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Executive Summary 

First year field research was completed and published to the WSU Biofuels Cropping 

Systems web site (http://www.css.wsu.edu/biofuels). Results were discussed at Palouse 

Conservation Farm, Lind, Puyallup, Prosser, and Wilke Field Days. A Washington State 

Interagency Renewable Energy Task Force organized a tour of renewable energy 

projects, including a stop at Prosser-IAREC, for politicians and other stakeholders to see 

the ongoing field research projects. An irrigated canola extension bulletin is published 

and switchgrass production bulletins are in review. Research has identified constraints, 

challenges and opportunities for sustainably producing biofuel crops in WA state. 

Summary of research findings to date include the following:  
 

1. Irrigated winter canola yields were > 2.5 T/acre, managed with deficit 

irrigation at Prosser, demonstrating the crop has high water use efficiency, 

potentially saving water and pump electricity costs. Furthermore, the crop 

matures quickly, allowing for the possibility of double cropping under 

irrigation, which would increase the seasonal land unit productivity. Oilseeds 

can be used in a deficit irrigation rotation, providing more water for the next 

crop (e.g. potatoes).  

2. Spring canola can be established in heavy residue (i.e. winter wheat) with 

wider row spacing than traditional row spacing, and yields the same or better 

than with narrow row spacing.  

3. Spring camelina grew best under conditions in which spring cereals grew 

well.  Conversely, camelina yields were poor in areas in which spring wheat 

yields were also poor (Lind, WA). However, camelina trials have shown that 

it can yield adequately (up to 1 T/acre) following winter wheat in an 

intermediate rainfall zone.  

4. Significant progress has been made in developing non-GM, herbicide tolerant 

camelina germplasm, which would offer increased opportunities for weed 

control in cereal based rotations.  

5. Winter canola seedling establishment in the fall is undependably variable 

under dryland conditions of eastern WA due to dry, hot soil conditions, 

limited growing degree days for late planting dates, and potential winterkill 

due to frost sensitivity. Varieties differ in their stress sensitivity. Deep furrow 

planting techniques used to plant wheat in the area do not work for oilseed 

crops. Early fall rains or drill modifications are needed to consistently 

establish canola in the fall in this region. Drill modifications are being made to 

move soil out of the furrow for more successful canola emergence.  

6. Other researchers have demonstrated true winter canola is a biennial, not an 

annual crop, which opens up opportunities for establishing a solid stand with 

developed root systems during the first season with a spring to mid-summer 

planting in an otherwise fallow season, perhaps graze the vegetation the first 

year, and then allow the crop to produce seed in the second season. 

Theoretically, stand establishment will be more successful, and yields will be 

higher and more stable. Use of an herbicide resistant variety would further 

allow for a modified chemical fallow-like rotation with this approach.  

http://www.css.wsu.edu/biofuels
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7. Efficient water use by canola may be attributable to its deep root system and 

its root hair architecture. 

8. Nitrogen fertility trials in dryland and irrigated systems suggest that N 

recommendations may not be substantially altered by water availability within 

either system. 

9. Switchgrass can be successfully established in the Columbia Basin, potentially 

providing a significant feedstock source for cellulosic ethanol production.  

10. Through case study interviews we are learning that herbicide carryover is a 

huge concern in oilseed crop production (particularly in eastern WA), with 

certain herbicide groups persisting for longer time periods than expected.  

11. Growers (and researchers) are learning how to use different types of canola 

(e.g. RR, CL, etc.) for better (superior) weed control in cereal based rotations, 

enabling more effective control of problematic weeds.  

12.  Canola, mustard, camelina, flax, and sunflower can be successful alternative 

rotation crops in western WA, but managed in concert with Brassica seed 

production in the area.  

 

Stakeholder and grower awareness of challenges and opportunities in transitioning 

cropping systems to include biofuel crops was increased through outreach activities 

described above. We have provided grower and industry educational workshops in 

support of a viable biodiesel production facility in Odessa, WA.   
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REGIONS 1 and 2 
Eastern WA annual cropping and intermediate rainfall zones 

 
 

Title: Canola and Camelina Variety Trials and Pathogen Susceptibility 

 

PI’s: Scot Hulbert and Tim Paulitz, WSU; Dave Huggins, USDA-ARS 

Graduate students: Ebrahiem Babiker, Dust Walsh, Ju Qiu,  

Tech Support: Ron Sloot 

 

Objective: Determine factors that affect stand establishment and winter survival in 

canola and yield stability in camelina. These factors include disease, planting time and 

differences among varieties. 

 

Methods:  To look at differences in canola genotypes we have planted the varieties in the 

„National Winter Canola Variety Trials‟ along with local varieties in each of the last two 

years.  The total number of varieties at each site was between 65 and 100.  The locations 

of the trials are as follows: 

 

Table 1. Winter canola variety trial locations 

 

   Planted Harvested Useful data     

Othello 2007  Sept. 10 July 22  Yield in good environment 

Ralston 2007  August 14 ---  none 

Pullman 2007  Sept 25 ---   no tolerant canola varieties 

Reardan 2007  Sept. 17 chem dmg.  winter survival data 

Pullman 2008  August 28 expected Yield, survival 

Davenport 2008 Sept. 2  ???  ??? 

Othello 2008  Sept. 22 expected Yield, possibly survival 

 

 All canola and camelina variety trials except at Othello are planted by direct 

seeding.  Useful data from the 2007 harvest included yield data in an irrigated 

environment.  A number of very high yielding varieties were identified, as listed in Table 

2.  Several of these varieties are glyphosate resistant (RR in Table 2) and several are open 

pollinated (OP).  Our work at the Cook Agronomy farm has found that glyphosate 

resistance can be a valuable trait for improving weed seed banks in problem fields.  Seed 

costs are a significant consideration in higher risk dryland planting environments, like 

when moisture is limiting.  Some of the OP varieties without herbicide resistance traits 

may be a less expensive option. 
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Table 2.  High yielding winter varieties in the irrigated 2007 trial at Othello. 

 

Variety   Co/Univ  Type         lbs/acre 

NPZ0391 NPZ       RR Hybrid 5201 

MH903383 Miles   Hybrid  5172 

DSV07102 DSV   Hybrid  5128 

CWH116 Monsanto Hybrid  4818 

CWH111 Monsanto OP  4756 

Sitro  DSV  Hybrid  4732 

Hybristar Miles   Hybrid  4707 

DSV07101 DSV   Hybrid  4672 

Kadore  Miles   OP  4653 

Hornet  DSV   Hybrid  4567 

Satori  Miles   Hybrid  4563 

NPZ0791 NPZ      RR Hybrid 4501 

Virginia VSU  OP  4439 

MH604001 Miles   Hybrid  4432 

CWH630 DeKalb   RR OP  4430 

CWH686 Decalb   RR OP  4409 

Forza  Miles   OP  4395 

Ceres  NPZ   OP  4395  

 

 Winter survival data were collected at Othello and Reardan, but survival rates 

were generally high for most varieties.  Stand establishment and survival from early fall 

frosts are other important traits, but limited useful data were collected from 2007 

plantings.  No varieties were found to emerge well from the hot dry soils in the Ralston 

plantings.  Stands were uniformly good at Reardan and Othello.  Early fall frosts killed 

all the varieties in the late-planted Pullman trials.   

 Seedling cold tolerance tests were conducted in growth chambers to try to 

differentiate the varieties.  Several different seedling age, cool (4
o
C) temperature 

acclimation times and cold temperature regimes were tested.  To date, we have had little 

success in differentiating the cultivars by growth chamber experiments, including 

cultivars belonging to different species (Brassica napus vs. B. rapa).   

 Brassica napus (Argentine) canola  B. rapa (Polish) canola
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Rhizoctonia damping-off control and resistance in canola and other Brassica crops. 

 In greenhouse experiments, we have examined resistance to two taxa of 

Rhizoctonia solani (AG2.1 and AG8) among various Brassica species and varieties, 

including 64 winter canola cultivars (Fig. 1). All of the mustard varieties (yellow, brown, 

Ethiopian) as well as the canola and camelina varieties tested were susceptible to R. 

solani damping off. AG2.1 was the most virulent strain and reduced seedling emergence.  

The effects of AG8 included seedling stunting and post-emergence damping off.  While 

less aggressive, it is very prevalent in the region and also infects wheat. A few B. napus 

canola varieties were identified that were more tolerant to both strains.  The hybrid 

cultivars Flash and Sitro, from the German company DSV, and the open-pollinated 

DeKalb variety CWH688 showed the most tolerance to the two Rhizoctonia strains.  

Efforts are underway to develop a good field screen for Rhizoctonia tolerance. 

 

 
 Fig. 1. Greenhouse study of Rhizoctionia resistance in canola: Control (uninoculated) 

and R.solani AG-8 (left photo). Control (uninoculated) and AG 2-1 (right photo).  

 

 We also examined various chemical seed treatments on the incidence of seedling 

damping-off of canola in the greenhouse, inoculated with R. solani AG 2-1. These 

chemicals included Prosper 400 (thiram, carboxin, and metalaxyl), Helix Xtra 

(fludioxonil plus insecticide), and Maxim 4FS (fludioxonil). But none were effective in 

reducing damping-off. This pathogen attacks the young hypocotyls, which are not 

protected by non-systemic seed treatments. 
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Camelina variety trials 

 Only a handful of camelina varieties were available for spring plantings in 2007 

in Ralston but several planting methods were examined.  Yields were best where seed 

was broadcast but some soil disturbance was practiced and these plots yielded between 

1152 and 1756 lbs/acre on land that produced a wheat crop the previous season.   

 Two spring trials were performed with 18 camelina varieties (collected by Steven 

Guy) in 2008 at LaCrosse and Pullman.  Both sites had been planted to wheat the 

previous season.   
 

Table 3. Camelina yield in spring plantings at Pullman and LaCrosse in 2008. 
  lb/acre lb/acre % oil 

 LaCrosse Pullman LaCrosse 

Calena 2016 1565 27.6 

Suneson 1621 1684 26.7 

Blain Creek 1695 1781 26.5 

Ligena 1741 1557 26.7 

Columbia 1550 1513 26.7 

GP07 1490 1290 27.7 

GP41 1960 1601 26.0 

GP42 1694 1731 26.7 

GP48 1941 1564 25.1 

GP67 1741 1453 26.3 

50-1 1841 1738 27.1 

50-2 1600 1687 26.5 

50-3 1842 1547 26.4 

50-4 1706 1371 26.6 

50-5 1569 1605 26.1 

50-6 1808 1612 26.3 

Celine 1764 1642 27.2 

Cheyenne  1766 1298 26.1 

357 MA6 canola  974  

Hyola 3057 canola 540  

Omega Flax  963  

Neche Flax  778  

 
Camelina variety trials at Ralston, WA. 
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Development of camelina lines tolerant to group 2 herbicides.   

 Greenhouse analyses of camelina indicated it is similar to canola in sensitivity to 

residual levels of group 2 herbicides.  EMS mutagenized population of Cheyenne 

camelina was planted in the summer of 2007 and several batches of bulk seed were 

harvested.  When this population was planted in spring 2008, a single Beyond tolerant 

plant was selected (designated Putant 1).  Progeny of this plant were tested and found to 

be resistant to field rates of the herbicide Pursuit (Fig. 2).   

 Additional mutagenized populations were made in the spring and summer of 2008 

to achieve higher mutation rates.  0.3% EMS were used on seed of cultivars Calena and 

Cheyenne. Seed from these plants was harvested in several bulk populations which were 

immediately sown in fall 2008.  After spraying with Pursuit, approximately 20 putative 

mutants were selected and transplanted to the greenhouse.  We attempted to cross the 

putative mutants to Calena, and are collecting self-fertilized seed from each plant. 

 

 
Putant 1, no herbicide       Putant 1, 4 oz Pursuit       Calena 4 oz Pursuit 

 

Fig. 2.  Seed of Putant 1 were tested for resistance to recommended field rates of Pursuit 

by spraying the foliage.   
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Title: Evaluating Seeding Date, Plant Growth Regulator, Water and Temperature Effects 

on Winter Canola Germination, Growth, Survival and Yield 

 

PI’s: Dave Huggins, Scot Hulbert, Bill Pan, Ju Qiu 

 

Objectives: (1) determine water and temperature requirements for seed germination of 

different winter canola and camelina cultivars; (2) evaluate the freezing tolerance of 

young seedlings of different winter canola and camelina cultivars; (3) determine if early 

seeding of winter canola (May through July) in chemical fallow is a viable establishment 

strategy in three different precipitation zones (low, intermediate and high); and (4) 

evaluate the use of plant growth regulators to slow summer growth and promote drought 

tolerance.  In the following sections, we present methods, results, conclusions and future 

plans for each of these objectives. 

 

Objective (1): determine water and temperature requirements for seed germination of 

different winter canola and camelina cultivars.  

 

Methods (1) 

This experiment investigates the germination of 19 cultivars of canola and camelina seeds 

under two temperature (10°C and 20°C) and five water potential (0, -0.3, -0.6, -1 and -2 

Mpa) treatments with three replications.  Ten seeds were placed on two layers of filter 

paper (Whatman No. 1 filter paper) in a 10 cm petri dish and saturated with osmotic 

solution (polyethylene glycol 8000, PEG) or water to achieve target water potentials and 

placed in a plastic container to prevent water loss. The formula used to calculate the 

amount of PEG required for a given water potential was: Water potential (MPa) = 

0.13*[PEG]2*Temperature-13.7*[PEG]2 (Hardegree, 1990).  The cultivars were 

randomly assigned to the petri dishes with the respective water potentials and then 

randomly placed in a dark growth chamber with temperatures of either 10°C or 20°C.  

Germination, defined as radical emergence longer than 1mm, was checked daily and 

germinated seeds removed.  From these data the following germination statistics were 

calculated and analyzed using ANOVA: final germination percentage (Fgerm), mean 

daily germination (MDG; where MDG = Fgerm/term; and term = days for Fgerm), and 

mean germination time (MTG; where MTG =
 (𝑛𝑖𝑑𝑖 )

 𝑛𝑖
 and ni = no. germinated and di = 

days after sowing). 

 

Results (1) 

The Fgerm, MDG and MTG were all significantly different for cultivar and water 

potential at 20°C. (Table 1). The mean daily germination (MDG) is an index of 

germination rate (Noori, 2007).  Comparisons of four cultivars: Salute, CWH116, Inca 

and Camelina (Figs. 1 and 2) show that Inca had the slowest germination time (high 

MTG; Fig 1), while Salute and CWH116 have higher germination rates (MGD) than Inca 

and Camelina (Fig.2).  

 

 

 

Regions 1 and 2 
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Table 1. Analysis of variance for water potential and cultivar effects on canola and 

camelina germination at 20°C.   

Source Final germination 

percentage (Fgerm) 

Mean daily 

germination (MDG) 

Mean time 

germination (MTG) 

Water potential ** ** ** 

Cultivar ** ** ** 

Interaction ** NS ** 

* Significant at P=0.05 

** Significant at P=0.01  

Water potential (MPa): 0, -0.3, -0.6, -1 

mean daily germination=Fgerm/term 

term= days to determine the Fgerm 

mean germination time =
 (𝑛𝑖𝑑𝑖 )

 𝑛𝑖
 

 

 
Figure 1. Mean germination time (MTG) for four cultivars under  

different water potentials at 20
o
C.   

 

 
Figure 2. Mean daily germination (MDG) for four cultivars under 

different water potentials at 20
o
C.   
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Conclusions and Future Plans (1) 

These data show that large differences in water and temperature requirements for 

germination exist for different cultivars of canola and camelina.  This is an important 

consideration for cultivar selection if stand establishment is to be improved under 

fallow conditions where seed-zone water is limiting.  More experiments are needed at 

temperatures above or below optimum temperatures along with a wider range in 

cultivars.  Water potential of -2  MPa will be eliminated as a treatment as no seeds 

germinated. 
 

Objective (2): evaluate the freezing tolerance of young seedlings of different winter 

canola and camelina cultivars.  

 

Methods (2) 

The freezing tolerance of 60 different cultivars of winter canola was evaluated.  In the 

greenhouse, plants were seeded and grown in plastic flats containing 48 cells (eight six 

packs).  Flats were over planted to ten plants per cell to maintain equal size and an even 

stand.  One week after planting (cotyledon stage), the seedlings were put in an 

incubator at freezing temperatures.  Three weeks after, plants were moved back to the 

greenhouse and analyzed for root and shoot regrowth.  Plant survival was defined as 

plants that developed and maintained photosynthetically active leaf tissue and 

developed and maintained active roots.  Survival rate was calculated as the percentage 

of plants survived.  An LT50 was calculated using simple linear regression models or 

probit analysis. 

 

Results (2) 

No significant differences in cultivar tolerance to freezing at the cotyledon stage were 

observed as all cultivars died after exposure to freezing temperatures. 

 

Conclusions and Future Plans (2) 

Very little or no genetic variation in freezing tolerance was observed at early 

developmental stages of winter canola.  The lack of genetic variation indicates the 

limited potential for selection of cultivars for fall seeding (re-crop conditions) when 

growth and development potential are limited prior to winter freezing conditions. 

Another conclusion is that early planting (May through July), under chemical fallow, 

where there is greater potential for adequate growth to survive winter could be an 

alternative strategy.  Therefore, the freezing tolerance experiments will not be 

continued and emphasis placed on studies involving earlier planting.  

 

Objective (3) and (4), respectively: determine if early seeding of winter canola (May 

through July) in chemical fallow is a viable establishment strategy in three different 



 
11 

 

precipitation zones (low, intermediate and high); evaluate the use of plant growth 

regulators to slow summer growth and promote drought tolerance. 

 

Methods (3 and 4) 

In 2008, a date of planting field study was conducted at the Palouse Conservation Field 

Station near Pullman WA. The experimental design was a split-plot design with four 

replications.  Planting date (July 10, July 25, and Aug 19) were whole plots and plant 

growth regulator (PGR) treatments were subplots. Plot dimensions were 40 ft long by 8 

ft wide. Two different plant growth regulators were used: Trimmit 2SC, active 

ingredient (paclobutrazol) 22.3%, and Palisade, active ingredient (trinexapac-ethyl) 

12%.  For the first planting date a high and low concentration of PGR were used. The 

high concentration of Trimmit was 48 oz product per acre (0.75 lbs a.i. per acre).  The 

low concentration of Trimmit was 9.6 oz product per acre (0.15 lbs a.i. per acre).  The 

high concentration of Palisade was 64 oz product per acre and low concentration was 

12.8 oz product per acre.  Control plots were treated with the same rate of water.  For 

the third planting date, only the high rates of PGR were used. 

 

The plots were located on wheat stubble that was chemically fallowed prior to no-till 

planting winter canola (Dekalb 1386 RR) at 4 lb/acre.  Seed-zone water was marginal 

for the first planting and stand establishment was minimal and uneven.  Therefore, 

meter length rows of the most uniform areas were selected for the PGR treatments and 

subsequent measurements.  For the second planting time no seeds germinated due to the 

lack of seed-zone water until it rained in mid-August.  The third planting occurred 

following rain and adequate stands were achieved.  The application dates of PGR were 

Aug 7 and Sep 24 for the respective first and third planting date which corresponded to 

the 3 to 5 leaf stage of winter canola.  Stand counts were taken in a randomly selected 

meter row in each plot.  The middle three rows were left intact for yield tests to reduce 

edge effects.  Plant heights were measured from the top of the canopy to the base of the 

field.  Ten plants in each plot or 5 plants in each row (for the first planting date) were 

removed for measuring aboveground biomass, leaf area, crown diameter and leaf 

number.  Biomass was recorded after 48 hours oven drying the shoot tissue at 60
o
C.  

Seed yield will be measured after drying at 50
o
C for 2 to 3 days.  

 

Results (3 and 4) 

The PGR treatments significantly affected growth of winter canola (Tables 2-6). For the 

first planting date, the crown diameter was significantly different for the sample dates 

October 27 and August 26.  The plant height was lower significantly for Trimmit 

treatment with high concentration 19 days after PGR application (Table 2).  For the last 

sampling date, the plant height and crown diameter for the PGR treatment was greater 

than the control (Table 4). 
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 For the third application date, the number of leaves, the crown size, leaf area and 

biomass were significantly higher for the PGR than for the control at the last sampling 

date prior to winter (Table 6).  Palisade decreased the plant height on October 27, the 

last sampling date before winter.  But at October 14, about  20 days after PGR 

application, both Palisade and Trimmit lowered the height significantly (Table 5).  At 

the last sample time before winter, the PGR treatment improved the plant growth 

consistently for the two planting dates.  Increased fall growth will likely increase winter 

hardiness (Conley, 2004). 

 

Table 2. The PGR effects sampled on 8/26/08 for canola planted on 7/10/08, PGR 

applied on 8/7/08. 

Treatment  Leaf 

number 

/plant 

Branch 

number  

/plant 

Crown 

diameter 

(mm) 

Leaf  

area 

(cm
2
/plant) 

Plant 

height 

(cm) 

Biomass 

(g/plant) 

Control 6.77a 0.40 3.75a 131.62 14.11ab 1.27 

Palisade 

high 

7.00a 0.25 3.92a 131.73 12.70c 1.42 

Trimmit 

high 

7.60b 0.35 5.08b 153.00 10.81d 1.73 

Palisade 

low 

7.44ab 0.55   15.04a  

Trimmit 

low 

7.86b 0.55   13.14abc  

Alpha  0.1  0.05  0.1  

 

 

Table 3.  The PGR effects sampled on 9/29/08 for canola planted on 7/10/08 

Treatment  Leaf 

number/plant 

Branch number 

/plant 

Plant height  (cm) 

Control 9.37ABCD 0.9 15.46 AB 

Palisade 

high 

8.45 A 0.7 14.43 A 

Trimmit 

high 

8.72AB 0.6 16.20 ABCD 

Palisade 

low 

9.72 BCD 1.3 16.27 BCD 

Trimmit 

low 

9.09 ABC 1.0 15.77 ABC 

Alpha  0.05  0.05 
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Table 4. The PGR effects sampled on 10/27/08 for canola planted on 7/10/08 

Treatment  Leaf 

number 

/plant 

Branch 

number  

/plant 

Crown 

diameter 

(mm) 

Leaf area 

(cm
2
/plant) 

Plant 

height 

(cm) 

Biomass 

(g/plant) 

Winter 

Survival 

Rate 

(%) 

Control 15.56 5.2 6.80a 134.3 8.99  

A 

2.54 76.7 

Palisade 

high 

16.63 5.9 8.25b 173.2 9.23  

AB 

2.79 92.6 

Trimmit 

high 

17.29 5.8 9.15b 159.4 10.16

BC 

3.33 100 

Palisade 

low 

    10.97

CD 

 97.1 

Trimmit 

low 

    10.66

CD 

 87.6 

Alpha    0.1  0.05   

 

 

 

Table 5.  The PGR effects Sampled on 10/14/08 for canola planted on 8/19/08, 

PGR applied on 9/24/08 

Treatment  Leaf 

number 

/plant 

Branch 

number  

/plant 

Crown 

diameter 

(mm) 

Leaf  

area 

(cm
2
/plant) 

Plant 

height 

(cm) 

Biomass 

(g/plant) 

Control 8.1 0.1 4.7ab 149.72 10.55A 1.26ab 

Palisade  8.5 0 4.5a 137.00 7.82  B 1.21a 

Trimmit  8.5 0.2 5.0b 149.65 8.53  B 1.41b 

Alpha  0.1 0.1 0.1 0.1 0.01 0.1 
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Table 6.  The PGR effects sampled on 10/27/08 for canola planted on 8/19/08 (third 

planting date). 

Treatment  Leaf 

number 

/plant 

Branch 

number  

/plant 

Crown 

diameter 

(mm) 

Leaf  

area 

(cm
2
/plant) 

Plant 

height 

(cm) 

Biomass 

(g/plant) 

Winter 

Survival 

Rate 

(%) 

Control 9.7a 0.3a 4.6a 100.63a 8.7a 0.89a 100 

Palisade  10.4b 0.5a 6.2b 139.50b 7.6b 1.32b 100 

Trimmit  10.2b 0.8b 6.2b 125.17a 8.3a 1.27b 95.1 

Alpha  0.1 0.1 0.01 0.1 0.1 0.1  

 

Evaluation of plots this spring show nearly 100% survival of winter canola despite 

complete defoliation by deer during the winter months.  Although regrowth is evident 

this spring, no bolting has occurred as of April 22, 2009.  

 

Conclusions (3 and 4):  Planting dates may need to occur earlier than the July 10
th

 date 

of this study in order to have sufficient seed-zone water for winter canola 

establishment.  This will likely be more important for drier areas in the low to 

intermediate precipitation zones.  Interestingly the PGR treatments first decreased 

growth but then resulted in larger crown diameters just prior to winter.  These responses 

to PGR may be beneficial, particularly in drier areas where water and temperature 

stress during summer may favor smaller plants while larger plants prior to winter may 

be benefit winter survival when snow cover is limited. 

 

Future Plans (3 and 4) 

 

The field study will be repeated in 2009-2010 at three locations representing low 

(Ralston), intermediate (Lacrosse) and high (Pullman) precipitation zones.  The 

experimental design will be a split-split-plot design: location is the whole plot with four 

replications.   In each replication, there are 3 planting date treatments.  The two kinds of 

PGR and control are the treatments applied to the subplots.   

 4 replications  

 plot dimensions: 40 ft * 8 ft  

 3 locations:  

 1 high precipitation: Pullman Conservation Field Station  

 1 intermediate precipitation: Lacrosse, WA  

 1 low precipitation: Ralston, WA  

 3 seeding dates: start from early May to end June depending on the soil water 

conditions 
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 1 cultivar: with the average germination time 

 2 PGR:  

 Trimmit 2SC, active ingredient (paclobutrazol) 22.3%   

 Palisade, active ingredient (trinexapac-ethyl) 12% 

 1 concentration: high  

 Trimmit, 48 oz product per Acre 

 Palisade, 64 oz product per Acre 

 Application time: three to four true leaves of plant, about one month after planting 

 Seeding rate: 4 lb/acre 

 

 

Tentative planting dates for 2009 

     

Location 

 

 
 

 

Seeding 

Dates 

 
1 

Dry          
5/20 6/10 6/25 

2 

 

5/25 6/15 7/5 

3 Wet 6/1 6/20 7/10 

 

Each location will be monitored for emergence and the effects of the PGR.  In addition, 

the study will be followed through until harvest in 2010. 
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REGION 2 
Eastern WA low to intermediate rainfall 

 
PROJECT TITLE  Stand establishment of winter canola in the low to intermediate rainfall 

zones of the Pacific Northwest. 

 

PI’S  Frank L. Young 

 

OBJECTIVES  Determine the optimal seeding date, rate, and method for winter canola in 

the low and intermediate rainfall regions of the Pacific Northwest in order to improve 

stand establishment, seedling survival, and crop yield.  In addition, to determine the 

effects of seeding date and variety on oil and meal quality. 

 

METHODS  Sites were established near Ralston and Okanogan in 2007 and 2008 to 

explore our objectives.  In 2007, winter canola seeding dates were August 21 and 

September 4 at Okanogan, and August 12, 19, and 26 at Ralston.  Seeding rates were 2, 4, 

and 6 lbs/A at both sites and a modified John Deere HZ deep furrow drill was used to 

seed the winter canola.  The modifications to the drill included a grass-seed box for 

accurate seeding rates, 13 to 15-in shovels to move dry soil out of the furrow, 55-lb 

packer wheels to improve seed-to-soil contact, and 28-in row spacing.  Rapier winter 

canola was planted at the Okanogan site and the variety Virginia was planted at the 

Ralston site.  During the three seeding dates at Ralston and the first seeding date at 

Okanogan, three of the four rows were set at normal depth (½ to ¾ inch into moisture) 

and the seed failed to emerge.  However, the fourth row was planted shallower at < ½” 

into moisture, and the seeds emerged, established, and grew sufficiently to overwinter.  

For the September seeding date at Okanogan, the shallower seeding depth was used for 

all rows and considerably more plants emerged and established.  Plants were counted in 

rows/treatments where sufficient plants emerged.  A spring follow-up count revealed that 

most of the plants survived the winter at both sites, including plants thought to be too 

small to overwinter.  All plots were harvested using a Wintersteiger
©

 plot combine in the 

fall. Crop yield and seed, oil (for biofuel), and meal (for feed) quality were determined.   

 In 2008, seeding dates were August 12 and 25 at Okanogan and August 6, 19, 26, 

and September 30 at Ralston.  Seeding rates were 4 and 8 lbs/A at both sites.  Roundup 

Ready (RR) Camas winter canola was planted at the Okanogan site and Rapier was 

originally planted at the Ralston site.  The first Ralston plantings failed and plots were 

replanted September 30 at rates of 5, 7, and 10 lb/A using the variety Salute.  The 

planting methods and machinery used at these sites were the same as in 2007 with two 

exceptions.  During 2008, 10-in shovels were used rather than 13 or 15-in shovels.  Depth 

adjustment was refined in an effort to avoid the previous problem of uneven row 

emergence.  Additionally, when the Ralston plots were replanted, a conventional double-

disk opener drill was used to broadcast.      

In addition to the seeding rate and date experiments, research plots were 

established in fall 2008 at two locations on Wade Troutman‟s land near Bridgeport to 

determine the effect of planting with or without shovels.  Site 1 (2,500 ft elevation) was 

seeded on August 20 at a rate of 7.2 lbs/A, and site 2 (1,500 ft elevation) was seeded 

August 21 at the same rate.  Both sites were planted with the same John Deere HZ deep 
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furrow drill as the main Okanogan and Ralston sites.  Camas RR winter canola was 

planted at both Troutman sites.  Plants were counted fall 2008 and spring follow-up 

counts will be conducted to determine the winter survival rate (Fig. 1).  Plots will be 

harvested next fall and crop yield and seed, oil (for biofuel), and meal (for feed) quality 

will be determined. 

 

 
Fig. 1. Winter canola stand at 2,400 ft. elevation site at Bridgeport, WA; planted August 

20, 2008. 

 

RESULTS   
Okanogan 2007:  For the August planting date, canola yields were 3059, 2512, and 3291 

lb/acre for the 2, 4, and 6 lb/acre planting rates, respectively.  Yields were 602, 880, and 

875 lb/acre for the respective rates for the September planting date.  It must be noted that 

the August planting date yields are an estimate based on one row sampling and are 

somewhat high due to the lack of intraspecific competition.  Although yields had to be 

estimated without full replicates it is still useful in determining if planting late would be a 

feasible option.  The farmer‟s average yield for canola planted in between these two dates 

was approximately 1,627 lb/acre based on four 5‟ x 100‟ areas we harvested with our 

small plot combine. 

 

The Okanogan site was the only site that was analyzed for meal quality in 2007.  

Composite samples from Date 1, Date 2, and the farmer‟s field were submitted to the 

Sure-Tech Laboratories (Land O‟Lakes, Inc.) in Othello to determine meal quality.  Of 

importance is the percent protein, fat (percent oil), acid detergent fiber (ADF), and 

neutral detergent fiber (NDF) (Table 1).  Protein in our samples was close to the 34% 

minimum export standard for the U.S. and Canada (Table 1), especially the samples from 
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Date 1.  Other varieties may provide higher oil content than Rapier.  The oil content of 

the meal, expressed as percent fat (derived using an ether extract), was considerably 

higher (11.7-12.3%) than the standard minimum.  This could reflect incomplete oil 

extraction during crushing although higher meal oil content could improve feed value.  

Currently most processing plants in Canada add back most of the gums and soapstocks to 

the meal, which can enhance both the gross energy and metabolizable energy values of 

the meal (Hickling, 2001; Bell, 1993).  Our crude fiber ranged from 0.3-1.73 for ADF 

and 0.67-3.13 for NDF above the average values.  One of the major criticisms of canola 

meal is its high crude fiber content compared to soybean meal, which results in lower 

digestible energy content.  The high crude fiber content in canola meal (almost three 

times as much as dehulled soybean meal) is primarily attributed to the increased presence 

of the hull (as a percentage of seed or meal weight) compared to soybean meal (Lardy).  

Although dehulling of canola meal reduces the crude fiber content of the meal, the 

process is currently not used at most of the crushing plants (Lardy).    According to Bell 

(1993) another improvement that could be made to decrease fiber content is to switch to 

yellow hulled varieties of canola.  The yellow hulled seed has a much higher energy 

digestibility than dark hulled seed.     

 

Table 1. Canola meal analysis from variety “Rapier”, Okanogan trials, 2007. 

 

Assay  Farmer’s 

field  

Date  

1  

Date 

 2  

STANDARD
1 

(US & Canada)  

Moisture (%)  7.12  7.13  7.16  ≤ 12  

Protein (%)  30.00  33.68  31.9  ≥ 34 

Fat (%)  12.28  11.73  11.85  ≥ 2  

Crude fiber (%)  -  -  -  ≤ 12 

ADF (%) 18.73  17.30  18.11  *~17  

NDF (%)  24.13  21.67  22.23  * ~21  

Glucosinolates 

(µmol/g)  

NA  NA  NA  ≤ 30 

1
 Standard values adapted from Canola Meal Feed Industry Guide (Hickling, 

2001). 

 

*These values were derived from a survey of seven different Western Canadian 

crushing plants and routine monitoring of the various parameters of canola 

seed quality by the Grain Research Laboratory in Winnipeg (Bell, 1993). 

 

The average oil content (using a cold press technique) was 39.86% for the seed and 

11.95% for the meal.  The oil quality specs have not yet been completed.   

 

Ralston 2007:  Stand establishment at the Ralston site was very uneven. There were very 

few plots from the three planting dates or rates that had even one complete row emerge 

and establish.  Partial portions of some rows were harvested.  The cooperating farmer‟s 

field surrounding our plots was reseeded to winter wheat because of poor winter canola 

establishment.  No meal or oil analysis was conducted on these samples. 
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CONCLUSIONS & FUTURE PLANS   

It appears that the volume of soil flowing back over the furrows is too much and too hot 

for the germinating canola seedlings to grow through and survive.  We learned a lot about 

what not to do and how to modify and change the drill to improve the chances of canola 

establishment.  These modifications will be set forth in future research for the 2009-2011 

time period. 
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Title: Camelina, Winter Canola, and Safflower as Biofuel Crops for the Low and 

Intermediate Precipitation Zones  

 

Investigators:  Bill Schillinger (PI), Don Wysocki, Stephen Guy, Scot Hulbert, Tim 

Paulitz, Ann Kennedy, Tom Chastain 

 
Camelina 

Overview.  East-central Washington experienced severe drought during the 2008 crop 

year (Sept. 1, 2007 – Aug. 31, 2008).  The Lind Research Station received only 6.77 

inches of precipitation in 2008 compared to the long-term average of 9.50 inches.  In 

addition, due to evaporation and sublimation of water from prolonged snow cover, over-

winter precipitation storage efficiency in the soil was only 41% compared to the long-

term average of 68%. Only 0.30 inches of rainfall occurred during the combined months 

of April and May.  This was one of the toughest crop years in the 93-year history of the 

Lind Dryland Research Station. 

Camelina was essentially a failure in all trials at Lind in 2008.  Although camelina 

stands averaged 65 plants per square meter when measured in early April, approximately 

75% of the established plants died from drought in May and June.  Plants that survived 

were single stem (i.e., no branching) and only 5-8 inches tall.  This was an extremely 

difficult year for all recrop (i.e., no fallow) crops at Lind.  For example, recrop spring 

wheat yielded only 5 bu/acre.  

 

Objective 1:  Date and method of planting trial.  Snow covered the ground at Lind 

from late November through mid February, thus we were able to establish only four of 

the planned six sowing dates.  In order to obtain an accurate grain yield, plants in each 

plot were hand harvest on July 8 within a large 3 x 3 meter square sampling square, 

threshed by hand, and cleaned with a Clipper seed cleaner. 

The tables below show yield results for the 4 planting dates and 2 sowing 

methods.  All treatments received 25 lbs. N/acre. The data show mixed results, but 

overall the earliest sowing (Oct. 31) did the best and the late seeding (March 14) was the 

worst.  Plant stands were better with sowing compared to broadcasting + packing seed, 

but there were no consistent differences in grain yield.  This trial became heavily infested 

with Russian thistle in June after a 0.21-inch rain shower. 

We were not satisfied with the coil packer used in the broadcast + pack treatment.  

We have replaced the coil packer with a 5-bar tine harrow for this trial in the 2009 crop 

year. 

 

Table 1.  Sowing date trial - Lind  Table 2.  Sowing method trial - Lind 

Sowing date   Yield #/acre Sig.   Sowing method    Yield 
#/acre 

Sig. 

October 31 118     A Direct drill 74 A 

November 20   57   AB Broadcast 66 A 

February 26   77   AB    

March 14   27    B        

LSD 0.05 =69                                                                            LSD 0.05 =23 
 

Region 2 
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Table 3. Sowing date x sowing method – Lind 

Sowing date  Sowing method Yield #/acre Sig.  

October 31  Broadcast    134 A 

October 31 Direct drill 102 ABC 

November 20 Broadcast          89 ABC 

November 20 Direct drill  25 CD 

February 26 Broadcast   37 ABCD 

February 26 Direct drill 118 AB 

March 14 Broadcast      3 D 

March 14 Direct drill  52 ABCD 

  LSD 0.05=86 
 

Objective 2: Cultivar Evaluation. Eighteen camelina cultivars were sown in trials on 6 

March 2008 using a randomized complete block design with 4 replications.  Plot 

dimensions were 5 x 20 ft.  The “Calena” entry achieved the best stands with 160 plants 

per square meter with some of the other entries (see previous report) with stands of less 

than 50 plants square meter.  This trial was kept clean of weeds by removing Russian 

thistle by hand. Plots were harvest on July 9 with a Hege 140 plot combine.  We had to 

keep the header at ground level to feed the camelina plants onto the cutting platform.  We 

covered the bottom sieve on the combine with 1/8-inch hardware cloth to facilitate 

cleaning of the sample. Passing seed through a Clipper seed cleaner further cleaned the 

samples. Grain yields ranged from 57 to 152 lbs/acre and there were no significant 

differences among treatments.  Grain yields for the 18 entries are shown in Table 4.   

 

Table 4.  Comparison of Yield among Cultivars – Lind 

Variety        Yield lb/acre         Sig.  

SO-5   152 A 

GP41    147 A 

Celine     145 A 

Suneson   142 A 

SO-1  131 A 

Calena     130 A 

GP07 117 A 

SO-4      116 A 

SO-6    115 A 

SO-3      112 A 

SO-2   112 A 

GP67 110 A 

Columbia   106 A 

Cheyenne     105 A 

Ligena 94 A 

Blaine Creek 89 A 

GP48   63 A 

GP42     57 A 

LSD 0.05 = 173 
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Objective 3: Determining Optimum Fertilizer Rates.  This trial was established on 

February 29.  Nitrogen rates were 0, 10, 20, 30, 40, and 50 lbs/acre.  In addition, 8 

lbs/acre of sulfur was applied with N rates 10 and 50 (i.e., 10-0-0-8 and 30-0-0-8).  

Fertilizer was applied in a liquid Solution 32 mix in mid February.  Camelina was 

broadcast on the surface with a no-till air drill (openers were 5 inches above the soil 

surface to blow seed evenly on the ground) and then pressed into the soil with an attached 

coil packer.  Individual plots were 8 x 100 ft. 

Stand establishment was less than satisfactory in this trial.  In addition, as with the 

date and method of planting trial, most camelina plants had died from drought by June 

and the plots were heavily infested with Russian thistle.  This study was terminated with 

a glyphosate herbicide application in mid June and no harvest data were collected.  We 

plan to direct sow this trial (instead of broadcast) for the 2009 crop year.  
 

Winter Canola 
Overview:  Multiple-year experiments are being conducted in the low (Ritzville) and 

intermediate (Davenport) precipitation regions of eastern Washington to document the 

rotation benefits of winter canola (WC) in wheat-based cropping systems.  Some growers 

have reported that wheat following winter canola has less disease and weed pressure and 

produces considerably higher grain yield compared to monoculture cereals in either a 

two-year winter wheat-summer (WW-SF) rotation or three-year WW-spring wheat (SW)-

spring barley rotation.  Additionally, it has been observed that water runoff from frozen 

agricultural soils does not occur from winter canola stubble; presumably because the deep 

tap root provides open channels for water to penetrate through the frozen surface soil 

layer.  Neither the boost in winter wheat grain yield nor the soil physical, biological, or 

pathological factors that may account for better water infiltration and increased wheat 

yield as affected by having winter canola in the crop rotation have been documented. 
 

Objectives:  To determine the benefits of winter canola grown in (i) a 4-year WC-SF-

WW-SF rotation compared to the traditional 2-year WW-SF rotation in the low-

precipitation zone and, (ii) a 3-year WC-SW-SF rotation compared to a WW-SW-SF 

rotation in the intermediate precipitation zone on: 

1. Grain yield of the subsequent winter wheat (low zone) or spring wheat 

(intermediate zone) crop. 

2. Soil microbial changes after winter canola versus after winter wheat. 

3. Plant diseases of the subsequent winter wheat (low zone) or spring wheat 

(intermediate zone) crop. 

4. Soil water infiltration and frozen soil runoff after winter canola versus after winter 

wheat. 

5. Economic assessment. 
 

Results to Date: Like all high-quality crop rotation experiments, several years of field 

data from our multiple locations will be required to “tell the story” on the benefits of WC 

as a rotation crop.  Winter canola is difficult to establish in tilled summer fallow because 

emerging seedlings are killed by the hot surface soil when air temperatures are 85
0
 F or 

greater.  Thus, it is necessary to time the planting of WC with the expected air 

temperature 6-8 days after planting.  We have had no problem establishing WC in the 

intermediate precipitation zone in chemical summer fallow where planting depth is 
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shallow and soil water plentiful; however, our first planting of WC at Davenport in 2007 

was completely destroyed by grasshoppers. 

 Winter canola tends to use more water in the lower (i.e., 3 to 6 feet) profile than 

does winter wheat (Fig. 1).  There was a grain yield reduction of WW at Ritzville in 2008 

that was correlated with the high water use by WC grown in 2006 (Fig. 2).  Now that 

experiments have been established for several years, we will hereafter be able to measure 

rotation benefits at all sites every year.  

 Soil samples have been assessed for soil microbial differences following WC 

compared to WW but preliminary laboratory results are not yet available.  Differences in 

disease pressure in wheat as affected by crop rotation have not yet been detected.  Frozen 

soil infiltration measurements not yet been made because surface soils have not frozen 

solidly during the past several winters. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Soil water in the six-foot soil profile just after the harvest of winter canola compared to after 

harvest of winter wheat.  Winter canola used significantly more water than winter wheat at the 

Ritzville 2006 and Davenport 2008 studies. There were no differences in soil water between these two 

crops during a year of extreme drought at Ritzville in 2008.   

 

 
 
 
 
 
 
 
 
 
 

 

Fig. 2. Winter wheat produced more than four times the grain biomass compared to winter canola 

during three site years.  Monoculture winter wheat after fallow produced 30 bu/a at Ritzville in 2008 

compared to 24 bu/a when the previous crop was winter canola (with a year of fallow in between).  

The wheat grain yield reduction following winter canola is positively correlated with winter canola‟s 

greater soil water use in 2006 (see Fig. 1).   



 
27 

 

 
Safflower 

Four winter hardy safflower lines were planted in replicated trials into irrigated summer 

fallow at Lind on September 25, 2008.  The safflower lines were obtained from Richard 

Johnson, USDA-ARS in Pullman.  The safflower lines will be evaluated for winter 

hardiness and grain yield. 

 

 

Future Plans.  Continue with the in-depth camelina and winter canola studies.  Expand 

safflower studies in 2009.  Look into the possibility of obtaining hemp seed for dryland 

agronomy evaluation at Lind. 

 

 

Publications and Outreach in 2008. 

Schillinger, W., S. Hulbert, S. Guy, D. Wysocki, T. Chastain, D. Ehrensing, and R. 

Karow.  2008.  Camelina agronomy research in the Pacific Northwest.  In 2008 

Field Day Abstracts: Highlights of Research Progress.  Dept. of Crop and Soil 

Sciences Tech. Report 08-1, WSU, Pullman, WA. 

Schillinger, W.F., T.A. Smith, S.E. Schofstoll, and B.E. Sauer.  2008. Camelina 

cropping systems research at Lind.  In 2008 Field Day Abstracts: Highlights of 

Research Progress.  Dept. of Crop and Soil Sciences Tech. Report 08-1, WSU, 

Pullman, WA. 

Schillinger, W.F., A.C. Kennedy, T.C. Paulitz, D.L. Young, and T.A. Smith.  2008.  

Winter canola as a rotation crop in the low and intermediate precipitation zones.  

In 2008 Field Day Abstracts: Highlights of Research Progress.  Dept. of Crop and 

Soil Sciences Tech. Report 08-1, WSU, Pullman, WA. 

 

The camelina studies were shown and discussed with 215 people attending the Lind 

Field Day on June 12, 2008. 
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Field experiments to determine the rotation benefits of winter canola on the subsequent wheat crop are 

underway at the Ron Jirava farm near Ritzville and the Hal Johnson farm near Davenport.  Winter 

canola and winter wheat are planted in replicated strips.  Wheat is then planted perpendicular to the 

strips during the next crop cycle.  Scientists are measuring the impacts of rotation with winter canola 

versus monoculture wheat on soil water dynamics, wheat diseases, farm economics, and soil 

microbiology.  Photos by Bill Schillinger, WSU  

Camelina seedling that survived -10
0
F air temperature with no snow cover at Lind, WA in 

December 2008.  Plants were wrapped in a wet paper towel, put in a refrigerator for 24 hours, and 

then placed on a laboratory bench at 50
0
F for one week. The cotyledon leaves died within a few 

days, but the first true leaves appeared after six days.  Photo by Bill Schillinger, WSU. 
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Title: Canola and Mustard Production and Outreach 
 

PI’s: Aaron Esser and Scot Hulbert 
 

Objectives: The objective of this project is to assist producers successfully incorporate 

oilseed crops into rotation with cereal grain production. This is accomplished with large 

on-farm trials and developing relevant outreach materials, and utilizing the WSU Wilke 

Farm Field day to further inform producers about oilseed production.  
 

Methods: An on-farm trial was established at Ron Hennings‟ farm east of Ritzville 

examining winter canola feasibility in comparison to winter wheat in the fall of 2006. 

The trial is a RCBD with 4 replications. Winter wheat and canola were harvested in the 

summer of 2007, the field was summer fallowed and winter wheat was seeded over the 

trial location in 2008 and will be harvested in 2009. At this time data will be summarized 

and a price matrix will be developed examining what type of canola price will growers 

have to have to profitably raise canola with a given winter wheat price.  
 

A second on-farm trial was established at Rob Dewald‟s farm north of Davenport 

examining oriental mustard‟s ability to reduce wireworm populations in the soil in the 

spring of 2008. The trial is a RCBD with 4 replications. It compares oriental mustard and 

spring wheat with and without wireworm seed treatment. Wireworm traps will be used in 

the spring of 2009 to document shifts in wireworm populations.   
 

The WSU Wilke Research and Extension Farm hosted a field day in June 2008 that 

focused on oilseed crop production. Presentations and projects on the farm focused on 

oilseed production include; mustard plant back restrictions with Beyond herbicide 

applications, winter canola fertility requirements, weed control in canola, crop rotations 

with oilseeds included, and variety selection. 
  

Results: At Hennings‟ very good weed control of both grassy and broadleaf species in 

winter canola was realized with a single 24 oz/ac Roundup application in April. As 

anticipated, winter wheat produced greater yield than winter canola at 2,802 lb/ac 

compared to only 1,724 lb/ac (Table 1). Gross economic return was calculated using 

Ritzville F.O.B. prices on September 15, 2007 and specified canola contract prices 

(personal communication). Similar to yield, gross economic return was also greater 

following wheat at $355/ac compared to canola at only $293/ac, but this difference much 

to do with market price instead of production. For example if 2008 market prices were 

used instead of 2007, canola would return $431/ac compared to wheat at only $283/ac. 

Winter wheat will be harvested in 2009 and final results will be compiled.  

 

Table 1. Yield and gross economic return of winter wheat and canola at Hennings‟ farm 

in 2006-07. 

Treatments 

Yield 

(lb/ac) 

Gross Economic  

Return† ($/ac) 

Winter Wheat 2,802 (43 bu) 355 

Winter Canola 1,724 293 

Level of Sign. 0.01 0.05 

† Wheat $8.18/bu, Canola $0.17/lb. Production costs are nearly equal and this does not include 

value of subsequent crop yet.  

Region 2 
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At Dewald‟s, the location had documented wireworm pressure. Overall the yield was not 

significant among treatments with an average yield of 917 lb/ac (Figure 1). A severe frost 

on July 11 limited spring wheat production and did little to impact the oriental mustard.   

Economic return over costs was significant with oriental mustard returning $349 and 

$334/ac without and with 10.0 oz/cwt Cruiser compared to spring wheat which returned 

only $125 and $141/ac without and with 2.0 oz/cwt of Gaucho (Figure 2). 

 

 
 
 
 
 

 
 
 
 

 
 
 
 

 

 

Figure 1 .Yield of spring wheat and oriental mustard with and without wireworm control 

at Rob Dewald‟s farm north of Davenport in 2008. Level of significance = n.s. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 2. Economic return over variable costs of spring wheat and oriental mustard with 

and without wireworm control at Rob Dewald‟s farm north of Davenport in 2008. Level 

of significance = 0.001. Means with different letters are significant. 
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Conclusions: It appears winter canola‟s fit into rotation in the dryland fallow region of 

eastern Washington will ultimately be determined by market price in relationship to 

winter wheat and available soil moisture for adequate stand establishment. Weed control, 

herbicide resistant weed management, disease, and fertility requirements will all be 

factors to consider, but to a lesser extent.  
 

Oriental mustard may have the potential to reduce wireworm populations in the soil and 

produced greater economic returns over costs than spring wheat which had reduced yield 

because of severe frost.  

 

Future Plans: The trial at Hennings will be finalized this summer after winter wheat 

harvest and outreach materials will be developed. This will include a market price matrix 

that will help producers decide what type of canola contract they will have to have to be 

economically competitive with winter wheat in the dryland fallow region of eastern 

Washington. This matrix will be helpful for growers to manage the risk associated with 

winter canola. The study at Dewald‟s examining oriental mustard as a potential oilseed 

crop to reduce wireworm populations will continue with extensive trapping in the spring 

of 2009 to document population shifts and a second location may be established this 

spring but is pending herbicide carryover testing.  
 

Outreach on the WSU Wilke Research and Extension Farm was expanded this fall to 

include extensive winter canola variety testing as well as weed control and fertilizer 

studies. In the future variety testing may include camelina, spring canola, and mustard 

cultivars, and the rotation study utilizing oilseeds in rotation is being continued. 

 

 
Field scale plots at Ron Hennings‟ (Ritzville, WA) to study production costs of winter 

canola vs. winter wheat. 
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On-farm trial at Rob Dewald‟s farm (Davenport, WA) examining the potential for 

oriental mustard to reduce wireworm populations in the soil. 
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REGION 3 
Central WA irrigated 

 
 
Title: Safflower Oilseed Production under Deficit Irrigation and Variable N Fertilization: 

Year One Results 

 

PIs: H.P. Collins, A. Hang, S. Fransen, J. Davenport and R. Stevens 

 

Objectives: To determine: 1) Varietal responses of safflower oilseed yield, 2) oil 

production and quality of deficit irrigation and N fertilization under center pivot 

irrigation. Note: Economic analyses would be conducted in the third year depending on 

funding support. 

 

Methods: The first year of this three year study was conducted at the USDA-ARS 

Integrated Cropping Systems Research Field Station near Paterson, Benton County, WA 

(45
o
56‟ N, 119

o
 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.  

Two safflower (Carthamus tinctorius L.) varieties S345 and CW99OL were 

planted in April 2008 under center pivot irrigation. The experimental design was a strip-

split plot with four replications. The main plot consisted of safflower variety; splits were 

irrigation and fertilization rate. On April 11 the field 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

 

applied with a tractor using a Barber™ spreader. Each cultivar was planted at a seeding 

rate of 56 kg seed ha
-1

 on April 18 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
-1

y
-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 163 kg N ha
-1

y
-1

).  Irrigation treatments were 90 and 

70% of ET with approximate in-season (May-September) applications of 75 and 58 cm of 

irrigation, respectively. Final 2008 application rates are currently being analyzed. Water 

use will be 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 (pending) are being 

determined by an independent laboratory located in California. 

 

 

Results and Conclusions: 

 Safflower oilseed yields averaged 3220 kg ha
-1

 for all treatments under center 

pivot irrigation on the Quincy sand soil type. 

 Safflower oilseed yields were significantly higher (+224 kg yield ha
-1

) under the 

112 than 162 kg N ha
-1

 fertilizer rate. Indicating low N rates (<112 kg ha
-1

) are 

viable. 
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 Safflower oilseed yields were not significantly different between the 90 and 70% 

ET treatments. Indicating a potential 17 cm water savings using a deficit irrigation 

strategy. 

 Varieties showed significant differences to deficit irrigation and N fertilization. 

- Both varieties had higher yields (~200 - 600 kg ha
-1

) under the 70% of ET 

irrigation and 112 kg N ha
-1

 fertilizer regimes. 

- The S345 variety had significantly greater oilseed yields (~500 kg ha
-1

) at the 

70% of ET irrigation and 112 kg N ha
-1

 regimes than the CW99OL variety (Table 1). 

 Oil yield and quality analyses of each variety by treatment are pending.  

 

Table 1.  Oilseed yields of S345 and CW99OL safflower varieties under variable 

irrigation and fertilizer rates. 

 

    Variety  Fertilizer Rate  Irrigation Rate   Yield 

      Kg N ha
-1     

    % of ET   kg ha
-1    

 

   CW99OL         162           90                                   3457 a 

                                           162           70   3392 a 

          112           90                                   3479 a 

                                           112                                70                                   3642 ab 

    Mean                                                                                                           3493 

 

       S345         162           90              3382 a 

                                           162           70                                   3728 ab 

                                           112                                90     3778 ab 

                                           112                                70                                   3988  b 

    Mean                                                                                                           3718 

 

    Overall Mean                                                                                             3605 

ET- evaporation/transpiration.  Means followed by the same letter are not 

significantly different at P<0.05 

 

Future plans:  The study will be repeated in the 2009 and 2010 growing seasons. 

Economic analyses would be conducted in the third year depending on funding support. 

We would use Enterprise Budgets developed by Washington State University and 

information provided by cooperating growers to determine the economic viability of 

safflower production for the developing biodiesel industry. The economics of a safflower 

bioenergy crop using deficit irrigation and N fertilizer will be analyzed using standard 

accounting procedures for farm management cost and return estimates. Potential 

safflower biofuel growers will be able to use a spreadsheet format based on this 

information for easier decision-making (see http://www.farm-mgmt.wsu.edu/Excel-

docs/eb2009E.xls). We will specify production assumptions so growers will understand 

how to adapt developed budgets to their unique situation.  

 

 

http://www.farm-mgmt.wsu.edu/Excel-docs/eb2009E.xls
http://www.farm-mgmt.wsu.edu/Excel-docs/eb2009E.xls
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Outreach: Dr. An Hang gave a presentation describing the study at the USDA-ARS 

Paterson Integrated Cropping Systems Field Day on July 9, 2008 (Fig. 1).  

 

Fig. 1. Irrigation x fertilizer rate safflower study at Paterson, WA. July 2008.  
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Title: Irrigated Canola Research 

 

P.I.’s:  Joan Davenport, Bob Stevens, An Hang 

Cooperators: Jeff Lunden (Scientific Assistant, study implementation); Ian Burke (seed 

oil analysis) 

 

Objectives: 

1. Develop baseline growth and nutrient uptake curve 

2. Develop N and irrigation management recommendations to maximize oil yield 

and quality. 

3. Compare different varieties for recommendations for production in irrigated 

agriculture. 

 

Methods: Canola was planted between September 5-7, 2007.  All plots followed irrigated 

winter wheat. To evaluate N and irrigation water management requirements, a 2.2 acre 

field was planted to two varieties, with Athena on the east half of the field and Rapier on 

the west.  For irrigation rates, a single line source was placed in the center of each 

varietal planting in a north-south orientation.  This resulted in 5 irrigation rates from high 

to low with high as the portion of the planting the irrigation line was centered upon and 

decreasing water rates with increasing distance from the irrigation source.  There was 

negligible difference in the total amount of irrigation water applied to each cultivar and 

the annual average irrigation rates were 1.1, 2.9, 4.9, 7.4, and 8.5 inches.  Two different 

N treatments were applied as follows: Treatment 1 was fertilized with 180 lbs/A N as 

urea whereas Treatment 2 was fertilized at the same N rate but with 50% applied as urea 

and the remaining 50% as a slow release polymer coated urea (Agrium, ESN). Fertilizer 

treatments were applied in a completely randomized design in 4 replicated bands oriented 

east-west crossing all irrigation zones.   

 

A separate N fertilizer rate trial was established with both Athena and Rapier, where 

0.011 acre plots were treated with 50, 150, 200, 250, or 300 lbs/A N as urea in a single 

application on 11 and 12 March.   Plots were replicated 5 times in a randomized complete 

block design.  All were irrigated with 100% replacement of ET, where ET was estimated 

using soil moisture use determined by neutron probe measurements to a 3‟ depth. Soil 

moisture was replenished weekly.   

 

For variety evaluation, 6 different cultivars (13-86, Baldur, Rapier, Athena, Camus, and 

Salute) were planted in 0.034 acre plots replicated 4 times in a randomized complete 

block design.  All plots were treated with a single N fertilizer rate (180 lbs/A N as urea) 

and irrigated with 100% replacement of ET. 

 

Plots were harvested between July 20 and August 1 using a Wintersteiger plot combine.  

For each plot in the irrigation source and fertility trials, the center 4.1 feet by 25 to 30 

feet, were harvested. In the variety trial the center 4.1 feet by 35 to 55 feet were 

harvested.  Exact harvested plot length measurements were taken to calculate yield.  

Individual plot yields were cleaned with a vertical air separator, weighed and bushel 

weights were taken.  Subsamples of each plot yield are currently awaiting oil analysis. 

Region 3 
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Results 

Cultivar Evaluation: Only the cultivar Salute had significantly different (and lower) 

yield and bushel weight than the other five cultivars (Table 1).  Salute is an earlier 

maturing cultivar and it is most likely that the lower yield, and possibly bushel weight, is 

an artifact of significant seed shattering prior to harvest. 

 

The similar yields and bushel weights between the remaining five cultivars do not 

suggest an advantage or disadvantage to any of the cultivars tested.  Oil analysis will be 

used to determine if yield of recoverable oil was different among the varieties. 

 

Table 1:  Average yield and bushel weight of six different Canola cultivars grown under 

the same management practices in 2008. Values followed by the same letter are not 

statistically different.  n = 5; P < 0.05 

 

Cultivar Yield (lbs/A) Bushel Weight (lbs/bu) 

13-86 2455 a 52.45 a 

Athena 2175 a  51.97 a 

Baldur 2319 a 52.10 a 

Camus 2483 a 51.27 a 

Rapier 2025 a 52.00 a 

Salute 1078 b 48.80 b 

 

 

N Rate Trial:  Average yield and bushel weight were significantly different by variety (P 

< 0.005) but not by N rate or variety by N rate interaction (P > 0.28).  Overall, Athena 

was higher yielding and had a higher bushel weight than Rapier (Table 2). 

 

Table 2:  Average yield and bushel weight for two Canola cultivars grown under five 

different N fertilizer rates.  Initial soil test N was 30 lbs/A in the top 1‟ of soil and was 

not tested below 1‟ depth.  n = 5  

Cultivar N rate (lbs/A) Yield (lbs/A) Bushel Weight (lbs/bu) 

Athena 50 3213 51.3 

150 3355 52.0 

200 3232 52.2 

250 3149 52.0 

300 3568 52.2 

Rapier 50 2690 51.4 

150 2261 51.3 

200 2232 51.5 

250 2253 51.4 

300 2123 51.5 

Level of 

significance 

Cultivar (C) < 0.001 0.005 

N Rate (N) 0.95 0.28 

C*N 0.74 0.54 
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Irrigation and N Source Trial: 

Only the main effects of irrigation level and N treatment, plus the interactive factor N 

treatment by variety, were found to show significant differences in yield (Table 3). 

 

There was slightly less water consumption in 2008 when compared to 2007 (11 or 13”, 

differed by variety).  This likely is related to a cooler growing season in 2008 

(www.weather.wsu.edu).  The change in soil moisture from the spring through harvest 

was a reduction of 3- 4”, indicating a net water loss of that amount for soil storage to 3‟.  

The irrigation rates results suggest that less than 8.3” of water (4.9” applied plus change 

in soil moisture) resulted in a yield reduction. 

 

There was a slight yield reduction with the combination of slow release and conventional 

N (Table 3), suggesting that a spring application of conventional soluble fertilizer will 

support higher yields. 

 

Table 3:  Average canola yield for different cultivars, irrigation levels, and N treatments 

(1 = urea only and 2 = urea plus ESN, both 180 lbs/A). Values followed by the same 

letter are not statistically different.  n = 4; P < 0.05 

 

Parameter Treatment  Yield (lbs/A) 

Irrigation Level  

(total seasonal “ of water) 

1.1 1917 c 

2.9 2887 b 

4.9 3134 ab 

7.4 3323 a 

8.5 3091 ab 

N Treatment 1 3000 a 

2 2742 b 

Variety Athena 2848 a 

Rapier 2893 a 

Level of significance (P) Irrigation Level (I) 0.0001 

N Treatment (N) 0.0084 

Cultivar (C) 0.6325 

I*N 0.2305 

I*C 0.5029 

N*C 0.0385 

I*N*C 0.5837 

 

Conclusions 

With the exception of early maturing Salute, all of the tested cultivars had similar yields 

and bushel weights.  However, seed oil analysis may result in an oil production difference 

by cultivar. 

 

Similarly, there were no yield or bushel weight changes with the wide array of N rates, 

and the only N effect on yield was a reduction with the use of a slow release N.  This 

http://www.weather.wsu.edu/
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suggests that lower N rates may be feasible to maintain production.  However, a thorough 

investigation of N availability by depth was not conducted prior to planting. 

 

Overall, moisture requirements were relatively low, with a seasonal consumptive use 

suggesting that a total moisture supply (resident spring soil moisture plus irrigation) of 

8.3” is sufficient to produce the crop.  This is less than the 2007 growing season; 

however, 2008 was a cooler season. 

 

Future Plans 

Canola has been planted for a complete repeat of this study in the 2009 growing season.  

Plans are in place to measure residual plant available N to a depth of 3‟ this year to better 

identify the amount of N potentially available to the crop from the soil.  Nitrogen 

fertilizer rates for the rate trial will be adjusted to lower rates, including a control with no 

N fertilizer applied.  



 
40 

 

Title:  Biofuel Feedstock Research for Irrigated Central Washington 

 

P.I.’s: An N. Hang, Steven C. Fransen and Harold P. Collins 

 

Objectives: 

- Search for all possible renewable sources of feedstock that can be produced in 

Washington. 

- Determine best management practices to optimize production of oilseed and 

cellulosic crops for Washington growers. 

- Search for high quality oilseed crops that can be used to replace traditional 

oilseed crops for the edible oil market. 

- Investigate possible double cropping of one or two different crop species that 

can increase production. 

Methods: 

 Canola:  Five Brassica napus and one B. rapa winter canola varieties were 

planted in a field with total available fertilizer of 125 N, 55 P, 60 K, 20 S and 2 B (lbs/A) 

at planting.  In another experiment, N and S applications were broadcast at various rates 

in early spring on established winter canola planted in the fall of 2007.  Rates of N and S 

were: 50N-0S, 100N-10S, 150N-15S, 200N-20S and 250N-20S (lbs/A) in addition to 40 

lbs N in the soil and 10, 133 and 7 ppm of P, K, and S, respectively, at planting.  Treflan 

(trifluralin) was applied and incorporated into the top 4” at seedbed preparation.  Both 

fields were furrow irrigated a week after planting and then resumed at weekly intervals in 

mid-April until the end of June.  Crops were harvested on July 23 and 24 (two weeks 

later than during normal year). 

 Camelina:  Four varieties of camelina were planted in Paterson with 50 lbs/A N 

applied through irrigation. Camelina was also grown in Roza for an irrigation study.  At 

Roza, 100 lbs of N was applied at seed bed preparation. Treflan was used at both 

locations for weed control. 

 Flax for seed oil:  Flax was introduced to central Washington for high quality 

edible oil and for replacing other oil crops that can be grown for biofuel feedstock.  Fifty 

lbs N was applied through irrigation at Paterson.  In Othello, 25 lines/varieties were 

planted using only residual nutrient left in the soil after wheat crop (75 lbs N/a, 20 and 

345 ppm of P and K, respectively).  At both locations, Spartan was applied after planting 

for weed control. 

 Safflower:  Safflower was grown in Roza using 2 varieties, S344 and CW88OL, 

under limited irrigation. The plots had 100 lbs N/a and 20 lbs S/a broadcast and 

incorporated into the soil at seedbed preparation.  Seeding rate was 25 lbs/a. 

 Grain sorghum, sweet sorghum, and forage sorghum:  Eleven lines of grain, 

sweet, and forage sorghum were planted in Othello with 120 lbs N, 60 lbs P2 O5 and 120 

lbs K2 O per acre applied at seedbed preparation.  Seed was planted using a 6- row planter 

on 30” row spacing and the plots were 50 ft long and had 4 replications.  Plots were 

replicated 4 times with 2 completely randomized blocks. Irrigation rate was the main 

block with 70 and 100% irrigation rates (100% as required by corn crop). 

 

  

Region 3 
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Results: 

Canola:  Among the 6 cultivars tested in 2007-08, Baldur had the highest yield (Table 1) 

as well as the most total N in the leaf and root tissues at full bloom (Fig.1).  Salute was 

the only B. rapa variety in the trial, and had the lowest yield of all the varieties. B. rapa 

have a shorter growing season compared to B. napus, so Salute was in full bloom and 

seed set when there was an unusually cold period during April. The other cultivars were 

about 15 days later in development, and full bloom and seed set occurred when more heat 

units promoted higher seed set and seed fill.  

 

Table 1.  Yield of Winter Canola grown in Othello. 2007-2008 

Variety Yield (bu/a) Yield (lb/a) Test weight(lb/bu) 

Athena 105 5632 51.4 

Baldur 116 5904 51.1 

Camus 71 3609 50.8 

DCK 13-86 112 5756 51.6 

Rapier 103 5258 51.5 

Salute
1 

24 1175 49.2 
1 

Brassica rapa    

Planted: Sep 10, 2007            

 

 

 Figure 1.  Total N in leaf and root tissues all 6 cultivars of winter canola planted with fall 

fertilizer application. 

 

In the variable spring N and S fertilizer rate study, Athena was slow in N uptake 

but yield was highest at maximum N application rates (Fig. 2 and Table 2). Rapier had 

higher N uptake with higher leaf and root tissues for all treatments, but yields were lower 

than Athena (Table 2). Average yields of Athena and Baldur in the variety trial study 

(fall-applied N) exceeded those in the N-S study (spring-applied N), indicating that 
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sufficient fall fertilizer remained available throughout the season. We can conclude that 

in areas of low winter rainfall, split fertilizer application is not necessary in managing 

winter canola production.  

 

Table 2.  Yield of Winter Canola at Various N-S Rates Grown in Othello. 2007-2008. 

 Athena Athena Athena Rapier Rapier Rapier 

Treatment Yield 

(bu/a) 

Yield 

(lb/a) 

Test wt 

(lb/bu) 

Yield 

(bu/a) 

Yield 

(lb/a) 

Test wt 

(lb/bu) 

50N + 0S 75 3805 50.9 86 4405 51.0 

100N +10S 78 3996 51.0 77 3925 50.9 

150N +15S 101 5187 51.2 89 4574 51.2 

200N+20S 100 5081 51.0 88 4516 51.5 

250N+20S 119 6058 50.8 97 4916 50.5 

Mean 94.6 4825 51.0 88 4467 51.0 

Planted: Sep 10, 2007.  Soil residual nutrients: N=40lbs/a; P=10 ppm; K=133 ppm and 

S=7 ppm  

Spring fertilizer application on April 1, 2008. 

 

 

 
 
Figure 2. Total N in leaf and root tissue of Athena and Rapier in late winter and a month 

after applying fertilizer treatments. 
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Camelina:  Camelina yields were very consistent under irrigation (Table 3).  On sandy 

soil, camelina yields varied from 1540 to 2035 lbs/a.  Blaine Creek produced very well 

on loam soil with only 2 irrigations.  Limited irrigation would save water for other crops 

without sacrificing yield.  Blaine Creek produced slightly higher yield and about 3% 

higher Omega-3 fatty acid  (C18:3) than Suneson (32.5 vs. 29.6%).  Camelina has a short 

growing season and can be used as a second crop after winter wheat or before sweet corn 

and buckwheat. 

 

Table 3.  Yield of Camelina Grown in Paterson and Roza, 2008. 

________________________________________________________________________ 

                   Roza
1
                Paterson

2 

________________________________________________________________________ 

Variety  Yield        Yield Test wt  Yield      Yield        Test wt 

        (bu/a)          (lb/a)         (lb/bu)            (bu/a)        (lb/a)         (lb/bu) 

Suneson (MT5)       44.6           2332           52.3                32.1          1610          50.1 

Blaine Creek (MT1)    50.7           2617           51.6                39.9          2035          51.0 

 

Calena      -           -                -                    38.6          2021          52.3 

Ligena                       -                  -                -                    30.3          1541          50.9 

Mean   47.7            2475          52.0                 35.2          1802          51.1 
1
Roza:  Planted: Mar 21, harvested: Aug 14, 2008. Each value is the average of 8 

replications 
2
Paterson: Planted Mar 20, harvested: July 30, 2008.  Each value is the average of 5 

replications. 

 

 
Camelina plots at WSU-Prosser (Roza), July 2008. 
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Flax:  Flax is an easy crop to grow, and does not require high soil nutrients.  Flax 

produces high quality oil with a higher Omega-3 fatty acid content than camelina oil.  In 

cooperation with North Dakota State University, 25 lines/cvs of flax were planted using 

only residual soil nutrients.  Yields ranged from 1720 to 2870 lbs/a (Table 4). Three 

varieties were tested at Paterson.  Average yield of these cultivars were similar as they 

were grown on loam soil in Othello (Table 5).   

 

Table 4. Flax Variety Trials grown in Othello in 2008. 

       
Fatty acid component 

 
Yield 

Test 
wt. Moisture Oil conc. Oil Yield 16:0 18:0 18:1 18:2 18:3 

Cultivar lb/a lb/bu % % lb/a % 

N 414 2870 a 48.5 5.73 29.0 832 5.3 3.6 23.1 14.2 52.2 

Prairie Blue 2714 ab 48.2 5.61 28.4 771 4.9 4.4 21.8 16.0 51.1 

Nekoma 2542 abc 48.3 5.59 29.4 747 5.1 3.7 18.0 16.3 55.3 

Bethune 2527 abcd 48.9 5.76 27.8 703 5.0 4.2 23.4 16.9 48.3 

Rahab 94 2451 abcd 48.4 5.70 28.1 689 5.0 4.4 23.2 18.7 46.8 

Webster 2446 abcd 48.8 5.69 28.4 695 5.3 4.2 25.2 15.8 47.7 

McGregor 2441 abcd 50.8 5.87 27.8 679 5.4 4.6 20.0 18.1 50.1 

Omega 2437 abcd 49.8 5.62 29.3 714 5.1 3.9 23.8 15.4 50.0 

Arras 2390 abcd 48.8 5.91 28.2 674 5.4 4.1 22.2 15.6 51.0 

FP2161 2386 abcd 50.0 5.86 28.3 675 4.8 4.3 23.5 17.0 48.7 

A603 2348 abcd 48.2 5.72 28.4 667 5.4 4.0 20.9 15.4 52.2 

Lightning 2339 abcd 48.9 5.69 28.6 669 5.1 4.2 23.0 16.7 49.3 

Prairie Thunder 2327 abcd 50.0 5.58 29.2 679 5.6 3.6 23.2 14.5 51.5 

N06-2059 2310 abcd 50.9 5.74 29.4 679 5.3 3.8 19.8 14.5 55.0 

Hanley 2305 abcd 49.9 5.94 27.7 638 5.4 3.4 21.0 17.1 51.5 

Bison 2296 abcd 49.9 5.66 29.0 666 5.6 3.7 21.6 14.9 52.7 

Pembina 2292 abcd 49.5 5.46 28.9 662 4.9 4.2 21.9 17.6 49.7 

Neche 2192 abcd 48.7 5.68 28.8 631 5.1 4.3 22.0 15.7 51.0 

N06-2055 2148 abcd 50.8 5.65 28.9 621 4.7 4.2 26.7 16.6 46.2 

FP2214 2130 abcd 48.4 5.71 28.8 613 4.8 4.1 23.0 16.2 49.9 

FP2141 2006 bcd 49.6 5.60 29.6 594 4.9 4.0 23.4 16.5 49.5 

Linott 1963 bcd 49.5 5.74 28.3 556 5.0 4.1 23.4 16.5 49.2 

FP2188 1847 cd 49.0 5.38 29.6 547 5.3 4.6 20.3 17.5 50.0 

Carter B 1746 cd 50.7 5.99 28.7 501 4.9 3.3 20.3 15.3 53.7 

York 1720 d 48.3 5.83 28.6 492 5.1 4.3 20.0 15.6 53.3 

              
     

Mean 2287     5.71 28.7 656 5.1 4.0 22.2 16.2 50.6 

CV (%) 21.71           
     

Lsd 814.11           
     Planted April 22, harvested Sept. 9, 2008.   
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Table 5. Flax Variety Trials grown in Paterson in 2008. 

      

Fatty acid component 

   Yield Test wt Oil conc. Moisture Oil yield 16:0 18:0 18:1 18:2 18:3 

Cultivar lb/a lb/bu % % lb/a % 

Bethune 2324 53.32 29.6 5.50 688 5.1 4.0 26.1 17.1 45.9 

Pembina 2311 53.45 29.0 5.58 670 5.1 4.5 23.2 19.2 46.5 

Omega 2249 54.50 30.0 5.51 675 5.1 4.0 24.5 16.0 48.5 

                      

Mean 2295 53.76 29.5 5.53 677 5.1 4.2 24.6 17.4 47.0 

CV (%) 6.42 1.06     
      Lsd 235.54 0.91     
      Planted April 8, harvested Aug 6, 2008. 

 

Human consumption of flax seed is increasing rapidly for its dietary fiber, its omega-3 

oils (linolenic acid C18:3) and its anti-carcinogenic lignans.  Flax seed is used (as whole 

or ground) in bakery products.  Flax seed oil is used as vegetable oil.  Hens fed flax seed 

meal produce „omega eggs‟.  Oil concentration of flax is around 28 to 30% with nearly 

50% of its oil comprised of linolenic acid (C18:3) (Table 4).  When comparing flax to 

safflower , safflower produces more oil than flax, but safflower oil does not contain 

omega-3 fatty acid, even it is high in unsaturated fatty acid.  Therefore, flax should be 

used for human consumption while canola and safflower are more suitable as biodiesel 

feedstock . 

 

 Safflower:  Safflower plots received only 2” and 4” irrigation from planting to 

harvest due to failure of the irrigation system.  The crop grew and developed using 

primarily soil moisture accumulated in the soil profile.  Results indicate that S344 can 

adapt to deficit irrigation better than CW88OL.  The high yield of CW88OL at the higher 

irrigation rate may be due to the lower elevation of the plot resulting in higher nutrient 

accumulation than at the top of the field (Table 5). 

 

Table 5.  Yield of Safflower Grown under Limited Irrigation in Roza, 2008. 

___________________________________________________________________  

   Yield (lb/a)  Oil conc (%)           Oil yield (lb/a) 

      -------------------------       -----------------------     ---------------------- 

   Variety               2” irrig.       4” irrig         2” irrig.    4” irrig.     2” irrig.   4” irrig 

________             ________________        _______________      ______________ 

 S 344                     2235    3648  38.9         39.1           908           1426 

CW88OL               1524             4507  38.1         36.4           580           1640 

___________________________________________________________________ 

Mean                    1880            4078   38.5        37.7           744           1533 

Planted April 10, harvested Sept. 30, 2008 

Seed moisture: 6.6 to 8.2%. 
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In 2008, 2 safflower cultivars, S345 and CW99OL, were seeded in an experiment to 

study the response of each variety to 2 rates of N and 2 rates of irrigation on sandy soil at 

Paterson. Yield was lowest at the higher rate of N and higher water application.  (Table 

6).  These results indicate safflower can be produced with both reduced N and irrigation 

rates.  

 

Table 6.  Seed yield, oil concentration, and oil yield of safflower planted under variable 

irrigation and fertilizer rates in Paterson. 2008 

_____________________________________________________________________ 

  Variety        Fertilizer rate Irrigation rate        Seed yield       Oil conc.      Oil yield 

                              lb/a                  % ET                    lb/a                  %                lb/a 

------------      ----------------      ---------------         ------------        ---------        ----------- 

CW99OL              150          90                      3084 a             34.3             1058 

                              150         70                      3026 a             37.6             1138 

                              100                    90                      3103 a             38.0             1176 

                              100                    70                      3249 ab           39.7             1290 

Mean                                                                         3116               37.4             1165 

 

S345                   150                     90                     3017 a             37.0             1115 

                              150                     70                     3326 ab           38.7             1288 

                              100                     90                     3370 ab           38.2             1289 

                              100                     70                     3557 b             40.2             1429 

Mean                                                                        3318                38.5             1280 

ET: evapotranspiration.  

Planted April 18; harvested Sep 18, 2008  

Mean followed by the same letter are not significantly different at P<0.05. 

Seed moisture: 6.5 to 8.2% 
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Sorghum:  Dry matter yield at 70% irrigation rate (compared to corn irrigation rates) was 

slightly higher than with full irrigation. Some varieties developed seed heads and set 

seed, but others did not as sorghum requires a longer growing season than was available 

at this site. However, biomass yield of all lines were reasonable when planted on May 26.  

Average percent of soluble solid at the base, 4
th

 and top nodes were very similar for both 

irrigation treatments. 

 

Table 7.  Dry Matter Yield and Sugar Concentration of Eleven Sorghum Varieties Grown 

in 2008. 

 Full Irrigation 70% Irrigation 

Varieties Total 

Biomass % Soluble Solid 

Total 

Biomass % Soluble Solid 

 lb/a Top Mid. Base lb/a Top Mid. Base 

Sugar Drip 

Keller 

M 81 E 

22053 

Top 76-6 

Umbrella 

23402 

Dale 

Simon 

Sugar T 

G-N-B 

15,230 

17,660 

18,440 

14,075 

14,565 

16,170 

11,255 

18,685 

19,515 

15,840 

9,620 

15.8 

 8.5 

 5.4 

 4.4 

8.8 

11.0 

6.9 

7.7 

14.2 

14.9 

6.2 

12.8 

9.6 

6.7 

4.9 

10.7 

9.9 

6.6 

6.7 

11.1 

10.2 

7.1 

10.7 

9.5 

7.2 

7.8 

11.1 

9.2 

9.1 

8.5 

10.6 

10.4 

8.2 

17,950 

24,460 

24,035 

13,605 

13,310 

29,425 

12,245 

15,970 

16,740 

14,325 

11,700 

14.9 

9.7 

4.9 

5.5 

7.6 

9.8 

9.6 

5.8 

17.3 

16.2 

7.2 

12.4 

9.6 

7.9 

6.1 

9.2 

8.1 

6.6 

6.0 

11.5 

12.6 

6.7 

11.1 

9.2 

8.3 

8.2 

9.9 

9.1 

8.6 

7.9 

11.8 

11.8 

7.4 

Mean 15,518 9.44 8.75 9.30 17,615 9.86 8.79 9.39 

Harvest : October  21, 22, 23 and 24, 2008. 

 

 

Conclusions: 

- Split applications of fertilizer for winter canola may not be necessary. 

- B. rapa does not produce well in the irrigated production areas.  It could be 

used if growers wish to improve soil tilth and control winter erosion. 

- Camelina can be produced on sandy soil with low fertility input and can be 

planted after winter wheat, or before sweet corn and buckwheat to increase 

production per unit area. 

- Flax can be grown in Washington to supply edible oil and high fiber seed for 

confectionary use in bread baking. Other oilseed crops are more suitable for 

producing biofuel. 

- Safflower is a drought tolerant crop and can produce reasonable yield with 

limited irrigation. 

- Sorghum is also a drought tolerant crop and could be grown in Washington to 

produce biomass for ethanol.   
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Future Plans: 

- Continue testing flax to select the most productive varieties for Washington. 

- Double cropping of camelina either with the same plant species or with other 

crops as mentioned above to increase production. 

- Continue to study biomass production of sorghum using sidedress fertilizer 

and lower irrigation rates (50% of corn crop requirement). 

 

CITATIONS: 

 

Hang, An N., Hal P. Collins and Karen E. Sowers. 2009.  Irrigated spring and winter 

canola production in Washington.  WSU Extension Bulletin EM006E. 

 

Hang, A.N., S.C. Fransen, and H.P. Collins.  2008.  Biofuel feedstock research for central 

Washington. GSA, ASA, CSSA, and SSSA Abstr. 546-12. 

 

Collins, H.P., S.C. Fransen, A.N. Hang, R.A. Boydston , and C. Kruger.  2008.  Biomass 

production and nutrient removal by switchgrass (Panicum virgitatum ) under irrigation.  

GSA, ASA, CSSA, and SSA Abstr. 673-4. 
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Title: Establishing Switchgrass for Biofuel in the North Columbia Basin (click on 
document title to see document) 
 

PI: Steve Fransen, WSU-Prosser 

 

June planting date photographed October 9, 2008. Comparison of upland (left) to lowland 
(right) switchgrasses prior to harvest. 

Region 3 

http://css.wsu.edu/biofuels/progress_report/2008_01/R3_switchgrass.html
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REGION 4 
Western WA 

 

Title:  Growing Biofuels in Western Washington 

 

PIs:  Tim Miller, Craig Cogger 

 

Objectives: 

1. Canola 

A.  Conduct fertilization regime trials with fall canola on organic ground at WSU 

Puyallup. 

B.  Conduct planting date trials with spring canola on organic ground at WSU 

Puyallup. 

2.  Camelina 

A.  Conduct herbicide trials with camelina at WSU Mount Vernon. 

B.  Conduct seeding rate trials with camelina at WSU Mount Vernon. 

3.  Conduct seeding rate trials with flax at WSU Mount Vernon. 

4.  Conduct seeding rate trials with mustard at WSU Mount Vernon. 

5.  Conduct crop density trial with sunflower at WSU Mount Vernon. 

 

Materials and Methods: 

1A.  Fall canola trial.  Fall canola (cv. „Athena‟) was seeded at approximately 8 lbs/a 

into 10- by 20-ft plots on October 5, 2007 on freshly-tilled ground at WSU Puyallup.  

Craig Cogger‟s crew applied one of three fertilization regimes to the canola:  200 lb total 

N/a applied (1) all in the fall, (2) all in the spring, or (3) split with 67 lb N/a in fall and 

133 lb N/a in the spring; fall shrimp meal was incorporated into the soil prior to seeding, 

while spring treatments were surface-applied.  All plots were raked by hand immediately 

after seeding to shallowly incorporate canola seed.  Percent crop and weed cover was 

visually estimated June 18, 2008 and canola plants within a 12- by 20-inch quadrat were 

counted and clipped at ground level June 30.  Excess stem material was trimmed off each 

plant, and remaining upper stems and racemes were placed into paper grocery bags and 

then stored in a screen house 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 canola trial.  Spring canola hybrids (Pioneer 45H72 CL and Interstate Seed 

HyLite 292 CL [Clearfield® canola, imidazolinone tolerant] and conventional Interstate 

Seed canola hybrids Hyola 401 and two lots of Hyola 420 (Interstate Seed), all Brassica 

napus) were seeded at four seeding dates approximately two weeks apart (April 8, April 

18, May 6, and May 19, 2008) on organic ground at WSU Puyallup.  Plots were tillage 

shortly before the April and May 19 seedings; cotyledon-stage weeds were emerged at 
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the May 6 seeding.  All plots received feather meal at 150 lbs N/acre, applied 

immediately before or after seeding, and then plots were raked by hand to shallowly 

incorporate both fertilizer and seed.  Due to lack of Hyola 401 and 420 seed for the May 

19 seeding, two mustard species („IdaGold‟ white mustard (Sinapis alba) and „Pacific 

Gold‟ oriental mustard (Brassica juncea)) were seeded instead.  Percent crop and weed 

cover was visually estimated June 18, 2008 and crop plants within a 12- by 20-inch 

quadrat were counted and clipped at ground level August 7 (April 8 seeding) and August 

26 (remaining three seedings).  Excess stem material was trimmed off each plant, and 

remaining upper stems and racemes were placed into paper grocery bags and then stored 

in a screen house 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. 

2A.  Camelina herbicide trial.  Plots (8 by 20 ft) were established at WSU Mount 

Vernon June 3, 2008.  Herbicides were applied that day using a CO2-pressurized 

backpack sprayer delivering 31 gallons/acre.  Rainfall was sufficient (~2 inches) to 

incorporate herbicide prior to seeding (June 14).  Seeding rate was approximately 8 

lbs/acre, equivalent to 13 g of camelina (cv. „Celine‟) per plot.  Seed was scattered over 

the soil by hand, then shallowly incorporated with a drag harrow immediately following 

seeding.  Crop injury and weed control was visually estimated August 11 and crop plants 

within a 12- by 20-inch quadrat were counted and clipped at ground level September 26.  

Excess stem material was trimmed off each plant, and remaining upper stems and 

racemes were placed into paper grocery bags and then stored in a screen house 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.   

2B.  Camelina seeding rate trial.  Plots (8 by 20 ft) were established at WSU Mount 

Vernon June 14, 2008.  Seeding rate was approximately 8 lbs/acre, equivalent to 13 g of 

camelina (cv. „Celine‟) per plot.  Seed was scattered over the soil by hand, then shallowly 

incorporated with a drag harrow immediately following seeding.  Crop and weed cover 

were visually estimated August 11 and crop plants within a 12- by 20-inch quadrat were 

counted and clipped at ground level September 26.  Excess stem material was trimmed 

off each plant, and remaining upper stems and racemes were placed into paper grocery 

bags and then stored in a screen house 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 
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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.   

3.  Flax seeding rate trial.  Plots (8 by 20 ft) were established at WSU Mount Vernon 

June 14, 2008.  Flax seed (unknown cv.) was scattered over the soil by hand, then 

shallowly incorporated with a drag harrow immediately following seeding.  Crop and 

weed cover were visually estimated August 11 and crop plants within a 12- by 20-inch 

quadrat were counted and clipped at ground level September 26.  Excess stem material 

was trimmed off each plant, and remaining upper stems and racemes were placed into 

paper grocery bags and then stored in a screen house 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.   

4.  Mustard seeding rate trial.  Plots (8 by 20 ft) were established at WSU Mount 

Vernon June 14, 2008.  Mustard seed („IdaGold‟ white mustard (Sinapis alba) and 

„Pacific Gold‟ oriental mustard (Brassica juncea)) was scattered over the soil by hand, 

then shallowly incorporated with a drag harrow immediately following seeding.  Crop 

and weed cover were visually estimated August 11 and crop plants within a 12- by 20-

inch quadrat were counted and clipped at ground level September 26.  Excess stem 

material was trimmed off each plant, and remaining upper stems and racemes were 

placed into paper grocery bags and then stored in a screen house 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.   

5.  Sunflower crop density trial.  A trial was established at WSU Mount Vernon June 

17, 2008.  Sunflower („IdaGold‟ white mustard) was seeded at 27,150 seeds/acre, then 

thinned to nine different crop densities July 18.  Plots measured 7.3 by 20 ft and were 

centered on four rows of sunflowers.  Sunflower heads within two meters of a single 

center row were collected October 28 and dried at 95 F for three days.  Seed was 

separated from the dried heads using a Vogel thresher, then passed over screens to 

remove large chaff, and freed of fine chaff and dust using a blower-style seed cleaner.  

Seed weight has not yet been recorded.  Yield data will be 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. 
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Results: 

1A.  Fall canola trial.  Canola seedlings were very small in the fall and winter of 2007-

08, resulting in the plots being infested by winter annual weed species (primarily 

shepherd‟s-purse, pineapple-weed, and henbit) and previous cover crops at the site (hairy 

vetch and cereal rye).  These small canola plants began to grow early in spring, but 

flowering began when many of the plants were still less than 12 inches tall and it is 

suspected that yield of those plants was considerably lower than the yield potential for 

larger overwintered plants.  By mid-June, canola cover ranged from 64-74%, with no 

difference from fertilizer regime (Table 1); weed cover also did not differ between 

fertilizer treatments at that evaluation date.  Crop density and yield were similar across 

fertilizer regimes (Table 1). 

 

Table 1.  Fall organic canola at WSU Puyallup. 

Fertilizer regime Crop cover
a
 Weed cover

a
 Crop density

b
 Seed yield

b
 

 % % plants/1.67 ft
2
 lbs/acre 

All fall 64 36 10 1696 

All spring 64 36 20 1380 

Split fall and spring 74 26 19 1565 

LSD0.05 ns ns ns ns 
a
Crop and weed cover estimated June 18, 2008. 

b
Canola plants sampled June 30, 2008.   

 

 

1B.  Spring canola trial.  Canola crop cover was maximized in mid-June in the April 18 

seeding, followed by the April 8 and May 19 seeding, and was poorest when canola was 

seeded May 6 (Table 2).  Weed cover was minimized in the same way (Table 2).  At least 

some of the reduction in crop cover in the May 6 seeding likely resulted from weed 

pressure, as there were many cotyledon-stage weeds present in the plots at that seeding 

date and not all were removed by raking.  Weed species present in all the plots included 

shepherd‟s-purse, henbit, common lambsquarters, and wild buckwheat.  These data 

indicate that when optimally seeded (proper seeding date in a freshly-prepared seedbed) 

canola was very competitive with weed species.  Even when seeded at the latest date, the 

two mustard species also competed well with weeds (Table 2).  Canola crop density at the 

sampling date ranged from 22 to 44 plants/1.67 ft
2
 (Table 3).  Seed yield ranged widely, 

from 2696 to 6565 lbs/acre, although mean canola yields for each seeding rate indicated 

that planting date did not significantly affect yield (although April 18 was numerically 

the optimal seeding date) (Table 3).  It is not clear how to interpret crop densities, 

however, other than to say that all seeding dates in this trial resulted in successful canola 

establishment.  Mean canola densities of 32 plants/1.67 ft
2
 for HyLite 292 and Pioneer 

45H72 for example, resulted in mean yields of 5530 and 3241, respectively, the highest 

and lowest yields for canola across all four seeding dates.  Mustard yield varied 

tremendously (Table 3), primarily due to excessive shatter and bird predation with Pacific 

Gold (Brassica juncea) in comparison to the more intact silicles of IdaGold (Sinapis 

alba). 
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Table 2.  Spring organic canola at WSU Puyallup. 

 

Hybrid/crop 

Crop cover
a
 Weed cover

a
 

Apr 8 Apr 

18 

May 6 May 

19 

Mean Apr 8 Apr 

18 

May 6 May 

19 

Mean 

 % % % % % % % % % % 

HyLite 292 

CL 

78 100 82 85 86 22 0 18 15 14 

Hyola 401 95 100 90 -- 95 5 0 10 -- 5 

Hyola 420 

 (lot 1) 

92 100 87 -- 93 15 0 13 -- 9 

Hyola 420 

 (lot 2) 

95 100 82 90 92 12 0 18 10 10 

Pioneer 

45H72 CL 

98 100 92 93 96 8 0 8 7 6 

IdaGold -- -- -- 95 95 -- -- -- 5 5 

Pacific 

Gold 

-- -- -- 95 95 -- -- -- 5 5 

Mean 92 100 86 92 -- 12 0 14 8 -- 

LSD0.05 5 5 5 5 -- 7 7 7 7 -- 
a
Crop and weed cover estimated June 18, 2008. 

 

Table 3.  Spring organic canola at WSU Puyallup. 

 

Hybrid/cro

p 

Crop density Yield 

Apr 8
a
 Apr 

18
b
 

May 

6
b
 

May 

19
b
 

Mean Apr 8
a
 Apr 

18
b
 

May 

6
b
 

May 

19
b
 

Mean 

 plants/ 

1.67 

ft
2
 

plants/ 

1.67 

ft
2
 

plants/ 

1.67 

ft
2
 

plants/ 

1.67 ft
2
 

plants

/1.67 

ft
2
 

lbs/acr

e 

lbs/acr

e 

Lbs/ac

re 

lbs/acr

e 

lbs/acr

e 

HyLite 

292 CL 

27 38 27 34 32 5115 6565 5163 5278 5530 

Hyola 401 26 37 39 -- 34 3596 4496 4173 -- 4089 

Hyola 420 

 (lot 1) 

32 35 37 -- 35 4360 5509 4380 -- 4750 

Hyola 420 

 (lot 2) 

22 41 26 35 31 5316 5741 4523 4500 5020 

Pioneer 

45H72 CL 

24 34 26 44 32 4154 3282 2830 2696 3241 

IdaGold -- -- -- 34 34 -- -- -- 3629 3629 

Pacific 

Gold 

-- -- -- 32 32 -- -- --   770   770 

Canola 

mean 

26 37 31 38  4508 5119 4214 4158 -- 

LSD0.05 7 7 7 7 -- 1170 1170 1170 1170 -- 
a
Canola plants sampled August 7, 2008.   

b
Canola and mustard plants sampled August 26, 2008.   
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2A.  Camelina herbicide trial.  Weed control was excellent (93 to 100%) with all 

products, although camelina suppressed 93% of the weed growth even in nontreated plots 

(Table 4).  Camelina injury was severe with simazine and Outlook (47 and 23% injury, 

respectively) (Table 4).  This crop injury was more related to camelina growth than loss 

of stand, however, as the crop density resulting from the various herbicides did not 

statistically differ at the late September sampling date (Table 4).  Somewhat surprisingly, 

yield also did not differ among the herbicide treatments (Table 4), indicating that 

camelina plants are perhaps well able to compensate for early injury. 

 

Table 4.  Effect of pre-plant incorporated herbicides in camelina. 

 

Treatment 

 

Rate 

Weed 

control
a
 

Crop 

injury
a
 

 

Crop density
b
 

 

Yield
b
 

 product/acre % % plants/1.67 ft
2
 lb/acre 

Prowl H2O 3.2 pt 100 13 50 1224 

Dual Magnum 1.6 pt 100 2 58 1559 

Outlook 1.3 pt 98 23 36 1367 

Treflan 2.7 pt 100 13 52 1189 

Curbit 2.7 pt 98 7 52 1318 

Simazine 1.1 lb 98 47 21 1551 

Nontreated --- 93 0 55 1059 

LSD0.05 --- 3 16 ns ns 
a
Crop injury and weed control estimated August 11, 2008. 

b
Camelina plants sampled September 26, 2008.   

 

 

2B.  Camelina seeding rate trial.  No camelina measurements were statistically 

significant across seeding rates (Table 5).  Camelina cover was excellent for all tested 

seeding rates, ranging from 97 to 98% cover by the August evaluation.  Camelina plant 

density ranged from 36 to 60 plants/1.67 ft
2
, and yield ranged from 1166 to 1364.  There 

was no clear trend in the data between these parameters and seeding rate. 

 

Table 5.  Effect of several seeding rates in camelina. 

Seeding rate Crop cover
a
 Crop density

b
 Yield

b
 

lbs/acre % plants/1.67 ft
2
 lbs/acre 

3 98 36 1364 

4 98 41 1195 

5 97 43 1312 

6 97 40 1205 

7 97 60 1256 

8 97 41 1166 

LSD0.05 ns ns ns 
a
Crop injury estimated August 11, 2008. 

b
Camelina plants sampled September 26, 2008.   
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3. Flax seeding rate trial.  No flax measurements were statistically significant across 

seeding rates (Table 6).  Neither flax flowering percentage in August nor crop density in 

September closely followed seeding rate.  Weed cover, however, was high for all tested 

seeding rates, ranging from 45 to 70% cover by the August evaluation.  Flax yield ranged 

from 1099 to 1565. 

 

Table 6.  Effect of several seeding rates in flax. 

Seeding rate Flowering
a
 Weed cover

a
 Crop density

b
 Yield

b
 

lbs/acre % % plants/1.67 ft
2
 lbs/acre 

25 32 63 54 1099 

30 40 45 80 1540 

35 28 62 54 1164 

40 48 50 87 1565 

45 28 70 70 1258 

LSD0.05 ns ns ns ns 
a
Flowering percentage and weed cover estimated August 11, 2008. 

b
Flax plants sampled September 26, 2008.   

 

 

4.  Mustard seeding rate trial.  While weed cover in August did not differ significantly 

by seeding rate or mustard species, mustard was able to provide 88 to 95% weed 

suppression (5 to 12% weed cover) (Table 7).  While crop density was generally higher at 

the 10 lb/acre seeding rate, Pacific Gold (Brassica juncea) density was 2- to 3-fold that of 

IdaGold (Sinapis alba), likely due to the smaller seed size of Pacific Gold.  Intra-specific 

competition may have also been more intense with IdaGold than with Pacific Gold.  

Yield did not differ by seeding rate, with neither species producing an acceptably high 

seed yield.   

 

Table 7.  Effect of several seeding rates in two mustard species. 

 IdaGold Pacific Gold 

Seeding 

rate 

Weed 

cover 

Crop 

density 

 

Yield 

Weed 

cover 

Crop 

density 

 

Yield 

lbs/acre % Plants/ 

1.67 ft
2
 

lbs/acre % Plants/ 

1.67 ft
2
 

lbs/acre 

4 12 11 136 7 21 190 

6 5 13 218 7 26 153 

8 5 11 224 8 36 176 

10 5 19 207 8 30   71 

LSD0.05 ns 8 ns ns 8 ns 
a
Weed cover estimated August 11, 2008. 

b
Mustard plants sampled September 26, 2008.   
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5.  Sunflower crop density trial.  Sunflower plant density in the plots ranged from 

13,065 to 35,706 plants per acre (Table 8).  Neither head dry weight nor seed weight 

differed significantly by plant density.  Seed yields ranged from 1288 to 1759 lbs/acre.  

Plots were hand weeded once at thinning, and crop competition (coupled with a dry soil 

surface until fall) was such that weeds weren‟t particularly troublesome during this 

cropping year. 

 

Table 8.  Effect of several plant densities in sunflower. 

Plant density Head weight
a
 Seed weight

b
 

1000 plants/acre lbs/acre lbs/acre 

13.1 3980 1357 

16.5 4376 1452 

20.2 3764 1346 

22.6 3830 1288 

25.9 4458 1488 

29.0 4524 1759 

33.1 4206 1444 

34.5 4040 1441 

35.7 4228 1498 

LSD0.05 ns ns 
a
Dry weight of sunflower heads (including 

seed) from 2 m of row, harvested October 28, 

2008. 
b
Cleaned seed weight from dried heads; shells 

were included in the weight. 

 

Conclusions: 

1A.  Fall canola trial.  It appears that October 4 was too late for seeding fall canola at 

Puyallup, as the canola was very small through the fall and winter and almost certainly 

fell short of its yield potential.  Predation by birds was also very high in this study, 

although that would not likely be as great a problem in a full-sized field as it was in these 

small plots. 

1B.  Spring canola trial.  Spring canola growth was good for all four seeding dates 

tested in this trial, but canola productivity was generally the best with the April 18 

seeding.  This trial wasn‟t really aimed at evaluating particular cultivars; rather, we 

wanted to evaluate a relatively broad range of hybrids under western Washington 

conditions.  It appears that productivity was good, although, like the fall canola, bird 

predation and seed shatter was problematic.  In addition, wild buckwheat was a problem 

in several of the plots, and would have made combining the crop difficult.  The April 8 

seeding date resulted in an early August harvest window, a time when weather is 

relatively good for harvest in western Washington.  The April 18 seeding date could 

probably have been harvested before the sampling date in this trial, but the May seeding 

dates would have resulted in field harvest during inclement weather. 

2A.  Camelina herbicide trial.  The seeding date for camelina was delayed until mid-

June due to extremely high May precipitation.  The late seeding date most likely reduced 
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seed yield below its potential for western Washington.  All tested herbicides provided 

excellent weed control, but crop injury was severe from both simazine and Outlook, 

although these products didn‟t result in significantly lower camelina stand nor yield.  

Injury was considerably more likely to occur this year than under standard conditions, 

given the wet soil at the time of seeding and herbicide application.  Continued testing of 

Prowl H2O, Dual Magnum, Treflan, and Curbit, applied alone and in combination, is 

warranted based on these data. 

2B.  Camelina seeding rate trial.  The seeding date for camelina was delayed until mid-

June due to extremely high May precipitation.  The late seeding date most likely reduced 

seed yield below its potential for western Washington.  Given the excellent crop cover 

and impressive weed control (see herbicide trial above), however, continued testing of 

camelina is warranted. 

3.  Flax seeding rate trial.  The seeding date for flax was delayed until mid-June due to 

extremely high May precipitation.  The late seeding date most likely reduced seed yield 

below its potential for western Washington.  Perhaps also because of the late seeding 

date, weed suppression was very poor with flax compared to either mustard species or 

camelina.  Herbicide applications will likely be required to profitably produce flax on 

weedy sites, to reduce weed competition and to harvest a quality product that isn‟t 

contaminated with weed seeds (particularly ladysthumb and pale smartweed, common 

lambsquarters, and shepherd‟s-purse).  It was also apparent that this late seeding date 

delayed seed maturity and would have resulted in field harvest during inclement weather. 

4.  Mustard seeding rate trial.  The seeding date for mustard was delayed until mid-

June due to extremely high May precipitation.  The late seeding date reduced seed yield 

far below its potential for western Washington.  Weed suppression was excellent, 

however, indicating that perhaps the best use of late-planted mustard is as a cover crop.  

5.  Sunflower crop density trial.  Sunflowers grow very well under western Washington 

conditions, but harvest will almost always be delayed or otherwise impacted by late 

summer rains and fogs.  The seeding date in 2008 was very late; consequently, harvest 

would have been difficult at best, and seed would certainly have to be dried prior to 

crushing or storage.  There was not a clear trend in the data indicating which sunflower 

plant density will be optimum for western Washington conditions. 

 

Future plans:  

Biofuel trials that Craig Cogger and I are currently conducting in western Washington are 

predominantly focused on agronomic issues of biofuel crops, including species (canola, 

mustard, sunflower, flax, and camelina), seeding rate, seeding date, fertilizer choice for 

organic production, herbicide selectivity, and harvest issues in western Washington.  

Trials in 2009 will be similar to these 2008 trials, based on 2008 results.  We have 

initiated an organic canola trial at WSU Puyallup including four fall seeding dates, to be 

followed by four spring canola and mustard seeding dates.  In a similar way, camelina 

was seeded at three fall dates at WSU Mount Vernon, to be followed with five spring 

seeding dates.  Flax, sunflower, and mustard will also be seeded at several timings and 

seeding rates at WSU Mount Vernon in 2009.  Oil quantity and quality analysis will be 

conducted in Pullman for most of these species to determine their suitability for biofuel 

production under western Washington conditions. 
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“Busts” for western Washington oilseed testing to date have been many.   

Safflower.  Spring-seeded safflower did not yield any seed in Mount Vernon during 

2007, despite a healthy-looking crop.  Fall-seed safflower at the same site did not survive 

the winter of 2007-08.  New safflower varieties with greater winter hardiness have been 

identified, however, so testing may be conducted this winter.   

Meadowfoam.  Fall-seeded meadowfoam winter-killed in one of two years of testing at 

Mount Vernon; no further testing of meadowfoam is anticipated.   

Canola.  Due to concern by cabbage seed producers in northwestern Washington, canola 

production in those counties will be severely limited.  Consequently, canola testing is 

being conducted only at Puyallup.  Canola harvest has been the biggest issue in western 

Washington (Snohomish and Grays Harbor counties).  Both small and large plot 

sampling has shown that spring canola is very productive here, but because the crop 

ripens during late summer when morning fogs are prevalent, seedpods become wet daily 

and seed moisture is often too high for seed storage.  Harvest conditions therefore are 

only suitable for combine operation during a few hours after the morning dew/fog has 

evaporated and before evening relative humidity becomes too high for optimal seed 

collection.  Further, most canola seed has to be dried following harvest to allow before 

storage or oil extraction is possible.  Therefore, identification of optimal planting dates 

may be the most critical factor to be determined.  Fall canola was not initially thought to 

be a good choice for western Washington conditions, due to field flooding during the 

winter and significantly higher disease potential, and because we wanted to keep canola 

from blooming at the same time as cabbage seed crops (synchronous bloom increases the 

chance of cross-pollination which could be disastrous for a cabbage seed producer).  

WSDA has recently been taking on the issue of identifying production areas for canola, 

however, and these regions will shortly be set.  This greatly reduces the chance of 

unintentional cross-pollination between canola and cabbage seed, and at least opens the 

window for expanded testing of winter canola in western Washington.  It may turn out 

that disease management and water-logged soils will not be allow widespread production 

of canola, but small plot testing should identify whether that concern is perhaps 

overemphasized. 

Sunflower.  Sunflowers have been productive in large plots at Mount Vernon for the past 

two summers (sampling estimated yield at 2500 lbs/a) but harvest has been a concern, 

mostly for the same reasons listed for canola (see previous paragraph).  Plots have gone 

largely unharvested, although a very late harvest (November) was conducted in 2006.  As 

with canola, high moisture seed will be problematic for oil extraction and seed storage. 

Mustards.  Winter hardiness has been lacking in the mustard varieties that we have 

tested for cover cropping options at Mount Vernon, particularly in the yellow (or white) 

mustard, Sinapis alba.  This has resulted in crop failure or poor yields, as well as 

increased weed pressure in spots in the field where the mustard plants died.  Harvested 

seed from both yellow and brown mustard tested in Snohomish county during 2006. 

Camelina had never been tested in Mount Vernon prior to this year, to my knowledge. 

 

Future biofuel trials.  Trials in 2010 and 2011 will probably expand varietal testing, 

once species are identified that showed potential for biofuel production in western 

Washington.  Research will also continue to look at planting date, seeding rate, and 

fertility studies under organic conditions in Puyallup and conventional/organic in Mount 
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Vernon.  Herbicide screening may be necessary for camelina and mustard; flax, 

sunflower, and canola are widely planted enough to have several herbicides already 

registered.  Mustards will continue to be tested as part of this project, and ancillary work 

with mustard seed meal will continue (we have seen efficacy of meal for suppression of 

fusarium wilt in spinach and weed control in potato and strawberry). 

Infrastructure is a problem for widespread production in western Washington.  Combines 

are not widely owned, and much of the grain is custom harvested.  Increased acreages 

may improve that situation, as may the recent increases in small grain prices.  Storage 

space is limited or nonexistent for oilseed crops, necessitating transportation to central 

Washington or construction of storage facilities prior to crushing.  High moisture seed 

will need to be dried prior to crushing/storage, necessitating purchase of seed driers 

(propane or natural gas/methane heat source).  It is not likely that drying seed will be 

sustainable, given the high cost of that operation and the low value of biofuel seed on a 

pound-for-pound basis, and since burning one fuel to produce another seems counter-

productive.  The production of methane from dairy waste or other materials may provide 

a previously unavailable source of fuel for seed drying, however, so testing should 

continue.  In light of these concerns, it appears that economic analysis of production of 

the crop and the biodiesel should be a top priority for future trials. 
 

Citations:  None 

 

 
Planted Aug. 13, 2008    Planted Aug. 25, 2008 

 

 
 Planted Sept. 15, 2008   Planted Oct. 1, 2008 

Planting date x fertilizer application research plots at WSU-Puyallup, Nov.17, 2008.  
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CROSS-CUTTING PROJECTS 
 

Title:  Oilseed Crop Fertility 

 

PIs: Richard Koenig, Ashley Hammac, William Pan, Robert Stevens 

 

Objectives 

1. Develop baseline growth and nutrient uptake curves to characterize major 

oilseed crop nutrient needs; 

2. Develop nutrient (primarily nitrogen and sulfur) management 

recommendations for major oilseed crops that maximize oil yield and quality; 

3. Disseminate information on oilseed crop fertility management to growers in 

extension bulletins, and to the scientific community in peer-reviewed journal 

articles; 

4. Evaluate phosphorus requirements of oilseed crops, and rotational benefits of 

oilseed alternatives on subsequent crops of wheat 

 

Materials and Methods: Winter canola was planted on chemical fallow at two dryland 

locations (Wilke Farm near Davenport and Palouse Conservation Field Station [PCFS] 

near Pullman) in fall 2007. Preplant soil sampling was conducted to characterize baseline 

fertility conditions at each site. Treatments consisted of a range of nitrogen rates (0 to 160 

lb N/acre in 40 lb increments with 15 lb S/acre) applied in treatments replicated four 

times in a randomized complete block experiment design. Additional treatments were 

included at rates of 80 and 160 lb N/acre in which sulfur was omitted to evaluate sulfur 

responses. Select fall-spring split N application treatments were also included. Winter 

canola failed to establish at the Pullman location due to lack of moisture. At Wilke, 

establishment was acceptable but the stand suffered major damage due to a June 2008 

frost and was abandoned. Spring canola was sown on the winter site near Pullman; spring 

canola and camelina were sown on a new site near Davenport. Camelina failed to 

establish. Spring canola was grown to maturity and harvested to determine seed yield, oil 

yield and oil quality (oil yield and quality analysis is pending). 

 

An additional study was conducted north of Kamiak Butte to determine phosphorus 

requirement for oilseed crops (canola, camelina, and flax) compared to lentil in 2008. The 

above crops were seeded with a Fabro© drill in spring 2008 at recommended rates and 

triple super phosphate was applied at 5 rates (0, 10, 20, 40, and 60 lb/acre) in a 

randomized complete block, split plot arrangement.  Weeds were controlled by 

recommended chemical treatment and manual removal.  All plots were harvested in fall 

2008 with a Hege© plot combine.  
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Results 
There was a linear response to N rate for spring canola at both locations (Figure 1).  At 

both locations, the slope of the response indicated 4.5 lb seed yield increase with each lb 

of nitrogen applied. There was an 87 lb/ac (15.5%) seed yield response to sulfur at 

Davenport but no response at Pullman. Nitrogen application timing did not influence 

yield.  

Canola Nitrogen Response, 2007-2008
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Figure 1. Spring canola yield response to N supply (preplant nitrate-N 0-3 ft + ammonium-N 0-1 

ft) + fertilizer N).  Preplant residual N at Pullman was 54 lb N/A and at Davenport 44 lb N/A. 
 

 
   Spring canola taproot and earthworm activity at Pullman site. 
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There was no significant effect owing to phosphorus rate (Figure 2).  This may be a result 

of elevated residual phosphorus levels, crop growth limited by water availability, or 

increased crop phosphorus uptake efficiency for all species.  Significant differences were 

apparent between species with canola and camelina being highest, followed by flax, and 

then lentil.  However, economic analysis is needed to distinguish a significant difference 

in net return. 

 

Figure 2. The effect of phosphorus rate on spring oilseed crop yield at a site near Kamiak 

Butte in 2008. 

 

 

Conclusions 

Spring canola nitrogen response suggests a base recommendation of 1 lb N for each 4.5 

lb expected seed yield. Responses to sulfur are expected when soil test recommendations 

are low. Results for nitrogen application timing are inconclusive at this time.  

 

Future plans 

Winter and spring fertility studies are being repeated at both dryland locations noted 

above. Winter canola establishment at the PCFS was excellent. Establishment at 

Davenport is an apparent failure due to herbicide carry-over or frost damage. Spring 

canola and camelina will be established at both locations as in 2008. 

 

Citations 

None at this time.  
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Title:  Oil analysis 

 

Lead researcher: Ian Burke 

Co-investigator: Pat Fuerst 

Cooperators: Scott Mattinson and John Fellman 
 

The purpose of this project is to provide oilseed quality analysis as a service in support of 

the field research component of this project. We are providing data on 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. 
 

Progress: 

We received over 400 samples of canola and camelina from 2008 field research studies 

across the state; those studies are discussed elsewhere in this report.  We have validated 

methods and processed all samples for the following parameters (1) seed moisture 

content and (2) oil yield from a seed crusher.  Measurement of the following parameters 

is being conducted at this time: (3) total oil content, by NMR, and (4) fatty acid 

composition by gas chromatography.  

 

Measuring fatty acid composition is the most technically demanding of these parameters 

and at this time all procedure development has been finalized and samples are being 

rapidly processed.  We have two gas chromatographs in the lab, one with the mass 

spectrometer to allow positive identification of fatty acids and one with a more sensitive 

flame ionization detector, which is used for high sample throughput.   

 

When producing biodiesel, vegetable oils are chemically converted to fatty acid methyl 

esters.  Consequently we have converted (derivatized) all oil samples to fatty acid methyl 

esters, and these are now being analyzed by gas chromatography.  This information will 

allow us to determine the biodiesel quality of each oil sample; when we relate this 

information to the field experiments from which the samples came, we will be able to 

assess the effects of crop cultivars, fertility, and growing conditions on biodiesel quality 

in Washington state.  
 

 
Fig. 1. Gas chromatograph with mass spectrometer for oil analysis at WSU-Pullman.

Cross-cutting 
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Title:  Weed Control in Biofuel Crops 

 

P.I.’s: Joseph P. Yenish, Timothy W. Miller, Ian C. Burke 

 

Objective 

Evaluate labeled herbicides and combinations for weed control efficacy and crop safety 

in canola. 

 

Methods 

Roundup-Ready winter canola was planted at Pullman, Davenport, and Lacrosse, WA in 

the fall of 2007 to evaluate control of annual grass and broadleaf weeds.  Treatments 

included 0.5 lbs glyphosate/A applied in the fall followed by the same rate applied in the 

spring; 0.78 lbs glyphosate/A applied in the spring only; 0.094 and 0.188 lbs clopyralid/A 

applied in the spring only; 0.07 lbs quizalofop/A applied in the fall followed by 0.06 lbs 

quizalofop/A applied in the spring; 0.08 lbs quizalofop/A applied in the spring only; 0.09 

clethodim/A applied in the spring only; and 0.188 lbs sethoxydim/A applied in the spring 

only.  Each of these applications was made with and without a preemergence application 

of 0.75 lbs ethafluralin/A.   

 

Dry conditions and persistent herbicides previously applied at the Lacrosse location 

prevented stand establishment.  No data were generated from this location.  The 

Davenport location had an overall poor stand in the spring.  Spring applications were 

made followed by evaluations of crop injury and control of downy brome and cereal rye.  

Plots were destroyed following a May 30, 2008 evaluation of weed control due to 

extremely poor stand at the Davenport location.  The Pullman location had a successful 

plant establishment and winter survival and received spring applications.  Plots at this 

location were continued through crop maturity and harvest.  

 

Roundup-Ready spring canola studies were established at Pullman, Davenport, and 

Ralston, WA in the Spring of 2008 to evaluate crop injury along with grass and broadleaf 

weed control of various labeled treatments.  Treatments included 0.5 and 0.78 lbs 

glyphosate/A; 0.094 and 0.188 lbs clopyralid/A; 0.06 and 0.08 lbs quizalofop/A; 0.09 lbs 

clethodim/A; and 0.188 lbs sethoxydim/A.  Each of these applications was made with and 

without a preemergence application of 0.75 lbs ethafluralin/A.  Crop injury and weed 

control ratings were taken at each location.  Crop yields were measured at Pullman and 

Davenport locations.   

 

Demonstration plots were established at Pullman, WA to simulate imazethapyr 

persistence in soil.  These plots were shown to the general public at the Palouse 

Conservation Field Day Tour in June of 2008.  Crops included seeded strips of camelina, 

canola, and yellow mustard.  Across each of these seeded strips, imazethapyr was applied 

preemergence to simulate 2, 4, 6, 8, 10, 12, 14, 16, and 18 half-lives of imazethapyr 

persistence.   

 

  

Cross-cutting 
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Results (see Tables 1-5) 

As mentioned earlier, results were somewhat limited due to poor stands of winter and 

spring canola at the various locations.  Results which were most consistent between 

locations were that ethafluralin provided generally poor control of the grass and broadleaf 

species present.  These species include winter annual grasses, downy brome and cereal 

rye, and annual broadleaf species, prickly lettuce and Russian thistle.  The best and most 

consistent control of both broadleaf and grass weeds across locations and winter and 

spring seeded crops were split applications of glyphosate and the 0.78 lbs glyphosate/acre 

treatment.  Most treatments were safe to canola, however, clopyralid applications did 

injure spring canola up to 60% at the Davenport location. 

 

The plots established to demonstrate the impact of imazethapyr persistence on brassica 

oil-seed crops was seen by about 150 members of the Palouse Conservation Field Station 

tour in June.  The plots generated much discussion regarding grower‟s ability to grow 

brassica crops on fields that had received imazethapyr applications.  Handouts were 

prepared and distributed which showed the persistence of several commonly used grain 

legume and cereal herbicides include the labeled plantback intervals of canola and 

mustard.   

 

Conclusions 

The most effective and consistent control of broadleaf and grass weeds in winter and 

spring canola are with applications of glyphosate to Roundup-Ready canola varieties.  

Given the limited number of herbicides labeled for brassica crops, new growers of canola 

should strongly consider the use of suitable herbicide resistant varieties of canola for 

weed control.  Herbicide resistant crops will better ensure crop protection from weeds.  

Moreover, growers must beware of the persistence of herbicides used in rotational crops 

to ensure these herbicides do not impact the growth, establishment and yield potential of 

brassica crops.   

 

The most important weed management tool for brassica crops is establishing a 

competitive crop.  Effective competition from a brassica crop often suppresses weeds 

enough to eliminate the need for herbicide treatments.   

 

Future plans 

Herbicide persistence and impact on crops continues in other projects within the WSU 

weed science group.  The work will better define the duration of herbicide persistence 

across the crop environments of Washington and crop rotation intervals.   

 

The development of herbicide resistant weed populations also continues in other project 

with the WSU weed science groups.  If developing brassica crops means the wide use of 

technologies of herbicide resistant varieties, there may be greater danger of the 

development of weed populations that are resistant to herbicides used through the crop 

rotation.  The danger of resistance development and the impact on cropping systems 

needs to be researched.   
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Most important to controlling weeds in brassica crops is the ability to effectively 

establish competitive stands which suppress weeds.  Unless systems are established to 

consistently provide a competitive crop, effective and sustainable weed control will not 

be possible.  Studies should be developed to determine how various agronomic practices 

affect the competitiveness of brassica crops.   

 
 
 
 
 
Table 1.  Weed control in Roundup Ready winter canola at Davenport, WA 

Treatment
a
 Rate

b
 Timing 

Downy Brome Control 
Cereal Rye 

Control 

4/10 5/16 5/30 5/30 

   --------------- % --------------- 

Ethafluralin fb glyphosate 
fb glyphosate 

0.75 fb 0.5 fb 0.5 
PREE fb 

FPOST fb SPOST 
97 97 99 99 

Ethafluralin fb glyphosate 0.75 fb 0.78 PREE fb SPOST - 97 99 99 

Ethafluralin fb clopyralid 0.75 fb 0.094 PREE fb SPOST - 25 23 55 

Ethafluralin fb clopyralid 0.75 fb 0.188 PREE fb SPOST - 6 13 25 

Ethafluralin fb quizalofop 
fb quizalofop 

0.75 fb 0.07 fb 
0.06 

PREE fb 
FPOST fb SPOST 

99 96 98 92 

Ethafluralin fb quizalofop 0.75 fb 0.08 PREE fb SPOST - 79 81 86 

Ethafluralin fb clethodim 0.75 fb 0.09 PREE fb SPOST - 8 8 35 

Ethafluralin fb sethoxydim 0.75 fb 0.188 PREE fb SPOST - 18 20 57 

Ethafluralin 0.75 PREE 25 30 30 59 

Glyphosate fb glyphosate 0.5 fb 0.5 FPOST fb SPOST 99 97 99 98 

Glyphosate 0.78 SPOST - 97 99 99 

Clopyralid 0.094 SPOST - 8 0 25 

Clopyralid 0.188 SPOST - 19 7.5 25 

Quizalofop fb quizalofop 0.07 fb 0.06 FPOST fb SPOST 99 97 97 98 

Quizalofop 0.08 SPOST - 84 89 77 

Clethodim 0.09 SPOST - 16 15 55 

Sethoxydim 0.188 SPOST - 25 23 48 

LSD (p=0.05) 17 21 22 42 
a
Herbicide applied with appropriate labeled adjuvants 

b
Rate is expressed as amount of lbs/a  herbicide active ingredient or acid equivalent per acre. 
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Table 2.  Weed control and crop yield in Roundup Ready winter canola at 
Pullman, WA 

Treatment
a
 Rate

b
 Timing 

Downy 
Brome 
Control 

Prickly 
Lettuce 
Control 

Canola Yield 

5/15 5/15 9/10 

   --------------- % --------------- Lbs/A 

Ethafluralin fb glyphosate 
fb glyphosate 

0.75 fb 0.5 fb 0.5 
PREE fb 

FPOST fb SPOST 
95 63 2540 

Ethafluralin fb glyphosate 0.75 fb 0.5 PREE fb SPOST 94 80 1960 

Ethafluralin fb clopyralid 0.75 fb 0.094 
PREE fb 
SPOST 

41 78 2980 

Ethafluralin fb clopyralid 0.75 fb 0.188 
PREE fb 
SPOST 

30 95 2880 

Ethafluralin fb quizalofop 
fb quizalofop 

0.75 fb 0.07 fb 
0.06 

PREE fb 
FPOST fb SPOST 

93 44 2100 

Ethafluralin fb quizalofop 0.75 fb 0.08 PREE fb SPOST 69 86 2820 

Ethafluralin fb clethodim 0.75 fb 0.09 PREE fb SPOST 60 83 1930 

Ethafluralin fb sethoxydim 0.75 fb 0.188 
PREE fb 
SPOST 

78 86 2940 

Ethafluralin 0.75 PREE 51 73 2430 

Glyphosate fb glyphosate 0.5 fb 0.5 FPOST fb SPOST 93 86 2830 

Glyphosate 0.5 SPOST 94 95 2180 

Clopyralid 0.094 SPOST 0 86 2260 

Clopyralid 0.188 SPOST 0 95 2780 

Quizalofop fb quizalofop 0.07 fb 0.06 FPOST fb SPOST 91 0 2540 

Quizalofop 0.08 SPOST 70 0 2410 

Clethodim 0.09 SPOST 55 0 2620 

Sethoxydim 0.188 SPOST 71 0 2300 

Nontreated   0 0 2610 

LSD (p=0.05) 33 31 ns 
a
Herbicide applied with appropriate labeled adjuvants 

b
Rate is expressed as amount of lbs/a  herbicide active ingredient or acid equivalent per acre. 

 
 
Table 3.  Weed control in Roundup Ready spring canola at Ralston, WA 

Treatment
a
 Rate

b
 Timing 

Russian thistle control 

7/01 

   --------------- % --------------- 

Ethafluralin fb glyphosate 0.75 fb 0.5 PREE fb POST 78 

Ethafluralin fb glyphosate 0.75 fb 0.5 PREE fb POST 83 

Ethafluralin fb clopyralid 0.75 fb 0.094 PREE fb POST 60 

Ethafluralin fb clopyralid 0.75 fb 0.188 PREE fb SPOST 35 

Ethafluralin fb quizalofop 0.75 fb 0.06 PREE fb POST 50 

Ethafluralin fb quizalofop 0.75 fb 0.08 PREE fb POST 30 

Ethafluralin fb clethodim 0.75 fb 0.09 PREE fb POST 35 

Ethafluralin fb sethoxydim 0.75 fb 0.188 PREE fb POST 33 

Ethafluralin 0.75 PREE 53 

Glyphosate  0.5 POST 78 

Glyphosate 0.78 POST 70 

Clopyralid 0.094 POST 44 

Clopyralid 0.188 POST 30 

Quizalofop  0.06 POST 0 

Quizalofop 0.08 POST 0 

Clethodim 0.09 POST 0 

Sethoxydim 0.188 SPOST 0 

LSD (p=0.05) 25 
a
Herbicide applied with appropriate labeled adjuvants 

b
Rate is expressed as amount of lbs/a  herbicide active ingredient or acid equivalent per acre. 
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Table 4. Weed control and crop yield in Roundup Ready spring canola at 
Davenport, WA 

Treatment
a
 Rate

b
 Timing 

Canola 

Injury Yield 

7/01 9/09 

   ----- % ----- Lbs/A 

Ethafluralin fb glyphosate 0.75 fb 0.5 PREE fb POST 1 240 

Ethafluralin fb glyphosate 0.75 fb 0.5 PREE fb POST 15 190 

Ethafluralin fb clopyralid 0.75 fb 0.094 PREE fb POST 43 70 

Ethafluralin fb clopyralid 0.75 fb 0.188 PREE fb SPOST 65 10 

Ethafluralin fb quizalofop 0.75 fb 0.06 PREE fb POST 3 250 

Ethafluralin fb quizalofop 0.75 fb 0.08 PREE fb POST 23 190 

Ethafluralin fb clethodim 0.75 fb 0.09 PREE fb POST 6 150 

Ethafluralin fb sethoxydim 0.75 fb 0.188 PREE fb POST 6 260 

Ethafluralin 0.75 PREE 4 120 

Glyphosate  0.5 POST 15 180 

Glyphosate 0.78 POST 15 210 

Clopyralid 0.094 POST 43 60 

Clopyralid 0.188 POST 68 20 

Quizalofop  0.06 POST 28 140 

Quizalofop 0.08 POST 13 250 

Clethodim 0.09 POST 6 140 

Sethoxydim 0.188 SPOST 0 280 

Nontreated   0 160 

LSD (p=0.05) 20 130 
a
Herbicide applied with appropriate labeled adjuvants 

b
Rate is expressed as amount of lbs/a  herbicide active ingredient or acid equivalent per acre. 

 

Table 5. Weed control and crop yield in Roundup Ready spring canola at 
Pullman, WA 

Treatment
a
 Rate

b
 Timing 

Common 
Lambsquarters Canola 

Control Yield 

8/22 9/09 

   ----- % ----- Lbs/A 

Ethafluralin fb glyphosate 0.75 fb 0.5 
PREE fb 
POST 

70 640 

Ethafluralin fb glyphosate 0.75 fb 0.5 
PREE fb 
POST 

94 680 

Ethafluralin fb clopyralid 0.75 fb 0.094 
PREE fb 
POST 

58 560 

Ethafluralin fb clopyralid 0.75 fb 0.188 
PREE fb 
SPOST 

58 600 

Ethafluralin fb quizalofop 0.75 fb 0.06 
PREE fb 
POST 

54 700 

Ethafluralin fb quizalofop 0.75 fb 0.08 
PREE fb 
POST 

60 740 

Ethafluralin fb clethodim 0.75 fb 0.09 
PREE fb 
POST 

50 840 

Ethafluralin fb sethoxydim 0.75 fb 0.188 
PREE fb 
POST 

70 750 

Ethafluralin 0.75 PREE 48 780 

Glyphosate  0.5 POST 73 680 

Glyphosate 0.78 POST 81 750 

Clopyralid 0.094 POST 56 800 

Clopyralid 0.188 POST 55 740 

Quizalofop  0.06 POST 0 720 

Quizalofop 0.08 POST 0 510 

Clethodim 0.09 POST 0 670 

Sethoxydim 0.188 SPOST 0 670 

Nontreated   0 730 

LSD (p=0.05) 40 ns 
a
Herbicide applied with appropriate labeled adjuvants 

b
Rate is expressed as amount of lbs/a  herbicide active ingredient or acid equivalent per acre.  
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Title:  Preliminary Straw Characterization of Seven Biofuels Crops in the Pacific and 

Inland Northwest 

 

PIs: Kristy Ott-Borrelli and Bill Pan 

 

Introduction 
  

As interest in alternative fuel increases, researchers and producers must consider 

potential multiple uses of biofuel feedstock. Plant residues high in cellulosic fiber 

compounds offer many benefits as fuel products and value-added by-products.  Because 

plant biomass is a sustainable bioresource that can provide transportation fuels from 

renewable materials, research characterization of lignin, hemicellulose, and cellulose of 

various crop residues and their derivative products is encouraged (Zhang, 2008). 

Bioconversion of these products however, is difficult and expensive (Anderson and Akin, 

2008; Emsley, 2008; Pauly and Keegstra, 2008). Some research has examined the 

possibility of altering these compounds in order to modify them for improved production 

(Li et al., 2008). In addition to biofuel production, fiber-rich crops are potentially useful 

for cloth and papermaking, and forage crops for ruminant livestock (Li et al., 2008). Lal 

(2007) recommended management practices that return carbon-rich compounds back to 

the soil in order to sequester carbon, improve soil health and nutrient cycling and mitigate 

global climate change. Crops with more than one use can stimulate both the economic 

and ecological benefits of a production system by potentially providing a producer with 

variable options and valuable by-products.  

Current research for cellulosic ethanol production has focused mainly on corn-

stover (Zea maize), wood, and hay residues from wheat (Triticum aestivum), barley 

(Hordeum vulgare), triticale (Triticosecale rimpaui), rice (Oryza sativa), sugar cane 

(Saccharum officinarum), and switchgrass (Panicum virgatum) (Chen et al., 2007; Pauly 

and Keegstra, 2008). In the Pacific and Inland Northwest, researchers are also 

considering the production of crops such as canola (Brassica napus), camelina (Camelina 

sativa), and flax (Linum narbonense) in addition to weed species like Arundo donax and 

giant goat grass (Aegilops sp.) for oilseed and cellulosic fuels. The purpose of this 

research was to provide a preliminary assessment of the fiber content and carbon to 

nitrogen ratio (C:N) of seven plant species which can assist to determine their usefulness 

for biofuel production, rotational crops, soil amendments, and other by-products. 

Understanding the biochemical make up of these products can allow producers and 

researchers realize the potential uses and overcome difficult production barriers.   

 

Materials and Methods 

 

Subsamples of seven biofuel crop residues (camelina, flax, canola, wheat, giant 

goat grass, giant goatgrass wheat hybrid, and Arundo) were collected from researchers at 

Washington State University (Table 1). Camelina and canola are in the Brassicacea 

family, flax is in the Linaceae family and all others are grass species in the family 

Poaceae. Statistical analyses were performed between fiber contents of crop types but not 

between C:N. Data analysis for differences  between treatments within a crop type (such 

as soil type and location) was performed but only average results based on crop type are 
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presented in Table 2.  Any notable trends between treatments are summarized in the 

results and discussion/conclusion sections.  

 

Table 1. Location and description of plant samples used for fiber analyses.  

Plant samples were ground to 2mm with a Wiley mill and Acid Detergent Lignin 

(ADL) procedures for fiber analysis as described by Van Soest et al. (1991) were 

performed using an ANKOM 200 Fiber Analyzer (Ankom Technology, Macedon, NY). 

The ADL procedure utilizes H2SO4 to hydrolyze cell wall polysaccharides and leaves an 

insoluble lignin residue (Hatfield et al., 1994). Briefly, 0.5 g of straw residues in filter 

bags were heated in a neutral detergent for determination of Neutral Detergent Fiber 

(NDF) for 75 minutes, heated in an acid detergent for determination of Acid Detergent 

Fiber (ADF) for 60 minutes and soaked in cold 72% H2SO4 for 3 hours and washed with 

water until a neutral pH was obtained to determine ADL.  After each wash, samples were 

soaked in acetone, dried at 60-65°C overnight, and weighed. After processing for ADL, 

samples were ashed in a muffle furnace and weighed to determine the ash value and the 

Crop /Variety Location Sample description Plant parts sampled 

Camelina 
  

 

Calena Paterson , WA 4 varieties from two different soil types; Straw and 
Ligena Paterson , WA sandy soil inner  membranes 
Blaine Creek Paterson , WA 

 
of seed pods 

Suneson Paterson , WA 
 

 

Calena Paterson , WA Loam soil  
Ligena Paterson , WA 

 
 

Blaine Creek Paterson , WA 
 

 
Suneson Paterson , WA 

 
 

Unknown Prosser, WA Camelina2;  Roza plots Whole plant 

Flax 
  

 

Omega Paterson , WA Variety „McGregor‟ only from Othello Whole plant 
Bethune Paterson , WA 

 
 

Pembria Paterson , WA 
 

 

Omega Othello, WA 
 

 
Bethune Othello, WA 

 
 

Pembria Othello, WA 
 

 
McGregor Othello, WA 

 
 

Canola 
  

 

High Prosser, WA Line source experiment for various Stems and inner 
Intermediate Prosser, WA irrigation rates; 12 total samples membranes of 
Low Prosser, WA (4 from each treatment) were collected seed pods; leaves 

Wheat 
  

 

Sample 1 Prosser, WA From Roza plots; adjacent to Camelina2 Whole plant 
Sample 2 Whitman Co. Taken from roadside Whole plant 

Goat grass Whitman Co. Taken from roadside Whole plant 

Goat grass 

hybrid 
Whitman Co. Taken from roadside; unknown generation Whole plant 

Arundo donax Prosser, WA Mid-season, whole plant from 5 plots Stem and leaves 
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remaining lignin and cutin. Average percentages for each crop were determined 

mathematically as the difference between the washed sample and the initial sample and 

control as a proportion of the starting material. Detailed procedures can be found on the 

ANKOM Technologies website 

(http://www.ankom.com/00_products/product_a200.shtml).  

The NDF wash removes soluble materials leaving predominantly hemicelluloses, 

cellulose and lignin, the ADF wash removes hemicellulose predominantly leaving 

cellulose and lignin and the ADL procedure removes celluloses predominantly leaving 

lignin and ash. Because this process does not necessarily remove all components with 

each wash, amounts of hemicellulose and cellulose are estimates. The %hemicellulose 

was estimated by subtracting %ADF from %NDF and %cellulose by subtracting %ADL 

from %ADF. Carbon to nitrogen ratios were determined using a dry combustion method 

(LECO Corp., St. Joseph, MI).  Data were analyzed using the PROC GLM procedure in 

SAS (SAS Inst., Cary, NC). Results are summarized in Table 2. 

 Because plant samples came from various research projects, plant parts sampled 

for each crop type are variable (Table 1). The most notable difference is the unknown 

camelina variety taken from the Roza experiment plots in Prosser, WA. This sample was 

taken prior to harvest and had all plant parts intact including seed pods and seeds, leaves 

and straw. It has been designated as “Camelina2” and findings for this sample have been 

analyzed separately from the other camelina varieties from Paterson, WA. Diversity 

among plant parts of similar varieties could yield interesting findings warranting 

additional research.  

 

Results 
Table 2. Summary of fiber analyses and C:N  for all crop types. 

Crop type 
Ave 

%NDF 

Ave 

%ADF 

Ave 

%ADL 

Ave 

%Lig/cut 

Ave  

%hemi  

Ave  

%cell  
C:N 

 Camelina  76.29a 60.17a 14.47a 14.36a 16.11b 45.71ab 109:1 

Camelina2 70.37a 55.03ab 12.71a 12.55a 15.34b 42.33abc 46:1 

Flax  70.37a 56.57ab 14.98a 14.90a 13.81b 41.59bc 72:1 

Canola  76.65a 61.41a 13.00a 12.69a 15.24b 48.41a 117:1 

Wheat  67.27a 40.27d 6.19c 5.50b 27.01a 34.08de 39:1 

Goat grass  75.00a 45.58cd 7.72bc 5.89b 29.42a 37.87dce 67:1 

Goat*wheat 75.61a 49.09bc 9.65b 7.49b 26.52a 39.45dc 89:1 

Arundo  69.85a 40.76d 8.21bc 6.70b 29.09a 32.55e 25:1 

NDF has hemicellulose + cellulose + lignin 

    ADF has cellulose + lignin 

    ADL has lignin + ash 

     Lignin/Cutin (no ash) 

      

  

http://www.ankom.com/00_products/product_a200.shtml
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Basic Trends 

Fiber 

 Overall fiber trends were similar between Brassicacea and Linaceae vs. Poaceae 

species 

 Lignin and cutin was significantly higher in the Brassicacea and Linaceae than 

Poaceae species 

 Poaceae had higher hemicellulose than Brassicacea and Linaceae species 

 Brassicacea and Linaceae had higher cellulose than Poaceae species  

 

Specific fiber trends (statistically significant) - data not shown 

 In general, camelina grown in sandy soil had higher fiber contents than when 

grown on loam soil 

 Slight variations of flax fiber content occurred but were not consistently 

dependant on variety or location effects 

 Significantly higher fiber in wheat from Whitman Co. than Prosser 

C:N  

 Canola  >  Camelina  >  Goat grass hybrid  > Flax > Goat grass  > Camelina2 > 

Wheat > Arundo 

Camelina 

 Blaine Creek (125:1) > Suneson (120:1) > Calena (102:1) > Ligena (80:1) > 

Camelina2 (46:1) 

 Sand soil (116:1) > Loam soil (94:1) 

Flax 

 Bethune (80:1) > McGregor (73:1) > Pembria (71:1) > Omega (64:1) 

 Paterson (76:1) > Othello (68:1) 

 

Canola 

 High water (128:1) > Intermediate water (127:1) > Low water (92:1) 

Wheat 

 Wheat from Roza plots in Prosser (39:1) 

 Subsample of Whitman Co. wheat was not sufficient to perform C:N analyses 

Discussion/Conclusion 

 The complex chemical structure of lignin makes crops high in this compound 

difficult to process for biofuels and ruminant digestion. The type of lignin compound is 

going to determine the difficulty of extracting other useful compounds from plant tissues 

(Anderson and Akin, 2008; Akin, 2008; Zhang, 2008). Forage digestion research has 

produced knowledge on limitations of biodegradation of lignocellulose by rumen 

microorganisms, the same factors which will act as barriers to the production of these 
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products for bioenergy (Akin, 2008). High lignin content in residues from canola, 

camelina and flax suggest these crops might be difficult to use in cellulosic ethanol 

production or as ruminant feed. However, further research on the nature and properties of 

specific lignin and cellulose compounds in these crops would be necessary to fully 

understand their potential uses and hindrances. Plant residues high in lignin may be ideal 

soil amendments as these recalcitrant materials can aid to sequester carbon and improve 

physical characteristics of soil (Fierer et al., 2003; Sylvia et al., 2005). Soil type and 

location appears to affect fiber content in camelina and wheat and management practices 

may be used to control high or low amounts of fiber compounds. These differences could 

also be attributed to variety and/or plant part sampled. For example C:N is highly 

variable between all camelina varieties. The low C:N found in Camelina2 suggest that the 

presence of seeds may increase the amount of nitrogen in the sample and lower the ratio. 

However, „Ligena‟ camelina also had a low C:N compared to „Blanie Creek‟, „Suneson‟ 

and „Calena‟ camelina  and only straw was analyzed for all these varieties. Additionally, 

although irrigation rates did not affect the fiber content of canola, the C:N was greater for 

canola grown with high rather than low irrigation levels. Preliminary research on fiber 

content and C:N of biofuel crops reveals interesting trends that should be further 

investigated to assess the value of these crops for biofuel production, soil amendments, 

ruminant feed, rotational crops and by-products for value-added production. Specifically, 

variations in C:N and fiber content  trends between plant samples may have resulted from 

comparing whole plant samples to straw samples, management practices, soil types or 

varieties. Additional research between similar sample materials would allow more apt 

conclusions.  
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Title: Characterization of oilseed root morphology using high resolution imaging 

 

PI’s: Bill Pan, Rich Koenig 

 

Graduate student: Ashley Hammac 

 

Tech support: Ron Bolton 

 

Objectives:  

1) Develop cost effective method for observing oilseed root development for 

species/varietal comparisons and for investigating root responses to biotic and 

abiotic stresses. 

2)  Determine if oilseed species differ in root hair morphology than conventional 

rotational crops 

3) Determine if root hair developmental responses to water stress differs amongst 

crop species. 

 
Methods: Canon® CanoScan LiDE 60 flatbed scanners were buried in Rubbermaid® 

oblong plastic containers with Ritzville silt loam (Coarse-silty, mixed, superactive, mesic 

Calcidic Haploxerolls).  Treatments consisted of four crop species: canola (Brassica 

napus), camelina (Camelina sativa), flax (Linum usitatissimum), and lentil (Lens 

culinaris), each at two levels of water availability (θ = 0.1 and θ = 0.2), and replicated 

four times.  Seeds were germinated in oblong plastic containers under moist paper towels 

and grown without the addition of water throughout the remainder of the experiment.  

Plants were grown under artificial lighting (400 μmol m
-2

 s
-1

) with a 12-hour photoperiod.  

Rhizospheres were scanned daily and images with visible axial root tips were utilized to 

measure root hair length and density.  Root hair length and density were determined with 

Adobe® Photoshop.  Statistical analysis was performed using SAS statistical software 

with the Proc Mixed procedure.  

 

   
                                                                      

 

Results:  

 

High resolution images were obtained and successfully utilized to estimate maximum 

root hair length and density.  Canola and camelina were distinguished by their longer and 

less dense root hairs compared to flax and lentil.  Overall, lower moisture decreased root 
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hair length (p < 0.05) and had no significant affect on root hair density (Table 1).  

Individual species comparison revealed canola and camelina had significantly shorter 

root hairs with lower moisture (p < 0.05), whereas flax and lentil showed no significant 

difference in root hair length due to water availability (Figure 1).  Additionally, 

individual species comparison showed no significant difference in root hair density 

between treatments for any species (Figure 2).  Also noteworthy is the difference between 

species for root hair length and density (p < 0.0001).  Water availability has a distinct 

affect on root hair geometry (Figures 3 and 4). 
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Conclusions: 

 

Long root hairs of canola and camelina may provide a mechanism for improved water 

and nutrient use of these crops.  Previous laboratory experiments show root hair length is 

influenced by water stress which is linked to abscisic acid (ABA) production (Bibikova 

and Gilroy, 2003).  Others have concluded that root hair length and number are 

influenced by soil environment, especially soil P, and plant species (Ma et al., 2001; 

Gahoonia and Nielsen, 2003).  Additionally, root hair development may be a survival 

mechanism in low fertility environments (Gahoonia et al., 2006).  Differences in root hair 

initiation and ultimately geometry may be due, in part, to a change in root epidermal cell 

expansion from differences in water availability (Sneider et al., 1998).  Our findings 

reinforce earlier experiments but further research is needed to elucidate the combined role 

of soil water and P on root hair development and to determine how root hair development 

may affect drought tolerance.  

 

Future Plans: 
 

1. Determination of root hair influence on soil penetration in a scanner based 

experiment. 

2. Investigation of feasibility of in-place scanners in a field experiment. 
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Title:  Extension and Outreach Activities 

 

PI’s: Chad Kruger, Bill Pan, Karen Sowers, Jeff Canaan, Hans Kok, Kate Painter, 

 

Objectives: Develop educational materials and outreach events for producers, the general 

public, legislators, and other non-farm stakeholders. Conduct a global literature review of 

oilseed crop production. 

 

Methods:  Current and future publications include Extension manuals and fact sheets, 

news releases, and research papers based on data from each of the regions.  These are 

written as information becomes available during the project.  Outreach events have 

featured workshops, legislative tours and field days.  

 

Results:  

Events: The following events were held during 2008 to disseminate information: 

 

Event Location Attendance 

Winter Canola Field Day Omak 35 

Paterson Field Day Paterson 45 

Lind Field Day Lind 215 

Wilke Field Day Davenport 50 

PCFS Field Day Pullman 90 

Organic Farm Field Day Puyallup 100 

Canola Seed Meeting Odessa  80 

   

South Central WA Bioenergy Tour Region 3 50 
 

 
 

 

 

 

Case studies: Fifteen producers from the 4 regions of Washington state were interviewed 

about their experience with oilseed crop production. The information from the interviews 

will provide valuable information for other producers interested in growing oilseed crops 

for the first time, as well as be available for local Extension agents and other agriculture 

enterprises. 

 

Literature review: Global research papers, reports, and websites were collected on oilseed 

crops and distributed to appropriate researchers.  Summaries of previous research 

findings and reports are being compiled for the various subdisciplines.  Contact with 

national and international researchers have been made in key areas such as germplasm 

accession and biennial canola management. 

 

Publications:  A website for the research project has been set up and is continually 

updated at http://www.css.edu/biofuels. Two Extension bulletins about switchgrass 

production and another one for irrigated canola production are in review for online 

publication in 2009.  Several of the research project findings were featured at various 

meetings and field days during 2008, including the 2008 ASA-CSSA-SSSA annual 

meetings. The publications to date are as follows: 

Cross-cutting 

http://www.css.edu/biofuels
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Publications: 

Collins, H.P., S.C. Fransen, A.N. Hang, R.A. Boydston , and C. Kruger.  2008.  Biomass 

production and nutrient removal by switchgrass (Panicum virgitatum ) under irrigation.  

GSA, ASA, CSSA, and SSSA Abstr. 673-4. 

 

Fransen, S. and H. Collins. 2009 a. Seeding and early seedling development when 

establishing irrigated switchgrass for biofuel in the PNW. WSU Bulletin. (in press)  

 

Fransen, S. and H.Collins. 2009 b. Late seedling development and winter dormancy 

management of irrigated switchgrass for biofuel in the PNW. WSU Bulletin (in press) 

 

Hammac, A., Pan, W., Bolton, R., Koenig, R. 2008. Characterization of crop root hairs 

using high resolution imaging. ASA Abstracts, Madison, WI.  

 

Hang, An N., Hal P. Collins and Karen E. Sowers. 2009.  Irrigated spring and winter 

canola production in Washington.  WSU Extension Bulletin EM006E. 

 

Hang, A.N., S.C. Fransen, and H.P. Collins.  2008.  Biofuel feedstock research for central 

Washington. GSA, ASA, CSSA, and SSSA Abstr. 546-12. 

 

Schillinger, W., S. Hulbert, S. Guy, D. Wysocki, T. Chastain, D. Ehrensing, and R. 

Karow. 2008. Camelina agronomy research in the Pacific Northwest. In 2008 Field Day 

Abstracts: Highlights of Research Progress. Dept. of Crop and Soil Sciences Tech. 

Report 08-1, WSU, Pullman, WA.  

 

Schillinger, W.F., T.A. Smith, S.E. Schofstoll, and B.E. Sauer. 2008. Camelina cropping 

systems research at Lind. In 2008 Field Day Abstracts: Highlights of Research Progress. 

Dept. of Crop and Soil Sciences Tech. Report 08-1, WSU, Pullman, WA.  

 

Schillinger, W.F., A.C. Kennedy, T.C. Paulitz, D.L. Young, and T.A. Smith. 2008. 

Winter canola as a rotation crop in the low and intermediate precipitation zones. In 2008 

Field Day Abstracts: Highlights of Research Progress. Dept. of Crop and Soil Sciences 

Tech. Report 08-1, WSU, Pullman, WA. 

 

Future Plans: 

Field days and Extension workshops and meetings continue to be the primary means of 

sharing information with growers, ag sector employees, politicians, and the general 

public. In addition, Extension fact sheets or bulletins will be generated on other oilseed 

and cellulosic crops, and the production methods involved. The case studies will be 

completed and published online, and maintenance of the website continues.  After data is 

collected for the 2008-2009 crop year, sufficient information should be available to begin 

writing research papers for refereed publications.   

 

http://cru.cahe.wsu.edu/CEPublications/EM006e/em006e.pdf
http://css.wsu.edu/Proceedings/2008/2008_Field_Day_Abstracts.pdf
http://css.wsu.edu/Proceedings/2008/2008_Field_Day_Abstracts.pdf
http://css.wsu.edu/Proceedings/2008/2008_Field_Day_Abstracts.pdf
http://css.wsu.edu/Proceedings/2008/2008_Field_Day_Abstracts.pdf
http://css.wsu.edu/Proceedings/2008/2008_Field_Day_Abstracts.pdf
http://css.wsu.edu/Proceedings/2008/2008_Field_Day_Abstracts.pdf
http://css.wsu.edu/Proceedings/2008/2008_Field_Day_Abstracts.pdf
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Winter canola field day near Omak, WA featuring Dr.  

Frank Young‟s research. 
 

 
Dr. An Hang presenting information about safflower  

research at Paterson field day. 
 

 
Grower Rich Olson and Dennis Roe (WSU) discussing  

carryover herbicide damage in spring canola during case  

study interview near Garfield, WA. 
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Drs. Steve Fransen and Hal Collins sharing biofuel cropping systems research objectives 

during 2008 legislative tour at WSU-Prosser IAREC. 

 

 
Ted Durfey, Natural Selection Farms, discussing the process of converting oilseed crops 

in to biodiesel to attendees of 2008 Bioenergy Legislative tour. 
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