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SUMMARY:  

Clubroot (causal organism, Plasmodiophora brassicae) is a major soilborne disease of 
brassica crops in the Willamette Valley. Due to the long survival time of disease spores in soil, 
once a field is infected, control not eradication is the objective. Of the control strategies 
available to farmers, the least expensive and easiest is growing clubroot resistant varieties. But, 
many varieties that claim resistance have not been rigorously trialed in the PNW to determine if 
they are effective against the races present in our region. The overall project goal was to 
provide farmers with another tool (i.e., varieties proven to have resistance to the pathogenic 
race present in western Oregon) for dealing with clubroot.  

Using the European Clubroot Differential (ECD) set, only one pathogenic race (16/2/30) 
was identified in the Willamette Valley. In greenhouse and field trials, we screened twenty-two 
commercially available varieties from nine crops with purported disease resistance. Of these 
varieties, 86% had some level of resistance to the race identified above. Working with farmers, 
we have identified several varieties that have a high level of resistance yet also have the 
horticultural traits desired by both the grower and consumers. We also screened OSU’s 
clubroot resistant cabbage and broccoli germplasm collection to determine if the varieties 
created by the OSU breeder Jim Baggett still had resistance and could be used by breeders to 
create new clubroot resistant varieties. Of the six lines tested, half had some level of resistance. 
Liming to a pH less than 7.0 (the minimum pH required to control the disease) did not increase 
the effectiveness of resistant varieties (i.e., no positive synergistic effect).  
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OBJECTIVES: 

1. Determine the dominant races of clubroot present in Oregon. Globally, there are many 
different races of clubroot (i.e., pathogenic strains), and the resistance to these races 
may vary by variety. Using the European Clubroot Differential (ECD) set we identified 
the dominant pathogenic race present in western Oregon. The ECD set is made up of 
seed from various varieties that have a resistance to a specific race.  

2. Identify clubroot resistant brassica varieties that are effective against races of the 
pathogen found in the PNW. We will evaluate commercially available varieties that 
have purported clubroot resistance in both greenhouse and field trials. 

3. Evaluate OSU’s clubroot resistant germplasm for resistance that can be used for future 
breeding efforts. In the late 1970’s and early 80’s, OSU breeder Jim Baggett released 
several clubroot resistant broccoli and cabbage lines. If they still have resistance, they 
could be used by breeders to create new clubroot resistant varieties. 

4. Evaluate the combination of clubroot resistant varieties and cultural practices on 
disease suppression. Although there are cultural practices (liming to a soil pH >7.0, 
rotation, and water management) that can reduce infection rate and disease severity, 
research has shown that they cannot completely suppress the disease. A combination of 
planting clubroot resistant cultivars and cultural practices may achieve a higher level of 
control compared to each control strategy alone. 

PROCEDURES (See appendices for more detailed materials and methods):  
 
Objective 1: Clubs from infected plants were collected from five farms in the Willamette Valley. 

Four of the sites were geographically isolated from each other (e.g., farm in Corvallis vs. 
a farm in Portland). They were frozen for up to 4 months before being used. For each 
sample, the galls were masticated in a blender and the number of spores quantified 
using a hemocytometer. The solution was then diluted to create a spore concentration 
of 1 x 107 spores/ml. Planting media (1 part loam to 3 parts potting soil) was added to 
cone tubes. The European Clubroot Differential (ECD) set contained 15 brassica 
varieties. For each ECD variety, 28 cone tubes were seeded and 1 ml of spore solution 
pipetted into each planting well. After growing for 6 weeks in the greenhouse, soil was 
washed from the roots and evaluated for disease incidence and severity.  

 
Objective 2: In 2015, we set-up 7 trials on 5 farms that had a history of clubroot. This involved 

planting resistant varieties and a clubroot susceptible check for each of the nine crops 
evaluated (broccoli, cauliflower, cabbage, etc), evaluating disease incidence and severity 
at harvest, and soliciting input on the horticultural performance of the varieties found to 
have moderate to high resistance. In 2016, we continued to evaluate varieties in the 
greenhouse by inoculating the soil using the methods given in Objective 1. 

 
Objective 3: Three broccoli and three cabbage breeding lines from Oregon State University’s 

clubroot resistant germplasm collection were evaluated for resistance. Due to poor 
germination and limited seed availability, the plants were topped when they began to 



flower to promote side shoots. These side shoots were cut and put into a cloning 
chamber to cause them to root out. Once sufficient roots were formed, they were 
planted in the same planting media mentioned above and 2 ml of spore solution was 
injected directly into the rootzone using a pipette. 

 
Objective 4: At one field site, the soil was limed to a pH 6.6-6.9, which is below the minimum pH 

of 7.0 needed to control the disease. Resistant varieties were planted into both limed 
and unlimed plots, and root evaluated at harvest for incidence and severity.  

 
SIGNIFICANT ACCOMPLISHMENTS (See appendices more detailed results): 
 

Objective 1: Determine the dominant races of clubroot present in Oregon 

 Based on the European Clubroot Differential (ECD) set, only one pathogenic race 
(16/2/30) was identified on five Willamette Valley farms. Researchers had previously 
identified 2 races in Oregon: 16/2/31 and 16/3/31 (Dobson et al., 1983).  

 

Objective 2: Identify clubroot resistant brassica varieties that are effective against races of the 
pathogen found in the PNW. 

 Of the twenty-two commercially available varieties screened, 86% had some level of 
resistance (Table 1). Working with farmers, we identified varieties that had a high level 
of resistance with the most desirable horticultural traits (for farmers and/or consumers), 
and the greatest chance of grower adoption. 

 A clubroot resistant variety guide was created that gives the level of resistance as well 
as notes on horticultural characteristics. This guide is available here: 
http://horticulture.oregonstate.edu/content/vegetable-variety-selection-resources. An 
extension publication was published this fall  (Integrated Clubroot Management for 
Brassicas: Nonchemical control strategies (EM9148) 
(https://catalog.extension.oregonstate.edu/em9148) that directs readers to the variety 
guide given above. 

 Outreach efforts: at the North Willamette Horticultural annual meeting and at the 
Oregon Small Farms conference, we set up an informational booth. Over 120 seed 
packets containing clubroot resistant seed were distributed to organic and conventional 
growers, and many one-on-one were initiated discussing clubroot management 
strategies. 

 

Objective 3: Evaluate OSU’s clubroot resistant germplasm for resistance that can be used for 
future breeding efforts. 

 Two broccoli and one cabbage variety from OSU breeder Jim Baggett’s clubroot 
resistant lines showed resistance. Breeders may be able to use this germplasm to create 
new varieties. Currently only one broccoli variety is commercially available, and many 
growers do not find this variety acceptable for their farming system. A new resistant 
variety that meets grower needs would be welcome. 

 

 

http://horticulture.oregonstate.edu/content/vegetable-variety-selection-resources
https://catalog.extension.oregonstate.edu/em9148


 

Table 1. Evaluation of clubroot resistance in brassica crops in field and greenhouse studies. The 

susceptible check is in bold. Disease severity (disease index) is in parenthesis. 

      Disease incidence (%) and disease index    

Crop Source Variety Field trial 1 Field trial 2 Greenhouse Resistance 

Broccoli Sakata Emerald Jewel 2 (1) NA 0 (0) High 

Broccoli Sakata Emerald Crown 100 (77) NA 90 (90)  

Brussels Syngenta Crispus NA NA 0 (0) High 

Brussels Bejo Divino and Diablo NA NA 100 (100)  

Cauliflower Syngenta Clapton NA NA 0 (0) High 

Cauliflower Syngenta Clarify NA NA 0 (0) High 

Cauliflower Harris Moran Artica NA NA 100 (100)  

Kohlrabi Rijk Zwaan Lech 100 (69) NA 100 None 

Kohlrabi Hild Azur-Star 77 (51) NA 67 Low 

Kohlrabi ? Kossack 96 (69) NA 82  

Napa Cabbage Bejo Emiko NA NA 0 (0) High 

Napa Cabbage Bejo Bilko 10 (6) NA 0 (0) High 

Napa Cabbage Bejo Pacifico NA NA 0 (0) High 

Napa cabbage Sakata China Gold 2 (2) NA 0 (0) High 

Napa cabbage Sakata Yuki 5 (3) NA 0 (0) High 

Napa Cabbage Seed Science Panda NA NA 0 (0) High 

Napa Cabbage Asia Seed Chun Dae Gil NA NA 60 (60) Low 

Napa Cabbage ? Michihili 88 (80) NA 100 (100)  

Pak choi Sakata Feng Qing Choi 98 (90) NA 100 (100) None 

Pak choi Sakata Mei Quing Choi NA NA 74 (74) None 

Pak choi Sakata Joi Choi 100 (88) NA 90 (86)  

Turnip Kobayashi Scarlet Queen 98 (89) NA 82 (82) None 

Turnip Takii Purple Prince 9 (5) NA 0 (0) High 

Cabbage Syngenta Kilaton 3 (3) 5 (2) 0 (0) High 

Cabbage Syngenta Tekila NA 0 (0) 0 (0) High 

Cabbage Syngenta Kilagreg  5 (4) 5 (5) 0 (0) High 

Cabbage Bejo Lodero 3 (2) 15 (7) 0 (0) High 

Cabbage Bejo Farao 100 (87) NA 100 (100)  

Cabbage Bejo Gazelle NA 100 (84) NA  

Rutabaga Tozer Marion 26 (13) NA 0 (0) Moderate 

Rutabaga ? American Purple Top 32 (18) NA 0 (0) Moderate 

 
 
 
 



 
Objective 4: Evaluate the combination of clubroot resistant varieties and cultural practices on 
disease suppression. 

 We found no interaction or synergistic relationship between variety and liming to a pH 
<7.0. Resistance was independent of liming. In previous studies, clubroot control was 
only achieved at a pH >7.0. 

 These results suggest that excellent clubroot control can be achieved from the use of 
resistant varieties alone and liming is not necessary. However, if clubroot susceptible 
varieties are grown, the soil must be limed to a pH of 7 or greater to achieve some level 
of control. 

 
BENEFITS & IMPACT:  
Of all the management strategies to control clubroot, growing resistant varieties has the lowest 
cost and is the easiest strategy to implement (requires no change to farming practices and 
allows flexibility in rotation). From this work, seed companies and farmers can be confident that 
the varieties we screened will be resistant to clubroot pathotypes found in western Oregon.  
 
Some of the farmers we have worked with have told us that they have already adopted several 
of the varieties that were evaluated on their farms. We plan to send a survey out to 
participating farmers this spring to evaluate if they have, or plan to grow any of the clubroot 
resistant varieties we evaluated. 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM:  
We received a grant from Western SARE ($50K) for a project that compliments this funding. 
This funding is being used for education and outreach to disseminate the results of this work. 
 
FUTURE FUNDING POSSIBILITIES:  
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Appendix A: Cabbage only variety trials (2015 field trials) 
Cabbage was grown on 5 farms with a history of clubroot. Of the 5 farms, only 2 had disease 
pressure that was high and uniformly distributed in our trial area. The resistant and susceptible 
varieties evaluated in our trials are given in Table A1. Tekila was treated with a fungicide and 
could only be evaluated at one site growing conventional cabbage. 
Table A1. Cabbage varieties used in trials. The varieties that are grey shaded are susceptible 
varieties grown as the control for comparison. Days to harvest are approximations based on 
best guess. 

Variety Supplier Type 

Days to 

harvest- 

transplant 

Days to 

harvest- 

direct seed 

Kilaton Syngenta Green  >100 >100 

Tekila Syngenta Green  NA 90-100 

Kilagreg 

(SG3336) Syngenta Green  65-70 70-80 

Lodero Bejo Red >100 >100 

Farao Bejo Green  65-70 NA 

Gazelle Bejo Green  NA 70-80 

 
Methods 
Site 1: Site 1 was located at an organic farm on Sauvie Island. The soil was mapped as a 
Burlington fine sandy loam with a pH 6.2. The experiment was set up as a split plot design with 
lime application as the main plot and variety as the subplots with 3 replicates arranged in a 
RCBD. Plots were 6’ by the bedtop. Ashgrove Flourlime was applied at a rate of 2.5 (1x) and 5 
(2x) ton/acre on March 26 and incorporated on April 6 using a spader. The susceptible cultivar 
‘Farao’ and the resistant cultivars ‘Kilaton’, ‘Lodero’, and ‘Kilagreg’, were transplanted on April 
29 (18 days after incorporation) with 6” spacing, 2 rows to a 36” bed top. The early season 
varieties ‘Farao’ and ‘Kilagreg’ were harvested on July 15 (82 days after transplanting), and the 
other varieties on August 15. Head and biomass wt were recorded and root evaluated for 
clubroot infection and severity. 
 
Site 2:  Site 2 was located at a conventional farm also on Sauvie Island. The soil was mapped as 
a Sauvie silt loam with a pH 6.3. All the resistant varieties as well as the susceptible variety 
‘Gazelle’ were direct seeded on June 24 in strips 215’ long through the field. The susceptible 
varieties were planted with a belt planter. The field was thinned to a spacing of approximately 1 
ft and the plots were weeded on July 15. The plot design was not replicated. On September 30 
(98 days after planting) 5 subsamples consisting of 4 plants from each variety (20 
plants/variety) were dug up and the roots evaluated. 
 

Clubroot rating scale 

Root disease severity was evaluated based on this rating scale: 0= no visible clubbing, 1= small 

clubs on lateral roots, 2= <50% of main root system clubbed, and 3= >50% of main root system 

clubbed. A disease severity index was calculated as: 



(𝑅1 ∗ 2 + 𝑅2 ∗ 3 + 𝑅3 ∗ 5)

5
 

Where R1, R2, and R3 are the % of plants evaluated with a rating of 1, 2, and 3, respectively 

(Dixon and Robinson, 1986). Analysis of variance was used to evaluate differences amongst 

treatments, and the LSD test was used to assess the significance of treatment differences. 
 
Results 
A challenge working with soilborne diseases is finding a field with a uniform distribution of the 
pathogen. Of the 5 farms on which cabbage was planted, we were only able to evaluate 
performance at 2 sites (Site 1 and 2). At site 1, the clubroot was evenly distributed (Fig. A1), 
with the susceptible variety ‘Farao’ having a 100% infection rate regardless of planting location, 
and it had a disease severity index of 63 or greater. The infection rate for ‘Kilaton’, ‘Lodero’, and 
‘Kilagreg’ was 4, 3, and 5%.  
 

 =control        

  

=1x 

lime        

  

=2x 

lime        

         
Laredo SG3336      0 0     

Farao Kilaton      100 0     

Farao Kilaton Laredo Kilaton  84 0 0 0 

SG3336 Laredo Farao SG3336  0 0 63 20 

Kilaton Laredo Farao Laredo  0 0 80 0 

SG3336 Farao SG3336 Kilaton  0 83 14 0 

SG3336 Farao Laredo Farao  0 80 0 100 

Laredo Kilaton Kilaton SG3336  0 0 0 0 

Laredo Kilaton Kilaton Laredo  20 29 0 0 

Farao SG3336 SG3336 Farao  88 0 0 100 

Figure A1. Treatment plot map and disease severity index map. Numbers in bold and blue 
indicate plots were clubbing was observed on a resistant variety. Roots from 6 to 7 plants per 
plot were evaluated for severity. The susceptible variety ‘Farao’ had a 100% infection rate. 
 
We found no lime by variety interaction. There did appear to be a slight decrease in disease 
severity with liming (Table A2), however it was slight and overall the disease severity was very 
high. In recent studies, we have found that the pH of the soil must be at a minimum of 7 to 
significantly reduce infection rate and severity. In this study the goal was not to reach that 
target pH of 7, but to determine if there was an interaction between the resistant varieties and 
moderate liming. However, at planting, the pH was too low to have any effect on infection and 
disease severity (Fig. A2). If it would have been higher, there may have been some benefit. 
 



Table A2. Disease index for the susceptible variety ‘Farao’ at site 1. This variety had a 100% 
infection rate. 

Treatment DI 

Control 96a 

2.5 t/a lime 74a 

5 t/a lime 89ab 

ANOVA p= 0.066 

 

Figure A1. Change in soil pH at Site 1 following the addition of 2.5 and 5 ton/a lime. Error bars 

represent the SE (n=3). 
 
Results from the variety trial at Site 2 are given in Table A3. As at Site 1, the susceptible variety 
had a 100% infection rate and a high disease severity. For the resistant varieties, the infection 
rate was 15% or less. And the roots that were infected had a very low disease severity (see Fig. 
A3 for an example) and would not significantly contribute to future disease pressure when the 
roots decompose, which releases millions of spores spore back into the soil.  
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Figure A3. Clubbing on the susceptible variety ‘Gazelle’ (left) and on the resistant variety 
‘Lodero’ (right). Although 15% of ‘Lodero’ plants were infected, infection occurred on a lateral 
roots, which has little or no impact on growth. Also, when the field is disked under, the small 
club on ‘Lodero’ will only contribute minimally to the future disease pressure at the site. 
 



Because the varieties ‘Lodero’ and ‘Kilaton’ were 
such long season varieties, we were never able to 
harvest and evaluate head characteristics. Farmers 
we worked with did not like these varieties 
because they would require more work to irrigate 
and manage pests due to their long growing 
season. Farmers thought that both ‘Tekila’ and 
‘Kilagreg’ were suitable for fresh market (tightly 
packed heads and smaller size (3-4 lbs)), but 
‘Tekila’ had a large core, making it less desirable for 
processing (Fig. A4). 
 
 
 
 
 
 

   
Figure A4. Comparison of cabbage heads. SG3336= ‘Kilagreg’. Although ‘Gazelle’ had a larger 
core, the farmer thought that the core in ‘Tekila’ was too large for processing. SG3336 had a 
smaller core, making it more suitable for processing. 
 

Table A3. Infection rate and 

disease severity at Site 2. The 

values shown are the average of 5 

subsamples (20 plants total) per 

variety. Gazelle was the susceptible 

variety. 

Variety 
Infection 

rate (%) 

Disease 

severity 

index 

Gazelle 100 84 

Tekila 0 0 

Kilaton 5 2 

Kilagreg 5 5 

Lodero 15 7 

 



 
 
 
 
 
 
 
 
 
 
 
 
  



Appendix B: Non-European cabbage variety trial (2015 field study)  
 
We were able to obtain the following varieties that claim clubroot resistance. These varieties 
were planted at 2 sites, however disease pressure was uniform enough at only 1 site to 
evaluate performance. The varieties ‘Emiko’ and ‘Pacifico’ were not evaluated as they were 
treated with a fungicide and could not be used on the organic farms where the trials were 
located. Very few varieties with clubroot resistance are available. Syngenta has several 
cauliflower and Brussels sprouts varieties, however they would not provide seed for trial as 
they have not shown interest in releasing them to the US market. 
 
Table B1. List of varieties that claim clubroot resistance.  

Crop Source Species Variety name 

Broccoli Sakata oleracea Emerald Jewel 

Kohlrabi Rijk Zwaan oleracea Lech RZ Bio 

Kohlrabi Hild oleracea Azur-Star 

Napa Cabbage Bejo rapa subsp. Pekinensis Emiko 

Napa Cabbage Bejo rapa subsp. Pekinensis Bilko 

Napa Cabbage Bejo rapa subsp. Pekinensis Pacifico 

Napa cabbage Sakata rapa subsp. Pekinensis China Gold 

Napa cabbage Sakata rapa subsp. Pekinensis Yuki 

Pak choi Sakata rapa subsp. chinensis Feng Qing Choi 

Rutabaga Tozer napus Marian 

Turnip Kobayashi rapa Scarlet Queen 

 
Methods 
This trial was located on an organic farm on Sauvie Island. The soil was mapped as a Burlington 
fine sandy loam with a pH 6.2. The experiment was set up as a split plot design with lime 
application as the main plot and variety as the subplots with 3 replicates arranged in a RCBD. 
Plots were 10’ by the bedtop. Ashgrove Flourlime was applied at a rate of 5 ton/acre on March 
26 and incorporated on April 6 using a spader to a depth of 8 inches. Both the susceptible 
comparison variety and resistant cultivars were transplanted on April 29 (18 days after 
incorporation) at 11” spacing. Roots were evaluated on June 15, 18, and 24 depending on the 
maturity of the variety for clubroot infection and severity (see methods in appendix A for the 
rating system used). 
 
Results 
Clubroot was uniformly spread throughout our trial area (Fig. B1). We found no interaction 
between liming and variety. Therefore the following discussion will just focus on resistance. 
Table B2 shows the comparison between the susceptible and the variety claiming resistance.  
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Figure B1. Disease severity index map of 

variety trial. The higher the number, the 

greater the severity. Clubroot was uniformly 

distributed throughout the field. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table B2. Clubroot infection rate and disease severity. The 

susceptible comparison variety is shaded grey. When the values 

in a column are bold, that indicates a statistical difference 

between the susceptible and variety claiming resistance for a 

specific crop. Note that for turnips that the susceptible variety 

actually had a high level of resistance. 

Crop  Variety % infected DI 

Broccoli Emerald Crown 100 77.2 

Broccoli Emerald Jewel 2.2 1.3 

Kohlrabi Kossack 96 69.3 

Kohlrabi Lech 100 68.8 

Kohlrabi Azur-Star 76.8 51.5 

Napa cabbage Michihil 87.5 80.8 

Napa cabbage Bilko 9.5 5.8 

Napa cabbage Yuki 5.3 2.8 

Napa cabbage China Gold 2.3 1.5 

Pac Choi Joi Choi 100 87.8 

Pac Choi Feng Quing 98.2 90.2 

Rutabaga 

American Purple 

Top 32.3 17.8 

Rutabaga Marian 26.3 12.5 

Turnip Purple Prince 9.2 4.5 

Turnip Scarlett Queen 98 89.3 

 



Appendix C: Pathotype determination using European clubroot differential (ECD) set 

Materials and methods: 

Clubbed roots were collected from five locations in Oregon’s Willamette Valley. The 

samples were frozen for no longer than 7 months. A clubroot spore suspension was created by 

masticating clubs with DI water in a blender, filtering through a coarse mesh sieve, quantifying 

the spore concentration using a hemacytometer, and diluting to 10^7 spores per ml. The 

suspensions were refrigerated up to one week before use. 

The 15 differential hosts of the ECD set (obtained from Warwick Crop Centre, The 

University of Warwick Wellesbourne, UK) were used to screen each clubroot collection. One 

milliliter of spore suspension was pipetted into each planting hole at seeding. The plants were 

grown in cone tubes (Ray Leach Cone-tainers; 3.8 cm diameter x 14 cm deep) containing a 3:1 

potting mix: loam soil. For each clubroot collection and ECD host, 28 cone tubes were seeded. 

The pots were seeded in early spring and were grown in the greenhouse (18 to 24 degrees C) 

with natural light. The plants were watered twice daily to keep pots moist, and were fertilized 

every week (analysis 24-8-16 at a rate of 1 tablespoon per gallon of water). After 6 weeks, the 

potting media was washed from the roots, and then evaluated for clubroot symptoms. 

Root disease severity was evaluated based on this rating scale: 0= no visible clubbing, 1= 

small clubs on lateral roots, 2= <50% of main root system clubbed, and 3= >50% of main root 

system clubbed. A disease severity index was calculated as: 

 
(𝑅1 ∗ 2 + 𝑅2 ∗ 3 + 𝑅3 ∗ 5)

5
 

 

Where R1, R2, and R3 are the % of plants evaluated with a rating of 1, 2, and 3, 

respectively (Dixon and Robinson, 1986). This index was used to assign each ECD host to a 

reaction type as resistant (DI= 0 designated “-“ or 0<DI<33 designated “?”) or susceptible DI 

>33 designated “+”. Each collection was then assigned a numerical code designation based on 

susceptible ECD host as described by Buczacki et al. (1975). Each ECD Brassica spp.group was 

assigned values of 1, 2, 4, 8, and 16, respectively. By adding the values for each susceptible 

reaction, a unique virulence designation is obtained. For example, 16/2/31 represents positive 

reactions for hosts 5, 7, and 12-15. All uncertain reaction (?) were treated as resistant. 

 

Results: 

A single pathotype was identified using the ECD set; 16/2/30 (Table C1&2), which 

potentially correlates to Race 3 or 6 on the Williams differential set (Williams). Past researchers 

identified pathotypes 16/2/30 and 16/3/31 as being present in Oregon (Dobson et al., 1983), 

which potentially correlates to Race 2 or 7 on the Williams differential set. In their study, all 

clubroot collections from western Oregon and Washington (n=11) were susceptible to ECD host 

11, which was not seen in this study. Based on this information, any varieties claiming to have 

clubroot resistance should have information on resistance to the races listed above. 



Table C1. ECD host disease incidence and severity rating (in parenthesis) to collections of Plasmodiophera brassicae from Oregon’s 

Willamette valley. 

 

 

    Disease incidence (% infected) and severity rating 

Collection 

location 
Host crop 

B. campestris   B. napus   B. oleracea 

01 02 03 04 05   06 07 08 09 10   11 12 13 14 15 

Sauvie Island Cabbage 0 (0) 0 (0) 0 (0) 0 (0) 96 (95)   21 (14) 81 (75) 0 (0) 4 (4) 0 (0)   0 (0) 64 (38) 96 (93) 100 (99) 79 (36) 

St. Paul Cabbage 0 (0) 0 (0) 0 (0) 0 (0) 100 (100)   14 (12) 100 (100) 0 (0) 0 (0) 0 (0)   12 (8) 100 (100) 96 (96) 96 (96) 85 (85) 

Sauvie Island Broccoli 0 (0) 0 (0) 0 (0) 0 (0) 100 (100)   21 (21) 100 (100) 0 (0) 4 (4) 0 (0)   0 (0) 77 (76) 100 (100) 100 (100) 56 (56) 

Damascus Cabbage 0 (0) 0 (0) 0 (0) 0 (0) 100 (94)   4 (4) 100 (98) 0 (0) 0 (0) 0 (0)   0 (0) 100 (98) 100 (100) 100 (100) 93 (76) 

Corvallis Kale 0 (0) 0 (0) 0 (0) 0 (0) 96 (95)   4 (4) 100 (99) 0 (0) 0 (0) 0 (0)   0 (0) 89 (83) 100 (95) 100 (100) 85 (85) 

 

 

Table C2. ECD host reactions to collections of Plasmodiophera brassicae from Oregon’s Willamette valley and pathotype designation. 

 

    Disease reaction types   

Pathotype 

numerical 

designation 

Collection 

location 

Host 

crop 

B. campestris   B. napus   B. oleracea   

01 02 03 04 05   06 07 08 09 10   11 12 13 14 15   

Sauvie Island Cabbage - - - - +   ? + - - -   - + + + +   16/2/30 

St. Paul Cabbage - - - - +   ? + - - -   ? + + + +   16/2/30 

Sauvie Island Broccoli - - - - +   ? + - ? -   - + + + +   16/2/30 

Damascus Cabbage - - - - +   ? + - - -   - + + + +   16/2/30 

Corvallis Kale - - - - +   ? + - - -   - + + + +   16/2/30 
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Appendix D: Screening OSU Clubroot germplasm lines for resistance 

Materials and methods: 

Three broccoli and three cabbage breeding lines from Oregon State University’s clubroot 

resistant germplasm collection were evaluated for resistance (Table D1). Due to poor 

germination and limited seed availability, the plants were topped when they began to flower to 

promote side shoots. These side shoots were cut and put into a cloning chamber to stimulate root 

growth. Once sufficient roots were formed, they were planted in the same planting media 

mentioned in Appendix C.  

A spore solution containing clubs from all 5 collections was created using the methods 

given in Appendix C. Two ml of spore solution was injected directly into the rootzone using a 

pipette. Due to limited survival, we were only able to evaluate 3 to 12 plants per line and we did 

not have a susceptible control for comparison. 

 

Results: 

Two broccoli and one cabbage variety from OSU breeder Jim Baggett’s clubroot resistant 

lines showed resistance (Table D1). Breeders may be able to use this germplasm to create new 

varieties. Currently only one broccoli variety is commercially available, and may growers do not 

find it acceptable. A new resistant variety that meets grower needs would be welcome. This was 

an initial screen for resistance, and these varieties should be further evaluated before being used 

for breeding. 

 

Table D1. Disease incidence and severity (disease index) for 6 OSU breeding lines. 

    Infected Disease  

Crop Line % index 

Broccoli CR-6 92 78 

Broccoli CR-2 0 0 

Broccoli CR-1 0 0 

Cabbage CR-100 33 11 

Cabbage CR-142 50 50 

Cabbage CR-123 67 22 
 

 

 


