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Ecosystems and Environment. In press. ISSN 0167-8809 
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Glover, H. Collins, and A. Esser. 2017. Impact of Climate Change Adaptation Strategies on Winter Wheat and Cropping System 

Performance across Precipitation Gradients in the Inland Pacific Northwest, USA. Frontiers in Environmental Science 5:23. doi: 

10.3389/fenvs.2017.00023 

Pan, W. L., Maaz, T. M., Madsen, I., J. Reese, M., Hammac, W. A., Wysocki, D., Davis, J. B., Wingerson, M., and Brown, J. 2017. 4R 

nitrogen management when integrating canola into semi-arid wheat.  Crops and Soils 50: 3: 16-661. doi:10.2134/cs2017.50.0309 

Pan, W. L., W.F. Schillinger, F.L. Young, E.M. Kirby, G.G. Yorgey, K.A. Borrelli, E.S. Brooks, V.A. McCracken, T.M. Maaz, S. Machado, 

I.J. Madsen, J.L. Johnson-Maynard, L.E. Port, K. Painter, D.R. Huggins, A.D. Esser, H.P. Collins, C.O. Stockle, and S.D. Eigenbrode. 

2017. Integrating historic agronomic and policy lessons with new technologies to drive farmer decisions for farm and climate: The 

case of inland Pacific Northwestern U.S. Frontiers in Environmental Science. doi: 10.3389/fenvs.2017.00076 

Port, L.E., F.L. Young, and W.L. Pan. 2017. Producing high-residue no-till fallow in the low-rainfall zone of the Pacific Northwest. 

Crop, Forage & Turfgrass Management 3:2017-03-0024. doi:10.2134/cftm2017.03.0024 

 

Extension Publications 

Beard, T., F. Young, and D. Long. 2017. No-till Spring Canola Planting Methods Comparison in Low Rainfall Areas of WA and OR 

(Oilseed Series) (in preparation). 

Fransen, S., E. Walker, D. Llewellyn, and K. Sowers. 2017. Dual-purpose Winter Canola in the Pacific Northwest: Forage 

Management (Oilseed Series). FS262E. 

Llewellyn, D., S. Fransen, E. Walker, and K. Sowers. 2017. Dual-purpose Winter Canola in the Pacific Northwest: Silage Production 

(Oilseed Series) FS260E. 

Pan, W.L., T.M. Maaz, I.J. Madsen, W.A. Hammac, M. Reese, D. Wysocki, J.B. Davis, M. Wingerson, and J. Brown. 2017. 4R N 

Management of Canola Integration into Semi-Arid Wheat. Crops and Soils May-June issue, pp 16-27. 

Yorgey, G. and C. Kruger, eds. 2017. Advances in Dryland Farming in the Inland Pacific Northwest. Washington State University 

Extension Publication. EM108. Pullman, WA. (includes discussion about canola in Chapters 4 and 5 by several WOCS faculty) 

 

http://pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778
http://pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778
https://dl.sciencesocieties.org/publications/aj/abstracts/0/0/agronj2016.08.0457?search-result=1
https://www.sciencedirect.com/science/article/pii/S016788091730138X
https://www.sciencedirect.com/science/article/pii/S016788091730138X
https://www.frontiersin.org/articles/10.3389/fenvs.2017.00023/full
https://www.frontiersin.org/articles/10.3389/fenvs.2017.00023/full
http://css.wsu.edu/oilseeds/files/2017/03/Pan-et-al.-4R-N-canola-cns-50-3-16-6.pdf
http://css.wsu.edu/oilseeds/files/2017/03/Pan-et-al.-4R-N-canola-cns-50-3-16-6.pdf
https://www.frontiersin.org/articles/10.3389/fenvs.2017.00076/full
https://www.frontiersin.org/articles/10.3389/fenvs.2017.00076/full
https://dl.sciencesocieties.org/publications/cftm/abstracts/3/1/cftm2017.03.0024
https://pubs.wsu.edu/ItemDetail.aspx?ProductID=15977&SeriesCode=&CategoryID=&Keyword=FS262e
https://pubs.wsu.edu/ItemDetail.aspx?ProductID=15977&SeriesCode=&CategoryID=&Keyword=FS262e
https://pubs.wsu.edu/ItemDetail.aspx?ProductID=15980&SeriesCode=&CategoryID=&Keyword=FS260e
https://pubs.wsu.edu/ItemDetail.aspx?ProductID=15980&SeriesCode=&CategoryID=&Keyword=FS260e
http://extension.wsu.edu/publications/pubs/em108/
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 Effect of Planting Date on Winter and Spring Camelina sativa 

Biotypes 

Wilson Craine and Scot Hulbert 

 

The vast majority of camelina varieties are spring biotypes. However, winter biotypes also exist that require vernalization to 

flower and consequently exhibit different patterns of growth. These winter types have yet to be evaluated in field trials 

because camelina traditionally is a spring planted crop. The purpose of this experiment was to evaluate both spring and winter 

camelina biotypes planted at different times throughout the growing season. Five different planting dates were used, with two 

fall planting dates, October 5 (F1) and October 24 (F2), and three spring planting dates, April 5 (S1), April 22 (S2), and May 10 

(S3). A total of eighteen camelina varieties, consisting of fifteen spring and three winter biotypes, were used in the variety 

trial, and each of the varieties was replicated three times per planting date. The field trial was located at Cook Agronomy Farm 

in Pullman, WA.  

Although winter biotypes reportedly have superior cold tolerance, we did not observe any significant differences in winter 

survival between the two biotypes. Despite average temperatures of 26.7oF and temperatures as low as -11oF, negligible 

rates of winter-kill were observed in both winter and spring types. This result was not surprising, as spring types exhibit cold 

tolerance comparable to that of winter wheat, and prolonged snow cover likely buffered the plants from the extreme cold. 

Every fall-planted variety reached the 

rosette stage before being covered by 

snow for more than 90 days. All fall-

planted varieties flowered before the 

end of May and were ready for harvest 

by mid-July. For both S1 and S2, the 

spring and winter types flowered in 

synchrony, indicating that the 

vernalization requirement of the winter 

types was met by the cool, early spring 

conditions. S1 reached 50% flowering 

around June 10, S2 around June 18, and 

S3 (spring types only) around June 25, 

and all three were ready to harvest by 

mid-August. However, the winter 

varieties in S3 were not thoroughly 

vernalized and exhibited significant delay 

in flowering (Photo 1). These varieties 

did not start flowering until the end of 

July, had just started seed set by harvest, 

and ultimately had significantly low yields. This disparity in yields is depicted in Figure 1. Figure 1 also illustrates the 

differences in yields of winter and spring biotypes across all planting dates. Excluding S3, the winter types out yielded the 

spring types in every other planting date, although this difference was only statistically significant in F2. Figure 2 depicts mean 

yields of all varieties for each planting. F1 and F2 had highest yields, then S2 and S3, and S1 had the lowest yields overall. It is 

important to note that S3 was negatively biased by the significantly lower yields of the winter types. Spring types in S3 average 

Photo 1. This photo taken August 15 illustrates delayed flowering of winter varieties in S3. Winter 
varieties (left) are still green and flowering, while spring varieties (right) are ready for harvest.  
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 yield was 480g/plot, comparable to yields of spring types in F1 and F2. Another interesting trend for spring types is yield 

increased as planting date got later. Overall, these results demonstrate winter camelina biotypes are capable of performing as 

well, if not better than, spring types, as long as they are planted early enough to ensure vernalization occurs.  

Recommendations for Growers 

Winter varieties: Plant as soon as moisture is available. But if spring planted, be sure to plant early enough to ensure 

vernalization. 

Spring varieties: Spring varieties can be either fall or spring planted. Later spring plantings did not compromise yields in this 

experiment, so waiting for weeds to emerge for control before planting may be a better strategy in higher rainfall zones. For 

more comprehensive information on planting dates for spring varieties, please see Camelina: planting date and method effects 

on stand establishment and seed yield.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Mean yields across planting dates. Lowercase letters 
represent significant differences (Tukey HSD).  

Figure 1. Biotype yields across planting dates. Lowercase letters 

represent significant differences (Tukey HSD). 
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 SOB3/AHL29 Regulates Seed Size and Hypocotyl Elongation in 

Plants  

Pushpa Sharma Koirala, Jianfei Zhao, and Michael M. Neff 

 

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

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

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

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

such as heading date or flowering time.  

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

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

forms in two of the AHL genes AHL29/SOB3 

(Suppressor of Phytochrome B-4 #3) and AHL27/ESC 

(ESCAROLA) the resulting transgenic Arabidopsis 

thaliana plants have normal adult growth that give 

rise to larger seeds and seedlings with longer 

hypocotyls than the wild type. Arabidopsis thaliana 

and Camelina sativa are from same family (Brassicas) 

and both have similar genomes. Camelina sativa is an 

emerging oilseed crop in dryland cropping systems. 

We have also seen similar results when generating 

transgenic Camelina sativa overexpressing the same 

mutant forms of AHL29/SOB3 and AHL27/ESC. 

Based on our preliminary results, we proposed: (1) to 

compare seed size of different mutations of 

Arabidopsis thaliana AHL29/SOB3 and AHL27/ESC to 

identify the specific mutations that confer bigger 

seeds and longer hypocotyls than the wild type and; 

(2) translate the finding from Arabidopsis thaliana to 

the oil seed crop Camelina sativa. 

In this study we have generated transgenic lines of 

Arabidopsis thaliana overexpressing different AHL 

mutations. We have then generated transgenic 

Camelina sativa plants overexpressing similar 

mutated Arabidopsis thaliana genes as well as similar 

genes from Camelina sativa (SOB3-6-like). Seedlings 

hypocotyl length, seed size and seed weight were 

then measured and analyzed using the appropriate 

software.  

Figure 1. Graphic representation of transgenic Camelina sativa expressing the 
Arabidopsis thaliana SOB3-6 mutation (pUSH5) based on (A) seed weight, (B) seed 
area and, (C) hypocotyl length.  
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 Our results show that transgenic plants expressing a particular mutation in SOB3 (SOB3-6), as well as a similar mutation in ESC 

(ESC-11), confer bigger seeds and taller seedlings than non-transgenic lines in Arabidopsis thaliana. The SOB3-6 mutation can 

make seeds that are 50% bigger and seedlings that are twice as tall as non-transgenic plants. In addition, the ESC-11 mutation 

can make seeds that are ~25% bigger and seedling that are 50% taller than non-transgenic plants. Other mutations we have 

created in SOB3 can make seedlings slightly taller but cannot make seeds any bigger than wild type. When we overexpressed the 

Arabidopsis thaliana SOB3-6 mutation in Camelina sativa, seeds can be 50% bigger and seedlings can be 50% taller than non-

transgenic plants. When we overexpressed the Camelina sativa SOB3-6-like mutation in Camelina sativa, seeds can be 50% 

bigger and seedlings can be ~65% taller than non-transgenic plants. Taken together, SOB3 modulates seed size and hypocotyl 

length in Arabidopsis thaliana and Camelina sativa which, may lead to better seedling establishment and increased yield in 

dryland cropping system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Picture is of transgenic Camelina sativa seeds expressing the Arabidopsis thaliana SOB3-6 mutation compared to non-transgenic 
wildtype plants (Wt).  
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Soil Microbial Communities in a Long-Term Dryland Camelina 

Cropping Systems Experiment  

Jeremy Hansen, Bill Schillinger, Tarah Sullivan, and Tim Paulitz 

 

Camelina is a potential alternative and oilseed biofuel crop for wheat-based cropping systems of the Inland Pacific Northwest 

(PNW). We investigated the effect of this relatively new rotational crop on soil microbial communities. Camelina is a 

brassicaceous crop that contains glucosinolates which, upon cell rupture during the decay of residue, hydrolyze to produce 

isothiocyanates. Dimethyl-disulphide is a compound that is associated with the roots of camelina. Production of isothiocyanates 

and dimethyl-disulphide contribute to the “biofumigation effect” which can reduce the inoculum of soilborne pathogens. 

However, the non-selectivity of these compounds has potential to also impact beneficial soil microorganisms.  

An 8-yr cropping systems experiment was initiated in 2009 at Lind, WA, to compare a 3-yr rotation of winter wheat (WW)-

camelina (C)-summer fallow (SF) to the typical 2-yr WW-SF rotation. Microbial biomass and community composition were 

determined using phospholipid fatty acid analysis (PLFA). The abundance of fungi, mycorrhizae, Gram positive and negative 

bacteria, and total microbial biomass all declined over the 3-yr period in the WW-C-SF rotation. All microbial lipid biomarkers 

were significantly less in SF compared to WW (Fig. 1). The 2-yr WW-SF rotation demonstrated few differences in microbial lipid 

abundance and community structure between the rotation phases. Decline in microbial abundance and shift in community 

structure (Fig. 2) of the 3-yr WW-C-SF rotation was likely due to the combination of a brassica crop followed by a fallow period. 

The stability of microbial communities in the 2-yr rotation was likely a result of a 140-yr history of the monoculture WW-SF 

cropping system in the low precipitation (<12-inch annual) zone of the PNW. 

 

 

 

 

 

Figure 1. Soil microbial lipid abundance. Biomarker groups and total PLFA 
(T-PLFA) concentrations (nmol/g) of soil. Values are least square means 
for crop by rotation treatments. Error bars indicate standard error. Values 
within each biomarker group with different letters are significantly 
different (p ≤ 0.05).  

Figure  2. Canonical variates for lipid biomarker groups. Biomarker 
groups and total PLFA (T-PLFA) of soil from 2011 to 2015. Vectors 
represent standardized canonical coefficients and indicate the 
contribution of each biomarker group to each canonical variate. Each 
point represents the group centroid mean and is accompanied by a 
mean ellipse at the 95% confidence interval (Treatments groups that 
differ significantly have confidence ellipses that do not intersect).  
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Large-Scale Canola Variety Trials – An Outreach Success Story 

Karen Sowers, Dennis Roe, Scot Hulbert, Laban Molsee, Daniel Stenbakken, Aaron Esser, and Keith Curran 

 

Canola acreage hit a record high in Washington state and the Pacific Northwest in 2017. Contributing factors include local 

crushing facilities offering competitive pricing, below normal wheat prices, and more growers recognizing the many agronomic 

benefits canola has to offer in both dryland and irrigated production regions. With the increased awareness of canola as a viable 

rotation crop, the need for education on all production fronts is essential to improve the chance of success of first-time and 

veteran canola growers.   

Variety selection is a key item on the ‘Canola 101’ list.  With funding assistance from Viterra, Inc. we have conducted large-scale 

spring and winter canola variety trials on farms in eastern Washington and north central Oregon since 2016.  What has evolved 

with the trials was far more than we anticipated in terms of research and Extension. Several researchers on the WSU-WOCS team 

have added projects within and alongside the trials, including fertilizer management, plant population, nitrogen cycling, and 

pollinators (see related abstracts). Industry has supplied seed, provided weigh wagons for harvest, and helped with data 

collection. Oregon State University has assisted with data collection at The Dalles site. Most importantly, we are building 

relationships with the canola growers hosting the plots who then reach out to more growers and others near them who may or 

may not be familiar with canola. The end result has been increased participation by all stakeholders, and a comprehensive review 

during field tours of the variety trials, WOCS research, and industry, OSU, and UI canola information. We reached 190 people 

through tours at our 2017 variety trials that featured a wide range of presentations (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

Yield results from the 2016-17 winter canola and 2017 spring canola variety trials are in the tables below.  Winter canola yields 

were at or above historical records at St. John and Ralston. St. John had the highest mean yield of 3,046 lbs/acre, followed by 

Ralston and Odessa at 2,971 and 2,352 lbs/acre, respectively. Spring rains and saturated soils prevented us from applying weed 

control which affected the Odessa site the most as it had heavy catchweed bedstraw and other weed pressure. Despite clear 

visual differences in early season vigor of the spring varieties, there were no significant yield differences at any of the trials 

locations. Planting was delayed several weeks due to wet soils which likely reduced overall yield potential as several high 

temperature events occurred during flowering. Full reports are available on the WOCS website (www.css.wsu.edu/oilseeds). 

 

Figure 1. Tours at all of the canola variety trials were well attended. Photo from the St. John winter canola site.  

http://www.css.wsu.edu/oilseeds
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 We are continuing the trials for another season with winter plots at Mansfield, Ritzville, and The Dalles, OR, and spring trials at 

Walla Walla, Ralston, and Davenport.  

Many thanks to our cooperators: David Brewer, Jesse Brunner, Rob Dewald, Jesse Brunner, Curtis Hennings, Ross Jordan, Douglas 

Poole, Mark & Brendan Sherry, and Traig Weishaar. 

Seed provided by Bayer CropScience, BrettYoung, Caldbeck Consulting, CPS, Croplan by Winfield, Dow AgroSciences, Kansas State 

University, Rubisco Seeds, Spectrum Crop Development, and University of Idaho.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yield results of 2016-17 Winter Canola Variety Trials                           

Variety Odessa  Ralston  St. John  

 ——————lbs/acre—————— 

Amanda 2,424 a 3,193 a 3,370 ab 

Claremore 2,249 a 2,654 b 3,125 ab 

Edimax 2,337 a 3,468 a 3,519 a 

Griffin 2,390 a 3,188 a 2,887 b 

HyClass 225 2,333 a 3,202 a 3,121 ab 

Largo 2,380 a 1,840 c 2,258 c 

Mean 2,352  2,971  3,046  

Tukey HSD (0.05) ns  425  486  

CV(%) 9.7  6.0  6.9  

Means which share a letter do not differ significantly. 

ns= not significant  

Yield results of 2017 On-farm Spring Canola Variety Trials  

Variety Almira  Pullman  Walla Walla  

 ————–—lbs/acre—————— 

BY 5545 CL 1,162 a 2,055 a 1,563 a 

BY 6080 RR 1,277 a 1,984 a 1,519 a 

HyClass 930 1,002 a 2,117 a 1,588 a 

InVigor L233P 970 a 2,385 a 1,500 a 

Nexera 2024 CL 1,037 a 1,971 a 1,235 a 

DL 1506 CL 1,182 a 1,959 a 1,363 a 

Mean 1,105  2,078  1,461  

Tukey HSD (0.05) 510  617  429  

CV(%) 19.3  12.9  12.8  

Means which share a letter do not differ significantly. 
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Spring Canola Seeding Rates 

R.J. Zuger and I.C. Burke 

 

Increased spring canola seed rates could increase crop stand establishment canopy development and ultimately, weed 

competitiveness and productivity by maximizing yield potential. In 2016 and 2017 studies were established in different rainfall 

zones to evaluate seeding rate effects on canola yields using a singulating planter. All studies were planted with spring canola 

variety Hyclass 930 using an eight row Monosem planter on 10” row spacing calibrated to deliver seeding rate treatments. 

Seeding rates in 2016 were 3 (hilldrop), 4, 5, 6, 7, 8, 10, or 12 lb A-1, and seeding rates in 2017 were 4, 5, 6, 7, 8, 10, 11, and 12 lb 

A-1. Plots were 10’ by 75’ long. All studies were conducted in a randomized complete block design with 3 replications. The 2016 

study was harvested using a Kincaid plot combine with a 5-foot header and the 2017 studies were all harvested using a 5-foot 

header Wintersteiger plot combine. In 2016, the initial Pullman study was planted on April 20th, 2016 at the Cook Agronomy 

Farm near Pullman, WA, in a high rainfall zone with annual precipitation of greater than 17 inches. The site was in a no-till 

system. In 2017, the repeated Pullman study was planted a no-till system on May 9, 2017 at the Palouse Conservation Field 

Station near Pullman, WA, also in a high rainfall zone. Canola crop emerged on May 22, 2017. The field site had an accumulative 

precipitation of 20.86” total for 1 year prior to harvest date of the trial. The Walla Walla study was planted on April 21, 2017 in a 

grower’s field north of Walla Walla, WA, also in a high rainfall zone. Site was in a conventional tillage system and had been 

fertilized prior to planting by grower. Canola emerged on May 5, 2017. The study was harvested on August 14, 2017. The field 

site had an accumulative precipitation of 20.87” total for 1 year prior to harvest date of the trial. The Davenport study was 

planted on May 18, 2017 into a conventional system at the Wilke Research and Extension Farm near Davenport, WA. Davenport, 

WA, is in a medium rainfall zone with annual precipitation of 12 to 17 inches. Canola emerged on May 29, 2017. The study was 

harvested on August 22, 2017. The field site had an accumulative precipitation of 17.19” total for 1 year prior to harvest date of 

the trial. All data were subjected to an analysis of variance using the statistical package built into the Agricultural Research 

Manager software system (ARM 8.5.0, Gylling Data Management).  

Planting the Davenport, WA canola study on May 18, 2017. 
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 In 2016, spring canola stand counts increased as the seeding rate increased, with 10 plants m-1 for the 4 lb A-1 treatment and 31 

plants m-1 for the 12 lb A-1 seeding rate (Table 1). As seeding rates increased, yields also increased. Yield for the seeding rate of 

12 lb A-1 was higher than the lowest seeding rate of 4 lb A-1, with 1362 lb A-1 compared to 824 lb A-1. In Pullman in 2017, there 

was no difference in canola stand counts, however, as seeding rate increased so did the number of plants m -1, with 13 plants m-1 

for the 4 lb A-1 treatment and 28 plants m-1 for the 12 lb A-1 seeding rate (Table 2). As seeding rates increased, yields also 

increased. Yield for the seeding rate of 12 lb A-1 was greater than the lowest seeding rate of 4 lb A-1, with 1825 lb A-1 compared to 

1487 lb A-1 (Table 2). In Walla Walla, stand counts increased as the seeding rate increased, with 7 plants m -1 at the 4 lb A-1 

treatment and 25 plants m-1 for the 12 lb A-1 seeding rate. As seeding rate and stand counts increased, branching per plant 

decreased from 3.3 branches per plant to 1.4 branches per plant. There were no differences in yield for any seeding rate in Walla 

Walla (Table 2). The lowest seeding rate of 4 lb A-1 produced 1928 lb A-1 yield and the highest seeding rate produced 1764 lb A-1 

yield. Stand counts, or plants per meter, increased at the planting rate increased with 12 plants m -1 for 4 lb A-1 and 38 plants m-1 

for the 12 lb A-1 rate. No differences in yield were observed for any seeding rate (Table 2). The lowest seeding rate of 4 lb A -1 

produced 819 lb A-1 yield and the highest seeding rate, 12 lb A-1, produced 841 lb A-1 yield. A singulating drill is a useful tool for 

reducing seed costs while increasing stand uniformity, as it allows for compensation to the wide range of seed counts and 

germination rate found in canola seed lots. Although a singulating planter will not likely facilitate reduced seeding rates, it will 

reduce overall seed use without compromising stand, when used correctly.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Stand counts and yield for 2016 Pullman, WA, spring canola seeding rate study 

(Hyclass 930). Pullman, WA, 2016. DAP = days after planting. Means followed by the 

same letter are not statistically significantly different (α=0.05). 

Trt Seeding Rate 

  

June 21, 2016 

62 DAP 
  

August 18, 

2016 

Stand Counts   Yield 

  seed/m seed/ft lb/A   plants/meter   lb/A 

1 26 8 4   10 a   824 a 

2 32 10 5   15 ab   985 ab 

3 39 12 6   16 ab   1012 ab 

4 46 14 7   18 abc   970 ab 

5 52 16 8   23 bc   1006 ab 

6 66 20 10   25 cd   1222 ab 

7 79 24 12   31 d   1362 b 

Hill drop 20 6 3   12 a   1139 ab 

      LSD   6   304 
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Table 2. Stand counts and yield for Pullman, Walla Walla, and Davenport WA, spring canola seeding rate 

study (Hyclass 930) in 2017. DAP = days after planting. Means followed by the same letter are not 

statistically significantly different (α=0.05). 

Pullman, WA 

Trt Seeding Rate 

  
July 20, 2017 

72 DAP 
  September 6, 2017 

  Stand Counts   Yield 

  seed/m seed/ft lb/A   plants/meter   lb/A 

1 26 8 4   13   1487 ab 

2 32 10 5   17   1534 ab 

3 39 12 6   16   1297 a 

4 46 14 7   17   1623 ab 

5 52 16 8   18   1471 ab 

6 66 20 10   25   1742 b 

7 73 22 11   23   1696 b 

8 79 24 12   28   1825 b 

      LSD   NS   241 

Walla Walla, WA 

Trt Seeding Rate 

  

June 29, 2017 

69 DAP 
  August 14, 2017 

Stand Counts   Yield 

  seed/m seed/ft lb/A   plants/meter   lb/A 

1 26 8 4   7 a   1928 

2 32 10 5   11 ab   1855 

3 39 12 6   10 ab   1804 

4 46 14 7   12 ab   1791 

5 52 16 8   14 bc   1828 

6 66 20 10   18 cd   1812 

7 73 22 11   21 de   1854 

8 79 24 12   25 e   1764 

      LSD   4   NS 

Davenport, WA 

Trt Seeding Rate 

  
June 27, 2017 

40 DAP 
  August 22, 2017 

  Stand Counts   Yield 

  seed/m seed/ft lb/A   plants/m   lb/A 

1 26 8 4   12 a   819 

2 32 10 5   13 a   919 

3 39 12 6   15 ab   908 

4 46 14 7   19 bc   890 

5 52 16 8   23 cd   925 

6 66 20 10   26 d   932 

7 73 22 11   32 e   794 

8 79 24 12   38 f   841 

      LSD   4   NS 
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 Selecting Nitrogen Source to Minimize Damage Caused by Free 

Ammonia 

Isaac Madsen and William Pan 

 

When planning N fertilizer application, the source of the fertilizer should be considered in order to optimize nutrient availability 

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

the seeds. The two primary considerations when 

choosing a safe source of N fertilizer are the salt 

toxicity and ammonia/ammonium toxicity. The 

conversion of ammonium to free ammonia is 

primarily controlled by the initial pH of the 

fertilizer reaction. A high pH will lead to more 

free ammonia than ammonium. Free ammonia 

has been shown to be extremely toxic to plant 

cells. Therefore, fertilizers with a high pH would 

be expected to release more free ammonia and 

consequently have a higher level of toxicity. 

Urea, Anhydrous Ammonia, and Aqua Ammonia 

all have pH greater than 8 in solution. Fertilizers 

with a pH lower than 8 are Ammonium Sulfate, 

Mono-Ammonium Phosphate, and Di-

Ammonium Phosphate. In this study we 

compared the application of ammonium sulfate 

(AS) (pH = 5-6, partial salt index = 3.52), urea 

(pH = 8.5-9.5, partial salt index = 1.61), and urea 

ammonium nitrate (UAN) (pH = 7, partial salt 

index = 2.22). The fertilizer was banded below 

the seed at incrementally increasing rates from 

left to right. Urea (top) showed the most 

damage, followed by AS (middle) and UAN 

(bottom). The images from this study are 

currently being evaluated to develop ‘safe’ 

planting guidelines for banding N fertilizers 

below canola seeds.  

Take away points: It was determined that 

canola roots are more sensitive to urea than 

ammonium sulfate or UAN. This is likely because 

urea would produce higher levels of free 

ammonia following dissolution.   
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Improving Nitrogen Use Efficiency for Winter Canola Using 4R Stewardship 

Marissa Porter, Haiying Tao, William L. Pan, Isaac Madsen, and Karen Sowers 

 

Winter canola has potential as an alternative cash crop to wheat. Canola also has tremendous rotational benefits for soil health, 

weed and disease control, and the subsequent wheat crop. Careful fertility management is important to ensure maximum yield 

and quality; however, fertility management research specifically for winter canola production is limited. In fall 2016, three 

nitrogen (N) fertility trials were started to investigate the optimum rate and timing of N-fertilizer application for winter canola. 

Trials were established in three areas that represent different yield potentials, soil types, crop rotations, and climatic conditions. 

Two dryland trials were located near the towns of St. John and Hartline in Washington and one irrigated trial located near 

Odessa, WA. The primary objectives are to learn N uptake during the growing season, to estimate optimum rate and the best 

timing for N application for canola grown in different environment with different yield potentials, and to evaluate how N affects 

canola yield and oil content. In the 2016-2017 trial, there were no statistically significant differences in yield or total above 

ground biomass among N treatments. Lack of yield response to N may be due to high variability in plant counts within plots and 

high soil residual N at planting. Above ground tissue N increased at all growth stages with increased N rate. Split and spring-only 

N application resulted in greater above ground tissue N when compared with fall-only application. Seed oil and protein content 

were found to be inversely related, with higher N rate contributing to higher protein content and lower oil content.  The second 

year of trials is underway, with dryland sites in Colfax, WA; Latah, WA; Troy, ID; and one irrigated site in Echo, OR.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Seed oil and protein content as affected by N application. 0 indicates no N applied, 1 indicates full recommended rate 
based on Koenig et al., 2011. 0.5 and 1.5 represent 50% and 150%, respectively, of recommended N rate. Grouping is by field 
location.  

Figure 2. Above-ground tissue N content (mg kg-1) at Greenup (GU), Elongation (E), Flowering, and Harvest (H) as affected by N application 
timing (A) and rate (B) in St. John, WA in 2016-17.  
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 Management of Fresh Wheat Residue for Irrigated Winter Canola 

Production 

Bill Schillinger, Tim Paulitz, Jeff Schibel, John Jacobsen, and Steve Schofstoll 

 

We concluded a 3-year irrigated winter canola (WC) field study in 2017 at the Jeff Schibel farm near Odessa, Washington. The 

two major objectives of this experiment were: (i) to understand the physiological mechanism(s) governing health when planted 

soon after the harvest of winter wheat (WW), and (ii) to learn how to effectively and profitably produce irrigated winter canola 

without burning or excessive tillage of wheat stubble. Our hypothesis was that fresh wheat stubble is not phytotoxic to WC and 

that WC can be successfully produced in a direct-seed system after wheat harvest as a viable alternative to field burning plus 

heavy tillage. 

Five winter wheat stubble management treatments were established in August and September each year. The experiment was 

embedded in a circle of irrigated WC. Irrigated WW stubble in the plot area was burned in treatments 1 and 3 (below) in late 

August and irrigation water immediately applied to promote germination of volunteer wheat. Glyphosate was applied to the 

entire plot area (except for treatment 5, see below) at a rate of 24 oz/acre in early September. Land was prepared as required by 

protocols for each treatment (see list of treatments in next paragraph).  Winter canola was planted in treatments 1 to 4 in early 

September using a no-till hoe drill with 12-inch row spacing and openers staggered on four ranks.  In treatment 5, WC was 

broadcast into the WW crop before WW harvest in early August. 

Treatments established at the Schibel site were: (1) stubble burned + disked, (2) stubble chopped + moldboard plowed, (3) 

stubble burned, then direct seeded (4) direct seeding into standing and undisturbed stubble, and (5) broadcast WC into WW 

before WW harvest. Experimental design was a randomized complete block with four replications of each treatment for a total of 

20 plots. Application of irrigation water, which totaled about 15 inches for the crop year, was managed by Jeff Schibel. 

Satisfactory stands of WC were established in all treatments each year (Fig. 1). The hypocotyl (i.e., the stem from ground level to 

the growing point at the first leaves) of WC elongated up to four inches and leaves extended above the 15-inch-tall WC by mid-

October (Fig. 2, plant on right). In contrast, in the stubble burned treatment the hypocotyl was only one-inch long in mid-October 

(Fig. 2, plant on left). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. WSU research technician John Jacobsen in a standing residue 
plot that was successfully direct seeded. The grain yield of this winter 
wheat field was 147 bu/acre and the stubble cut at a height of 15 
inches. 

Figure 2. Size of winter canola plants in mid-October. Plant on left was 
direct seeded after burning winter wheat stubble. The plant on the 
right was direct seeded into 15-inch tall wheat stubble.  
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 Canola versus Wheat Rotation Effects on Subsequent Wheat Yield 

Bill Schillinger, Tim Paulitz, Hal Johnson, John Jacobsen, and Steve Schofstoll 

 

Canola is considered the most promising, domestically-produced oilseed crop for diversifying wheat-based cropping systems in 

the Inland Pacific Northwest. Canola serves as a break or non-host crop for many important soilborne pathogens of wheat and 

helps farmers control weeds. The vast majority of studies in the literature report that canola has a positive effective on 

subsequent wheat yield. 

We conducted a 6-year field experiment near 

Davenport, WA to measure the effects of winter canola 

(WC) versus winter wheat (WW) on the subsequent 

production of spring wheat (SW). Averaged over the 

years, there were no differences between WC and WW 

in soil water use or overwinter water recharge into the 

soil following these crops (Fig. 1). Subsequent SW had 

excellent plant stands, was weed free, was adequately 

fertilized, and had no foliar or root diseases. Root lesion 

nematode populations were miniscule and insignificant. 

Average SW seed yield following WC was 49 bu/ac 

versus 58 bu/ac following WW (Table 1); a 17% 

reduction (p<0.0001). Visual differences in SW plant 

height and head density between treatments were also 

apparent (Fig. 2). Spring wheat grain yield differences 

could not be attributed to the variables measured. 

We believe whatever factor(s) responsible for reduction in 

SW yield following WC is/are short lived as evidenced by no 

differences in yield of second-year SW when back-to-back 

SW (i.e., WC-SW-SW and WW-SW-SW) was grown in two 

years. Similarly, in the dry (<12-inch annual precipitation) 

region of the PNW where a 2-year WW-SF rotation is 

commonly practiced, there have been no reports of WW 

yield decline in a 4-year WC-SF-WW-SF rotation compared 

to 2-year WW-SF. 

In May of every year of our study, replicated soil cores in 

the WC, WW, and SW phases of the experiment were 

collected and archived in 2-inch increments to a depth of 6 

inches. As part of his doctoral soils research at WSU, 

Jeremy Hansen conducted comprehensive laboratory 

analysis of these cores each year to determine any soil 

Figure 1. Spatial distribution of volumetric soil water in the 0-to 180-cm soil profile 
after harvest of WC and WW in August and overwinter soil water recharge 
following these two crops measured in late April. Data are averaged over five 
years.  

Figure 2. Spring wheat after WW versus after WC at time of harvest in August 
2014 near Davenport, WA. Note the pronounced visual differences in plant 
height and head density between treatments.  
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 microbial differences. Specifically, Dr. Hansen used phospholipid fatty acid analysis of the soil to determine treatment 

differences in biomarker groups of fungi, mycorrhizae, Gram-negative, and Gram-positive bacteria which may help explain our 

field-study results (see Hansen et al. article on page 23). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Seed yield of winter canola (WC) and winter wheat (WW) and the subsequent seed yield of spring 

wheat (SW) following either WC or WW. 

  

Seed yield (kg ha-1) 

Crop       Crop   SW after  SW after p-value 
Year   WC WW   Year       WC WW for SW 

2008   674 4593   2009      2875 ba       3858 a     0.0002 

2009   721 5561   2010      4314       4381     0.3656 

2011b 3235 7424   2012      2762 b       3806 a     0.0013 

2012 4256 7226   2013      5167       5666     0.0593 

2013 4129 7072   2014      1219 b       1948 a     0.0004 

5-yr avg 2603 6375c   5-yr avg.      3267 b       3932 a  < 0.0001 

a Within-year spring wheat grain yield means followed by a different letter are significantly different at p<0.05. 

b Winter canola was killed by cold during the 2010 crop year; therefore, no WC or WW harvest in 2010 nor SW crop in 2011. 

c Analysis of variance was not conducted for seed yield differences between WW and WC. 
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Water and Temperature Stresses Impact Canola (Brassica napus L.) 

Fatty Acid, Protein, and Yield over Nitrogen and Sulfur 

W. Ashley Hammac, Tai M. Maaz, Richard T. Koenig, Ian C. Burke, and William L. Pan  

 

Interactive effects of weather and soil nutrient status often control crop productivity and quality. An experiment was conducted 

to determine effects of nitrogen (N) and sulfur (S) fertilizer rate, soil water, and atmospheric temperature on canola (Brassica 

napus L.) fatty acid (FA), total oil, protein, and grain 

yield. Nitrogen and sulfur were assessed in a 4-yr 

study with two locations, five N rates (0, 45, 90, 135, 

and 180 kg ha−1), and two S rates (0 and 17 kg ha−1). 

Water and temperature were assessed using 

variability across 12 site-years of dryland canola 

production. Effects of N and S were inconsistent. 

Unsaturated FA, oleic acid, grain oil, protein, and 

theoretical maximum grain yield were highly related 

to water and temperature variability across the site-

years. A nonlinear model identified water and 

temperature conditions that enabled production of 

maximum unsaturated FA content, oleic acid 

content, total oil (Fig. 1), protein, and theoretical 

maximum grain yield (Fig. 2).  

Water and temperature variability played a larger role 

than soil nutrient status on canola grain constituents 

and yield. 

For further reading, see on line reprint: Hammac, A.H., 

T.M. Maaz, R.T. Koenig, I.C. Burke, W.L. Pan. Water, 

temperature, and nitrogen effects on canola (Brassica 

napus L.) yield, protein, and oil. Journal of Agriculture 

and Food Chemistry 65: 10429–10438.  https://

pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778 

 

 

 

 

 

Figure 2. Mitscherlich theoretical maximum grain yield response to total available 
water (H2Ot) and atmospheric temperature (TSDF) at (adjusted R2 = 0.64) 

Figure 1. Total oil response to total available water (H2Ot) and atmospheric 
temperature (TSDF) at (adjusted R2 = 0.57).  

http://pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778
http://pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778
http://pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778
http://pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778
http://pubs.acs.org/doi/abs/10.1021/acs.jafc.7b02778
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Ongoing Experiments to Protect Canola Seedlings from Horned Lark 

Depredation 

Bill Schillinger, Ken Ballinger, and John Jacobsen 

 

Horned lark (Eremophilia alperestis L.) depredation of pre-emerged and newly-emerged canola seedlings is an increasing 

concern for both dryland and irrigated farmers in the Inland PNW. Horned lark (Fig. 1) is a native bird species throughout 

Canada, the United States, and most of Mexico. They are permanent year-round residents of the PNW. 

The first report of horned lark damage to canola was at Lind in 2006 where they destroyed a 0.25-acre winter canola 

experiment. The geographic range of their canola seedling depredation has since extended into Adams, Grant, Douglas, Lincoln, 

and Spokane Counties. Some canola farmers have 

recurrent problems with this bird whereas 

neighboring canola farmers have never been affected. 

There are two documented cases at separate 

locations in Adams County where entire 125-acre 

irrigated circles of both winter and spring canola were 

destroyed by horned larks. 

Many attempts have been made to control horned 

lark feeding on canola seedlings. These have included 

loud propane-powered noise cannons, placement of 

glittery flags and reflecting ‘disco balls’ in the field, 

mixing garlic powder with the canola seed before 

planting, and laser lights. These control strategies 

have not been effective. The most effective control 

method tried to date was by an Adams County farmer 

who hired a falconer from the Tri-Cities to have 

several of these predator birds fly over his fields for 

several days when canola seedlings were emerging. 

This, obviously, is a very expensive control method. 

We have a new experiment underway at Lind and Ritzville in 2018 for both spring and winter canola. A nontoxic seed treatment 

called AvipelTM, registered and marketed by Arkion Life Sciences in Delaware, is widely used to effectively control black bird and 

crow damage to corn and rice seed. The active ingredient in Avipel is anthraquinone, and organic chemical that occurs naturally 

in dozens of plant species. Avipel imparts a bitter taste to the corn seed. However, horned larks do not eat the canola seed but 

rather the cotyledon leaves of the emerging seedling. We need the seed treatment to act ‘systemically’ or, in other words, get 

inside the canola plant tissue to impart a bitter taste in the coleoptile leaves. Dr. Ballinger feels he may have developed a means 

to do this and has treated some spring canola seed that we sent him. Replicated field experiments with and without seed 

treatment will be established both this spring (April) and in late August for winter canola.  

Horned larks are a native species and are protected by law. Our purpose is not to harm horn larks but rather to deter them. 

Avipel is a non-toxic bird repellent, not a bird poison. We are following EPA and FDA rules. We will send replicated samples of 

harvested canola seed for laboratory analysis to ensure there are no traces of the seed treatment in the harvested seed. 

 

Figure 1. The Horned Lark is a ground-dwelling bird commonly found in open areas 
and in fallow fields throughout North America. Photo by Terry Sohl (with permission).  
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Cabbage Seedpod Weevil Insecticide Trial in Winter Canola 

Dale Whaley, David Crowder, and Aaron Esser 

 

Winter canola acreage in Washington continues to increase as more producers learn about the rotational benefits and potential 

profitability of canola. With the increase in production, comes the potential of encountering problems with insect pests that are 

common in other canola-growing regions of the U.S. and Canada. One such insect pest, the cabbage seedpod weevil, 

Ceutorhynchus obstrictus (Marsham) (Fig. 1), is becoming a problem in some areas of Washington state. The cabbage seedpod 

weevil (CSPW) is an introduced insect pest 

from Europe and causes damage to 

members of the Brassicaceae or mustard 

family, including cultivated crops such as 

canola and brown mustard. When left 

unmanaged, the CSPW can cause 

significant damage to ripening canola 

seeds and impact overall yields by as 

much as 50% (Fig. 2). Unfortunately, there 

is a lack of fundamental knowledge on 

which insecticide provides the greatest 

control in order to make sound 

management recommendations for this 

pest in our region. An insecticide trial was 

developed to compare several known 

insecticides to determine which one will 

work the best at managing this pest. Five 

insecticides: Bifenthrin (Tailgunner), 

Chlorantraniliprole (Altriset, Besiege, Voliam 

Express), Imidacloprid (Gaucho 600), Lambda-

Cyhalothrin (Warrior II) and Zeta-cypermethrin 

(Mustang Max) were selected for this study. First 

year data suggests that there was no significant 

difference between treatments. However, a clear 

difference was observed between the insecticide 

treatments and the control plots. Those treated 

with insecticides yielded (23 lbs/A) on average 

more than the non-treated control. This data 

suggests that CSPW should be controlled when 

pest densities reach treatment or action 

thresholds of 30 to 40 adults per 10 sweeps. Year 

two of the trial will be put out the Spring/Summer 

of 2018.  

 

 

Figure 1. Adult Cabbage Seedpod Weevil. Photo by Josef Dvořák.jpg 

Figure 2. Cabbage Seedpod Weevil larval feeding damage. Photo by Green Thumb 
Photography.  
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 Exploring Relationships Between Pollinators and Canola 

Rachel Olsson and David Crowder 

 

Background: The eastern Washington and northern Idaho region has an ideal climate for growing canola. Canola sees a 30% 

increase in yield when insect pollinated compared with wind pollination alone. The long flowering period for canola coincides 

with bee nest initiation in the early spring and can provide floral resources for bees throughout a majority of the bee foraging 

season. We aim to explore the relationship between the physical properties of canola flowers and pollinators native to our 

region. We hope to offer management strategies to increase canola yield and improve food resources for wild bees in the inland 

northwest. 

Research goals: We are interested in exploring the environmental impact on the nutritional resource availability of canola as a 

food for bee colonies through two approaches. First, we are examining how environmental conditions such as canola variety, 

presence of insect herbivores, plant pathogens, and water stress affect the plant traits that are attractive to bees. We will 

measure nectar sugar concentration, protein makeup of pollen, flower abundance, and flower petal size. These measurements 

will take place both in the field and in the greenhouse. Second, we will survey the bee species present in the inland northwest 

and experimentally monitor how variation in diet affects bees’ ability to provide pollination services to canola, and how those 

services affect canola yield. 

Results to date: In 2017, we collected canola flowers at six 

different farms and research plots in eastern Washington and 

northern Idaho. We found that the variety Largo had 

significantly smaller petals than the other varieties sampled (Fig. 

1).  

We also found the wheat fungal pathogen rhizoctonia solanum 

present in the fields. This fungus can colonize canola, so we ran 

an experiment in our greenhouses to test whether the presence 

of the pathogen in the soil would have similar effects on canola. 

We found that the presence of the pathogen did not affect the 

development time of the plants. However, we found that plants 

grown in soil with rhizoctonia had larger flowers (Fig. 2), and 

more flowers (Fig. 3) than plants that were not exposed to 

rhizoctonia. 

Figure 3. Canola exposed to rhizoctonia had more flowers per plant.  Figure 2. Canola exposed to rhizoctonia had larger flowers.  

Figure 1. Canola petal size by variety.  
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  Soil Microbial Community Response with Canola Introduced into a 

Long-Term Monoculture Wheat Rotation 

Jeremy Hansen, Bill Schillinger, Tarah Sullivan, and Tim Paulitz 

 

With increasing acreage of canola (Brassica napus L.) in the Inland Pacific Northwest (PNW) of the USA, we investigated the 

effect of this relatively new rotational crop on soil microbial communities and the performance of the subsequent wheat 

(Triticum aestivum L.) crop. A relevant objective for the 

use of rotation crops is to increase the performance of 

subsequent crops. The degree of influence on soil 

biological properties and crop productivity is, however, 

crop specific. Canola plants contain glucosinolates, which 

upon cell rupture and during the decay of residue, 

hydrolyze to produce isothiocyanates. The production of 

isothiocyanates is the mechanism responsible for the 

biofumigation effect, which can reduce the inoculum of 

soilborne pathogens. However, the non-selectivity of 

isothiocyanates has potential to also impact beneficial soil 

organisms.  

In a 6-year on-farm canola-wheat rotation study 

conducted on the Hal Johnson farm east of Davenport, 

WA, grain yields of spring wheat (SW) following winter 

canola (WC) were reduced an average of 17% compared to 

yields following winter wheat (WW) (see related article on 

page 17). With soil samples collected and archived from 

that study, the objective of this research was to determine 

the differences and similarities in the soil microbial 

communities associated with WC and WW, and if those 

differences were correlated to SW yield response. 

Microbial biomass and community composition were 

determined using phospholipid fatty acid analysis (PLFA).  

Results showed that WC generally led to decreased 

microbial biomass compared to WW. Notably, fungi, and 

AM fungi were more prone than bacteria to the apparent 

canola rotation effect. The reduction in fungi and AM fungi 

were also observed in SW following WC, indicating a 

residual affect (Fig. 1). However, the longer-term effects 

(i.e., after one year) were negligible. These results demonstrate the relationship between soil microbial community composition 

and crop productivity. Our data suggest that WC can have significant effects on microbially-mediated soil processes such as 

nutrient cycling that could potentially produce short-term yield declines in subsequent crops. Data from this study will help 

enable regional farmers to adjust their sequence of planting canola in wheat-based rotations to allow for continued crop 

diversification and to maintain optimum crop yield potential. 

Figure 1. Soil microbial lipid abundance. Biomarker groups and total PLFA 
concentrations (nmol/g) of soil at 0-5 (A), and 5-10 (B) cm depths from crop 
years 2009 to 2014 (6 replicates each year). Values are least square means 
(n=120). Error bars indicate standard error. Values within each biomarker group 
with different letters are significantly different (p ≤ 0.05)  
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Rhizosphere Microbial Communities of Canola and Wheat at Six 

Paired Field Sites 

Jeremy Hansen, Bill Schillinger, Tarah Sullivan, and Tim Paulitz 

 

Plant physical and chemical characteristics are known to alter rhizosphere microbial communities, but the effect of introducing 

canola into monoculture wheat rotations is not clear. Results from a field study in eastern Washington showed that winter 

canola (WC) influenced the bulk soil microbial community and differentiated it from the community associated with winter 

wheat (WW) (see articles on page 17 and page 25). Abundance of soil fungi, including mycorrhizae, was reduced with the 

introduction of WC.  

The objective of this research was to determine the differences and similarities in the rhizosphere microbial communities of WC 

and WW. Canola and wheat rhizosphere soil was collected from six dryland farms in Adams and Douglas Counties, WA. Each 

farm was a paired site with WC and WW grown in adjacent fields of the same soil type, landscape orientation, and crop history. 

Canola, or any non-cereal crop, had never been grown previously at the experimental sites. Microbial biomass and community 

composition, determined using phospholipid fatty acid analysis (PLFA), revealed differences that were primarily associated with 

landscape position at the initial fall sampling (Fig. 1A). Data from spring samples, however, showed significant differences in 

microbial communities between WC and WW rhizosphere soils (Fig. 1B). Data suggest that initial (fall) microbial community 

composition were an artifact of previous histories of monocrop wheat production and varied with expected differences in 

landscape position. As the crops developed, microbial communities became more dissimilar and were discriminated by crop 

species. Our results show that WC can have significant effects on rhizosphere microbial biomass and community structure in 

wheat-based cropping systems (see related article on page 23). Changes in microbial abundance and community structure can 

affect microbially-mediated soil processes, and potentially the performance of subsequent crops. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Canonical variates for lipid biomarker groups in winter canola (WC) and winter wheat (WW) at two landscape positions. Vectors 
represent standardized canonical coefficients for each biomarker group and total PLFA (T-PLFA), from fall 2015 (A), and spring 2016 (B). Vector 
magnitude and direction indicate the contribution of each biomarker group to each canonical variate. Each sample point is represented and 
cluster by treatment. Each cluster is accompanied by a mean ellipse at the 95% confidence interval (Treatments groups that differ significantly 
have confidence ellipses that do not intersect).  
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The Rhizosphere Microbiome of Wheat and Canola in Eastern 

Washington 

Daniel Schlatter, Jeremy Hansen, William Schillinger, Tarah Sullivan, and Timothy Paulitz 

 

In a series of replicated field trials over 6 years in the Davenport area, spring wheat grown after winter canola had an average of 

a 17% yield decrease, compared to when grown after winter wheat. Diseases, water use, and nutrient use could not explain this 

reduction (see article on page 17). We explored the potential role of microbial communities in explaining this yield decline (see 

articles on page 8). With samples from a related study (see article on page 24), we used next-generation sequencing (Illumina 

MiSeq) to look at fungal and bacterial communities to examine the differences in microbial communities between crop species. 

Six fields were sampled, three in Douglas County and three in Adams County. The soil around the roots (rhizosphere) was 

sampled on winter canola and winter wheat in fall and spring. Community analysis showed that location was a primary driver of 

both fungal and bacterial communities, with the three locations in Douglas County clustering together, and the Adams County 

sites similar to each other (Fig. 1, 2). Season had the next strongest effect, followed by the crop. Differences between the two 

crops was more evident in the spring than the fall. A more detailed comparison of bacteria showed that Pseudomonas, 

Flavobacterium and Pedobacter were more abundant on the wheat rhizosphere compared to canola. A few genera including 

Opitus and Sporocytophaga were more abundant on canola. Many groups highly abundant in the rhizosphere of both crop 

species, especially Janthinobacterium and Kaistobacter. Another interesting finding was that the bacterial community on winter 

wheat in the fall was dominated by Actinomycetes and Acidobacteria. These are slow growing bacteria that can survive the hot, 

dry summer. But in the spring, these communities were dominated by fast growing bacteria adapted to high levels of nutrients 

coming off the root and wetter conditions, including Pseudomonas, Oxalobacteraceae, and Sphingobacteriaceae. We identified 

almost 1,000 groups of fungi. Some fungi were very abundant on both crops- Ulocladium, Mortierella, Cryptocccus, Chaetomium, 

Penicillium and Trichoderma. These are very abundant in soils as saprotrophs and decay residue.  The only distinct differences 

were the identification of wheat root pathogens in higher levels in winter wheat- Rhizoctonia, Ceratobasidium, Typhula, and 

Microdochium. The latter two are snow molds. In conclusion, we did not find a “smoking gun” of a group that was increased by 

canola. Most of the community of fungi and bacteria are not “host specific” but colonize around the roots of both wheat and 

canola.  

 

 

 

 

 

 

 

 

 

 

Figures 1 (left) and 2 (right). Non-metric multidimensional scaling (NMDS) of bacterial and fungal communities.  
MNSF=  Douglas County, R-W = Adams County. WC= winter canola, WW= winter wheat  
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Integrating Livestock to Dryland System - Grazing on Dual-Purpose 

Winter Canola 

Steve Van Vleet, Dennis Roe, Isaac Madsen, Steve Fransen, Don Llewellyn, and Haiying Tao 

 

Integrated livestock and cropping systems are essential for sustainable farms. Also, alternative feed sources are needed for 

livestock during the fall on Washington farms/ranches to extend the grazing season and reduce feeding costs. A project was 

implemented raising winter canola for a harvestable crop the following season while also providing fall grazing forage prior to 

winter dormancy. Winter canola (“Amanda”) was seeded mid-July and cattle grazing introduced to well-developed plants in mid-

September prior to frosts and winter dormancy. The cattle grazed the study area for 14 days and were moved to adjacent 

ungrazed strips of canola after specific levels of grazing impact were observed.  

Cattle gained approximately 1.43 lbs/day throughout the canola forage grazing period. Winter canola survival and yield will be 

determined from ungrazed and grazed areas during the 2018 growing season. 
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Making Connections and Making a Difference: WSU-WOCS 

Extension & Outreach 

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

 

The primary function of the Extension and outreach side of the Washington State Oilseed Cropping Systems (WOCS) project is to 

be the conduit between the researchers on the team and all stakeholders in the canola industry. At the same time, input from 

growers, crop consultants, seed suppliers, processors, agencies, and other university personnel is a key component in shaping 

what questions the WOCS field and greenhouse studies are designed to answer. Communication is our top priority as we share 

results from research and demonstration trials. This includes phone calls, emails, radio and newspaper interviews, news 

releases, presentations, field tours, workshops, website 

(www.css.wsu.edu/oilseeds), Facebook page (WSU 

Oilseeds), serving as a WSU liaison to the WA Oilseed 

Commission, WSU Dryland Crops Team member, and 

the formation of a Pacific Northwest Canola Association 

(see abstract on pg. 28).  Our field tours and winter 

workshops once again set attendance records in 2017-

18.  We strive to involve a broad spectrum of 

stakeholders and presentation methods in all our 

events, and that has proven to be a valuable method to 

increase attendance. A record 317 individuals attended 

our 2018 Oilseed Workshops at Hartline, Richland, and 

Colfax, with 170 attending for the first time (Fig. 1). We 

also met our goal of more than half of attendees being 

producers at each location.  Our invited speakers from 

the Canola Council of Canada and Kansas State University added their perspectives and knowledge about canola production and 

were very well received. More details about the field tours based at our large-scale canola variety trials can be viewed on pg. 34. 

Record canola acreage in Washington (60,000) and the 4-state PNW region (221,000) in 2017 underscores the importance of 

continued education and outreach, and the WOCS team is up to the task! 

 

Group listening to a presentation at one of the three workshops given in January 
2018. 

Figure 1. Attendance trends at the last three WSU-WOCS Oilseed Workshops (left), and first-time attendees in 2018 (right). 

http://www.css.wsu.edu/oilseeds
https://www.facebook.com/WSUOilseeds/
https://www.facebook.com/WSUOilseeds/
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Pacific Northwest Canola Association Becomes Reality 

Karen Sowers 

 

At this time last year there was talk of having a Pacific Northwest Canola Association (PNWCA) up and going in short order. So 

what has happened during the past year? A steering committee for the association comprised of PNW canola producers, industry 

members, and university faculty met in June 2017, and a Certificate of Incorporation was received in July, making the PNWCA 

official. Ten Producer Members from Idaho, Montana, Oregon, and Washington were elected to the board of directors in 

November. The Producer Members met in January of this year to elect officers and discuss next steps, including hiring an 

executive director. Another meeting was held in March, and the board approved hiring Karen Sowers as interim executive 

director. A membership campaign kicked off in April to gain grower, industry, and agency membership.  

The PNWCA believes it can be a key player in the effort to increase canola acreage, improve production per acre, and collaborate 

with and educate stakeholders involved with the canola industry in the 4-state region. The PNWCA will create a united effort 

from PNW canola growers, universities, ag industry, and agencies to address legislative needs, generate additional canola 

research funding, and forward the canola industry in the PNW. 

The board of directors are all looking forward to supporting the mission of the PNWCA of "Growing the canola industry in the 

Pacific Northwest through education, advocacy, and marketing."  

PNWCA Board of Directors (Producers) 

Tim Dillin – Bonners Ferry, ID 

Dale Flikkema – Belgrade, MT 

Ray Mosman – Nezperce, ID – President 

Don Nagy – Sunburst, MT 

Randy Perkins – Athena, OR 

Douglas Poole – Mansfield, WA 

Anna Scharf – Amity, OR 

Dennis Swinger – Lind, WA – First Vice President 

Jon Walters – Walla Walla, WA – Second Vice President 

Kyle Wasson – Whitewater, MT  

 

 

 

 

 

 

 

Pictured here at the March 5 meeting of the Pacific Northwest Canola 
Association are: Anna Scharf, Randy Perkins, J.R. Swinger, Dale Flikkema, Tim 
Dillin, Douglas Poole, Karen Sowers, and Ray Mosman. 


