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 Washington Oilseed Cropping Systems Extension and Outreach 

Isaac Madsen and Ian Burke 

 

The Washington Oilseed Cropping System (WOCS) project focuses on conducting research and extension to improve oilseed 
production in Washington state. Over the past 13 years the WOCS project has conducted research on safflower, sunflowers, 
flax, camelina, and canola. The WOCS research program has focused a range of research areas including but not limited to 
fertility, herbicide use, plant density, and planting date. Effectively disseminating the information generated from this research 
is also in the purview of the WOCS project. The year 2019 saw some major changes in the WOCS extension staff. Karen Sowers 
moved on to work as the executive director for the Pacific Northwest Canola Association. While we were sad to have Karen 
leave the team, we are excited that she will continue to be involved in canola production and outreach in the region. Following 
Karen’s departure, a new position for an extension agronomist in oilseeds was opened in the Department of Crop and Soil 
Sciences at Washington State University. The extension agronomist position expanded on the extension responsibilities of 
previous extension position and included both research and teaching appointments within the Department of Crop and Soil 
Sciences. In September of 2019, Isaac Madsen was appointed as the extension agronomist for the WOCS project. During the 
2019 field season the extension team successfully hosted “stop and talks” and large-scale variety trials. The large-scale field 
variety trials were featured in the Pullman Weed Science and the Wilke Farm Field Days. In February of 2020, the extension 
team hosted the annual winter workshops in Wilbur and Clarkston. Attendance for the winter workshops was down from 253 
in 2019 to 141 in 2020. However, we are looking forward to increased attendance in 2021! In addition to the traditional 
outreach activities of field days and workshops we continue to utilize podcasts, websites, and social media to spread the most 
recent information on canola production in Washington state. The WOCS website (www.css.wsu.edu/oilseeds) functions as 
the primary storehouse of the research conducted on oilseeds as part of the WOCS. The WOCS Facebook page (https://
www.facebook.com/WSUOilseeds/) also continues to be active as a platform for disseminating information on upcoming 
events and any interesting observations we encounter while we are out and about the countryside. Additionally, Drew Lyon of 
the Wheat & Small Grains extension team was kind enough to host two canola centric interviews on The WSU Wheat Beat 
Podcast. Finally, 2020 has been an odd year to conduct research with social distancing in place please keep an eye out for 
video recording discussing the current research and extension efforts being conducted on oilseeds at WSU.  
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2019 WOCS Annual Report 

 

Page 5 

 
Large Seeded Camelina Breeding Lines with Potential for Public Release 

Wilson A. Craine, Ian C. Burke, Philip D. Bates, Scot H. Hulbert 

Camelina is a potential alternative crop for the sustainable intensification off dryland cropping systems, especially in the inland 

Pacific Northwest (iPNW). Despite minimal input requirements, strong adaptability to diverse environmental conditions and a 

“heart-healthy” fatty acid profile suitable for biodiesel and renewable jet fuel production, weed control is a big hindrance to the 

adoption of camelina into iPNW wheat rotations. Small seed size necessitates shallow planting and impacts germination in dryer 

soils, preventing good stand establishment and enabling weeds to establish significant populations. Additionally, very few 

herbicides labeled for use on camelina drastically limits options for controlling weeds once they establish. Development of 

larger seeded camelina varieties will boost germination and stand establishment, decreasing weed pressure. 

The WSU Camelina Breeding program has developed several elite large seeded camelina breeding lines that also exhibit good 

agronomic performance. During the 2019 field season, 12 advanced large seeded breeding lines and 6 check varieties were 

tested in a replicated field trial in Pullman, WA. There were two seeding dates, May 10 and May 23, and at least four replicated 

plots (5ft x 9ft) of each genotype (16 for Calena and Suneson) per seeding date, arranged in a randomized complete block design 

(RCBD). Overall, the lines performed similarly in both seeding dates, so only means across seeding dates for each line is given. 

Table 1 details the performance of each large seed line and check variety, sorted from largest to smallest single seed mass 

(1SM). Every large seeded line has significantly higher oil content and is significantly bigger than the check varieties, but there 

were no significant differences in 1SM or oil content within large seeded lines. Line #31 is promising, with the highest yield and 

high oil content. However, more environments/years are necessary to determine the top performing large seeded line(s). 

Fortunately, these large seeded lines were grown in single-location, replicated field trials in each of the 2017, 2018 field seasons. 

Seed samples from those field seasons have yet to be analyzed for oil content and fatty acid composition, but we do have yield 

and 1SM data for those lines.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Grouped means for all Large Seed Breeding Lines + Check Varieties. Lowercase letters denote significant 

differences (Tukey HSD) between means; “r” is the number of replicates per genotype.  

r Genotype Yield (lbs/acre) 1SM (mg) Oil (%) Linoleic (%) α-Linolenic (%) Erucic (%) 

8 LargeSeed.23 1064.5a 1.83a 40.53ab 20.48ab 32.37ab 2.82bcd 

8 LargeSeed.28 1028.9a 1.81a 39.02abcd 19.66bc 32.66ab 3.01abc 

8 LargeSeed.26 1158.1a 1.81a 39.96abc 19.72bc 33.11ab 3.03abc 

8 LargeSeed.30 1074.7a 1.78a 39.74abc 18.89bc 33.69a 3.14abc 

8 LargeSeed.24 1134.1a 1.78a 40.53ab 20.14abc 32.51ab 2.92abc 

8 LargeSeed.21 909.5a 1.77a 40.72a 20.55ab 31.98ab 2.82bcd 

8 LargeSeed.22 1186.8a 1.76a 40.79a 19.49bc 32.88ab 2.91abc 

8 LargeSeed.25 1144.5a 1.74a 39.97abc 19.58bc 32.87ab 3.17ab 

8 LargeSeed.31 1271.7a 1.71a 40.04abc 19.78bc 32.19ab 3.21ab 

8 LargeSeed.20 945.3a 1.70a 38.89abcd 20.01abc 31.65ab 3.21ab 

8 LargeSeed.29 1163.1a 1.69a 39.58abc 19.97abc 32.30ab 3.24ab 

8 LargeSeed.27 1114.8a 1.68a 40.15abc 20.01abc 32.90ab 3.34a 

8 Cheyenne 1142.6a 1.33b 33.51d 18.37c 31.86ab 2.93abc 

8 Midas 917.8a 1.32b 35.41cd 19.59bc 33.35ab 2.80bcd 

32 Calena 1133.5a 1.28b 35.62cd 19.54bc 33.35ab 3.01abc 

8 BlaineCreek 999.7a 1.26b 35.10cd 18.89bc 32.96ab 2.64cd 

8 WA-HT1 1060.4a 1.24b 35.99bcd 19.06bc 33.57a 2.78bcd 

32 Suneson 1072.7a 1.24b 36.04bcd 21.29a 31.37b 2.44d 
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 Table 2 depicts the grouped means for all large seeded breeding lines across the 2017, 2018, and 2019 seasons. Overall, the 

lines seem to perform similarly across all years as they did in 2019. Line #31 stands out with second highest yield across three 

years. The addition of oil content and fatty acid composition data for 2017 and 2018 will help us identify the best large seed 

line(s) for release, hopefully in fall 2020. 

*Note: The WSU Camelina Breeding Program released WA-HT1, a group II soil herbicide resistant variety, in 2018. All of these 

large seeded lines have that herbicide tolerant trait and exhibit resistance to soil residual levels of group II herbicides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Grouped means for all Large Seed Breeding Lines across 

2017, 2018, and 2019 seasons. There were no significant differences 

(Tukey HSD) between any means; “r’ is the number of replicates per 

genotype.  

r Genotype Yield (lbs/acre) 1SM (mg) 

13 LargeSeed.24 933.6 1.67 

14 LargeSeed.23 895.1 1.67 

14 LargeSeed.30 915.4 1.66 

14 LargeSeed.28 863.5 1.65 

14 LargeSeed.26 975.1 1.65 

14 LargeSeed.25 1028.9 1.64 

14 LargeSeed.21 803.7 1.63 

13 LargeSeed.22 959.6 1.61 

14 LargeSeed.31 1015.4 1.60 

14 LargeSeed.29 968.4 1.59 

14 LargeSeed.27 927.8 1.57 

14 LargeSeed.20 804.4 1.57 
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Spring Canola Large-Scale Variety Trials 

Isaac Madsen  

 

Small plot variety trials serve to assess the relative yields and traits of varieties. However, small plots do not capture the effect 

of landscape on different varieties. In order to assess the effect of landscape on yield and other important agronomic variables it 

is important to test varieties on a larger scale (Fig. 1). The large-

scale variety trials are planted with a production scale drill and 

range from 400-600 ft in length. Each variety was replicated four 

times to allow for statistical comparisons of yield, nutrient 

concentration, and stand counts. During the 2019 growing season, 

large-scale variety trials were conducted at three locations.  The 

varieties at each location varied based on what is commonly 

grown in each region. The variety trial locations were at Almira, 

WA, Davenport, WA, and Pullman, WA. At the Almira location, all 

the varieties except InVigor L233P were non-GMO. At the 

Davenport location a mix of non-GMO and GMO varieties were 

planted. At the Pullman location only RoundUp Ready varieties 

were planted. At both Almira and Davenport there were significant 

differences based on variety (Table 1). However, at Pullman, there 

was no significant differences based on yield. At the Davenport 

location NCC101S had the highest yield, while at Almira InVigor 

L233P had the highest yield. In addition to yield plant count, pod count, and nutrient concentration data were collected. Each of 

these data was spatially referenced in order to assess the variability across the field.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Strip trials near Pullman, WA demonstrate the landscape 

variability which can be captured with large scale trials.  

Table 1 

 Almira Davenport Pullman 

BY5545 CL 854 b 1117 d - - 

DynaGrow 

DG200CL 854 b 1259 bcd - - 

InVigor L233P 947 a 1217 cd - - 

NCC101S 819 b 1678 a - - 

Xceed DG 

X122 CL 781 b - - - - 

BrettYoung 

6080 RR - - 1120 d 1741 a 

DynaGrow 

DG540 RR - - 1200 cd 1697 a 

HyClass 930 

RR - - 1445 b 1680 a 

Star 402 RR - - 1369 bc 1730 a 

Mean 851  1301  1712  

CV (%) 7.0  11.9  26.2  

LSD 90  227  692  
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Plant Density Variation Within Large Scale Variety Trials  

Isaac Madsen 

 

In addition to collecting yield data, large-scale variety trials can be utilized to collect a variety of other data including plant 

density. During the summer of 2019 plant counts were collected at all three of the large-scale variety trial locations. Because the 

plot length and width varied at each 

location depending on the drill being 

used, and the size and shape of the 

field which the trials were 

established in, each location had a 

slightly different sampling scheme. In 

Almira (plot size 40’ x 600’) four plant 

counts were taken for times at 120’ 

beginning 60’ into the plot. Similarly, 

in Pullman (plot size 30’x 500’) four 

plant counts were taken four times at 

100’ intervals resulting 16 counts per 

plot beginning 50’ into the plot. 

However, at Davenport (plot size 15’x 

400’) four plant counts were only 

taken three times at 100’ intervals resulting in 12 counts per plot. In total, 320, 256, and 384 plant counts were collected at 

Almira, Pullman, and Davenport respectively. The number of plants ft-2 varied greatly between location. The highest and the 

lowest plant counts were found at 

Davenport ranging from 0.0-15.6 

plants ft-2. Pullman plant counts 

varied to a lesser degree from 1.1-

9.3 plants ft-2. At Almira the plant 

counts ranged from 1.9-13.4 plants 

ft-2. The plant counts were 

aggregated to four counts per plot 

and mapped to the plots using R 

statistical software (Fig. 1-3). The 

maps of plant counts demonstrate 

the large range of range of 

variability across a single field. 

However, when compared to yield 

on a plot by plot basis the plant 

counts did not predict yield within a single location or between any of the locations (Fig. 4). The lack of correlation between 

plant density and yield demonstrates, high plant densities are not necessarily required for good yields. However, benefits such 

Figure 1. Aggregated plant counts varied from 2.5-8.8 plants per square foot at Davenport, WA.  

Figure 2. Aggregated plant counts varied from 0.7-7.5 plants per square foot at Davenport, WA. 
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 as competition against weeds may be gained through higher plant density. Future work will focus on linking the yield monitor 

data from these locations to the plant count data in order to look at relations between plant count and yield at a higher spatial 

resolution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Aggregated plant counts varied from 2.0-7.3 plants per square foot at Davenport, WA. 
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Pod Count Variation Across Large-Scale Variety Strip Trials 

Isaac Madsen 

 

In addition to collecting yield data, large-scale variety trials can be utilized to collect a variety 

of other data including pod counts. The pod count on the leading stem of a canola plant has 

been anecdotally correlated with yield. In this project we set out to assess the possible 

correlations between pod count and yield data. When the plants were at physiological 

maturity pod counts were taken at 16 points within each plot (Fig. 1). Of the 8 varieties 

grown at Davenport and the 5 varieties planted at Almira, there were four shared varieties. 

A comparison of the shared varieties across both locations showed that Davenport averaged 

a higher pod count (39) than Almira (32). In Almira, the pod counts varied from 13-53 pods 

and at Davenport the pod count ranged from 12-60. The average yield in Almira was 851 lbs/

A and the average yield in Davenport was 1301 lbs/A. Although a strong correlation between 

pod count and yield was not achieved when conducting linear regression (R2=0.43), a 

positive trend between pod count and yield was observed. At neither location did the 

highest yielding variety (NCC101s at Davenport and InVigor L233P at Almira) have the 

highest number of pods. The total number of pod counts collected at Almira and Davenport 

were 320 and 512 respectively allowing for a high spatial resolution of pod count variation 

across the study areas. The high spatial density at which the samples were taken 

demonstrates dramatic variation across relatively small intervals of space (Fig. 3 and 4). A further dissection of the data, by 

looking at variation within the yield map will serve to assist in better understanding whether the variation of yield within 

individual plots can be associated with the variation in pod counts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The boxplot shown here demonstrates the variation in pod counts at 
both Almira and Davenport. The boxplots presented here demonstrate that for 
each location there was a large amount of variation within and between 
varieties.  

Figure 1. Example of pod count data 

being collected at Almira in 2019. 
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Figure 3. Variation in pod counts across the Almira strip trial. Pod counts at this location ranged from 13-
53 pods. Each rectangle on the map represents the average of four pod counts made in the rectangle. In 
total, 320 plant counts were made at this location.   

Figure 4. Variation in pod counts across the Davenport strip trial. Pod counts at this location ranged from 
12-60 pods. Each rectangle on the map represents the average of four pod counts made in the rectangle. 
In total, 512 plant counts were made at this location. 
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Canola Variety Effects on Soil Health Mediated by Nutrients and the 

Microbiome 

Maren Friesen, Tarah Sullivan, Timothy Paulitz, Haiying Tao, Brett Younginger, and Richard Allen White III 
 

The rhizosphere is a highly active region for both biological and chemical processes and is analogous to the human gut, where 

microbial communities play critical roles in transforming nutrients for the health of the host. Plants interact with a host of both 

soil-borne diseases and soil-borne beneficial micro-organisms and extensive work across plant systems has documented that 

plant genotype interacts with the environment to determine these interactions. Work by our team has found that crop genotype 

is related to differences in siderophore activity in wheat rhizosphere and that crop genotype is also related to differences in the 

ability for beneficial microbes to protect against soil-borne antagonists in the Medicago rhizosphere. In canola, one of the 

barriers to adoption is the variability in its effects on subsequent rotational crops--in some cases canola enhances the yield of 

following crops but in other cases it decreases yield. Previous work by our team has documented that wheat and canola share 

core rhizosphere microbiome members and that these communities shift through time and under varying canola-wheat 

rotations. However, it is not currently known how these effects vary with canola variety or if these effects are consistent across 

our region. Understanding the biological and soil nutrient basis of these effects in relation to canola variety across our region will 

be important for both immediate recommendations for farmers seeking to incorporate canola into rotations as well as longer 

term efforts to improve soil health through the use of oilseed crops. 

We plan to sample the microbiome of ongoing variety trials–both the loosely bound rhizosphere, which has been more closely 

linked to microbiome function, as well as the tightly bound rhizosphere, which has been found to vary more dramatically across 

plant varieties due to genetic differences. We will extract DNA and use 16S and ITS to inform us what bacteria and fungi  are 

present, and plan to additionally use high-throughput qPCR to assess the abundance of key nutrient cycling genes. We will also 

conduct analysis of soil nutrients in the bulk soil to better understand connections between canola varieties, the microbiome, 

and soil health. 
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Managing Nitrogen for Winter Canola 

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

Currently, the yield-goal method is used to estimate nitrogen (N) rates for canola. In another words, N rate is determined based 

on unit N requirements (UNR), which is N requirement for a unit yield. A 12 site-year research study conducted across rainfall 

zones in WA found that approximately 7 to 17 lbs N per 100 lb seed yield is required for spring canola (UNR=7 to 17). In general, 

the higher the yield potential, the lower the UNR. When spring canola is grown in higher yield potential areas, it develops more 

vigorous root systems that allow greater access to soil nitrogen and water. Since winter canola yield potential vary substantially 

across rainfall zones, it is important that we provide the right UNR for farmers for winter canola.  

We conducted a N response study on 7 site-years across rainfall zones of WA and OR in 2016-2018. The treatments included N 

rates from 0 to 200 lbs/acre and N application timing including spring, fall, and split (50% in spring and 50% in fall). A uniform 

rate of ammonium sulfate was applied for all treatments. We found that approximately 5 to 7 lb N per 100 lb seed yield is 

sufficient for winter canola across all rainfall zones (UNR=5 to 7). Notably, however, when soil test N is higher than 100 ppm in 

the 6-foot depth, yield response to additional N fertilizer application is unlikely in winter canola, and this agrees with the study 

for spring canola. Therefore, farmers should determine N rate based on yield goal, UNR, and soil test.    

Timing of N application affects N use efficiency, N availability to winter canola, and yield (Fig. 1). Spring application is a better 

practice than fall application in areas with high leaching potential, such as fields located in intermediate and high rainfall zones 

and sandy soils. In the high rainfall zone, if soil test N is higher than 100 ppm in fall, no fertilizer N application is needed; if soil 

test N is low, 30 lbs/acre N as starter is recommended and apply the remaining N in spring. Fall or splitting N applications 

between fall and spring in the low rainfall zone are good practices. Split application results in better yield in irrigated systems. 

Canola seed quality is significantly affected by N management. Higher N availability leads to higher seed protein concentration. 

Typically, the higher the seed protein concentration, the lower the seed oil concentration (Fig. 2). Timing of N application also 

affects seed oil concentration, mainly as a result of the timing effect on N availability. For example, in the 7 site-year research, we 

found that winter canola seed oil concentration was lowest with spring N application in a field located in the high rainfall zone. 

For that same field, the next lowest oil concentration was the split applications between fall and spring, followed by fall 

application. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The relationship between average seed oil concentration and 

timing of N application for the different rainfall zones. Seed oil 

concentration marked by different letters above the bars are 

significantly different within each rainfall zone. 

Figure 2. The inverse relationship between winter canola seed oil 

and protein concentration. Data points represent all treatment 

combinations from seven sites in the 2016–2017 and 2017–2018 

crop years. 
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Low Erucic Acid (LowE) Camelina Breeding Lines with Potential for 

Public Release  

Wilson A. Craine, Ian C. Burke, Philip D. Bates, and Scot H. Hulbert 
 

Camelina is a potential alternative crop for the sustainable intensification of dryland cropping systems due to minimal input 

requirements, strong adaptability to diverse environmental conditions, and its unique, “heart-healthy” fatty acid profile. 

Camelina is a rich source of both α-linolenic (18:3; 35-45%) and linoleic (18:2; 15-23%) acids, two essential fatty acids for human 

and animal health, and antioxidants called tocopherols (vitamin-E). Unfortunately, erucic acid content in camelina oil (2-5%) 

exceeds the 2% FDA threshold allowed for edible oil. Therefore, development of lines with less than 2% erucic acid content 

suitable for human consumption will greatly expand the marketability and profitability of camelina. 

The WSU Camelina Breeding program has developed several elite breeding lines with low erucic content (lowE) that also exhibit 

good agronomic performance. During the 2019 field season, 12 advanced (lowE) breeding lines and 6 check varieties were 

tested in a replicated field trial in Pullman, WA. There were two seeding dates, May 10 and May 23, and at least four replicated 

plots (5ft x 9ft) of each genotype (16 for Calena and Suneson) per seeding date, arranged in a randomized complete block design 

(RCBD). Overall, the lines performed similarly in both seeding dates, so only means across seeding dates for each line is given.  

Table 1 details the performance of four elite lowE lines and size check varieties, sorted from highest to lowest yield. There were 

two lines, #43 (0.57%) and #44 (0.46%) with significantly lower erucic acid content than any of the other lowE lines. Although 

#44 has the lowest erucic acid content of all, #43 had greater mean yield with significantly larger seeds (1.23 mg/seed) than #44 

(1.05 mg/seed). Other promising lowE lines include #35, the highest yielding line (1339.3lbs/acre) with 1.91% erucic acid, and 

#38, the second highest yielding (1191.9 lbs/acre) and second highest oil content (43.22%) line with 1.56% erucic acid. Overall, 

#44 is inferior to the check varities in most of the agronomic categories, while #43 is competitive with the checks. Both #35 and 

#38 outperform the check varieties in both yield and oil content. With such low erucic acid content, we are confident #43 and 

Table 1. Grouped means for four elite LowE Breeding Lines and Check Lines. Lowercase letters denote significant 

differences (Tukey HSD) between means; “r” is the number of replicates per genotype. 

  

r Genotype Yield (lbs/acre) 1SM (mg) Oil (%) Linoleic (%) 
α-Linolenic 

(%) 
Erucic (%) 

8 LowE.44 876.8a 1.05b 41.57a 21.42ab 33.69a 0.46a 

8 LowE.43 1021.1a 1.23ab 40.90ab 20.91abc 33.78a 0.57a 

8 LowE.38 1191.9a 1.19ab 43.22a 22.16a 30.99b 1.56b 

8 LowE.35 1339.2a 1.18ab 41.26a 18.35d 33.76a 1.91b 

32 Suneson 1072.7a 1.24ab 36.04bc 21.30ab 31.37b 2.44c 

8 BlaineCreek 999.7a 1.26a 35.10c 18.90cd 32.96ab 2.64cd 

8 WA-HT1 1060.4a 1.24ab 35.9bc 19.06cd 33.57a 2.78cd 

8 Midas 917.8a 1.32a 35.41c 19.59bcd 33.35ab 2.80cd 

8 Cheyenne 1142.6a 1.33a 33.51c 18.37d 31.86ab 2.93d 

32 Calena 1133.5a 1.28a 35.62c 19.54cd 33.35ab 3.00d 
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 #43, will maintain <2% erucic acid content across different environments/years. More testing is needed to confirm whether #35 

and especially #38 will maintain <2% erucic acid content across different environments/years, but their higher yield potential 

may be worth that risk. Additionally, there is potential to mix lowE lines like #43 and #44 with higher erucic lines to dilute total 

erucic content below 2%. It is important to note that all lowE lines have significantly higher linoleic, α-linolenic, and total oil 

content than the checks. 

Biodiesel and renewable jet fuel are still good options for camelina oil, but development of lowE camelina lines suitable for 

human consumption will greatly expand the marketability and profitability of this crop. The WSU Camelina Breeding Program 

plans to publicly release lowE line(s) summer 2020.  

*Note: The WSU Camelina Breeding Program released WA-HT1, a group II soil herbicide resistant variety, in 2018. All of these 

lowE lines have that herbicide tolerant trait and exhibit resistance to soil residual levels of group II herbicides. 
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 Spring Canola and Chickpea Value in a Cereal Grain Rotation 

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

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

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

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

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

located at the WSU Wilke Research and Extension Farm which receives an average of 14 inches of precipitation. The 

experimental design was a randomized complete block with four replications and plot size 25x200 feet. Each crop rotation is 

examined over two cycles (i.e. 6 years) and was repeated in 2015 and 2016. Data presented here focuses on the three treatment 

crops and includes seed yield, production costs, and economic returns. Over the 6 years, spring wheat had the highest yield, 

averaging 2,134 lbs./ac (35.6 bu/ac), and there was no significant difference in yield between canola and chickpea 1,014 and 963 

lbs./ac, respectively. Gross economic returns were calculated using local F.O.B. prices on September 15 each year, and canola 

and chickpea yearly contract prices. Chickpea and wheat had the greatest gross economic return at $214 and $199/ac, 

respectively, compared to canola at $166/ac. Production costs considered included only seed, fertilizer, and herbicide costs. Over 

the six years wheat had the lowest production costs at $100/ac, and canola and chickpea both averaged $116/ac. Overall wheat 

and chickpea produce the greatest economic return to growers over costs at $99 and $97/ac, respectively, and canola produced 

$48/ac over costs. In conclusion market price is a major component of potential profitability of wheat, chickpea and canola. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment 

Yield 

(lbs./ac) 

Market Price  

($/lb) 

Gross Economic 

Return ($/ac) Cost ($/ac) 

Economic Return 

over Costs ($/ac) 

Wheat 2134 a 0.093 199 a 100 99 a 

Canola 1014 b 0.162 165 b 116 48 b 

Chickpea   963 b 0.222 214 a 116 97 a 

LSD (P<0.05) 134   21   21 

Means within columns with different lowercase letters are significant (P<0.05). 
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Soil Water Dynamics with Camelina in a Three-Year Rotation in 

Washington’s Winter Wheat-Fallow Region 

Stewart Wuest and  Bill Schillinger 

 

Camelina of the Brassicaceae family is a short-season oilseed with tolerance to water stress and frost. Camelina has been 

promoted as a potential alternative crop for the low-precipitation (<12 inch annual) Mediterranean-like climate region of inland 

Pacific Northwest where a monoculture 2-yr winter wheat-summer fallow (WW—SF) rotation is practiced by the vast majority 

of farmers. An 8-yr field experiment was conducted at Lind, WA to compare a 3-yr WW—camelina—SF rotation to the typical 2-

yr WW—SF rotation. We conducted a detailed analysis of soil water dynamics of these two crop rotations throughout the 

experiment. Growing camelina reduced soil water content at the beginning of the fallow period, and this reduction resulted in 

an average of 0.83 inches less water at the time of WW planting and a 2.5 bushel/acre reduction in grain yield compared to 

WW—SF. Compared to WW—SF, we found that: (i) the deep-rooted broadleaf weed Russian thistle present in camelina most 

years was a likely reason for significantly greater in-crop soil water use, and (ii) the limited residue produced by camelina was 

likely responsible for greater evaporative loss during the spring-through-late-summer segment of fallow. These are the first 

findings from the Pacific Northwest drylands of greater water use by a cool-season spring crop versus WW as well as greater 

evaporative loss during the dry summer months due to lack of residue during fallow. In this experiment, extending the crop 

rotation to include camelina was costly in terms of water use, surface soil residue cover, soil water storage during fallow, and 

WW grain yield. Read the full article here: https://acsess.onlinelibrary.wiley.com/doi/full/10.2136/sssaj2019.05.0157. 
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Developing Diagnosis and Recommendation Integrated System for 

Micronutrients in Spring Canola  

Isaac Madsen, Haiying Tao, and William L. Pan 
 

Macronutrient and micronutrient concentrations in tissue tests vary between crop species. Additionally, tissue concentrations 

may also vary between varieties in a single crop species. In crops such as canola (Brassica napus) critical values might be used 

from a closely related crop species such as rapeseed (Brassica rapa), without validating the critical values for the crop of interest. 

In addition to the variations between and within species there may also be wide spatial variation within fields. In order to assess 

some of these variations and work towards establishing critical values in the inland Pacific Northwest we collected tissue 

samples from winter and spring canola trials in Washington. We sampled farm scale variety trials in order to assess the variation 

between crop cultivars and the variation across a field within individual cultivars. The strip were 40 feet wide by 600 feet long 

and contained five varieties replicated four times coming to total of 11 acres. The strip trial was established near Almira, WA 

following winter peas. The tissue samples were taken at the 4-6 leaf stage prior to bolting. The macronutrient and micronutrient 

concentrations varied greatly based on both cultivar and location within the field. Of the five varieties included in this trial four 

varieties were napus (NCC101S, BY5545, InVigor L233P, and DG200) while one was rapa (Xceed DG X122 CL). The rapa cultivar 

contained significantly higher concentrations K, Fe, Zn, and B than any of the napus type cultivars (Table 1 and Table 2). This of 

interest to research and production as Zn and B are micronutrients of special concern in the inland Pacific Northwest. 

Additionally, all the macronutrients showed significant variation between napus type cultivars (Table 1). In addition to the 

variation between different varieties, the spatial variability of nutrient concentrations within the field was assessed. The 

concentrations of both macronutrients and micronutrients varied widely across strip trial. For example, N ranged from 3.35%-

5.24% (Fig. 1). The Future work will focus on linking plant tissue concentration to yield.  

 

 

 

 

 

 

 

 

 

Figure 1: Nitrogen tissue concentrations vary from 3.35-5.42% across and 11 acre strip trial. Similar 
variations were found in other macronutrients and micronutrients. The variability in plant nutrient 
concentration across the field demonstrates the importance of adequate sampling density and 
distribution when taking nutrient samples. 
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Table 1. 

 

 Macronutrients (%) 

Variety Name N P K S Ca Mg 

Xceed DG X122 CL 4.191 b 0.522 

a

b 5.411 a 0.588 

b

c 1.089 c 0.314 abc 

NCC101S 4.006 b 0.510 b 4.317 c 0.538 c 1.166 c 0.302 bc 

BY5545 CL 4.117 b 0.505 b 3.961 d 0.626 

a

b 1.266 b 0.301 c 

InVigor L233P 4.570 a 0.547 a 5.068 b 0.577 

b

c 1.270 b 0.321 ab 

DG200 CL 4.449 a 0.534 

a

b 4.442 c 0.654 a 1.384 a 0.322 a 

CV 7.921 8.233 7.730 12.335 9.359 8.748 

LSD 0.238 0.030 0.253 0.052 0.081 0.019 

Table 2. 

 

 Micronutrients (ppm) 

Variety Name Fe Cu Zn Mn Cl B Mo 

Xceed DG X122 

CL 317.75 a 4.60 a 35.89 a 69.06 ab 0.36 c 29.13 a 0.72 a 

NCC101S 135.94 b 4.21 a 24.57 d 64.76 b 0.53 a 23.06 b 0.69 a 

BY5545 CL 137.44 b 4.39 a 27.30 bc 63.39 b 0.46 b 22.25 b 0.57 b 

InVigor L233P 172.38 b 4.53 a 27.92 b 64.76 b 0.46 b 22.44 b 0.75 a 

DG200 CL 135.25 b 4.16 a 25.60 cd 72.83 a 0.49 ab 23.63 b 0.68 a 

CV 30.11 16.17 8.64 13.27 15.58 12.96 18.46 

LSD 38.12 0.50 1.72 6.26 0.05 2.20 0.09 
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Nitrogen Source and Rate 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). In order to 

establish safe planting guidelines a root assay was conducted in a Palouse Silt 

Loam soil with N fertilizer sources banded 2” below the seed row at increasing 

rates. The gradients of the rates were used to model tap root survival and 

estimate the LD50s for tap root survival. The LD50 is the rate at which would 

expect 50% of the tap roots to die. The unconventional unit of mg/cm was used to 

make the applications and dose response because the actual amount of N which the root is exposed to depends heavily on the 

row spacing and the application rate (lbs N/A). In table 1 you can see a conversion between the LD50 (mg/cm) and field rates 

(lbs N/A) at different row spacings for all three sources. From this table you can see that UAN is a much safer source of N to 

apply than UAN and that closer row spacing will also decrease the potential for root death.  

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

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

 

 

 

 

 

 

 

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

Table 1. LD50s of canola tap root survival exposed urea, AS, 

and UAN. 

 

    Row Spacing (in) 

Source 
LD50               

(mg N/cm) 

6 12 18 

Rate (lbs N/A) 

urea 4.7 27 14 9 

AS 9.7 57 28 19 

UAN 20.6 120 60 40 
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Use of Transgenic and Agronomic Approaches to Improve Stand 

Establishment and Survival in Winter Canola  

Shahbaz Ahmed and Michael M. Neff 

 

Expanding oilseed cultivation in the Pacific Northwest (PNW) is important not only for edible oil production for human 

consumption but also as a rotation crop with winter wheat. Both winter and spring canola are being grown in the PNW, but 

winter canola has more yield potential compared to spring canola in this region. Winter survival of canola depends on many 

factors including the planting date, seeding depth, seeding rate, stand establishment, plant stature, and cultivar genetics. In a 

recently funded project, our lab is using a combination of transgenic and agronomic approaches to study and improve the 

winter survivability of winter canola in the inland PNW. In our transgenic approach to improve stand establishment, we are 

using an allele variant, Atsob3-6, of a DNA-binding protein SOB3/AHL27, which regulates seed size and seedling development 

in Arabidopsis and Camelina sativa, both belonging to the same family as canola. In Camelina sativa, our lab developed 

transgenic plants resulted in bigger seeds (Fig. 1) and improved seedling emergence at greater planting depths (Fig. 2) (Koirala 

and Neff, 2019). We are using the same allele to make transgenic canola through tissue culture to develop plants with 

increased seed size and improved seedling emergence. Improved stand establishment via early planting results in an increase in 

plant size, however, this can favor winter kill. In contrast, late planting results in seedlings that are too small to withstand 

winter kill. Thus, optimum plant size is important in winter canola varieties for survival through harsh winter conditions. In our 

agronomic approach, we are using the plant growth regulator (PGR) gibberellin (GA) to manipulate plant development. In our 

study, commercial varieties of canola are being treated with different concentrations of GA-related PGRs. GA-biosynthesis 

inhibitors are being tested out in a dose-response manner on early-planted juvenile canola plants to delay development to 

maintain the optimum plant size before the winter onset. In contrast, experiments are also being performed with growth-

promoting GAs to increase plant size for late-planted juvenile canola plants. Our lab will also be carrying out a winter tolerance 

screen on a large collection of canola germplasm in the inland PNW region. In collaboration with the winter wheat program, we 

will be using an image-based phenotyping approach to screen germplasm based on winter survivability. A multi-year trial of this 

experiment would allow us to understand the genetics of winter tolerance, as well as identify lines with better winter survival 

to incorporate into future winter canola breeding programs. Together, these transgenic and agronomic approaches will allow 

us to develop new germplasm and agronomic practices to increase stand establishment and winter-kill tolerance, with the 

ultimate goal of increasing canola acreage in the PNW. 

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

transgenic Camelina lines displayed increased hypocotyl length (a) seed size (b) and seed weight (c) when compared to the wild type (Wt). n = 60 for 

hypocotyl length. n = 100 for seed area. n = 300 for seed weight, **** p < 0.0001  
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Koirala, P.S. and Neff M.M. (in review for Transgenic Research) Improving seed size and seedling emergence in transgenic 

Camelina sativa by overexpressing the Atsob3-6 gene variant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Atsob3-6-OX confers better seedlings emergence in Camelina. Seeds of Atsob3-6-OX line and the wild type were germinated beneath 6 cm of 

lightly compacted potting mix at 25oC for seven days before measuring percent emergence (a), and total hypocotyl length within and above the soil (b). 

Seedling emergence of Atsob3-6-OX-2 and wild-type seedlings was also measured seven days after planting beneath 6 cm of dry Palouse silt loam (c). n = 

36, ****p< 0.0001. 
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Mixed Canolage—Companion Cropping of Dual-Purpose Winter 

Canola 

Isaac J. Madsen and Steve VanVleet 

 

Dual purpose canola is the practice of seeding 

winter canola during the summer and 

harvesting the biomass as a forage in the 

season prior to seed harvest. The harvest may 

occur either by swathing or cattle grazing. 

Dual purpose canola has sometimes been 

referred to as canolage. As canolage is a more 

concise term we will use it here. In some 

cases, canolage may be mixed with other 

plant species in order to control plant 

maturity and add biodiversity to the system. 

During the summer of 2019 two mixed 

canolage studies were established. The 

companion crop used in both cases was spring 

forage oats (Fig. 1). The two locations were 

Dusty, WA and Creston, WA. The Dusty location was established 

the last week in May and the Creston location was established 

the first week in July. During the summer and fall of 2019 a 

variety of data were collected at the Dusty location. The data 

collected was forage tests, plant counts, and soil moisture. The 

forage tests were used to compare the monoculture canolage 

with the mixed canolage (Table 1). The mixed canolage had a 

higher dry matter, acid detergent fiber, and neutral detergent 

fiber value. The monoculture canolage had higher crude protein 

and relative feed values. The higher dry matter, ADF, and NDF of 

the mixed canolage is preferred to the monoculture canolage as 

the fiber is necessary for ruminant digestion to function well. In 

addition to the forage test moisture monitoring stations were 

established at four grazed and four un-grazed locations. At each 

location, a sensor was installed at 1, 2, 3, and 4-foot depths. The 

different depths were added to calculate the total moisture in 

the profile. In order to assess the impact of grazing on the moisture in the profile the relative moisture was calculated based 

on the moisture at the start of grazing and the changes in the moisture over the period of grazing were logged (Fig. 2). Figure 2 

shows that the grazed plots (pink) used less relative moisture than the un-grazed (blue) plots. This indicates that grazing mixed 

canolage may reduce the overall water usage of the system when compared with the un-grazed system. Late in the fall most of 

Figure 1. Mixed canolage (oat-canola intercrop grown for forage and canola seed) prior to 

grazing. 

Figure 2. The change in relative moisture following the initiation of 

grazing in the first week of July. In most cases, the un-grazed plots 

used more than  the grazed plots over the recorded time frame. 
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the Dusty plots had droughted out, and only a subset of the field will be taken to harvest. In the spring of 2020, all but a small 

section of the canola was terminated. The drought out at the Dusty location is likely due to the early planting date. The Creston 

location had good winter survival and the full area will be harvested in the July of 2020. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Forage values for monoculture canola compared to oat-canola mix. 

 

 Canola Oat & Canola 

Dry Matter 11.6 19 

Crude Protein 21.3 14.2 

Acid Detergent Fiber (ADF) 16.9 20.2 

Neutral Detergent Fiber (NDF) 17.3 29.5 

Relative Feed Value (Estimated) 407 231 
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Canola in Cereal-Based Rotations: Agronomy and Soil Microbiology 

Update from Ritzville 

Bill Schillinger, John Jacobsen, Ron Jirava, Jeremy Hansen, Tim Paulitz, Steve Schofstoll, and Dave Huggins  

 

Two long-term canola cropping systems experiments were initiated in 2014 and 2016, respectively, on the Ron Jirava farm near 

Ritzville.  In Study 1, canola is grown in a 4-year rotation of C-F-WW-F and is compared to WP-F-WW-F as well as a 2-year WW-F 

check. In Study 2, canola grown in a 3-year C-SW-F rotation is compared to 3-year rotations of WW-SW-F and WT-SW-F (all 

acronyms used are defined at the end of this report).  

Some research highlights from Study 2 are briefly outlined 

here. Note that SW follows C, WW, and WT and that a 13-

month fallow period occurs after SW in all three rotations. 

Overwinter precipitation storage in the soil has been 

significantly lower after canola in some, but not all, years 

compared to after WT or WW (Fig. 1). We are surprised by 

these data because in a previous 6-year study near 

Davenport there were never any differences in overwinter 

precipitation storage in the soil after canola versus wheat. 

To date, SW grain yields averaged over years at our Ritzville 

site have been significantly lower after canola versus WT 

and WW (Fig. 1). 

Is the difference in overwinter precipitation storage in the 

soil the reason for the differences in SW grain yield among 

treatments? The answer is “not entirely”. Figure 2 shows 

that 33% of the difference in SW grain yield among 

treatments is due to the amount of water in the 6-foot 

profile in late March. The remaining 67% of the grain yield 

difference among treatments is due to some other factors. 

The PhD dissertation research conducted by Jeremy Hansen 

in the above-mentioned Davenport study showed that soil microbial populations, including  mycorrhizal fungi, were reduced 

with canola compared to wheat (click this link for the full report of this study https://www.frontiersin.org/articles/10.3389/

fmicb.2019.01488/full). Is this same phenomenon also taking place in our Ritzville study? 

Dr. Hansen is currently leading a study to determine if injecting mycorrhizal inoculum beneath newly emerged SW seedlings at 

our Ritzville site will enhance mycorrhizae populations and, if so, see how this affects SW grain yield. Concurrently, Dr. Tim 

Paulitz is conducting DNA sequencing of SW roots and soil adhering to the roots (i.e., rhizosphere soil) to measure the presence 

of numerous taxa of fungi and bacteria at the Ritzville site. We are excited about this research! 

Finally, we need to state that there is no evidence that wheat yield is negatively affected when there is a year-long fallow period 

after a canola crop prior to planting wheat. On the contrary, there are numerous reports by scientists and farmers from around 

the world that show wheat yield is often enhanced when the previous crop is canola. Our collective research in the Pacific 

Figure 1. Overwinter gain in soil water in the 6-foot soil profile as affected by 

having canola (either spring or winter canola), winter triticale, and winter 

wheat as the previous crop. Soil water content at time of harvest of these 

crops was essentially identical every year. Stubble of the three crops was left 

standing and undisturbed after harvest. The numbers above the individual 

bars show spring wheat (SW) grain yield that was sown in late March into the 

stubble of the three previous crops. Letters within years (and averaged over 

the four years) followed by a different letter are significantly different at the 

5% probability level. Ns = not significantly different.   

https://www.frontiersin.org/articles/10.3389/fmicb.2019.01488/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.01488/full
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Northwest indicates that soil microbial biomass decline with canola is temporary and that soil microbial populations return to 

their previous levels in about one year. 

Acronyms used: C, canola (either winter or spring canola); F, 13-month-long fallow; SW, spring wheat; WP, winter pea; WT, 

winter triticale; WW, winter wheat. 

 

 

 

 

 

 

 

Figure 2. Relationship between soil water content in late March at time 

of sowing of spring wheat and the grain yield of spring wheat. The 

correlation coefficient (R2) of 0.33 means that 33% of the difference in 

spring wheat grain yield following canola, winter triticale, and winter 

wheat is due to the amount of soil water in 6-foot soil profile in late 

March. The remaining 67% of spring wheat yield differences following 

canola, winter triticale, and winter wheat is due to other factors.   
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A Study to Support Phosphorus Fertility Recommendations for Winter 

and Spring Canola  

Haiying Tao, Aaron Esser, Stephen VanVleet, Isaac J. Madsen, and William L. Pan 

 

Phosphorus is an essential nutrient for crops. It is a structural element in many molecules such as ADP and ATP, nucleotides,  

nucleic acids, and co-enzymes. Sufficient amount of phosphorus supply during canola growing season ensures functionality of 

these molecules, strengthens seed formation, and prevents 

lodging as a result of better development of stem tissues. 

However, there are limited studies on phosphorus fertility 

strategies for canola (Brassica napus). In order to support 

phosphorus fertilizer recommendations for the Northwest, we 

initiated a small plot research on Washington State University 

Wilke Research and Extension Farm in the fall of 2019. We will 

use the small plot experiment to study yield and quality 

responses of winter canola to phosphorus application rate and 

application method. We established a field-scale research in 

Almira, WA to study spatial variability of such responses. In spring 

2020, we were able to conduct one small plot research on Wilke 

Research and Extension Farm for a similar study for spring canola. 

In additional to phosphorus, the treatment included zinc which 

allows us to study the interaction effect of phosphorus and zinc 

on spring canola’s yield and quality. We will repeat the study and 

conduct more research trials in 2021 and 2022. The results will be used to (1) determine agronomic and economic optimum 

rate for P for winter and spring canola yield and quality; (2) determine agronomic critical level for soil test phosphorus, above 

which no phosphorus should be applied; (3) determine the best placement strategy for P uptake, yield, and quality of winter 

and spring canola; (4) evaluate how soil and climate conditions affect crop yield response to P fertilization, and within- and 

across-fields spatial variability in yield response on P. Farmers who would like to participate this research, please contact Dr. 

Haiying Tao at haiying.tao@wsu.edu. The more farmers participate in the research, the better recommendations will be 

developed for variety, soil, and weather.   

 

 

 

 

 

 

 

 

 

Winter canola trial to study phosphorus fertility strategy (photo was 

taken on May 13, 2020). 

mailto:haiying.tao@wsu.edu
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Companion Crops as a Method for Improving Winter Canola Stand 

Establishment and Winter Survival  

Isaac J. Madsen and Aaron D. Esser 

 

Companion cropping is the practice of planting crops in proximity to one another with the objective of the plant species 

benefiting each other. Companion crops may be may exist of a single cash crop and one or more ‘companion’ crops. In general, 

the companion crop is grown with a specific benefit to the cash crop in mind. Modern mechanized agriculture has not used 

companion cropping to a large extent. However, certain companion cropping system have the potential to benefit mechanized 

agriculture. One system that is gaining interest is using spring oats as a nurse crop for winter canola in order to improve stand 

establishment and winter survival. In the fall of 2019 near Davenport, WA a trial was established comparing winter canola 

grown with a companion crop of oats to winter canola planted in a conventional monoculture. Fall (9/19/19) and spring 

(4/2/20) plant counts were taken to assess the effect of the companion oat crop on winter canola stand establishment and 

winter survival. The fall plant counts revealed no significant difference in the number of canola plants which successfully 

established. However, the companion cropping system showed a more uniform distribution (Fig. 1). The monoculture winter 

canola did show a significantly higher percentage of winter survival than the companion cropped winter canola (Fig. 2). The 

average winter survival in the monoculture canola was 51% while the average winter canola in the companion cropped canola 

was 34%. While the monoculture canola appeared to have a clear advantage over the companion cropped treatment in this 

system, we do not consider this brief study to have conclusively answered the question of whether or not companion cropping 

may have a role in the future of canola production. Anecdotal evidence has shown this practice to be effective in other regions, 

and we plan to pursue the roll of companion cropping in canola further. Future research will examine the effects planting date, 

and the density of the companion crop on stand establishment and winter survival.   

Figure 1. Box plot showing the variability and 
median stand counts in canola in a monocrop and 
canola in a production crop production method. The 
monocrop canola shows a wider range of values 
than the companion crop method and a slightly 
lower average plant count.  

Figure 2. Box plot demonstrating the differences in 
winter survival between the monocrop winter 
canola and the companion cropped winter canola. 
While there was substantial variation in both 
groups, the monocrop winter canola had a 
significantly higher winter survival at 51% compared 
to the companion cropped winter canola at 34%.  


