchers, and agriculture industry will be posted 
on the website throughout the year. We will be exploring the possibility of initiating oilseed breakfast 
meetings, modeled after and perhaps joining with the successful Direct Seed breakfasts. We will compile 
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a set of basic oilseed production information materials, including the workshop videos, for a major 
agribusiness retailer and farm consulting company to use in training their representatives in the 
different agroclimatic zones of WA. The information contained in that initial set will be expanded by 
publishing Extension fact sheets based on research from the WBCS project. More on-farm oilseed 
research trials are in place and will be established in 2012, including coordinating with county Extension 
faculty and ag industry on several projects.  The remaining oilseed case studies will be completed and 
published in 2012. Presentations at regional conferences, field days, grower meetings and other events 
will continue to be the primary means of outreach.  Communication with ag industry and agencies will 
continue. An oilseed production blog will be implemented on either the WBCS website or in cooperation 
with other university Extension personnel on a different website.  We will assist economists in compiling 
data to develop interactive enterprise budgets for crop rotations involving oilseeds. With an increased 
interest in oilseed production in the PNW, we will prepare or assist in preparing a proposal for the 
formation of a regional oilseed association. 

At Okanagon, we will assist the CCT Ag Team in implementing their Conservation Innovation 
Grant to plant oilseeds in eastern 3 districts. We will partner with county Extension and CCT personnel 
to conduct a winter canola field day, and a hands-on workshop to educate the CCT on how to calibrate 
drills for planting canola, prepare a seedbed, and harvest the crop. 


