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1.0 SUMMARY 

Blackleg continues to be a concern for canola production in Western Canada.  Survey results 

over the past decade show that that blackleg incidence is on the rise (although the most recent 

survey indicates that trend may be starting to reverse), and this disease has become a trade 

barrier to canola markets that are sensitive to Leptoshaeria maculans. This strategic plan details 

the necessary research and extension efforts that are needed to allow the Canadian canola 

industry to effectively manage and stay ahead of the disease into the future. The authors of this 

plan, Blackleg Steering group, will update the Blackleg Strategic Plan every three years. 

 

The canola industry in the past has relied on blackleg resistance (especially a single gene 

conferring resistance) as the principle method for controlling this disease.  But due to the 

blackleg issues listed above, sole reliance on disease resistance may not provide durable control 

into the future. To stay ahead of blackleg, the canola industry needs to engage in a collaborative 

approach to manage this disease, to develop new tools for control, and to develop consistent 

messaging for management for canola growers.  Through multiple venues, targets for research 

and disease extension messaging have been developed. 

 

Priority Areas of Research are: 

1. Identify effective R-gene rotations to increase the durability of resistant cultivars; 

2. Developing a system to effectively screen/assess for quantitative resistance in 

commercial canola lines; 

3. Identify the critical window of infection from blackleg to better steward 

agronomic practices; 

4. Find new sources of blackleg resistance. 

 

 

In addition to setting research priorities for blackleg research, priorities for extending 

information on blackleg control have been evaluated.  Communication vehicles have to be 

developed for encouraging growers to take a risk analysis approach to managing blackleg and be 

developed for best management practices to control blackleg.  
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2.0 BACKGROUND 

2.1 Purpose 

 This blackleg strategic plan was developed as the result of consultations with the canola 

industry which indicated that a coordinated and collaborative approach is needed to ensure the 

high priority blackleg research is conducted in the most competent and efficient manner as 

possible. With new understanding of the host pathogen interactions of blackleg, outbreaks in 

Australian and France, and a trade issue related to blackleg infected canola seed and dockage 

with China has brought this disease to the forefront of canola related disease concerns in Canada. 

To build this plan, the Blackleg Steering Group was formed composed of public and private 

plant pathologists, grower group representatives, and provincial extension staff in November of 

2011. The function of this group is to offer guidance on blackleg research and to make extension 

recommendations based on the most current understanding of this disease.  

Blackleg Steering Group Membership: 

Plant Pathologists 

Hossein Borhan (AAFC Saskatoon) 

Dilantha Fernando (University of Manitoba) 

Ralph Lange (AITF) 

Gary Peng (AAFC Saskatoon) 

Stephen Strelkov (University of Alberta) 

Igor Falak (Corteva) 

Yu Chen (Cargill) 

 

Advisory Role 

Clinton Jurke (CCC) 

Rajesh Ramarathnam (CFIA) 

Curtis Rempel (CCC) 

 

Chair 

Justine Cornelsen (CCC) 

 

 

Grower Groups  

Vacant (SaskCanola)  

Delaney Ross (Manitoba Canola Growers) 

Ward Toma (Alberta Canola) 

 

Provincial Extension 

Dane Froese (Manitoba Agriculture) 

Barb Ziesman (WCC/RRC & SK MoA) 

Murray Hartman (AAF) 
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2.2 Blackleg in Canadian Canola Production 

 Canola’s total contribution to the Canadian economy has been projected at $26.7 billion.  

Most of Canada’s canola is produced in the prairie provinces of Alberta, Saskatchewan and 

Manitoba, where canola is seen as a cash crop for farmers.  In 2018, farmers harvested 

22,535,200 acres of canola making it the largest field crop grown in Canada surpassing wheat 

acres.  The amount of canola produced has doubled over the last ten years with the 5-year 

average yield of 40 bushels per acre being achieved.      

 Blackleg is one of the most serious diseases of canola in Canada. It has caused moderate 

to severe damage in many grower fields in the recent past, and accounted for yield losses, 

reduced sustainability of canola production and trade issues, particularly with China. The main 

reason for the increased disease impact is from the rise in both frequency and quantity of canola 

grown on tight rotations, along with the breakdown of resistance (R-genes) by new races of the 

blackleg pathogen on canola varieties grown across the prairies.  

 The Canadian canola industry, led by the Canola Council of Canada, have undertaken 

blackleg risk mitigation measures for canola pre-planting and canola production, and have placed 

great emphasis on training, education and research to change awareness and behavior around 

blackleg mitigation.  

 

Risk mitigation measures of blackleg during pre-planting of canola:  

- Identify new sources of blackleg resistance 

- Identify and survey races of Leptoshaeria maculans in Canada for avirulence genes in 

order; to measure and monitor their distribution over time 

-  Identify major resistance genes in commercial cultivars 

 

Risk mitigation measures of blackleg in canola production:  

- Use of scouting for blackleg disease symptoms during the canola growing season  

- Monitoring: Annual blackleg disease surveys 

- Quick in-field diagnostics to identify L. maculans avirulence genes present in the field 
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2.3 Canadian Blackleg Workshop - 2018 

Blackleg Workshops and Summits are held in Canada every three or four years to review the 

latest in blackleg research and to develop extension and future research priorities for the canola 

industry.  These workshops, organized by the Canola Council of Canada and SaskCanola were 

held in 2011, 2015, and most recently in 2018. 

This report on the 2018 Blackleg Workshop was originally published in Canola Digest – 

November 2018 Issue: https://canoladigest.ca/september-2018/blackleg-summit-shares-new-

management-approaches/ 

What are the key new research discoveries on blackleg? Blackleg management can get lost 

among the 50 other important decisions that need to be made to grow just one canola crop, but 

with the Growing Forward 2 SaskCanola Agri-Science Project: ‘Canola Disease Management 

Tools for the Prairies – Blackleg and Sclerotinia’ coming to an end, this is a great time to share 

key findings with producers, agronomists and industry members. The Blackleg Summit held in 

Saskatoon earlier this year provided an opportunity to review the Agri-Science Project research 

and help Ag extension staff get this information into the hands of farmers. 

KEY MESSAGES PRESENTED AT THE BLACKLEG SUMMIT 

1. Rapid field test of canola stubble helps with variety selection. Hossein Borhan’s lab at 

Agriculture and Agri-Food Canada (AAFC) Saskatoon worked to develop a rapid field 

diagnostics test for blackleg disease. The test identifies blackleg races present on the canola 

stubble. Genetic biomarkers developed as part of this project were shared with public and 

private pathology labs across western Canada. Four labs now have the markers for 

commercial evaluation. When growers detect significant amounts of blackleg in their field, 

they can now send stubble samples to diagnostic labs for genetic testing. This enables canola 

growers to make informed decisions about choosing the appropriate blackleg resistance in 

their canola variety that best matches the profile of the blackleg strain in the field. 

2. Survey shows blackleg pathogen population across the Prairies. A collaborative effort was 

taken across the Prairies to survey and identify the blackleg pathogen population. This effort, 

led by the labs of Dilantha Fernando (University of Manitoba), Gary Peng (AAFC 

Saskatoon) and Ralph Lange (Alberta Innovates), will help determine where to deploy 

specific genetics to match the population, increasing the durability of resistance genes and 

better managing the pathogen. 

3. Researchers find new sources and genes for blackleg resistance. More than 1,100 B. napus 

and B. rapa accessions were characterized for the profile of known R genes (resistance to 

blackleg). Several novel blackleg resistance genes were identified, which seed companies 

can use to improve their genetic base. 58 lines with quantitative (adult plant) resistance to 

blackleg disease were identified and the presence of adult plant resistance (APR) was 

confirmed. APR is a durable form of resistance and protects canola against the blackleg 

infection. 

4. Canadian canola industry adopts resistance-gene labels. Producers can now choose varieties 

with ‘R’ genes that are durable to the specific blackleg races in their fields. This will play a 

significant role in reducing blackleg in the field in Canada. 

https://canoladigest.ca/september-2018/blackleg-summit-shares-new-management-approaches/
https://canoladigest.ca/september-2018/blackleg-summit-shares-new-management-approaches/
http://saskcanola.com/
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PERSPECTIVE ON BLACKLEG FROM AUSTRALIA 

Australian researchers, Dr.’s Angela Van de Wouw and Steve Marcroft participated in the 

Summit to share their knowledge and experience from working with blackleg in the canola 

growing regions of Australia. Van de Wouw and Marcroft are part of an approach called 

‘Genome to Paddock’ to monitor pathogen populations, field disease pressure, and fungicide 

resistance. They also aided in the formation of blackleg resistance groups captured in Australia’s 

extensive Blackleg Management Guide. 

Marcroft presented new work on upper canopy infection, which damages pods and results in the 

most yield loss for Australian canola growers. Later blackleg infection can be minimized with 

effective R genes and by a fungicide application during reproductive growth stages. Extended 

crop rotation is still the best practice to minimize the amount of infected stubble within the field. 

In Australia, they found that with inter-row sowing, horizontal stubble produces significantly 

higher quantities of spores and vertical stubble produces spores later in the growing season. 

Information like this will help in the development of new cultural practices to manage blackleg 

disease pressure. 

The Blackleg Summit created the opportunity to learn about research from both Canada and 

Australia. This information transfer will help in further development of a holistic approach to 

managing blackleg. 

IN SUMMARY 

New information discussed at the summit will help us adopt more effective and more sustainable 

practices for an integrated pest management approach. With new genetic technology, the 

advances we have been making on understanding the resistance tools and the pathogens within 

the field have been vast. It’s amazing to see how this type of information can help farmers make 

decisions back on the farm. 

 

Agenda from the 2018 Canadian Blackleg Workshop can be found in Appendix 1. 
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2.4 Research Priorities 

The canola industry has develops a list of priorities that is needed for blackleg research every 

three or four years. The most recent prioritisation was done over the Blackleg Workshop in 

February 2018 in Saskatoon and through discussions between the Blackleg Steering Group 

members in the fall of 2018.   

These are the top blackleg research priorities for 2018: 

1. Identify effective R-gene rotations to increase the durability of resistant cultivars 

2. Developing a system to effectively screen/assess for quantitative resistance in 

 commercial canola lines  

3. Identify the critical window of infection from blackleg to better steward 

agronomic practices 

4. Find new sources of blackleg resistance  

 

Other projects listed as important are: 

5. Correlation between plant infection and yield loss 

6. Exploring the combination of mixing foliar fungicides and insecticides to reduce 

 blackleg and flea beetle damage 

7. Measure durability of each resistance gene 

8. Understand how to best use quantitative resistance with major gene resistance 

9. Crop rotation’s impact on L. maculans population structure. 

10. Agronomic practices to reduce blackleg 

11. Develop differential isolates of L. maculans  

12. Post-registration blackleg resistance durability measured in commercial canola 

cultivars 
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2.5 Current Blackleg Research 

 
Blackleg projects currently being undertaken in Canada are: 

 
Current grower-funded blackleg 
research projects in Canada                 

Project   
 

Researchers 
 

Date 
 

Funding 

Number Title   Lead Collaborating   Established 
Complete 

(estimated) 
  Source 

GF2 ASP 
Activity 2 

Improving canola resistance 
against blackleg disease 
through incorporation of novel 
resistance genes source from B. 
napus, B. rapa, and B. oleracea 

 

Hossein 
Borhan, 
AAFC 

Dilantha 
Fernando  

2013 5 years 
 

AAFC, 
SaskCanola, 

ACPC 

GF2 ASP 
Activity 3 

Identifying novel resistance 
genes from canola relatives and 
developing canola germplasm 
with multiple resistance genes 
sourced from B. nigra, B. 
juncea, and B. carinata 

 
Genyi Li, U 
of M 

Dilantha 
Fernando  

2013 5 years 
 

AAFC, 
SaskCanola, 

ACPC 

GF2 ASP 
Activity 4 

Genome-wide association 
mapping of quantitative 
resistance against blackleg 
disease 

 

 Hossein 
Borhan, 
AAFC 

Isobel 
Parkin, Steve 
Robinson, 
Sally Vail 

 
2013 5 years 

 

AAFC, 
SaskCanola, 

ACPC 

GF2 ASP 
Activity 5 

Transcriptomic analysis of the 
Leptosphaeria maculans- 
(blackleg-canola) interaction to 
identify resistance genes in 
canola and avirulence factors in 
L. maculans 

 

Richard 
Belanger, U 
of Laval 

Dilantha 
Fernando  

2013 5 years 
 

AAFC, 
SaskCanola, 

ACPC 

GF2 ASP 
Activity 6 

Durable blackleg resistance 
stewardship through knowledge 
of blackleg pathogen 
population, resistance genes 
and crop sequence towards the 
development of a cultivar 
rotation program in the Prairie 
Provinces 

 

Dilantha 
Fernando, U 
of M 

Gary Peng,  
Ralph Lange  

2013 5 years 
 

AAFC, 
SaskCanola, 

ACPC 

GF2 ASP 
Activity 7 

Investigating the Resistance (R-
gene) durability of canola 
cultivars and emergence of 
virulent blackleg isolates in 
farmers’ fields.  

 

Dilantha 
Fernando, U 
of M 

 Hossein 
Borhan  

2013 5 years 
 

AAFC, 
SaskCanola, 

ACPC 

GF2 ASP 
Activity 8 

Quick field diagnostics of the 
Leptosphaeria maculans (the 
causal agent of blackleg) races 
through identification and 
marker development for 
avirulence genes in this 
pathogen 

 

Hossein 
Borhan, 
AAFC 

Dilantha 
Fernando  

2013 5 years 
 

AAFC, 
SaskCanola, 

ACPC 

GF2 ASP 
Activity 9 

Development of a blackleg yield 
loss model and assessment of 
fungicide resistance in western 
Canadian populations of 
Leptosphaeria maculans. 

 

Stephen 
Strelkov, U 
of A 

Gary Peng, 
Sheau-Feng 
Hwang, 
Ralph Lange 

 
2013 April 2017 

 

AAFC, 
SaskCanola, 

ACPC 

CARP CCC 
2015-12 

Understanding the mechanisms 
for race-specific and non-
specific resistance for effective 
use of cultivar resistance 
against blackleg of canola in 
western Canada 

 
Peng, Garry 
AAFC 

Fengqun Yu, 
Xunjian Liu, 
Zhai, Chun 

 
2014 4 years 

 

AAFC, 
CARP 

(SaskCanola
, ACPC, 
MCGA) 

CGDP ADF 
2016-158 

Mapping and introgression of 
the highly effective Brassica 
rapa blackleg resistance gene 
Rlm 11 into spring-type Brassica 
napus 

 

Hossein 
Borhan, 
AAFC 

Nicholas 
Larkan  

2016 4 years 
 

ADF, 
SaskCanola, 

WGRF 



Blackleg Strategic Plan in Canada  10 | P a g e  

 

Continued research project listing:         

CGDP 2017-7 

Identification and genetic 
mapping of novel genes for 
resistance to blackleg in 
Chinese and Canadian Brassica 
napus varieties 

 

Dilantha 
Fernando, U 
of M 

Gary Peng, 
Fengqun Yu  

2017 4 years 
 

SaskCanola 

CARP CCC 
2017-27 

Monitoring the race dynamics of 
Leptosphaeria maculans for 
effective deployment and 
rotation of resistance genes for 
sustainable management of 
blackleg of canola in western 
Canada 

 
Gary Peng, 
AAFC 

Fenqun Yu 
 

2017 5 years 
 

Life science 
companies, 

AAFC, 
CARP 

(SaskCanola
, ACPC, 
MCGA) 

Pending funding through the Canadian Agricultural Partnership 

(CAP) Program: 
     

CAP ASP 
Activity 2 

Developing a robust system for 
efficient assessment of 
Quantitative Resistance (QR) in 
commercial canola lines and 
varieties for blackleg 
management 

 
Gary Peng, 
AAFC 

Debra 
McLaren  

2018 5 years 
 

AAFC, 
SaskCanola 

CAP ASP 
Activity 3 & 4 

Developing tools for the rapid 
screening of canola germplasm 
for QR to blackleg disease 

 

Hossein 
Borhan, 
AAFC 

Ralph Lange 
 

2018 5 years 
 

AAFC, 
SaskCanola 

CAP ASP 
Activity 5 

Understanding the critical 
infection window that causes 
blackleg of canola in western 
Canada 

 
Gary Peng, 
AAFC   

2018 5 years 
 

AAFC, 
SaskCanola 

CAP ASP 
Activity 6 & 7 

Fine tuning of the blackleg yield 
loss model in canola  

Stephen 
Strelkov, U 
of A 

Sheau-Feng 
Hwang, 
Klein-
Gebbinick, 
Gary Peng 

 
2018 5 years 

 
AAFC, 

SaskCanola 

CAP ASP 
Activity 8 

Fungicide sensitivity in Lm: 
evaluation of the present 
situation 

 

Stephen 
Strelkov, U 
of A 

Sheau-Feng 
Hwang, 
Rudolph 
Fredua-
Agyeman 

 
2018 5 years 

 
AAFC, 

SaskCanola 

CAP ASP 
Activity 9 & 10 

 Improving management of 
blackleg on canola via better 
flea-beetle control and effective 
fungicide seed treatment in W 
Canada 

 
Gary Peng, 
AAFC 

Dilantha 
Fernando, 
Debra 
McLaren  

 
2018 5 years 

 
AAFC, 

SaskCanola 

CAP ASP 
Activity 11 & 

12 

Improving blackleg durability 
through R-gene rotation in 
commercial canola fields on the 
Canadian prairies - a science 
based stewardship program  

 

Dilantha 
Fernando, U 
of M 

Gary Peng, 
Ralph Lange  

2018 5 years 
 

AAFC, 
SaskCanola 

CAP ASP 
Activity 13 & 

14 

Genetic dissection of the Rlm 3-
4-7-9 blackleg R gene cluster 
and KASP marker improvement  

 

Hossein 
Borhan, 
AAFC 

Nick Larkan,  
Isobel 
Parkin, 
Ralph Lange 

 
2018 5 years 

 
AAFC, 

SaskCanola 

CAP ASP 
2018 

Blackleg and Verticillium CAP 
ASP Extension  

Errin 
Willenborg 
SaskCanola 

  
2018 5 years 

 
AAFC, 

SaskCanola 
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2.6 Blackleg Publication Listing  

 The Canadian blackleg research community has very good capacity to conduct blackleg 

research. More than 50 people are involved in blackleg research, most of which are near full time 

status working on canola pathology and blackleg in particular. Field level research is excellent 

with more than 27 blackleg nurseries across the Prairies. Our researchers are also well networked 

within Canada and with the global research community with collaborations in China, UK, 

Poland, France, United States and Australia. Canada has the expertise, capacity and technologies 

to lead the world in blackleg research. 

 

 Canadian blackleg researchers have been prolific in publishing in peer reviewed journals 

their findings, with more than 75 publications in recent years and over 20 within the last 3 years. 

Substantial blackleg research findings from the Canola Agronomic Research Program (CARP), a 

provincial canola producer group research program, and through Growing Forward 2, a federal 

government research program, have contributed to the management of blackleg within Canada.  

 

 Many publications were directly related to the 2015 Blackleg Strategic Plan research 

priorities: 

1. Find new sources of blackleg resistance 

2. Identify and survey races/avirulence genes in L. maculans in Canada to measure and 

monitor their distribution over time 

3. Identify major resistance genes in commercial cultivars of B. napus 

4. Quick field diagnostics to identify L. maculans avirulence genes present in the field 

5. Correlation between plant infection and yield loss 

6. Measure durability of each resistance gene 

7. Understand how to best use quantitative resistance with major gene resistance 

8. Sequence resistance genes 

9. Identify and characterise quantitative resistance 

10. Agronomic practices to reduce blackleg 

11. Develop differential isolates of L. maculans 

 

A summary of journal publications in 2016 to 2018 from Canadian institutes can be found in 

Appendix 2.  
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2.7 Key Research Findings from 2013 Growing Forward 2 Research Program 

 

 Key findings coming out of the SaskCanola & Alberta Canola Agri-Science Project on 

“canola disease management tools for the prairies – blackleg and sclerotinia”. This research will 

provide significant economic return to Canada’s canola industry by reducing crop loss. The 

outcomes are as follows: 

 

1. Rapid field diagnostics test for blackleg disease. Canada developed a rapid “in-field” test 

to identify blackleg races present on the canola stubble. The PCR biomarkers which were 

developed as part of this project were shared with public and private pathology labs 

across western Canada. Four labs now have the markers for commercial evaluation. 

When growers detect significant amounts of blackleg in their field they may now send 

stubble samples to pathology labs for genetic testing. The pathology lab will then provide 

the grower with information on the specific races of blackleg in their field. This will 

enable canola growers to make informed decisions about choosing the appropriate 

blackleg resistance in their canola variety that best matches the profile of the blackleg 

strain in the field. This is an important tool for managing blackleg in the field. 

 

2. Surveillance and Identification of blackleg pathogen population in Western Canada. A 

stronger understanding of blackleg pathogen population across Western Canada was 

gained which will help determine where to deploy specific varieties and R-genes to 

match the population. This will help to increase the durability of resistance genes and 

better manage the disease. This also addresses a concern of a major trading partner. 

 

3. Identification of new sources and genes for blackleg resistance. More than 1,100 B. napus 

and B. rapa accessions are characterized for the profile of known Rlm genes (resistance 

to blackleg). Several novel blackleg resistance genes were identified which can be used 

by private seed companies to improve their genetic base. Preliminary mapping conducted 

on one of these lines support presence of a novel broad spectrum R gene against blackleg 

disease. 58 lines with quantitative (adult plant) resistance to blackleg disease were 

identified and presence of adult plant resistance (APR) was confirmed. APR against 

blackleg disease of canola is a durable form of resistance and protects canola against the 

blackleg infection.  

 

4. Development of Blackleg resistance gene labels. The durability of some R genes used 

within commercial cultivars is now understood.  This helped form the foundation for 

major gene resistance labels now used in blackleg resistance identification. Producers can 

now choose varieties with R genes that are durable to the specific blackleg races. 

Australia and Europe have used these labels to enable producers to choose the best gene 

that is most effective against the blackleg race present in their field. This will play a 

significant role in reducing blackleg in the field in Canada.  
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5. Development of a blackleg yield loss model. Producers can now estimate the amount of 

yield lost from blackleg in their canola fields. This is a key model that highlights the 

negative impacts of the disease and the economic constraints it can place on a crop.  

Being able to show the economic and agronomic impact of the disease to producers helps 

further showcase why blackleg is an important disease to manage on farm. 

 

 Using the yield loss model on the blackleg infested canola acres in western Canada shows 

that producers and industry have lost $500 million in revenue annually in the past several years. 

Return on investment for this research is significant if you consider direct loss to industry and 

potential economic impact to Canada if canola trade with China is halted. 

 

 Key knowledge and technology transfer (KTT) tools include the western Canadian 

blackleg survey, the Blackleg Scouting Video, www.blackleg.ca, and the development of the 

Blackleg Steering Group. 
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3.0 STRATEGIC PLAN  

3.1 Research Priority 1:  Identify effective R-gene rotations to increase the durability of 

resistant cultivars 

This is the top priority for the canola industry, since the success of controlling blackleg depends 

on resistance genes that will be effective for growers in the long term.  Recent knowledge gained 

of what blackleg major resistance genes exist in current commercial canola cultivars has 

provided producers with more information to select a cultivar to meet their field’s need.  This 

priority looks to preserve the durability of the resistant cultivars deployed in Canada.  With 

several major resistance genes incorporated into cultivars and many other genes that could be 

adopted in Canadian cultivars there is a need to identify effective rotations to increase the 

durability of cultivars.  Knowing how to effectively rotate major resistance genes will prevent 

blackleg from increasing in producer’s fields and help prevent the selective loss of avirulence 

genes from Leptosphaeria maculans populations.  This knowledge should prevent the selection 

of races with increased virulence or the creation of populations with few avirulence genes. 

 

Possible research projects:  

1. What are the most effective R-gene rotation strategies? 

2. Do stacks of resistance genes select for more virulent races of L. maculans? 

3. Identify resistance genes and sources of resistance at greatest risk of being lost. Are there 

differences in selective pressure applied by different resistance genes? 

4. Develop markers for all current resistance genes in canola cultivars for quick 

identification. 

5. What is the impact of disease pressure with different rotation sequence of crop species? 

6. Exploration of novel R genes in B genome and R genomes. 

7. Can R gene rotation be as effective as a 3 or 4 year rotation? 

 

Time Frame: 

Starting immediately and complete by 2023. 

 

Current projects directed towards this priority: 

 CARP CCC 2015-12 

 CGDP ADF 2016-158 

 CGDP 2017-7 

 CARP CCC 2017-27 

 CAP ASP Activity 11 & 12 

 CAP ASP Activity 13 & 14 
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3.2 Research Priority 2: Developing a system to effectively screen/assess for quantitative 

resistance in commercial canola lines 

 

Genetic diversity in resistance is a major step in providing resistance options for plant breeders 

and ultimately for canola producers.  With research investments into understanding major 

resistance genes within Canadian cultivars the focus has moved over onto understanding how 

quantitative resistance works within canola cultivars.  It is believed that quantitative resistance 

has been the backbone to cultivars by keeping low incidence and severity rates of blackleg across 

western Canada.  

 

Possible research projects: 

1. Developing a robust system for efficient assessment of Quantitative Resistance (QR) in 

commercial canola cultivars 

2. Developing tools for the rapid screening of canola germplasm for QR to blackleg disease 

3. Understand how to best use quantitative resistance with major gene resistance 

4. Examining techniques to create new sources of resistance/immunity to blackleg 

5. Sequencing and cloning novel sources of resistance to aid in incorporation in canola 

quality lines 

6. Are there different resistance interactions to ascospores and pycnidiospores infections?  

How does this reflect on major gene and QR resistance? 

 

Time frame: 

Starting immediately and complete by 2023.  

 

Current projects directed towards the priority: 

 CAP ASP Activity 2 

 CAP ASP Activity 3 & 4 
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3.3 Research Priority 3: Identify the critical window of infection from blackleg to better 

steward agronomic practices 

 

In Canada, a short growing season and favorable spring conditions for L. maculans development, 

contribute to belief that cotyledon infection is the main pathway to stem infection, basal stem 

cankering or girdling and yield loss if host-pathogen interaction and environment are favorable 

for this occurrence.  It is not known if cotyledon infection is the only avenue for L. maculans to 

enter into the stem and cause stem cankering.  Identifying the critical window of infection from 

L. maculans will help steward agronomic practices to protect canola plants during peak infection 

time.  Understanding when L. maculans infects canola plants will help in the development of 

protocols to test resistance, create chemical control options, and development of new agronomic 

best management practices.  

 

Possible research projects:  

1. What is the potential for blackleg root infection pathway in western Canada? 

2. Exploration of the use or in-furrow fungicide to reduce blackleg infections under western 

Canada conditions 

3. Can fluquinconazole (Jockey) seed or in furrow treatment be similarly effective as an 

early application of strobilurin fungicides 

4. Efficacy of new seed or in-furrow treatment chemistry coming down the pipeline for 

efficacy against root and early foliar infections 

5. Exploring the combination of mixing foliar fungicides and insecticides to reduce blackleg 

and flea beetle damage with the phase out of insecticide seed treatments for flea beetle 

management 

6. Can blackleg be prevented effectively in tight crop rotations with cultivar resistance, 

seed/in-furrow fungicide treatment and/or early strobilurin fungicide application? 

7. Can seed or furrow fungicides improve the durability of resistance genes (both major and 

minor)? 

 

 

Time frame: 

Starting immediately and complete by 2023. 

 

Current projects directed towards this priority: 

 CAP ASP Activity 5 

 CAP ASP Activity 6 & 7 

 CAP ASP Activity 8 

 CAP ASP Activity 9 & 10 
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3.4 Research Priority 4: Find new sources of blackleg resistance 

 

Genetic diversity in resistance is a major step in providing resistance options for plant breeders 

and ultimately for canola growers. This priority is a long term commitment since new sources of 

resistance are unlikely to be readily available. It may require moving these sources from distant 

relatives of canola or creating the resistance needed in the lab. With new technology becoming 

more readily available this opens options to effectively transfer resistance genes.   

 

Possible research projects:  

1. Identify novel resistance in current canola germplasm   

2. Surveying and moving novel resistance from the A, B, and C genomes into canola quality 

material  

3. Surveying and moving novel resistance from other brassica relatives into canola quality 

material  

4. Examining techniques to create new sources of resistance/immunity to blackleg 

5. Sequencing and cloning novel sources of resistance to aid in incorporation in canola 

quality lines  

6. Exploration of novel R genes in B genome and R genomes. 

7. Using novel technologies that transfer R genes from B or R genome efficiently into B. 

napus 

 

 

Time frame: 

Starting immediately and complete by 2023. 

 

Current projects directed towards this priority: 

 CGDP ADF 2016-158 

 CGDP 2017-7 

 CAP ASP Activity 13 & 14 
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3.5 Other Research Needed 

 

3.5.1 - Correlation between plant infection and yield loss 

 

Refining the yield loss model: blackleg infection with current canola cultivars. Understanding 

the impact that blackleg infection actually poses to canola growers is needed to better 

communicate the need to control disease. 

 

Current projects directed towards this priority: 

 CAP ASP Activity 6 & 7 

 

 

3.6 Extension Delivery 

The information generated by current and future research projects will appropriate vehicles to 

deliver these messages in an effective manner. As an example: how should information on the 

gene for gene relationship between B. napus and L. maculans be presented to agronomists and 

canola growers so that the best choices for cultivar selection are made. The Blackleg Steering 

Group is in the best position to develop the key extension messages. This body represents both 

private and public researchers, extension staff and canola growers, and has the expertise to craft 

the key messages from blackleg research in Canada and elsewhere.  Representation by funding 

groups will also help to decide what the best methods to deliver these messages are. 

Tools that may be used are: 

 The Canola Watch – the Canola Council of Canada’s weekly agronomic email service 

 Blackleg.ca - A comprehensive website for blackleg information 

 Articles dedicated to blackleg through Western Canadian magazines and newspapers 

 Engaging agronomists to disseminate messaging directly to canola growers 

 Video(s) on blackleg management, identification, and the nature of the disease 

 Development of literature or brochures on blackleg disease management for growers 
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3.7 Key Extension Messages 

Immediate key messaging topics are: 

1. List of best management practices and relate these to blackleg risk 

reduction/enhancement 

2. Encourage the need for diversity when growing canola – diversity of crops, blackleg 

resistance, fungicide usage, etc. 

3. Blackleg identification in the field: how to scout for and rate the disease 

4. Blackleg lifecycle: how the pathogen works in Canadian prairie environment  

5. Blackleg yield loss tool to identify potential losses in crop  

6. Value of resistant varieties for managing blackleg; differences between major gene 

resistance and quantitative resistance  

Examples of key messaging extension material can be found in Appendix 3. 

 

 

3.8 Key Extension Messages to Develop  

 

Extension messaging to develop as blackleg research is completed: 

1. Blackleg resistance classification and recommendations on how resistance selection can 

prevent blackleg infection and resistance breakdown 

2. Proper timing and application method for fungicide products on minimizing blackleg 

infection 

3. Encourage adoption of new agronomic practices if the research suggests changes needed 
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APPENDIX 1 

2018 Blackleg Workshop Agenda 

2018 Blackleg Workshop 

Research Results and Future Directions 

Hosted by SaskCanola & Canola Council of Canada 

 

9:00 am Understanding blackleg in western Canada 

Justine Cornelsen, Canola Council of Canada 

 

  Understanding blackleg in Australia 

  Dr. Steve Marcroft, Marcroft Grains Pathology 

 

  Navigating R-gene rotation stewardship through research 

  with grower participation 

 Dr. Dilantha Fernando, University of Manitoba 

 

  Performance of canola cultivars against mixed L. maculans 

  populations and the case for routine standardized monitoring 

  of pathogen genetics  

Ralph Lange, Alberta Innovates 

 

  Tolerance to fluquinconazole 

 Dr. Angela Van de Wouw, University of Melbourne 

 

  A new tool for the identification of blackleg and race characterization 

 Sandy Junek, Discovery Seed Labs 

 

12:10 pm  Lunch 

1:10 pm Genomics tools and resources for better management 

  of blackleg disease of canola 

  Dr. Hossein Borhan, Agriculture & Agri-Food Canada 

 

  An overview of identified resistance genes and gene interactions 

  in the canola growing regions of Australia  

  Dr. Angela Van de Wouw, University of Melbourne 

 

  Developing genetic resources for control of canola blackleg disease 

  Dr. Fengqun Yu, Agriculture & Agri-Food Canada 

 

  Optimizing canola resistance to blackleg through silicon absorption 

  Dr. Richard Bélanger, University of Laval 

 

  Industry Perspectives 

  Dr. Xuehua Zhang, Monsanto Canada  

  Dr. Igor Falak, DuPont Pioneer 
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APPENDIX 2 
 

2016-2018 Canadian Blackleg Research  

Becker M, Zhang X, Belmonte M, Fernando WGD. 2017. Transcriptome analysis of the 

Brassica napus-Leptosphaeria maculans pathosystem identifies receptor signaling and structural 

genes underlying plant resistance. The Plant Journal. (in press) DOI: 10.1111/tpj.13514. 

IF=5.47 

 

Chen Y. 2018. Canola Resistance Breeding to Fight against Blackleg Caused by Leptosphaeria 

maculans. Conference: International Congress of Plant Pathology (ICPP) Location: Boston, MA 

Date: JUL 29-AUG 03, 2018  Phytopathology ol.108   Issue: 10     

 

Duncan RW, Mcvetty PBE, Duguid JL, Fox SL, Paulmann W, Sass O, Fernando WGD, Li G. 

2016. HYHEAR 2 Roundup Ready® high erucic acid, low glucosinolate hybrid summer rape. 

Canadian Journal of Plant Science. 96:1–3. 

 

Fernando WGD. 2016. Host innate immunity: more a need to feed the world (comment on DOI: 

10.1002/bies.201600101). BioEssays vol. 38 (in press).  

 

Fernando WGD, Zhang X, Amarasinghe CC. 2016. Detection of Leptosphaeria maculans and 

Leptosphaeria biglobosa Causing Blackleg Disease in Canola from Canadian Canola Seed Lots 

and Dockage. Plants. Doi:10.3390/plants5010012. 

 

Fernando WGD, Zhang X, Selin C, Zou Z, McLaren DL, Kubinec A, Parks PS, Rashid MH, 

Padmathilake KRE, Rong L, Yang C, Liban SH,  Gnanesh BN, Huang S. 2018. A six-year 

investigation of the dynamics of avirulence profiles, disease incidence, and mating type alleles of 

Leptosphaeria maculans populations associated with canola crops in Manitoba, Canada. Plant 

Disease. 102:790-798. 

 

Fraser M, Hwang SF, Ahmed HU, Akhavan A, Stammler G, Barton W, Strelkov SE. 2017. 

Sensitivity of Leptosphaeria maculans to pyraclostrobin in Alberta, Canada. Canadian Journal of 

Plant Science 97: 83-91. 

 

Ghanbarnia K,  Fudal I, Larkan NJ, Links MG, Balesdent MH, Profitova B, Fernando WGD, 

Rouxel T, Borhan MH. 2016.  Rapid identification of the Leptosphaeria maculans avirulence 

gene AvrLm2, using an intraspecific comparative genomics approach. Molecular Plant 

Pathology. 16: 699-709.  

 

Ghanbarnia K, Ma L, Larkan NJ, Haddadi P, Fernando WGD, Borhan MH. 2018.  Leptosphaeria 

maculans AvrLm9: A new player in the game of hide and seek with AvrLm4-7. Molecular Plant 

Pathology DOI : 10.1111/mpp.12658 

 

Girard IJ, Mcloughlin AG, de Kievit TR, Fernando WGD, Belmonte MF. 2016. Integrating 

Large-Scale Data and RNA Technology to Protect Crops from Fungal Pathogens. Frontiers in 

Plant Science. DOI: 10.3389/fpls.2016.00631. 

https://owa.umanitoba.ca/owa/redir.aspx?C=7l8BnmIRGkO8Ge0LUmtUuVM7OfByANII-2WCexQytDvfttxL4Iw5dGN8jO8UWZXWLp6UogeZq7E.&URL=https%3a%2f%2fwww.researchgate.net%2fprofile%2fKaveh_Ghanbarnia
https://owa.umanitoba.ca/owa/redir.aspx?C=7l8BnmIRGkO8Ge0LUmtUuVM7OfByANII-2WCexQytDvfttxL4Iw5dGN8jO8UWZXWLp6UogeZq7E.&URL=https%3a%2f%2fwww.researchgate.net%2fprofile%2fIsabelle_Fudal
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Haddadi P, Ma LS, Wang HY, Borhan MH. 2016. Genome-wide transcriptomic analyses provide 

insights into the lifestyle transition and effector repertoire of Leptosphaeria maculans during the 

colonization of Brassica napus seedlings.  Molecular Plant Pathology. Vol: 17, 8: 1196-1210. 

DOI: 10.1111/mpp.12356  

 

Harker KN, Hartman MD, Tidemann BD.  2018. Attempts to rescue yield loss in continuous 

canola with agronomic inputs Canadian Journal of Plant Science. Vol: 98, 3: 703-716    

 

Hubbard M, Peng G. 2017. The quantitative resistance against Leptosphaeria maculans 

(blackleg) in Canadian canola cultivars remains effective under increased temperatures. Plant 

Pathology. 67: 1329–1338. 

 

Hwang SF, Strelkov SE, Peng G, Ahmed H, Zhou Q, Turnbull G. 2016. Blackleg (Leptosphaeria 

maculans) severity and yield loss in Alberta, Canada. Plants 5: 31; doi: 10.3390/plants5030031 

 

Larkan NJ, Raman H, Lydiate DJ, Robinson SJ, Yu FQ, Barbulescu DM, Raman R, Luckett DJ, 

Nurton W, Wratten N, Saisbury PA, Rimmer SR, Borhan MH.  2016. Multi-environment QTL 

studies suggest a role for cysteine-rich protein kinase genes in quantitative resistance to blackleg 

disease in Brassica napus.  BMC Plant Biology. Vol: 16, 183. DOI: 10.1186/s12870-016-0877-2  

 

Larkan NI, Yu F, Lydiate DI, Rimmer SR, Borhan MH. 2016. Single R gene introgression lines 

for accurate dissection of the Brassica - Leptosphaeria pathosystem. Frontier in Plant Science. 

7:1771.   

 

Liban SH, Cross DJ, Kutcher HR, Peng G, Fernando WGD. 2016. Race structure and frequency 

of avirulence genes in the western Canadian Leptosphaeria maculans pathogen population, the 

causal agent of blackleg in brassica species. Plant Pathology. 65, 1161–1169. 

 

Rashid HM, Hausner G, Fernando WGD. 2018. Molecular and phenotypic identification of B-

genome introgression linked to Leptosphaeria maculans resistant gene Rlm6 in Brassica napus 3 

B. juncea interspecific hybrids. Euphytica. 214:205-211.  

 

Rashid HM, Zou Z, Fernando WGD. 2018. Development of molecular markers linked to the 

Leptosphaeria maculans resistance gene Rlm6 and inheritance of SCAR and CAPS markers in 

B. napus x B. juncea interspecific hybrids. Plant Breeding 137:402-411. 

 

Sarma BK, Singh HB, Fernando WGD, Silva RN, Gupta VK. 2016. Enhancing Plant Disease 

Resistance without R Genes. Trends in Biotechnology. Doi.org/10.1016/j.tibtech.2016.04.002. 

 

Selin C, deKievit TR, Belmonte MF, Fernando WGD. 2016. Elucidating the Role of Effectors in 

Plant-Fungal Interactions: Progress and Challenges. Frontiers in Microbiology. DOI: 

10.3389/fmicb.2016.00600 
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Sonah H, Zhang X, Deshmukh R, Borhan MH, Fernando WGD, Bélanger RR. 2016. 

Comparative transcriptomic analysis of virulence factors in Leptosphaeria maculans during 

compatible and incompatible interactions with canola. Frontiers in Plant Science. In press. 

 

Zhang X, Fernando WGD. 2018. Insights into fighting against blackleg disease of Brassica 

napus in Canada. Crop and Pasture Science.  69, 40–47 http://dx.doi.org/10.1071/CP16401.  

 

Zhang X, Peng G, Kutcher HR, Balesdent MH, Delourme R, Fernando WGD. 2016. Breakdown 

of Rlm3 resistance in the Brassica napus–Leptosphaeria maculans pathosystem in western 

Canada. European Journal of Plant Pathology. 145:659–674. 

 

Zhang X, Peng G, Parks P, Hu B, Li Q, Jiang L, Niue Y, Huang S, Fernando WGD. 2016. 

Identifying seedling and adult plant resistance of Chinese Brassica napus germplasm to 

Leptosphaeria maculans. Plant Pathology. (in press). 

 

Zou Z, Liu F, Fernando WGD. 2018. Rapid detection of Leptosphaeria maculans avirulence 

gene AvrLm4-7 conferring the avirulence/virulence specificity on Brassica napus using a tetra-

primer ARMS-PCR. European Journal of Plant Pathology. https://doi.org/10.1007/s10658-

018-1465-0. 

 

Zou Z, Zhang X, Fernando WGD. 2018. Distribution of mating-type alleles and genetic 

variability in field populations of Leptosphaeria maculans in western Canada. Journal of 

Phytopathology. 1-10; DOI: 10.1111/jph.12706 

 

  

http://dx.doi.org/10.1071/CP16401
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APPENDIX 3 

Key Extension Messages / Materials  

 

 

 
 

Figure 1: Top 5 best management practices for blackleg (SaskCanola/Alberta Canola GF2 ASP). 
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Figure 2: Description of top 5 best management practices for blackleg (SaskCanola/Alberta 

Canola GF2 ASP) . 
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Figure 3: Leptospaeria maculans lifecycle under Canadian environmental conditions 

(SaskCanola/Alberta Canola GF2 ASP).  
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Figure 4: Blackleg yield loss model: every unit increase in disease severity results in roughly 

20% yield loss (SaskCanola/Alberta Canola GF2 ASP).  
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Figure 5: Blackleg disease severity rating scale.  
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Figure 6: Major gene interactions with avirulent and virulent alleles on susceptible and resistance 

cultivars.   

 

Figure 7: Canadian blackleg major gene resistance identification system.   
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Brochure: Understanding Blackleg Resistance funded by Alberta Canola, SaskCanola and 

Manitoba Canola Growers. 

https://www.canolacouncil.org/media/597865/18CCC9862_Understanding-Blackleg-Resistance-

WEB1.pdf 

 

https://www.canolacouncil.org/media/597865/18CCC9862_Understanding-Blackleg-Resistance-WEB1.pdf
https://www.canolacouncil.org/media/597865/18CCC9862_Understanding-Blackleg-Resistance-WEB1.pdf
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Brochure: Blackleg in Western Canada Pamphlet funded by Growing Forward 2.  

https://www.saskcanola.com/quadrant/media/files/resource/pdfs/BLACKLEG-SP-

Brochure.pdf 

https://www.saskcanola.com/quadrant/media/files/resource/pdfs/BLACKLEG-SP-Brochure.pdf
https://www.saskcanola.com/quadrant/media/files/resource/pdfs/BLACKLEG-SP-Brochure.pdf
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