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Canola-Wheat Integration in the Inland Pacific Northwestern U.S. 

William L. Pan1, Frank L Young2, Tai M. Maaz1, and David R. Huggins2 
1Dept of Crop & Soil Sciences and 2USDA-ARS Pullman 
 

The inland Pacific Northwestern U.S. (iPNW) has a diversity of environments and soils, but 

lacks crop diversity, and is one of the few global wheat growing regions without significant 

oilseeds in rotation. Although major interest in regional energy crops and rotational 

diversification spurred feasibility research on iPNW canola food, feed and fuel production as far 

back as the 1970s, canola adaptation has lagged behind other semi-arid wheat regions for various 

socioeconomic, ecophysiological and agronomic reasons.  Global dietary changes, biofuel 

demand, genetic advances and 

public/private investments in regional 

processing facilities have increased 

iPNW canola acreage from 7,000 in 

2011 to 31-43,000 over the past 2 

years.   
 

While canola management largely 

relies on wheat farm equipment, 

agronomic approaches require strategic 

adjustments to account for 

physiological differences between 

canola and cereals including seed size, 

seedling morphology and responses to 

temperature extremes. Climate change 

predictions for the region threaten to 

exacerbate current hot and dry summers 

and research aims to develop and adapt flexible winter and spring canola-based systems to 

regional water and temperature stressors in each zone. The iPNW is challenged with having the 

lowest annual precipitation percentage (20 to 40%) during the growing season of any of the 

major semi-arid canola producing global regions.  The WA Oilseed Cropping Systems Project, 

funded by the WA State legislature, is conducting research on planting, fertilization, pest control 

strategies, variety performance, and cropping systems to successfully establish improved winter 

canola integration in the dry zones and spring canola in the wet zones.  
 

The adaptation of winter and spring canola will somewhat mirror the rotational placement of 

winter and spring cereals within each zone, with some spring canola potentially replacing fallow 

during wet years in the intermediate rainfall, flex crop zone. Economic analysis of oilseed break 

crop benefits such as weed and disease control will help to demonstrate the medium-term 

economic benefits of crop diversification to support the growth of a regional canola industry in 

the iPNW. Projected acreage required to match existing WA processing capacity is around 

700,000 acres, far below the 1:1 wheat to canola production levels being approached in the 

western Canadian Prairies. 
 

Pan, W.L., FL Young, T.M. Maaz, and D. R. Huggins.  2016. Canola Integration into Semi-Arid 

Wheat Cropping Systems of the inland Pacific Northwestern U.S. Crop and Pasture Science 

67(4) 253-265. 

  

Figure 1. Courtesy of M.B. Lang, WSDA 
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Winter Canola Water and Nitrogen Use in Low Rainfall Areas of Eastern Washington 

Megan Reese and Bill Pan, WSU Department of Crop and Soil Sciences; Frank Young, USDA-

ARS; William Schillinger, WSU Lind Dryland Research Station    

 

Fertility management of winter canola is more complex than spring canola due to its additional 

growth stages and potential markets of feed, food and fuel.  In addition to the complexities of 

nutrition management, water use is of paramount concern to growers in the water-limited 

environment of the Pacific Northwest.  Analyzing winter canola water and nitrogen (N) use can 

be approached throughout three growing seasons: vegetative growth (from planting to winter 

dieback), winter survival, and harvest season (spring regrowth to seed harvest).  In the 2014 

season, winter canola water and N use was monitored in variety trial plots seeded around August 

20 in Okanogan and Pomeroy.   

 

Fall 2014 water use in Okanogan and Pomeroy varied from 2-7 in., 15-20% of total water use.  

Canola at Pomeroy extracted water to at least 5 ft in the fall and used nearly all available water 

by harvest.  In contrast, canola water use at Okanogan was relegated to the top 3 ft during fall, 

but moisture deeper in the soil profile was accessed during spring regrowth.  Total water use was 

12 in. at Okanogan and 22 in. at Pomeroy.  Available water remained in the soil profile after 

harvest in Okanogan (Figure 1), possibly due to hardpan layers or subsoil nutrient restrictions.  

Canola grain yield was 2185 lb/acre at Pomeroy, which had greater soil water and N supplies 

than at Okanogan, which yielded 795 lb/acre.  Water use efficiencies were 65 and 105 lb/ac yield 

per inch water used for Okanogan and Pomeroy respectively, similar to spring canola in the area.  

Total season unit N requirements were higher than current regional extension bulletin literature, 

at 26 lb N per 100 lb yield in Okanogan and 17 lb N per 100 lb yield in Pomeroy. N 

inefficiencies appeared to occur in the fall and winter seasons to a greater degree than the harvest 

season.  Volatilization, immobilization, and ammonium fixation are potential N loss pathways. 

Figure 2.  Soil water profiles at Okanogan (left) and Pomeroy (right) in 2014-15 for selected 

sampling dates, compared to dry soil at permanent wilting point (dashed). 
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Winter Canola Variety Trials in the Low to Intermediate-Rainfall Zone of Washington 

Frank Young, Dale Whaley, Dennis Roe, Laban Molsee: WSU, Larry McGrew: USDA-ARS 

In 2014, winter canola variety trials were established at Okanogan and Pomeroy, Washington. 

Fourteen varieties were planted at 1900’ elevation at Okanogan, and 12 varieties at the Pomeroy 

site at 4400’ elevation. Annual precipitation was 7” at Okanogan and 15” at Pomeroy.  Plant 

establishment was visually evaluated 3 weeks after planting on a scale of 1 (poor establishment) 

to 5 (excellent establishment). Cold hardiness was determined by recording crop stand counts in 

the fall before freeze-up and in the spring after dormancy was broken. At Okanogan, the winter 

was cold, open, and very dry. Highest yielding varieties at Okanogan were Mercedes, Largo 

(Fig. 1), and Claremore, an imidazolone-tolerant variety. At Pomeroy, Griffin (Fig. 2) yielded 

the highest, followed by Amanda and Claremore. Largo had the highest survivability at both 

locations.  A field tour was held at Pomeroy and attended by 75 growers, crop consultants, 

university faculty, staff and students, and agency representatives (Fig. 3). 

  Winter canola variety trials in the low-intermediate rainfall zones of WA, 2014-2015. 

 Okanogan  Pomeroy 

Variety 

Yield 

(lbs/A) Est. 

Survival 

(%) 

 Yield 

(lbs/A) Est. 

Survival 

(%) 

DL Seeds Inc/Rubisco Seeds LLC      

Mercedes 878 4.3 36  2470 4.5 18 

Edimax 655 3.0 14  2538 3.6 24 

Safran 532 3.5 13  2659 3.4 28 

Inspiration 478 4.0 5  1229 4.0 5 

Spectrum Crop Development      

Largo (B. rapa) 858 3.9 71  1375 4.4 101 

Falstaff 544 4.3 12  2286 3.6 25 

Croplan by Winfield       

HyCLASS 115W 738 4.3 30  2125 4.0 31 

HyCLASS 125W 571 4.5 8  2237 4.3 39 

Croplan 13-26 225 4.0 8  116 4.3 0 

University of Idaho        

Amanda 809 4.3 25  2584 4.4 25 

WC-1 555 3.9 26  - - - 

05.6.33 600 3.6 7  - - - 

Kansas State University       

Griffin 684 4.1 40  2923 3.9 39 

High Plains Development       

Claremore 968 4.1 35  2414 4.4 44 



- 5 - 
 

 
Figure 1. Largo, spring 2015 at Okanogan. 

 
Figure 2. Griffin, summer 2015 at Pomeroy. 
 

 

  

Figure 3. A field tour was held in early June at the Pomeroy site and featured the 
winter canola variety trial, a soil pit showing root development, and several other 
presentations. 
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Two New Long-Term Winter Canola Cropping Systems Studies Established near Ritzville, 

WA 

Bill Schillinger1, Ron Jirava2, John Jacobsen1, and Steve Schofstoll1 

1Dept. of Crop and Soil Sciences, WSU, Lind; 2Grower Collaborator, Ritzville 

Two long-term winter canola cropping systems studies were recently initiated at the Ron Jirava 

farm five miles west of Ritzville, WA. Annual precipitation at the site averages 11.5 inches. The 

soil is a deep Ritzville silt loam with uniform texture throughout the profile. 

 

Study 1 commenced in September 2014 and includes four winter crop species. These crops are 

winter canola (WC), winter pea (WP), winter triticale (WT), and winter wheat (WW). There are 

two 4-year crop rotations involving no-till summer fallow (NTF) that are compared to the “check” 

treatment of 2-year WW-undercut tillage fallow (UTF). The experimental design is a randomized 

complete block with four replicates. Individual plot size is 32 x 100 feet. Each phase of all rotation 

sequences is present each year for a total of 40 individual plots covering 2.94 acres. Crop rotation 

treatments are: (1) WC-NTF-WT-NTF, (2) WP-NTF-WT-NTF, and (3) WW-TF. Winter canola is 

planted from late July to mid-September depending on surface soil moisture conditions in the NTF 

and predicted air temperatures for the ensuing week. If adequate seed-zone moisture for planting 

WC is not present, spring canola is planted in late March. Winter pea is planted deep into moisture 

(no N fertilizer) with a deep-furrow drill into NTF during the first week of September. In the first 

author’s experience, emergence of WP from deep planting depths has never been a problem. 

Winter triticale is planted deep into NTF during the first week of September if seed-zone moisture 

is adequate. If moisture is not adequate, WT seed is “dusted in” to NTF in mid-October. Winter 

triticale yields are much higher than those of WW with late planting. With the use of NTF, the two 

4-year rotation sequences hold promise as stable, profitable, and ecologically-friendly crop 

rotations for the low-precipitation zone.  

 

Study 2 was initiated in September 2015 following the completion of the 6-year safflower 

experiment. The previous 3-year WW-safflower-UTF rotation was replaced by a 3-year WC-

spring wheat-UTF system. Individual plot size in this study is 30 x 500 feet. The study site contains 

56 plots covering 20 acres and has been the focus of cropping systems research for the past 20 

years. As seed-zone moisture is generally greater in UTF (Study 2) compared to NTF (Study 1), 

WC will be planted in late August, if possible. If planting of WC is not possible, spring canola will 

be planted in late March. Excellent WC stands were achieved during this first year from an August 

25, 2015 planting into UTF (Figure 1). Due to widespread cold damage to Brassica napus WC 

varieties in recent years we, collectively, decided to use a Brassica rapa WC variety in this study 

due to improved cold tolerance and despite reduced seed yield potential compared to Brassica 

napus types. Long time Ritzville area WC grower Curtis Hennings suggested and provided the 

variety “Largo” for this study (Figure 1). 

 

Based on experience of regional WC growers, only phosphorus is applied at time of planting WC 

in both Study 1 and Study 2.  Nitrogen and sulfur is stream jetted in a Solution 32 formulation with 

a sprayer in a split application during the fall and again in early spring.  
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  Figure 1. Stand of ‘Largo’ Brassica rapa winter canola in Study 2 on the Ron Jirava farm near 

Ritzville, WA.  This crop was planted with a deep-furrow drill on August 25, 2015. Photo was 

taken on March 22, 2016. 
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Rotational Effects of Winter Canola on Subsequent Spring Wheat as Related to the Soil 

Microbial Community  

Jeremy Hansenab, Bill Schillingerb, Ann Kennedya, and Tarah Sullivanb 

aNorthwest Sustainable Agroecosystems Research Unit, USDA-ARS; bDept. of Crop and Soil 

Sciences, WSU 

 

Inclusion of canola as a rotational crop in the inland Pacific Northwest has expanded in recent 

years with the increased demand for canola-based products. Wheat grown after canola is generally 

reported to have greater grain yield compared to wheat grown after wheat. In a 7-year on-farm 

winter canola (WC) rotation study conducted near Reardan, WA, yields of spring wheat (SW) 

following WC were reduced compared to yields following winter wheat (WW). The objective of 

this research is to determine the differences and similarities in the soil microbial communities 

associated with WC and WW. If a shift in the microbial community between crops exists, we want 

to determine if the changes are connected to SW yield response. β-Glucosidase (BG) enzyme 

activity in WW was significantly greater compared to WC (Fig. 1A) in the first year (CS1), with 

the effect carrying over to the subsequent SW (CS2) in 3 of 5 crops years (CY). The BG enzymes 

are widely distributed among soil fungi and involved in the degradation of cellulose providing 

energy for soil microorganisms. Differences in BG activity could suggest alterations in the soil 

fungal community. Results of phospholipid fatty acid (PLFA) analysis indicate that fungal groups 

of the soil microbial community in WC were suppressed. In particular, mycorrhizal fungi (MF) 

were significantly suppressed in WC compared to WW in 4 of the 5 CY for CS1and CS2 

demonstrating carry over to the subsequent SW crop (Figure 1B). Preliminary data from this work 

suggest the preceding canola crop may have suppressed MF associations with the subsequent SW 

crop, which could explain the reduction in the observed SW yields. This study will provide 

research-based information of the influence brassica crops have on soil microbial health and crop 

yields to growers, scientists, and industry personnel.  

 

 

 
 

  

Figure 3. A) Difference in soil microbial enzyme activity in WC and WW treatments as determined by β-Glucosidase. B) 

Difference in biomarker indicators for soil mycorrhizal fungi in WC and WW treatments as determined by PLFA. Cropping 

sequence (CS) 1 represents data from the initial canola and wheat plots in the first year. CS2 represents data from the SW 

treatment following the WC and WW treatments. Different letters indicate significance @p<0.05.

a

a a

a

a

a

a

a

b

b
b

b

b

b

b

b

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

CS1 CS2 CS1 CS2 CS1 CS2 CS1 CS2 CS1 CS2

CY 2008 CY 2009 CY 2011 CY 2012 CY 2013

μ
g

 p
-N

it
ro

p
h

en
o
l

g
-1

h
r-1

Canola

Wheat

a

a

a

a

a
a

a
a

b

b

b

b

b

b

b b

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

CS1 CS2 CS1 CS2 CS1 CS2 CS1 CS2 CS1 CS2

CY 2008 CY 2009 CY 2011 CY 2012 CY 2013

m
o
l

%
 M

y
co

rr
h

iz
a
e 

B
io

m
a
rk

er Canola

Wheat

A B 



- 9 - 
 

Comparison of Rhizosphere Soil Microbial Communities for Winter Canola and Winter 

Wheat at Paired Field Sites 

Jeremy Hansen1, Tarah Sullivan2, Bill Schillinger2, and Ann Kennedy1  

1Northwest Sustainable Agroecosystems Research Unit, USDA-ARS; 2Dept. of Crop and Soil 

Sciences, WSU 

Canola as a rotation crop in the inland Pacific Northwest has expanded in recent years with the 

increased demand for canola-based products. Market prices, a major crushing facility at Warden, 

WA and reported rotational benefits have attributed to canola acreage expansion. Suppression of 

fungal root pathogens is one of the reported rotational benefits. Canola plants contain 

glucosinolates (GSLs), which upon cell rupture and during the decay of residue hydrolyze to 

produce isothiocyanates (ITCs). The production of ITCs is the mechanism responsible for what is 

referred to as the “biofumigation effect”. The biofumigation effect is largely considered positive; 

however, the non-selectivity of ITCs has potential to impact beneficial soil organisms. Canola root 

GSLs and ITCs often have greater concentration and toxicity in the root. Toxicity, and close 

proximity of ITCs to soil microorganisms, would potentially create changes in the rhizosphere soil 

microbial community. Preliminary data from a related field study near Reardan, WA suggest that 

winter canola may suppress mycorrhizal fungi associations of wheat following canola. The 

objective of this research is to determine the differences and similarities in the rhizosphere 

microbial communities of canola and wheat. To accomplish this, canola and wheat rhizosphere 

soil (Figure 1) is being collected from six farms located in Adams and Douglas Counties. Each 

farm is a paired site with winter canola and winter wheat grown in adjacent fields having similar 

soil properties, landscape position, and crop history. Samples from the farms of Derek Schafer, 

Rob Dewald, and Curtis Hennings near Ritzville WA and Doug Poole, Tom Poole, and Denver 

Black near Mansfield WA have been collected. Rhizosphere microbial community composition 

will be determined using phospholipid fatty acid (PLFA) analysis, and polymerase chain reaction 

(PCR) based community profiling techniques focused on the bacterial (16S), and fungal (18S) 

rRNA regions. This study will determine the influence of canola on soil rhizosphere 

microorganisms, and deliver information to supplement the findings of the winter canola rotation 

benefit study at Reardan. Collectively, these studies will provide research-based information to 

growers, scientists, and industry personnel of the influence that brassica crops have on soil 

microbial communities.  

 

 

 

 

 

 

  Figure 4. Field collection of rhizosphere samples and separation of rhizosphere soil from 

roots for analysis. Rhizosphere soil is defined here as soil adhering to canola or wheat roots 

after extraction.
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Canola Seedling Root Damage Caused by Ammonium Fertilizers 

Isaac Madsen and William Pan, WSU Department of Crop & Soil Sciences 

Toxicity to crops due to banding ammonium-based fertilizers below the root is well documented. 

Tap-rooted crops such as canola are more susceptible to toxicity than wheat, which has a fibrous 

root system. Because of the increased susceptibility of canola it is important to carefully consider 

the rate, source, and placement of ammonium-based fertilizer applications when including canola 

in a primarily wheat rotation. Symptoms of halted apical growth, premature lateral root 

emergence, taproot shrinkage, and necrosis have been observed by growing canola seedlings 

along the face of an office scanner (Fig 1). While these symptoms do not necessarily lead to 

seedling death, they may be responsible for increasing seedling vulnerability to other stresses as 

well as reducing the potential for a strong tap root.  

When banding fertilizers 

at planting it is important 

to consider rate, place, 

and source. Rate: The 

rate can increase the size 

of the toxic zone (Fig 1). 

Note that while the 

seedlings growing above 

the medium rates 

suffered damage to their 

tap roots they were able 

to recover and able to 

avoid the toxicity zone 

with lateral roots.  

 

Source: The ammonium source may also influence the size of the toxic zone. Forms of 

ammonium-based fertilizers which have higher pH cause an increase in ammonia gas movement 

through the soil. Ammonia gas is more deadly to plant roots and causes an expanded toxic zone. 

Place: Ideally fertilizer should be placed to the side or to the side and below the seed. However, 

this will infrequently be an option as it requires adjustments to seeding drills. If changing the 

fertilizer placement is not an option, split applying fertilizer may be the best approach.  

Conclusion: If banding ammonium-based fertilizer at planting, consider adjusting rate, place, 

and source to reduce damage to seedling root systems.  It is preferable to place the fertilizer 

below and to the side of the seed; decreasing the N rates may decrease the potential for damage; 

the source, and specifically the pH of the source fertilizer, can influence the distance at which 

toxicity symptoms may be observed from the seed.  
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Subsoil Quality:  Do our subsoils provide wheat and canola roots with ample water and 

nutrients during grain filling?  

Bill Pan, Megan Reese, Taylor Beard, Isaac Madsen, Tai Maaz, Department of Crop and Soil 

Sciences, Washington State University, Pullman, WA 

  

The inland Pacific Northwest is blessed with deep soils that are capable of storing water and 

nutrients that the crops can access over their life cycle in producing abundant grain.  But 125 

years of producing annual crops has extracted subsoil nutrients, and we now need to ask if we 

have a problem with subsoil deficiencies of the soil-immobile nutrients?  These deficiencies are 

also exacerbated by alkaline subsoil conditions?  Typically, routine soil tests are only conducted 

on surface soil samples. This approach was developed for Midwestern and southern U.S. where 

summer rains replenish topsoil moisture, thereby sustaining shallow root uptake of topsoil 

nutrients.  The PNW adopted the same approach, but does this make sense for us? Currently we 

only test for subsoil mobile nutrient forms (nitrate and sulfate), replenished with vertical 

infiltration of water that carry these anions during soil recharge.  We decided to run soil tests on 

all root zone depths to begin assessment of subsoil fertility status. Here’s what we found:  

 Most annual dryland crops remove subsoil nutrients, and those that are not removed by 

grain harvest are returned to the soil surface (see 

Figure).  

 Wheat recycles Si to the soil surface more than canola.  

This may increase soil crusting. 

 Many nutrients are not soluble enough to be carried in 

high concentrations back into the subsoil, and mainly 

remain in the surface soils that receive these nutrients. 

Soil immobile nutrients include P, Zn, Mn, Fe, B.  

 Over years of crop extraction, these soil-immobile 

nutrients have reached very low levels, and high subsoil 

pHs render some of these even more unavailable. 

 But wheat and canola root systems rely on subsoil water and nutrients mid to late 

season as surface soils dry in our semi-arid climate. 

 Topsoils dry out in our systems and shallow roots become inactive.  Do our subsoils 

provide wheat and canola roots with ample nutrients during grain filling? 

 With our unique patterns of winter precipitation and dry summers, improving subsoil 

fertility subsoils may be crucial to achieving full soil productivity potential. 

 What are ways to improve subsoil fertility?  For example deep phosphorus movement is 

only achieved when P fixation sites are saturated during P overfertilization.  It will be 

tough.  However, organically bound nutrient forms are more mobile. Green cover crops, 

animal manures, biosolids, and perennial forages may all provide more organic 

compounds such as organic acids that solubilize soil-immobile nutrients. 
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 Seasonal Availability of Immobile Nutrients 

 --early----- -mid-season------late------ 

 Soil Depth (ft) 

 
OKANOGAN composite B 0_1' 1_2' 2_3’ 3_4' 4_5' 

pH 1:1  6.7 7.5 8.8 9.3 9 

E.C. 1:1 m.mhos/cm 0.28 0.17 0.22 0.28 0.27 

E.C. saturated paste m.mhos/cm 0.68 0.44 0.57 0.73 0.7 

Effervescence Low Low Med Med Med 

Organic Matter W.B.  1.3 0.9 0.4 0.5 0.004 

Ammonium - N mg/kg  4.1 2.7 0.6 0.8 1.6 

Nitrate – N mg/kg 1.7 3.6 0.9 0.8 1.7 

Sulfate – S mg/kg 7 6 6 6 7 

Phosphorus Olsen mg/kg  16 9 4 7 7 

Potassium Olsen mg/kg  449 406 350 365 324 

Boron DTPA mg/kg  0.15 0.21 0.2 0.13 0.07 

Zinc DTPA mg/kg  0.9 0.2 0.1 0.1 0.1 

Manganese DTPA mg/kg  2.8 0.9 0.5 0.8 0.7 

Copper DTPA mg/kg  0.6 0.6 0.5 0.7 1.1 

Iron DTPA mg/kg  26 8 5 7 6 

Calcium NH4OAc meq/100g  6.1 6.4 11.4 6.6 12.8 

Magnesium NH4OAc meq/100g  1.1 1.5 2.2 2.3 2.4 

Sodium NH4OAc meq/100g  0.1 0.15 0.72 1.23 1.15 

Total Bases NH4OAc meq/100g  8.5 9.1 15.1 11.1 17.2 

 

Future efforts should be focused to improve and sustain soil productivity by increasing SUBsoil organic 

matter, macropore channels, and nutrient availability.  
 

Questions?  Contact Bill Pan wlpan@wsu.edu 

 

  

mailto:wlpan@wsu.edu


- 13 - 
 

Feral Rye Control in Winter Canola 

Frank Young, Dale Whaley, Nevin Lawrence, and Ian Burke: Dept. Crop & Soil Sciences, WSU 

Feral rye is a problematic winter annual grass weed in the low-rainfall, winter wheat-summer 

fallow rotation of the Pacific Northwest. The inclusion of winter canola into the crop rotation 

provides additional herbicide options to control feral rye. A study was conducted for three years 

in north central WA to determine the efficacy of Select 2EC, Assure II, and Roundup on feral rye 

control and winter canola yield. In 2011, when all three herbicides were applied in the spring, weed 

control ranged from 64% to 98% and yield increased more than 40% compared to the non-treated 

control (see table below). Fall plus spring applications of Assure II and Roundup were the most 

effective treatments for increasing canola yield and controlling rye (>95%) during the last two 

years of the study. Data from these experiments indicate that Roundup in Roundup-resistant winter 

canola (Figure 1a and 1b) and Assure II in conventional or Roundup-resistant winter canola can 

effectively control feral rye. 

Effect of three herbicides on feral rye control and winter canola yield.a 

  Bridgeport 2011  Bridgeport 2012  Okanogan 2014 

Treatment Rate Control Yield  Control Yield  Control Yield 

 oz/A % lbs/A  % lbs/A  % lbs/A 

Nontreated - - 1300  - 270  - 0 

Select (F) 6 - -  67 700  69 750 

Select (F+S) 6+6 - -  83 770  89 740 

Select (S) 6 64 1880  60 600  35 90 

Assure II (F) 9 - -  63 680  96 860 

Assure II (F+S) 9+9 - -  96 1070  100 780 

Assure II (S) 9 74 1920  93 840  83 430 

Roundup (F) 22 - -  69 780  96 740 

Roundup (F+S) 22+22 - -  99 1030  99 1040 

Roundup (S) 22 98 1930  99 860  100 350 
a  F=fall; S=spring. Select and Assure II contained nonionic surfactant in 2011 and crop oil 

concentrate in 2012 and 2014. Roundup contained 2.5% ammonium sulfate. Control ratings 

recorded May of harvest year. 

 

 
1a. Feral rye stand in 2013 before fall 

Roundup application. 

 
1b. Feral rye control in spring 2014 after fall 

Roundup application. 
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First Report of Horned Lark Damage to Pre-emerged Winter Canola Seedlings 

Bill Schillingera, Scott Wernerb, John Jacobsena, Steve Schofstolla, Bruce Sauera, and Brian 

Fodea 

aDept. of Crop and Soil Sciences, WSU, Lind, WA; bNational Wildlife Research Center, USDA 

APHIS Wildlife Services, Ft. Collins, CO 

 

Winter canola is considered the most promising, domestically-produced oilseed feedstock for the 

biodiesel industry and for diversifying wheat-based cropping systems in the Inland Pacific 

Northwest (PNW). Winter canola field experiments conducted in east-central Washington were 

completely destroyed, and commercial fields were damaged, over several years by large flocks of 

horned larks (Eremophilia alperestis L.) that ate the cotyledon leaves of pre-emerged and newly-

emerged seedlings (Fig. 1).  Horned larks are permanent year-round residents of the PNW. 

Through the years, several measures were attempted to control horned lark damage in newly-

planted winter canola fields.  These were: 

(i) A loud propane-powered noise cannon (such as that used in fruit orchards) was placed 

inside the plot area and set to explode at one-to five-minute intervals. Explosions initially 

caused the birds to take flight, but they soon returned to feeding. Horned larks soon became 

accustomed to the cannon booms, after which they fluttered briefly about a meter off the 

ground before resuming feeding. 

(ii) Bird netting such as used to protect cherry trees was spread on the surface of a 0.5-acre 

irrigated winter canola experiment the day after planting. Segments of netting were 

connected with plastic ties.  Horned larks wedged themselves underneath the netting in 

small gaps where netting segments were attached and travelled under the netting to eat pre-

emerged cotyledon leaves.  Several dozen horned larks died after becoming trapped in the 

netting. The sight of dead horned larks did nothing to deter their companions.  Essentially 

all canola seedlings in the experiment were destroyed. 

(iii) Concurrent with placing bird netting on the soil surface, a life-size great horned owl replica 

was mounted on a 5-ft-tall perch in the plot area two days after planting. This appeared to 

have little to no effect on deterring horned larks. 

(iv) A large quantity of garlic was mixed with canola seed in the drill before planting. 

Immediately after planting, additional garlic was then mixed with water and applied 

uniformly on the soil surface with a plot sprayer.  A light water irrigation of 3 mm was 

then applied to incorporate garlic into the surface soil.  A very strong odor of garlic was 

emitted from the plot area following these treatments. This had little to no effect as horned 

larks completely destroyed the plot before seedlings emerged from the ground.  

Repellent seed treatments can be used to protect newly-planted crops from bird depredation.  In 

2016, we will field test a non-toxic anthraquinone-based seed treatment for the protection of pre-

emerged and newly-emerged winter canola seedlings from horned lark depredation.  
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Fig. 1.  The Horned lark is a ground-dwelling bird commonly found in open areas and in fallow 

fields throughout North America.  Photos by Terry Sohl (with permission) and S.J. Werner. 
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Best Management Practices to Improve Low-Rainfall Oilseed Production 

Frank Young, Lauren Port, and Bill Pan: WSU 

Wind erosion continues to be a major problem in the low-rainfall, winter wheat fallow region of 

the PNW. One method to reduce soil loss by wind erosion is to increase residue. Five years ago 

we initiated a project at Ralston to increase residue to improve winter canola planting conditions 

into no-till chemical fallow. We are increasing residue by planting tall winter wheat and winter 

triticale in lieu of semi-dwarf wheat and harvesting with a stripper header. The tall residue 

influences the microclimate at the soil surface and seed zone by maintaining soil moisture and 

often reducing soil temperature.  This allows us to plant winter canola in August regardless of 

weather conditions. In 2013-2014, winter canola establishment was 35 to 45% better in stripper 

header plots compared to reduced-tillage fallow plots. In 2014-15, stand establishment was zero 

in the reduced-tillage plots. Unfortunately, cold weather killed all plots each year. In 2015, 

winter canola was planted into stripper header spring barley stubble and reduced-tillage fallow 

plots. Winter canola establishment was higher in the stripper header chemical fallow plots 

compared to the reduced tillage plots (Figure 1a and 1b). The plots were covered with snow 

which protected plants during the winter, including very small, 2-leaf plants that emerged later. 

 

 
1a. Spring 2016, reduced tillage 

 
1b. Spring 2016, stripper header chem. fallow 
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Cropping Systems: Economic Returns to Canola Rotations in Eastern Washington 

Vicki A. McCracken and Jennifer R. Connolly, School of Economic Sciences, WSU 

 

Canola growers have observed rotational benefits from growing canola including increased yield 

in subsequent wheat crops, decreased weed pressure, and improved soil quality. These benefits 

accrue in crops following canola, impacting total farm returns. Growing canola in traditionally 

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

with canola, and different tillage needs following canola as a result of canola residue breaking 

down differently than cereal crops. These impacts affect both costs and returns in the year canola 

is grown and in years later in a rotation. 

 

Assessing returns for complete rotations gives a more accurate picture of the profitability of canola 

than assessing returns for a single year. Enterprise budgets have been developed for the low and 

intermediate rainfall areas of eastern Washington and include expanded features that allow for the 

rotational impacts of canola. These interactive computer tools are available online and can be used 

by growers and advisors to growers (e.g. bankers and other agricultural industry personnel) to 

assess the on-farm economics of growing canola.  Each enterprise budget file includes separate 

tabs for summary, crop calendars, crop budget sheets (differentiated by rotation), and machinery 

complements and costs.  The summary tab presented below (based on 2013 data) provides detailed, 

interactive summary economic information useful in comparing alternative crops and rotations 

with and without canola.  
Inclusion of canola into 

crop rotations may offer 

agronomic benefits to farms 

that translate into improved 

overall farm profitability 

over time. Our research 

finds favorable economic 

returns of selected crop 

rotations that incorporate 

canola as compared to 

returns of traditional crop 

rotations when rotational 

impacts are considered, 

under some alternate price 

and production scenarios.   

 

Connolly, J.R., V.A. McCracken, and K. Painter. 2015. Enterprise Budgets: Wheat and Canola 

Rotations in Eastern Washington Low Rainfall (<12") Region, WSU Extension Factsheet, WA 

Oilseed Cropping Systems Series, TB09. 

Connolly, J.R., V.A. McCracken, and K. Painter. 2015. Enterprise Budgets: Wheat & Canola 

Rotations in Eastern WA Intermediate Rainfall (12 - 16") Zone, WSU Extension Factsheet, WA 

Oilseed Cropping Systems Series, TB10. 

WSU Honors College Thesis - Profitability of Oilseed Crops in Dryland Eastern Washington 

Wheat Rotations, Wendiam Sawadgo, Nominated for Completed with Distinction, Spring 2015. 

Table 1. Summary of Returns by Crop ($/acre) Over Two-Year Period*

Adjust costs on the individual crop budgets in tabs numbered 1-5 and totals will update here on the Summary tab.

Revenue Variable Fixed Total Cost (TC) Returns Returns

Yield Price per acre Costs (VC) Costs (FC) of Operation over VC over TC

Budget: By Crop**: Unit per acre per unit ($/acre) ($/acre) ($/acre) ($/acre) ($/acre) ($/acre)

Wheat Rotation: Fallow - WW - Fallow - WW

1 Soft White Winter Wheat (SWWW) bu 50 $6.42 $321 $189 $121 $311 $132 $10

2 Hard Red Winter Wheat (HRWW) bu 45 $7.65 $344 $202 $127 $329 $143 $16

Canola Rotation: Fallow - WC - Fallow - WW

3 Winter Canola (WC) lb 1500 $0.22 $330 $224 $121 $345 $106 -$15

4 Soft White Winter Wheat (SWWW) bu 50 $6.42 $321 $185 $120 $305 $136 $16

5 Hard Red Winter Wheat (HRWW) bu 45 $7.65 $344 $198 $126 $323 $147 $21

*For average annual costs or returns, divide by two. 

**Crop budgets include costs of preceding summer fallow. Individual crop costs and returns are for a two-year period.

Table 2. Summary of Returns by Rotation ($/acre) over Two-Year Period*

Click on the rotations below (red text) to select and compare alternative rotations from the drop down menu.

Revenue Variable Fixed Total Cost (TC) Returns Returns

per acre Costs (VC) Costs (FC) of Operation over VC over TC

Select the Rotation: Budget(s): ($/acre) ($/acre) ($/acre) ($/acre) ($/acre) ($/acre)

F-SWWW-F-SWWW 1 $321 $189 $121 $311 $132 $10

F-WC-F-SWWW 3 and 4 $326 $204 $121 $325 $121 $1

*For average annual costs or returns, divide by two. 

Click on these cells to select other 
rotations from drop-down menu
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A Survey of Eastern Washington State for Blackleg Disease of Canola Caused by 

Leptosphaeria maculans and Leptosphaeria biglobosa 

Timothy C. Paulitz1, A. Jenny Knerr2, Dan Schlatter1, Karen Sowers2, Michael L. Derie2, and 

Lindsey J. du Toit2 
1USDA-ARS, Wheat Health, Genetics and Quality Research Unit., 2 Department of Plant 

Pathology, Washington State University. 

Blackleg caused by the fungi Leptosphaeria maculans and L. biglobosa is the most important 

disease of canola worldwide.  The pathogen can be seedborne, which is the primary way it can 

spread into a new area. Blackleg was discovered in canola crops in northern Idaho in 2011, and a 

widespread epidemic occurred in the Willamette Valley of Oregon (OR) in spring of 2014 and 

2015.  In spring 2015, the disease was discovered on winter rapeseed and canola in the Camas 

Prairie of Idaho, with infected fields located from Grangeville to Moscow.  In addition, the disease 

was found in irrigated canola in northcentral OR. Because of these finds so close to Washington 

(WA), we initiated a survey of winter and spring canola fields in WA in 2015.   As a result of the 

harsh winter of 2014-2015, most of the winter canola was winter-killed, except for some crops in 

Okanogan and Douglas Counties. Fields were surveyed in Asotin, Douglas, Garfield, Columbia, 

Okanogan, and Whitman Counties.  In many of the fields, overwintered canola stubble was 

sampled, or canola leaves were examined for symptoms and pycnidia. Single-spore isolations were 

made from pycnidia on leaves onto water agar. Stubble samples were incubated at 100% relative 

humidity to induce production of fruiting bodies and spores, from which single spore isolations 

were made. Isolates were tested for pathogenicity on the cabbage cv. (Copenhangen Market) by 

wounding the base of the seedlings with a needle and inoculating with a spore suspension.  Isolates 

were also sequenced with ITS and β-tubulin primers for species identification. 

Results: Two isolates from a diseased leaf sampled from a field in Okanogan Co. collected in 

April were identified and confirmed as L. maculans based on DNA sequencing and pathogenicity 

testing. Isolates from Okanogan and Whitman Co, were identified as L. biglobosa subsp. 

australiensis. Common saprophytes identified on stubble that 

produced black fruiting bodies, and that could be readily confused 

with the blackleg fungus included Davidiella tassiana (the perfect 

state of Cladosporium herbarum), and Pleospora spp. (the perfect 

state of Alternaria and Stemphylium spp.).  

Implications: These results indicate that L. maculans and L. 

biglobosa are present in the inland WA, but at a limited incidence. 

L. biglobosa is mildly pathogenic on brassicas, compared to L. 

maculans, and its impact on canola in WA is unknown. In late 2015, 

the WA State Department of Agriculture modified existing state 

quarantine regulations to require testing of all brassica seed lots for 

the pathogen before seeds can be planted in any county east of the 

Cascade Mountains or in six counties in NW Washington.  It is 

especially important that the blackleg pathogen not become established in the northwest counties 

of WA and the Columbia Basin, where a significant percentage of the brassica seed for the country 

and the world is produced.  Members of the PNW Blackleg Team gave numerous extension talks 

in 2014-2016 throughout WA to alert growers and other stakeholders about the disease. The two 

pictures show the characteristic lesions on leaves, with dead (necrotic) lesions surrounded by a 

yellow (chlorotic) halo.  Inside the lesions are tiny black dots, which are the asexual fruiting bodies 

of the fungus (pycnidia), which produce spores that can be dispersed by rain or irrigation. 
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Semi-Arid Canola Nitrogen and Water Requirements  

William L.Pan1, Tai McClellan Maaz1, W. Ashley Hammac2, Vicki A. McCracken3, and Richard 

T. Koenig1  
1Dept of Crop & Soil Sciences, 2USDA-ARS West Lafayette, IN, 3WSU School of Economic 

Sciences 

 

Spring canola is being adapted as a rotational crop for the high rainfall and transitional fallow 

zones of the PNW.  This agronomic and economic diversification is improving weed control and 

soil quality, as well as supporting a growing regional oilseed processing and marketing industry.   

Field experiments were conducted over 12 site-years to define nitrogen (N) and water 

requirements of spring canola following wheat or fallow. Soil N supply (Ns) availability 

following wheat was lower than following fallow (77 vs. 205 kg Ns ha-1) leading to higher N 

fertilizer requirements (47 vs. 0 kg Nf ha-1) for canola following wheat, despite having lower 

water limited-yield potentials. Unit N requirements (UNRs) at economic optimal yield levels 

ranged from 9 to 17 kg Ns (kg grain-1) across high to low yielding site-years, respectively.  

 

Higher UNRs and lower N use efficiency (NUE) in water stressed years suggests projected 

climate change could result in more reactive N remaining in the system. Overall, these UNRs are 

generally higher than other reported canola recommendations from similar production areas, due 

to our inclusion of 

greater residual soil 

N depths and N 

mineralization 

contributions to N 

supply estimates. 

Nitrogen fertilizer 

requirements were 

low to zero in 

situations when 

residual and 

mineralized N 

sources and/or water 

availability limited 

canola yield 

potential.   

 

 

Pan, W.L., T. M. Maaz, W.A. Hammac, V.A. McCracken, R.T. Koenig. 2016. Mitscherlich-

modeled, semi-arid canola nitrogen requirements influenced by soil N and water. Agron. J. in 

press. 
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Components of Improved Canola Nitrogen Use Efficiency with Increasing Water and 

Nitrogen 

Tai McClellan Maaz1, William L. Pan1, and W. Ashley Hammac2 
1Dept of Crop & Soil Sciences, WSU and 2USDA-ARS West Lafayette, IN 

 

Spring canola is being adapted as a rotational crop for the high rainfall and transitional fallow 

zones of the PNW.  Our nitrogen (N) fertility trials indicate that water stress lowers nitrogen use 

efficiency (NUE) of spring canola (Pan et al., 2016).  An NUE component analysis was 

performed in 2011 and 2012 to identify the soil and plant processes that attribute to lower yield 

potential under low water availability of spring canola following wheat.   

 

Our NUE component analysis indicated that differences in water-limited yields were associated 

with lower N uptake efficiency from soil (plant N/N supply) and utilization efficiency to produce 

grain (grain yield/plant N). In particular, most of the reduction in yields were attributed to a 

lower grain N utilization efficiency (grain yield/grain N-inverse of grain N concentration), 

followed by a lower N retention in the soil (available N/N supply). Differences in grain N 

accumulation due to a lower availability of water were mostly attributed to a lower N retention 

efficiency.  

 
 

With decreasing available water and fertilization, spring canola became less efficient at 

accumulating (1) grain biomass per unit grain N and (2) grain N per unit of available N supply. 

These results emphasize the need to develop breeding and management strategies to improve 

water use efficiency and to select canola varieties capable of coping with water stress that limits 

grain biomass production per unit plant N accumulation.    

 

Pan, W.L., T. M. Maaz, W.A. Hammac, V.A. McCracken, R.T. Koenig. 2016. Mitscherlich-

modeled, semi-arid canola nitrogen requirements influenced by soil N and water. Agron. J. in 

press. 
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Evaluation of a Precision Double-Disk Planter for Spring Canola 

Ian Burke, Department of Crop and Soil Sciences, Washington State University 

 

Growers typically use a seed drill and a lot of seed to produce an adequate stand of canola. In 

general, approximately 50 to 60% of the 4.5 to 6 lbs of seed per acre planted actually germinates 

and emerges. Canola stands for production can be quite variable, but there needs to be a minimum 

of 4 plants per ft of row, and populations can be as high as or higher than 10 per ft of row. When 

high variation in seedling establishment is coupled with the wide variability in seed lots (canola 

seed can vary between 80,000 and 120,000 seeds per pound) and the expense of transgenic canola 

seed, a significant amount of money is wasted just planting canola. Precision vacuum plate planters 

offer a potential solution to minimize seed expense in canola production. Unlike seed drills, which 

are calibrated by flow (using weight of seed per unit time), precision vacuum plate planters are 

calibrated by seed number – instead of lbs to the acre, growers calibrate by the desired seed number 

per foot of row. By uniformly distributing seed in the row, greater numbers of seed could 

potentially establish and seeding rate could be reduced.  

 

A study was conducted in 2015 to evaluate canola stand establishment using a precision vacuum 

plot planter. Eight seeding rates were selected: 4, 5, 6, 7, 8, 10, or 12 seed per ft. The study design 

was a randomized complete block with 3 replications. Plots were 8 ft wide by 75 ft long.  

HyCLASS® 955 Roundup Ready® canola was seeded May 7, 2015 into a smooth seedbed 1.5 in 

deep, and into moisture. Stand counts were recorded June 16, 2016. Two 1-meter sections of row 

were counted per plot. Canola stands ranged from 1.9 to 4.4 plants per ft of row, and increased 

incrementally with seeding rate (Figure 1). Percent of seed that produced plants increased with 

planting rate, and at 10 seeds per ft, only 32% of seed failed to emerge. Percent establishment was 

much lower at lower planting rates, and at 4 seeds per ft ~50% of seed failed to emerge. Conditions 

were dry, and bloom began not long after the stand assessments were recorded. As a consequence, 

yield was not recorded.  
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Long-Term Safflower Cropping Systems Experiment near Ritzville, WA. 

Bill Schillinger1, Ron Jirava2, John Jacobsen1, and Steve Schofstoll1 

1Dept. of Crop and Soil Sciences, WSU, Lind: 2Grower Collaborator, Ritzville, WA 

 

We completed a 6-year experiment in 2015 to evaluate the potential for safflower (SAF) in a 

long-term dryland cropping systems experiment on the Ron Jirava farm located west of Ritzville, 

WA. Safflower was grown in a 3-year winter wheat (WW)-SAF-undercut tillage summer fallow 

(UTF) rotation and was compared to WW-spring wheat (SW)-UTF and WW-UTF rotations.  

Each phase of all rotations was present each year and there were four replicates. Individual plots 

were 30 ft x 500 feet. Soil water was measured in all plots after grain harvest in August and 

again in early April, and from UTF in early September. Treflan, a soil-residual herbicide, was 

applied in March or April to be rain incorporated into plots that were to be sown to SAF. 

Safflower was direct seeded into the standing stubble of the preceding WW crop at a rate of 40 

lbs/acre + N, P, and S fertilizer in late April or early May. Excellent stands were always 

achieved.  Grain yield was determined with a commercial-sized combine and a weigh wagon in 

mid-to-late September. Safflower seed yields ranged from 125 to 1130 lbs/acre and averaged 483 

lbs/acre over the six years. 

 

Due to safflower’s relatively high soil water use, crops grown after SAF sometimes produced 

lower grain yield than those following wheat. The water shortfall carried through a year of fallow 

after SAF harvest compared to a year of fallow after SW or WW. At time of planting for WW in 

early September, fallow in the WW-SAF-UTF rotation contained an average of 1.35 inches less 

soil water in the 6-ft profile compared to the WW-SW-UTF and WW-UTF rotations. Figure 1 

shows WW grain yield at the Ritzville site in three rotations for four cycles. By far the highest 

average WW grain yield of 68 bushels/acre was in the WW-SW-TSF rotation. The next highest 

average WW grain yield was 60 bushels/acre in the WW-TSF rotation. The lowest average WW 

grain yield of 55 bushels/acre occurred in the WW-SAF-TSF rotation. 

Although the 4-cycle average WW grain yield is lowest in the WW-SAF-TSF rotation, the only 

statistically significantly within-year WW yield differences between the WW-SAF-TSF and 

WW-TSF rotations occurred in 2012.  Winter wheat yields in these two rotations were not 

statistically different in 2013, 2104, and 2015 (Figure 1). This indicates that SAF may be 

providing a rotation benefit to the subsequent crop that offsets its well-documented high soil 

water use.  
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Figure 1. Winter wheat grain yield in three crop rotations at Ritzville, WA during four 
years and the 4-year average. Some readers may be confused as to why we only have 
four “cycles” of data shown here despite having grown and harvested safflower for six 
years. The reason is there is a year of fallow in all three rotations before winter wheat is 
planted. Thus, we will not have the full data set until after the 2017 winter wheat 
harvest.  Numeric values at the top portion of the data bars are winter wheat yields. 
Yields of the preceding spring wheat and safflower in the two 3-year rotations are also 
shown within the data bars. Within-year winter wheat yields followed by a different 
letter are significantly different at the 5% probability level. 
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Long-term Camelina Cropping Systems Experiment at Lind 
1Bill Schillinger, 2Brenton Sharratt, 3Stewart Wuest, 1John Jacobsen, 1Steve Schofstoll, and 
1Bruce Sauer 
1Dept. of Crop and Soil Sciences, WSU Lind; 2USDA-ARS, Pullman; 3USDA-ARS, Pendleton, 

OR 

 

We have completed seven years of a 9-year dryland cropping systems experiment at the WSU 

Dryland Research Station at Lind to evaluate camelina in wheat-based systems.  The experiment 

compares a 3-year winter wheat-camelina-fallow (WW-C-F) rotation versus the standard 2-year 

winter wheat-fallow (WW-F) rotation.  Experimental design is a randomized complete block 

with four replications.  Individual plots are 30 x 250 feet with a total of 20 plots. 

Camelina seed is direct drilled into the standing and undisturbed stubble of the preceding winter 

wheat crop in the last week of February or first week of March.  Winter wheat is planted into 

fallow in late August.  We conduct extensive soil water measurements in all plots three times 

every year.  We measure weed pressure, surface residue retention, grain yield, and surface soil 

characteristics.   

Camelina is a very hardy plant, but is susceptible to frost in the early seedling (i.e., cotyledon) 

stage of growth.  We had a complete loss of camelina stands from two separate planting dates in 

both 2013 and 2015 due to hard frosts in March and early April.  Camelina yields have ranged 

from 300 to 635 lb/acre and have averaged 450 lb/acre (Figure 1).  Winter wheat tends to yield 

slightly, but not significantly, lower in WW-C-F versus WW-F (Figure 1) due to retaining about 

0.5 inches less soil water from early April to late August during the fallow period compared to 

WW-F.  The significantly greater (35 versus 27 bu/acre) WW yield in the WW-C-F rotation in 

2015 was due to the frost kill of camelina in 2013 that resulted in these plots having two years or 

“double” fallow to accumulate soil moisture.  We expect to generate several additional research 

reports and journal articles from this experiment within the next few years. 
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Figure 1.  Winter wheat grain yield in the 3-year winter wheat-camelina-fallow 

rotation versus the standard 2-year winter wheat-fallow rotation.  Numerical 

values above the bars are camelina seed yield (lb/acre).  Winter wheat yield 

values followed by a different letter in 2015 indicates significant differences at 

the 5% probability level.  ns = no significant difference.  †The 7-year camelina 

yield average does not include 2013 and 2015 when camelina stands were killed 

by hard spring frosts. 
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Expanding Camelina Adaptation and Marketability by Breeding 

Scot Hulbert1,2 and Ian Burke2 
1Departments of Plant Pathology and 2Crop and Soil Sciences, Washington State University 

 

Camelina has potential as a rotation crop in dryland farming areas of the Pacific Northwest. Several 

genetic traits have been identified that either make the crop more adaptable to our wheat-based 

cropping systems or expand its marketing potential. One problem with currently available varieties 

is the extreme sensitivity to sulfonylurea and imidazolinone herbicides, which prevents their use 

in crop rotations using these chemistries, especially in rotations with Clearfield wheat varieties. 

We used a mutagenesis approach to identify lines with reduced sensitivity to these herbicides. One 

line carried a mutation that provided resistance to residual levels of both types of herbicides (Walsh 

et al. 2012). Lines carrying the gene showed no herbicide injury when planted into soils where the 

herbicide Beyond was applied at four times the recommended rate the previous season. The 

mutation has been bred into a high yielding, high oil background and is being amplified for release 

in 2016.  

 

A second breeding objective is a variety that will be more widely accepted for edible oil purposes. 

Although this market is already expanding, camelina oil has not been approved by the FDA partly 

due to the erucic acid content. Current camelina varieties have erucic acid contents of 

approximately 3 % while canola and other oils are less than 1%. Our cooperator at Montana State 

University, Dr. Chaofu Lu, has identified a mutation causing low (~0.5%) erucic acid. This trait is 

being bred into our highest performing lines for release as a low-erucic, herbicide tolerant variety 

for cooking/salad oil.   

 

A third focus of the breeding program is larger 

seed size for better emergence and stand 

establishment. Camelina’s small seed requires 

a very shallow seed depth at planting which 

can make stand establishment difficult under 

dryland conditions. We have begun a 

recurrent selection program for large seeds 

after crossing our advanced lines to the largest 

seeded camelina germplasm available. The 

objective is to determine if it is possible to 

make larger seeded varieties that have similar 

or better yields and oil contents.    

 

 

Walsh, D.T., Babiker, E.M., Burke, I.C., Hulbert S.H.  (2012) Camelina Mutants Resistant to 

Acetolactate Synthase Inhibitor Herbicides. Molecular Breeding: Volume 30:1053-1063 

  

 
Variation in seed size in different 

camelina breeding lines. 
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Manipulating the AT-hook Motif Nuclear Localized (AHL) Gene Family for Bigger Seeds with 

Improved Stand Establishment 

Michael M. Neff, Pushpa Koirala, David Favero, and Reuben Tayengwa: Department of Crop 

and Soil Sciences, Molecular Plant Sciences Graduate Program, Washington State University 

In low rainfall dryland-cropping areas of Eastern Washington, stand establishment can have a 

major impact on yields of camelina and canola. During dry years these seeds need to be planted in 

deep furrows so that the developing seedling has access to water in the soil. One approach to 

facilitate stand establishment is to develop varieties with larger seeds and longer hypocotyls as 

seedlings while maintaining normal stature as adults. Few mechanisms, however, have been 

identified that uncouple adult stature from seedling height. The Neff lab has identified an approach 

to improve stand establishment by uncoupling seedling and adult phenotypes through the 

manipulation of members of the AHL family. When these genes are over-expressed, the result is 

seedlings with shorter hypocotyls. When the activity of multiple genes is disrupted, the result is 

seedlings with taller hypocotyls, demonstrating that these genes control seedling height in a 

redundant manner. In the Brassica Arabidopsis thaliana, we have identified a unique allele (sob3-

6) for one of these genes, SOB3/AHL29, that over-expresses a protein with a disrupted DNA-

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

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

be more than twice as long as the wild type. The goal of this project is to enhance camelina and 

canola seedling emergence when they are planted deeply in low-rainfall dryland-cropping regions 

(generally less than 12”/year) or in wheat stubble. This can be achieved by manipulating AHL gene 

family members to develop varieties that have long hypocotyls as seedlings yet maintain normal 

growth characteristics as adult. The current aims for this project are: 1) Analyze seed size of AHL 

mutations in Arabidopsis; 2) Identify, clone and characterize AHL gene family members from 

camelina and canola; 3) Generate transgenic camelina and canola expressing AHL genes; 4) Use 

CRISPR/Cas9-based genome editing to modify AHL genes; 5) Characterize seedling morphology 

in canola varieties previously used in stand establishment studies. During this funding period, the 

Neff Lab has used a combination of molecular, genetic, biochemical, and biotechnological 

approaches to understand the role of AHL genes in plant growth and development. Our primary 

goal has been to characterize AHL genes from Arabidopsis and camelina, while also establishing 

a canola transformation system. The picture below is of Pushpa Koirala using tissue culture to 

generate transgenic canola using Agrobacterium-mediated transformation as a part of her Ph.D. 

training. We have used the camelina draft genome sequence to identify 81 camelina AHL genes, 

eight of which have been cloned. We have transformed 

camelina and Arabidopsis with some of these camelina genes. 

We have also generated putative transgenic canola, though 

these still need to be verified. Using Arabidopsis AHL mutants, 

we have now demonstrated that the long hypocotyl seedling 

phenotypes are regulated by plant hormones including the 

auxins and brassinosteroids. This work is part of David 

Favero’s Ph.D. dissertation. The auxin-related work has been 

accepted for publication: Favero DS, Jacques CN, Iwase A, Le 

KN, Zhao J., Sugimoto K, and Neff MM (2016) 

SUPPRESSOR OF PHYTOCHROME B4-#3 Represses Genes 

Associated with Auxin Signaling to Modulate Hypocotyl 

Growth in Arabidopsis thaliana. Plant Physiology (accepted). 



- 28 - 
 

Soil Characteristics and Associated Wind Erosion Potential Altered by Oilseeds in Wheat-

Based Cropping Systems 

Brenton Sharratt1 and Bill Schillinger2 

1Northwest Sustainable Agroecosystems Research Unit, USDA-ARS; 2Dept. of Crop and Soil 

Sciences, WSU 

 

Oilseeds are integral to the production of biofuels and diversifying rainfed cropping systems in the 

Pacific Northwest. However, there is evidence to suggest greater potential for wind erosion when 

growing oilseeds in wheat-based rotations when tillage is used during fallow. Little is known 

concerning the impact of growing oilseeds on soil surface characteristics that affect erosion. Soil 

characteristics were examined during the fallow phase of three crop rotations: (i) winter wheat-

summer fallow (WW-SF), (ii) winter wheat-camelina-summer fallow (WW-C-SF), and (iii) winter 

wheat-safflower-summer fallow (WW-SAF-SF) at Lind and Ritzville, Washington. Crop residue 

biomass and soil water content, roughness, surface strength, and aggregate size distribution were 

measured immediately after planting winter wheat. Camelina and safflower did not affect random 

roughness, penetration resistance, geometric mean diameter, or the erodible fraction. Flat residue 

biomass and cover, however, tended to be greater in the WW-SF rotation. The Revised Wind 

Erosion Equation suggested that sediment transport could be from 57 to 212% greater for the WW-

C-SF or WW-SAF-SF than the WW-SF rotation due to differences in crop residue characteristics 

after sowing wheat. These results indicate that crop residue must be carefully managed to minimize 

the occurrence and intensity of wind erosion from dryland oilseed cropping systems when tillage 

is used during summer fallow. Specifically, no-tillage may be required to manage crop residue 

during the fallow phase of a wheat-oilseed-fallow rotation for controlling wind erosion.  A newly-

published detailed report of this study is available at: Sharratt, B.S. and W.F. Schillinger. 2016. 

Windblown soil characteristics altered by oilseed crops in typical wheat-fallow rotation. Soil 

Science Society of America Journal doi:10.2136/sssaj2015.12.0427. 

 

 

  

Long-term camelina (left) and safflower (right) cropping systems studies have been conducted at Lind 
and Ritzville, respectively. 
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Extension and Outreach: Getting Oilseed Information in the Hands of Stakeholders  
Karen Sowers1, Dennis Roe1, Bill Pan1, Frank Young2, Aaron Esser1, and Bill Schillinger1 
1WSU Crop & Soil Sciences; 2USDA-ARS Pullman 

 

As evidenced by the numerous reports in this annual compilation, the Washington Oilseed 

Cropping Systems (WOCS) project continues to crank out a wide range of research results 

annually. The WOCS team’s top priorities are to conduct research to 1) answer production 

questions from growers, 2) improve production, and 3) be applicable in a range of precipitation 

zones in eastern WA and the Pacific Northwest. Just as important as the research is finding 

effective ways to disseminate the data and findings to growers, crop consultants, and other 

stakeholders.  We have found that a variety of formats of outreach is key to effective 

communication.  Methods we use throughout the year are online via the WOCS website 

(www.css.wsu.edu/biofuels), email updates and notifications, five field days during the growing 

season, individual farm visits, on-farm trials, Extension publications, presentations at university 

and industry events, and finally, our annual oilseed production workshops and/or conference.  In 

2015, 1335 people attended all WOCS events.  Ten Farmer Technology breakfast meetings were 

held in Colfax and Lewiston, all of which had an oilseed component.  

 

After partnering with the Pacific Northwest Direct Seed Association for a large conference in 2014 

and 2015 and based on survey results, we returned to our original format of several smaller 

workshops dedicated specifically to oilseed production, marketing and processing information.  

The workshops were held in Odessa, Colfax and Dayton, and the response from growers and 

industry was overwhelmingly positive.  Attendees placed the highest value on the presentations 

being geared toward the production region where each workshop was at, and the interactive format 

of the breakout sessions. We will be having workshops again in 2017 with the interactive format, 

potentially a more hands-on approach, and growers and industry involved in the planning.   

 

Winter canola plans with growers and WOCS staff were challenged, and in many cases failed, last 

summer and fall with drought conditions.  Additionally, there was a period of time during seeding 

time when bids were not available for canola and there was uncertainty about the future of a major 

processor where most growers take their crop.  Those factors resulted in planted winter canola 

acres again being down from the recent high of 51,000 acres in 2014 to 37,000 for 2016 (USDA-

NASS, Mar. 31, 2016).  Despite the reduced prospective acres, the WOCS team is forging ahead 

with outreach to continue educating PNW growers and crop consultants about the latest research 

to improve production.  Several fact sheets were published to kick off a WOCS-branded Extension 

publication series. 

 

With a grant from Viterra, the WOCS Extension team has planned on-farm spring canola variety 

trials that are now being planted at three locations in eastern WA: Davenport (WSU Wilke Farm), 

St. John (Eriksen farm), and Fairfield (Emtman Farms).  There are six varieties, including 

Roundup Ready, Liberty Link, Clearfield (including a high-oleic), non-GMO hybrid, and 

a Brassica rapa.  We are using grower equipment for most field operations and will be hosting 

field days at the plots. Stand establishment, soil water and nitrogen use efficiency, weed control, 

and yield will be measured.  Keep an eye on our website calendar for upcoming events! 

 

http://www.css.wsu.edu/biofuels

