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1.0 Summary

Blackleg continues to be a concern for canola production in ¥vestanada. Survey results suggest

that blackleg incidence is on the rise, and this disease can become a trade bacaeotamarkets that

are sensitive td.. maculansTo stay ahead of this disease and to manage it effectively into the future
this strategic plan details the necessary research and extension efforts that are needed. The authors of
this plan, Blackleg Steering group, will update the Blackleg Strategic Plan on an annual basis.

The canola industry in the past has relied on blackleg registat the main method for controlling this
disease. But due to thielacklegissues listed above, that method may mbvide durable control into

the future.To stay ahead of blackleg the canola industry needs to engage in a collaborative approach to
marage this disease, to develop new tools for control it, andawelop consistent messaging for
management for canola growers. Through multiple venues, targets for research and disease extension
messaging have been developed.

Priority Areas of Researchear
1. Find new sources dflacklegresistance
2. lIdentify and survey races /avirulence gemes. maculangn Canada to measure and
monitor their distribution over time.
3. Identify major resistance genes in commercial cultiva®.afapus
4. Quick feld diagnosticso identify L. maculangsvirulence genepresent in the field

In addition to setting research priorities for blackleg research, priorities for extending information on
blackleg control have been evaluated. Communication vehicles havedevedoped forencouraging
growers to take a risk analysis approach to managing blacklebexhelveloped for best management
practices to control blackleg. The canola industry needtwsideran improved labeling system for
blackleg resistance to aid in the duralyilif this essential tool.
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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 right bleesdagch

is conducted in the most competent and efficient manner as posalitn new understanding of the

host pathogen interactionef blackleg outbreaks in Australian and France, and a trade issue about
blackleg infected canola seed with Chiras lbrought thisdisease to the forefront of canola related

disease concerns in Canada. To build this planBthekleg ®ering Groupwas formed composed of

public and private plarpathologists, grower group peesentatives, and provincial extension stifif
November 02011 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 Grower Groups Provincial Extension

Hossein Borhan (AAFC Saska)oo Pat Flaten (SaskCanola) Holly Derksen (MAFRI)

Dilantha Fernando (U of Manitoba) Bill Ross (MCGA) Faye DokkeiBouchard (SK MoA)
Ralph Lange (AITF) Ward Toma (ACPC) Murray Hartman (AARD)

Gary Peng (AAFC Saskatoon)

Stephen Strelkov (U of Alberta) Advisory Role

Igor FalakWCC/RRC RuPont Pioneer) Clinton Jurkd CCC)
Rajesh Ramarathnam (CFIA

2.2 Literature review

In 2011, Kutcheet al. published a review of the best management practices for blackleg in the online
journal, Prairie Soils and Crops, at

http://www.prairiesoilsandcrops.ca/articles/volume 4 14 blackleg print.pthe full article is

included in Appendix 1.

In thesummer of 2012, the Canadian Food Inspection Agency compiled a more recent literature review
of current research into all aspects of blackleg. The CFIA has granted permission to publish this literature
review in full in Appendix 2.

Blackleg Strategic Plam Canada Paged


http://www.prairiesoilsandcrops.ca/articles/volume_4_14_blackleg_print.pdf

2.3 Research Capacity

The Blackleg Steering Group evaluated the research capacity for blackleg research in Canada in the fall
of 2012. The purpose behind this survey was to evaluate what the research capabilities were in order to
ensure that quality blackleg research could be@l@nd to address what the gaps in capacity may be.

Most organisations, both private and public participated in this survey. The full report is published in
Appendix 3.

In summary, the Canadian blackleg research commimnaisyvery good capacity to condustickleg
research. More tha®0 people are involved in blackleg research, most of which are near full time status
working on canola pathology and blackleg in particulzmadian blackleg researchers have been prolific
in publishingheir findingsin peerreviewed journalswith more than 75 publications in recent years.
Held-level researclis excellenwith more than 27 blackleg nurseries across the PraiResearchey

utilise a host of research tools in their laboratories to study this disease, any anarutilising new
technologies to further our understandinguch as the latest in sequencing technology, marker
technologies and marker assisted breeding, microarrays, laser capture-digsexction, cloning,
nanometal/surfaceplasmon resonance, andrmentation technologies. Our researcBere also well
networked within Canada and with the global research commuytgollaborating with researcheis
China, UK, Poland, France, and Austrilfla.have the expertise, capacity and technologies to Ibad t
world in blackleg research.

2.4 Researchiorities

The canola industry has developed a list of priorities that is needed for blackleg research. This
prioritisation was done over two meetingghe first was the Blackleg Workshop in April 2011 in

Winnipeg and the second was The Blackleg Strategic Planning meeting In November 2011 in Edmonton.
These are théop priorities:

1. Find new sources diflacklegresistance

2. ldentify and survey races/avirulence genied. maculangn Canada to measure and
monitor their distribution over time

3. Identify major resistance genes in commercial cultivaB.afapus

4. Quick feld diagnostics to identifi,. maculanavirulence geng present in the field

Other projects listed as important are:
5. Correlation between plant infectioand yield loss
6. Measure durability of each resistangene
7. Understand how to best use quantitative resistance with major gene resistance
8. Sequence resistance genes
9. ldentify and characterise quantitative resistance
10.Agronomic practices to reduce blackleg
11.Deelop differential isolates df. maculans
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2.5 Current Blackleg Research

Blackleg projects currently being undertaken are;

Current grower-funded blackleg research projects in Canada

Project Researchers Date Funding
Number Title Lead Cooperating Established Complete Total Source
(estimated)
Investigation on the individual genes of Brassica ~ Habibur Ralph Lange, AITF CA:CPD((A:‘CSFZC’
2007-05 carinata in canola for their resistance to different =~ Rahman, U and Andrew Sharpe, 1-Apr-2007 31-Mar-2011  $1,059,050 !
blackleg pathotypes of Alberta AAFC MCGA),
9 patotyp ACIDF
r
A large-scale suney of races of Leptosphaeria Randy
maculans occurring on canola in western Canada Roger Rimmer. CARP (ACPC
2007-11 changed to four year project [April 1, 2007 - ii‘;ge" AAEC 2007 March-31-11  $ 150,000 g cone
March 31, 2011])
Defining populations of the L. maculans pathogen Derek r Science
3.3.3 in test sites used for canola blackleg resistance Lydiate, 2005 May-2013 $ 379,553 Cluster
trials AAFC
CGDP ) . . . Hossein )
SCDC/DIAP ImprO\-Ang the dura|!|ty of resistance to blackleg in Borhan, Derek Lydiate, Jul-2005 Mar-2013 $ 376,000 SCDC, DIAP
Brassica napus using the novel LepR4 gene AAFC
2010 AAFC
Associate Chair funding at the University of Genyi Li, U r
2007 5 125,000 MCGA
Manitoba looking into blackleg and sclerotinia of Manitoba years $ ’
Development of a canola cultivar-rotation,
blackleg management stewardship program: . CARP (ACPC,
Farm level management of Blackleg Disease Dilantha SCDC, &
2011-02 gemen 9 Fernando, U Gary Peng, AAFC May-2011 4 years $ 236,900 '
through the understanding of blackleg of Manitoba MCGA) and
avirulence/virulence genes (races) and available R- ACIDF
genes in commercially grown canola cultivars
Mitigating blackleg disease of canola using Gary Peng, Dilantha Fernando, CARP (SCDC
2011-03 S . B May-2011 4 189,750
fungicide strategies AAFC U of Manitoba d years $ & MCGA)
r
2011-05 .I_?apid farm-level detection of blackleg pathotypes = Ralph Xujie (Susie) Li, 2011 1year $ 26,500 CA"?APC(GSAC)PC'
i proof of concept Lange, AITF AITF
ACIDF
Identifying \irulence factors in Leptosphaeria Hossein Matthew Links, r scDe and
2011-12 maculans, the causative agent of blackleg Borhan, Dwayne Hegedus, 2011 31-Dec-14 $ 309,000 ADE
disease of canola AAFC AAFC
: Paul r CARP (ACPC
B trol of clubroot and blackleg by th ’
2012-05 er'f;?; 'zcom?;og:oaﬁzms i‘; caegoé © Holloway, U 2012 I year $ 12,000 SCDC, &
Py 9 of Manitoba MCGA)
. . . Hossein Isobel Parkin, Steve
E TL f I t f ! ADF
2012-0083 szfsjslo[]o?ﬂaczzppmg of durable resistance of 5 o0 Robinson, Sally 2012 3years  $ 320242 G;’;d
- nap 9 AAFC Vail, AAFC
Developing molecular markers for determinin: Hossein f
BT1202 ping . 9 Borhan, 2012 3years  $ 224250  WGRF
race structure of L. maculans in Western Canada AAFC
Molecular cytogenics of blackleg resistance in . r
the Brassica B-genome and introgression of Habibur ACPC and
2012F161R € Brassica B-genome a ogression o Rahman, U 2012 4 years $ 690,450 a
resistance into B.napus through recurrent ACIDF
. of Alberta
backcrossing
r
Analysis and monitoring of Leptosphaeria ACIDF, ACPC,
maculans race dynamics in western Canada for ~ Gary Peng, ARDI, MCGA,
2013F149R ) . . - 2013 4 412,000
effective use of cultivar resistance in management AAFC years $ SCDC, and
of blackleg on canola WGRF
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3.0 Strategidlan

3.1 Priority 1¢ Find New Sources of Resistance

This is the top priority for the canola industsince thesuccess of condlling blackleg depends on

resistance genes that will be effective for growers in the long term. Genetic diversity in resistance is a
major step inproviding resistanceptions for plant breeders and ultimatefgr 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 relativesamola or creating the resistance needed in

the lab.

Possible projects:

1. ldentify novel resignce in current canola germplasm
2. Surveying and mang novel resistance from the A, B, andéhomesinto canola quality
material
3. Surveying and moving novel resistance from other brassica relatives into canola quality material
4. Examining techniques to creahew sources of resistance/immunity to blackleg
5. Sequencing and cloning novel sources of resistance to aid in incorporation in canola quality lines
Time frame:

Starting immediately and on a continual basis

Current pojects directed towards this priority

1
)l
)l

2007-05 (complete)
CGDP SCDC/DIAP 20ddmplete)
2012F161R
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3.2 Priority 2 - Identify and survey raceslvirulence genes ih. maculansn Canada to measure and

monitor their distribution over time.

Identifying the races df. maculangnd avirulence gees it possess ingivenlocation will be important
for growersto selectthe types of resistancéhat will be required to control this disease apdrhaps
important for identifyingother management practicebat may beneeded. Avirulence genes are being
identified sequenced and cloned around the world. This informationbeiiefit canolagrowersin the

long run Recent information indicathat the L. maculanspopulations in Canada are very diverse, and
may be the most diverse in the world, which woulan a higladaptivecapacity toovercomeblackleg
resistance.

Possible Projects:

1.
2.
3.

Measure the speed that an avirulence gene can be effectively removed from a population
Measure the fitness cost of the loss of avirulence genes for L. maculans population

Are races that possess very few avirulence genes being selected at greater rate than those with
multiple avirulence genes

Are there environmental or agronomic factors that favour théesgon of particular races on
regional and field sca$®

Time frame:

Sarting immediately and may need monitoring on a continual basis

Current pgojects directed towards this priority:

1
)l

2007-11 (complete)
2013F149R
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3.3 Priority 3- Identify major blacklegresistance genes in commercial cultivars®f napus

Knowledge of Wwat blacklegresistance is presemt commercial canola cultivars and attwill be inthe

market in the immediate futurés essential focanolagrowers to make informed decisisabout which

cultivarswill perform best on their farm in the face of a blacklékr This priorit works in conjunction

with the second priority one without the other is not informative for the grower. Selectmgtivarson

the basis of their blackleg resistceY | @ LINB @Sy G ot O01fS3 FTNRY AyONBIlai
also pevent the selectivedss of avirulence genes from maculangopulations. This knowledgshould

prevent the seleton of races with increasedrulence orthe creation ofpopulations with few

avirulence genes.

Possible research projects:
1. What are the moseffective resistance classifications for canclétivars?
2. Are there different resistance genes that identify similar avirulence genes
3. Do stacks of resistance genes select for more virulent racesméculan®
4. What methodology can quickly determinegtijuantifiable level of horizontal resistance from
major gene resistance canolacultivars?
Develop markers for all current resistance genes in carutédvarsfor quick identification
6. Identify resistance genes and sources of resistance at greatesif figing lost. Are there
differences in selective pressure applied by different resistance genes?

o

Time Frame:
Startingimmediately and complete by 2017

Current pojects directed towards this priority:
1 201102
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3.4 Priority 4- Quick field diagnostis to identify L. maculansvirulence genesresent in the field

The ability to quickly identify what avirulence genes are present in the fielthaile the identification

of resistance and management practices needed for that field more accessiblefogrgr Timely

information that growers can access efficiently is an essential tool in improving our overall management
of this disease.

Possible Projects:
1. Develop multiplex PCR capabilities to quickly determine multiple avirulence genes

2. Quantitative PCR ethodology to determine the relative frequency of raced.ofmaculangn a
given field

Time Frame:
Starting immediately and complete by 2017

Current pgojects directed towards this priority:
1 2011-05(complete)

1 BT1202
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3.5 Resistance Labelling

Providingmore informative labels on Canadian canola cultivars will help canola greeletproducts
that may aid in reducing the risk of blackleg development. Growitivarswith the same type of
resistance in rotation may aid in selection of ratieet are virulent on that resistance, which will reduce
the durability of the current sources of resistance. Austrand France both are using sorftegm of
additional labelling on canoleultivars and there may be value for Canada to adopes labeling

system as well.

A methodology to identify resistance grouping will need to be developed first. Discussion about
appropriate labels needs to occur prior to the introduction of any latigtssideration will be given to
the role that majorgene resistancand quantitative resistance may play in these labels.

Paossible projects:
1. Evaluate methodologies that can reliably produce blackleg infection using different races of L.

maculans.
2. Develop a high throughput screening procedure that can be used to sctdi@mrson an
annual basis.
Time Frame:

Stating in 2013, complete by 2016

3.6 Other Key Research Needed

In future drafts of this strategic plan, this section will contairsedf projects that address ¢
secondary research priorities.
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3.7 Extensiam Delivery

The information generated by current and future research projectshwgéld to be communicated
effectively to industry and growers. Goging theappropriatecommunicatiorvehiclesto deliver these
messages in a@ffective manneiis essentialAs an exampldiow should information on the gene for
gene relationship betweeB. napusandL. maculas be presented to agronomists and canola growers
so that the best choices faultivarselection are madeThe Blackleg Steiag Group is in the best
position to develop the key extension messages. This body represents both private and public
researchersextension staffind canolagrowers and haghe expertise to craft the key messages from
blackleg research in Canada and elsewhere. Representation by funding git@so help tcselect

the best vehicles to deliver these messages in the raffsttive manner.

Tools that may be used are:
 TheCanolaWatchii KS / I y2ftl [/ 2dzyOAf 2F /Iyl RIFQa ¢SS{fe
Develop a dedicated website for blackleg informatisach as blackleg.ca
Articles dedicated to blackleg throudliestern Canadn magazinesand newspapers
Engaging agronomists thsseminatemessaging directly to canola growers
Engaing canola grower associations to assist in message dissemination
Videds)on blackleg managemenidentification,and thenature of the disease
Development of literature or brochures on blackleg disease managementdaegs

= =4 =4 4 -4 4

When new extension messaging is developed by the Blackleg Steering Group, it will be presented to the
industry at large prior to being launched.

3.8 Key Extension to Develop

Immediatekey messages are:

Blackleg risk assessment tool to aid in decishaking practices

Blackleg identification in the field and how to scout for this disease

List of best management practices and relate these to blackleg risk reduction/enhancement
Encouragehe need for diversity whegrowing canola diversity of cropsblackleg resistance,
fungicide usage, etc.

P

Extension messaging to develop as blackleg research is completed:
1. Blackleg resistancelassificatiorand recommendations on how resistance selection can prevent
blackleg infection and resistance breakdown
2. Encourge adoption of new agronomic practices if the research suggests changes needed
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Appendix 1 Literature Reviewg Kutcher et al. 2011. Prairie Soils and Crops. Vol. 3.
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PRl

Frairic Sl & Tnsects and Dizeases
Crups Jivarnal

Best Management Practices for Blackleg Disease of Canola
Kutcher, HE., W.G.D. Fernando, T.E. Twkington and DL McLaren

Summarv

Blackleg diseasze of canola m western Canada has been effectively managed for the past 20 years through a
combmation of resistant vaneties, adequate crop rotation mntervals and zood agronomics. Increased canola produchon
in western Canada, m large measure through more frequent croppimg in the rotation, has mereased the nizk that
resistance to blackleg in cwrent vanetes may be defeated. Loss of resistance in Canada and m other countries has
been reported in vaneties dependent on single resistance genes, indicating selection pressure for virulent races of the
pathogen. Sustainable cancla production in western Canada will require adeoption of mnovative blackleg control
strategies by growers.

Introduction

Blackleg disease of canola (Brassica napuz L, B. rapa L. and B juncea L), is caused by a complex of at least two
species of Leprosphasria: L. maculans (Desmaz)) Ces. & de Mot. (anamoiph Phema lingam (Tode:Fr.) Desmaz ), and
L bigloboza Shoemaker and Brun. Leprosphasria maculans 1s the more damaging of the two and was reported from
almost all canela and cilsesd rape growing regions of the world except China' . These species were previcusly referred
toas ]:Jghl:;" j.'l:l.d weakly virulent formes of a smgle pathogen (L. maculans), until the latter was determined to be L.
biglobosa™*.

Blackleg has been a produchion challenge for western Canadian canola growers since the mid-1970"s, when the diseasze
was obzerved to cause senous impanment of yield and quality in north-eastern Saskatchewan® . Prior to this the
disease was present, but was not considered 2 sigmficant production 1ssue”. In the 198075 vield loszes up to 30% were
reported in individual canola fislds”. Early disease contrel recommendations included use of clean {certified) sead and
sead treatment, tillage to bury mfected residue of previous canola crops, control of velinteers and susceptible weed
spectes, rotations separating canola crops m the same field by at least three other crops (four-vear rotation)) and to
locate canola crops away from adjacent fislds containing infected stubble of previous canola crops”.

With the infroduction of resistant varisties in the early 1990°s” and adherence to rotations of four years or longer
{canola once every four vears on a particular field) blackleg has been well controlled for mest canela growers m
western Canada. These measures reduced vield and quality losses associated with the disease but did not elimimate the
pathogen. From the late 19905, evidence was obtained for changes in the virulence of the pathogen™'"'™" andin
recent years producers have on occasion reported high disease seventy in previously resistant vanehes.

Future manzagement of blackleg in western Canada will require mtegration of a combination of management prachees.
Grven relatrve commodity price considerations, 1t 15 likely that cancla wall remain a frequent component of most
western Canadian crop rotahons for the foreseeable future. The adophion of the two year, wheat-canola croppmg
system m many parts of the praines 1s particularly concermng becaunse of the inecreased nisk associated with the
development of new races of the pathogen. Sustamable management requires crop scouting, adequate rotation of canolz
with cther crop species, 1solating canola production from previeusly mfected fields by a recommended distance and

122 WWW. prairiesoilandcrops oa Folume 4-= 2011

Blackleg Strategic Plam Canada Pagel4d



PS&C
Prairic Seils & Insects and Dizeases
Crogs Journsl

efficient weed and volunteer control. The use of certified seed and seed treatment 15 relatively hizh by canola growers
in western Canada, which is important because these practices help to slow the spread across the pramies of new races
of the pathogen This paper reviews the current management of blackleg disease of canola in western Canada and
suggests areas of research that may lead to new or improved strategzies to control the disease.

Western Canadian blackleg management tactics

Scouting. Crop scouting and comect diagnosis of all crop production problems 15 crucial for effective canola
cultivation and 15 entical for blackleg control. From knowledge of the incidence or seventy of blacklegz in a field.
growers or agronomists can evaluate the effectiveness of cwrent control strategies, and if needed change or recommend
new management tactics.

Blackleg can be a challenge to diagnose because symptoms result from two species: symptoms of L. biglobosa are
generally superficial and not believed to have a great impact on vield"”, while L. maculans may cause severe, yield
limuting blackleg symptoms. Also. blackleg can be confused with other diseases, mch as grey stem (Mycosphaerella
capsellas A.J. Inman & A. Sivanesan), which does not cause significant yield loss', and is obvious on canola stems
late in the season, particularly after swathing (Fizure 1).

Figure 1. Symptoms of blackleg caused by Leprosphacria macuians on the left and those ot’ grey stem (.l{\co:phamlla capsellac)
on the nght. Samples taken approximately 7 days after swathing from the same Seld. Photo credit: HR. Eutcher.

Scouting to identify blackleg symptoms can be conducted throughout the zrowing season. Pnior to seeding, in the early
sprng or even the previous autumn. a field can be scouted for remnants of the last canola crop zrown on the field. If

substantal residue from the previous canola crop remains. and blackleg symptoms were observed in that crop, there 15
ansk that the pathogen 1 present in the field This can be confirmed in the spring when basal stem and upper root

Voiume 4 « 2011 www._prairiesoilsandcrops.ca 123
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PS&C
Prairic Sedls &

Insects and Dizeases
Crogs Journal

pieces are inspected for the presence of pseudothecia and pyvenida (Figure 2). the fnuting bodies that produce
ascospores and pycnidiospores, respectively. Fields on which canola has been grown in the previous 2-3 vears will
likely contain sigmficant quantiies of canola residue that may harbowr the pathogen until this residue fully
decomposes.

Figure 2. Pseudothecia and or pycnidia of Leprosphaeria macuians on residue of canola, cv. “Westar'. Photo credit: D.J. Cross.

Dunng the seedling stage, careful mspection can identify lesions caused by L. maculans on the cotyledons and early
true leaves of canola (Figure 3). Such lesions indicate the presence of the pathogen and indicate that the vanety being
grown may not carry specific genes for resistance to the races of L maculans present. However, this does not
necessanly indicate that an epidemic (epiphytotic) of the disease will develop. Lesions caused by L. maculans may
also be observed on the lower leaves of plants at the mud to late flowening stage of canola (Figure 3).

Figure 3. Lesions caused by Leptosphaeria maculans on Brassica 'ariedes at the seedling stage (l2ft) and on a lower Jeaf at
the mud-flowering stage (right) of the crop. Photo credit: HR. Kutcher.

124 www._prairiesoilsandcrops.ca Volume 4-+ 2011
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PS&C

Prairic Sedls & sects and Diseases
Crops Juurnsd

The most appropnate time to 1dentify and quantfy the seventy of blackleg infection 1 m a crop 15 just prior to swathmg,
1.e.. the ripening stage. growth stages 5.2to 3 4 of the Harper and Berkenkamp scale'” or stages 80 to 87 of the BBCH

scale'®. At this ime lesions may be found on upper plant parts meluding pods (Figure 4), although these are not as
common a5 basal cankers. Lesions on the base of the stem may be large cankers with black borders accompamnted by
pyenidia on severely infected plants (Figures 5 and 6). or more subtle lezions with some discoloration but hittle
pyemidia formation (Figure 7). Researchers often clip the basal stems and observe the cross-sectional area of the stem
for an indication of the seventy of infection (Fizures 8 and 9).

Figure 5. Severs symptoms of blackleg caused by Leprosphaeria maculans on vanety “Westar™. credit: HR. Kutcher.

Volume 4 « 2011 www. prarriesoiisandcrops.ca 125
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PS&C
Probie Sude & Inseces avad Diseases

Crope Jnrvad

113

Fimme & a.:unsof hows
s Blacklex symproms Plu‘b"ﬁ‘?

Rutchar

Other confounding factors, such as damage to canola stems by bail (Figure 10), or damage to lower stexs caused by
drift of phenoxy herbicides (Figere 11) from adjacent cereal Selds, provide an opportunity for varicus pathogeaic, and
Later sapropaytic fungal species, including /. macwians to enter the plant. At swathing, reot maggot infection may be
apparsat and blackleg is often found in association with wounding of the plant by root maggot (Figure 12).

o
b
|

Volame 3+ 200 www_pralricsoilandorops ca
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PS&C

Prodte Sude & o ”
Inseces arad [Xreases

Importaxtly, blackleg sympton: recoznized in asociation with wounds cansed by abictic factors or other pest species
should ot be takex to mean that the gemetic resistance mherent in 3 variety has broken down, or even that blackleg is
nocessazily the primary cause of damage o the plant and subsequent yisld and quality losses.

Scouting the ficld for blackleg symproms just pnior teo, or daning swathing, does 2ot allow remed:ial action to be taken
to deal with the disease iIn that crop year. However, this information is valaable for fature years to plan and assess
blackleg coatrol strategies. Fields that are highly infocted indicate that action should be taken to reduce the nuk of
blackleg. Highly mmfected Sclds indicate that the rotation may be too shert, which resmits in the build up of large
amoumts of infected residue. It may also indicate that the resistance carried by the variety or varistios grow= has
broken down and different varieties should be selected in funre years.

g5 that my bo a1 ITe40d 1 by Lepiosphaeria maculans. Photo
codt HR. Kutchar

128 ww . pealri sollsande rops. ca Volume 3+ 2011
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Prabvte fude &
Inseces avad IXseases

Resistance. Msm»l.uulaum&mmsw 15 of two types: gquantitative or adzlt plant resistance and
qualitative or race-specific resistance’ . Quamtitative resistance is expressed at the adult plant stage 2: reduced
developmant of zecrotic tissue at the steam base comparsd to that found in susceptible vanieties, and is balioved to be
due to many genes, sach with a relatively small effect. Qualitative resistance in firaswoa spp. is wsmally effective at the
si% of initial infection on the cotyledoms and leaves and is controlled by race-specific resistance genes. A resistamt
Tesponse is prosumaed to result fom recoguition of the cormesponding /. macuians avirulence genes I 2 gene-for-gene
manzner”. In Canada, all commsonky grown vazieties of 5. mqpus canola and high erucic acid rapeseed carry moderate
ﬁohghmom!.mm&owdnmmhwﬁcwﬁnwmuatm
e oot

Deployment of geaetic resistance i canola varioties agamst /. macsiares has besa 2 succesaful contol sratezy i
wostern Canada and in many other cancla or oilsesd rape growing regicas of the world. A zumber of instances where
Tesistance has farled howover, M&nmhm‘nhamulhnmgunotmmbhm Reoports in the
litararars identify 2: many as 14 specific resistance genes to I maculans in Brassica spp”, some of which are camied
by varieties of 5. mﬁonfnxo..hmahand&uda”“ Unfortanately, m'cysnEntopo”” Canada™ and
analysis of Australian isolates of the pathogen ™ have ideatified races of /. maculans with the ability to overcome most
of thee Tesistance gemes.

An mderstanding of the froquency of mdividual aviralence alleles present in the pathogen populatica can provide
insights into the comesponding resistance genes preseat in comxmercially grown varieties, inclading an indication of

ther potential durability for blackleg control. Races of I. macwiars can be wsed to identify specific resistance genes in
varieties or breeding matkenial of 5. mapus and other Arasvica spp. Ezowledge of bost resistance gens: and pathogen
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avimlence genes s benaficial to the dewelopment of blackleg diseace resisance smatagics that might prolong the
sffuctivensss of specific rusistancs gomas

Culifvation of varistiss that amploy resisance fom varons soerces over the landscape (spatial drversity)) as well 2 on
2 pariicolar fald (fempomal dverity) mdeces the dsk of selection of vimlent races of the pathegen, comparsd with
cultvation of a single varety or 2 mumbsr of variete: of cenola, all camying the sams: geneds) for mskiznoe. For
sxample, the most appropriste cancla varieties could be chesan for production in sach of the varions regions of the
Preiriss, of @ven provids a basis for on-farm mombon of vanete. Simdlarly, knowledze of msistnce gunes = varetios
and of the pathogen population structime mxght provids a basds for the mse of varisty mivmres. Each wariety wonld
carry difbarent specific resistance gunes. The mttomale is that resistance dne to a nember of diffureat specific mulvtance
genas will slow the svoluticn of pathogen vimlsocs on any single revistance gune in the host''. Mo acceptable fo
growers and industry pxight be nse of multline (near-isogenic bnes), identical Sor all tats, bat varying for specific
resistance genes o L macmians. Cozpared with vaniety prixteres, muhilings wonld e enifems for other plant
characturistics, sach 2. materity and the quality charsctesiutics of the harvested prodnct.

Batiur information on specific reistance genss in the host and avimlence gunes in the pathogen would aleo be nsed in
breeding programs aimed af blackleg resistance. An effective specific mrstance gene might be incorporated into mamy
Confemporary varisties, bat sebsted for aneother when the pathogen population is observed to shift vignificandty o
izolates wiich com overcoms the criginal mslstance gune. [n addifion new sowrces of specific mesistance amed by
frasmos spp. mey be identified wuing combinations of reces that evercoms all camently characterized specific
resistamce genes. It should be possible to combing specific gune revishance genes (gene prramdding) in a single varsty
or comshing specific reilvtance geoes with 2 souwrce of quanttative resdstance. Marker i.:l..'l:n-ﬂ. salecton could speed up
the idemitfication of key resistance gunes in ordes to mﬁrnrpmmﬂgmsmtetmul Effective use of specific
redistance, aither alone or in 2 background of quantitative resistance, will require that the pathegen population be
momitored at regalar intervals. An endervtanding of the populaticn stroctume will ideatify maces with the ability to
owarcome cureat specific resistance gemes beafore a significant propeoston of the crop hecomes 1malnarable.

Agromomic practices. It i posaible ender wevrtarm Canadiam comditions for . ssaouimes to sondive for a mumber of
yuars on the residue of an infected cancla crop. Itis on this residne that the womal stage of L. seaceimns an occer and
Eive rise to wind bomme seamal spores, the ascospores. The prodection of ascosperes allows for pessible pensration of
new pathogen races, and becanss ascospores are airborme, for their long-distance dispersal Eedncing the fmpact of
asoospore movemant betwean fiolds may be accomplished by paintaining an efectve buffar distance batwean ftere
canola felds and felds confaining mfected residne. In the mans gement n:-l:'l:-lal:l:lnn disease, it is recommended that
camola crops in western Canadian should be planted at Jsast 50 to 100 m from sach other”. Howewer, in Australia it
has bgan shown that canola plants grows within 400 meires of 2 £eld confaining miecied residue ars at morsased mk
of infection compamed with thoss grown at 2 distemcs of Ereater than 400 meies fom the source of nfecton™.
Adbaring to a baffer distancs is a soagly mcormmended practice in Anstralia, tut does not appear to be a significant
consideration of cancla producen in westem Canada. A beter enderstanding of appropriate buffer distances and their
bensfits nnder westemn Caneadian conditeoms could inyprove adopton by growers to belp awedd significant infection in
the future.

Crop rotation is a fendamental control strategy fior muamy plast pests, especially dissases. The major banadt of a crop
rombom i to impact the growth, sureival and reprodoction of the cansal organism and thereby redece the pathogen

population to a level low enongh that significant crop damags does mot accur. Growing camola ina fomr-year romaton,
i.4., one canola czop on the same Sald only once every fowr years, has been 2 recommended strategy to deal with
variows dissases of canols, particnlarty blackleg . Stediss n Masdtoba ndicated that a four-yeas rofation, compled
with conventional tillage provided the greatest rednction in blackleg dissase weverity” and redaced the mumsbar of
ascospomes and pycnidiosporss of 1. marsizns compared to mom ixtunsive cancla rotations™. These stadios indicated
that an approprate conshination of rotation and tillage can lower the amoent of airborme inccutum and redecs the level
of I. macwlany mfecbon.
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By contrast, other ressarch has snggesied that tillages and burial of infested canola erdess do not necesanly decreese
tha ritk of blackleg’" ™. Traditionally, tillagn has bean mcommanded to bury ixfected residng and tharchy reducs the
amount of inocubem of the pathogen at the sodl surface. However, during the pxid 197075 to the late 1980°s whea
blackleg prevalence and sevarity incressed dramatically in Sackatchewam, Mamitobe, and sast-reztral Albarta, fypical
prectices for sesdbed propamton would have teen charcterized as ageesave conventonal tillage, axd
sumeerfallewing wmas still common. Thess geosra] practices did not prevent the spread and sstablishment of blackleg
im the prairie regicn. Cheerall, tllage Hkely will bave a lesser impact on blackleg sk compared writh the rotaton
imtervals used, variety grown and sexsonal weather conditioms. A foer-year crop rotation will mot eradicats 1.
macians becamse the pathogen can sendve oo crop meskdnes tat may parsdst for looger pn:r.inds". and on woluntesr
canala plants or rulated weed species™. Effective control of weeds and wolntesr canola i ax invportant blackleg
manageozeat tol, bt iz oftun compromized by short canola rotations.

Under continnoues monocnlinre or Totations too short te allow mfected cancla residos to fully decommposs, J. maculares
can complete and repeat its lifecycls, resalting in ity parpemation and emitplication. Growing a smmbar of crop
species in a rotation, such as wheat, barley, feld pea, flax and foreges™, and aliormating the varisties of sach crop
grown’, as these may carry diffarent sources of Tesdstance, intarmepts the lifecycls of the pathogen. Fecent high cancla
trop prices mlative fo other crops hanss socouraged the feqeent production of canclz in the rotation, despite the 2o
that research indicates that greater crop diversification reszles in increased crerall productviny™*. This trend was
facilitated by the development of herbicids tolemat canola with a high lewel of resistance to blackleg. Increasing the
tima imferval betwesn canala crops has bean shown 1o affectvely redncs the sevarity of blackleg infection in both
suscaptible and resistant varistios of cancly when compared to contimeous production of canola®, Figure 13, The
reducticn in dissate severity was not as great when a resistant vaziety was cultivated, although it is il vignificantly
less under 2 four-year rotabon compared fo continuoes camola prodectica. Chear tme, repeated wse of short rotations
resmlts in increased amonnts of L. macwlans infested camola residee, and selection for pathogen mices that can
overtoms the resistance genss in the varietes growm. Simce the pathogen is harbered oo previous cancla residue, a
rotation of four-years or psore allowss much of this residus te decomposs bafiore canola i growm again. The nss of a
sufficienily long roetation to allow ixfected canola residue to degrade is crucial fo mxadntain the recistance pressat in
camola wariaties.
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Fiums: 13. Semoty of bladdeg sympions. fom ro&dion stadios condncied at Malfort and Scott, S5 froen 2004 fo 2006 (mwans
caloulaind from 13 ot years). Besdsiet (Ioviger bytmids) and susceptzitde (Westar™) wameties ware mowa comtmaoushy o every
2, 7™ amd £ year with wheat and feld pea as rotation crops.
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| Seading certified, fungicide- and msecticide-treated seed bas become the nome In western Canada, particularly simce
the adoption of harhicids tolerant and bybrid varietes. This is 2o sxcellent practics to prevent the spread of mewr
vimulemt races of I maruimns acrow the prames. Growmrs shouald alvo be awers: of a rulationship betaeean high nitrogen
us% and the diseass. Theze & some evidence to saggest high fartility incrueses the risk of the diseass™, malong wse of
sffective managemant practicss @ven more important for crops noder high Sertility.

Foliar Funricides. Blackleg contol nsing a razrels fingicide (propiconescls, T, Bumperf, Pivotll, PropelE)
was available to western Canadian canoly growrers In the sarty 190075, the frst strobilurn (azoxystrobin, QuadnsE) in
the sarhy 2000°s and a second (pyraclostobin, Headbine®) in 2010. These products have been thoamn o educe
sympboms of the diveass and comtribats to increased yisld in blackleg susceptible cancla varieties'. Howevar, with the
combination of good blackleg resistancs in canols vamieties since the sasly 1990"s and adherssmcs to adequate rotation
langths, grewers gemeralhy hare not fomnd an sconomic benefit from foliar fimgicide nee. Thiz was verified by
ressarch on the nse of fumgicides to conimol blackleg, which did not indicate a vield benefit for msistant vanetios ender
four-yuer rotatiom ™™, Hewerar, anscdotal reports from some canola growars indicats that blackleg is again a
significant prodnction mme and growars. ave begen to wse folar fingicide a5 an additomal comel measre.

The diffcualty of achisving a consdstent responss to fogicids, evea in kigh miik simations (smsceptibls varety = short
rotaton) may be dos te the long infectndty period in cancla.  Foliar mfection by J. ssacuioes @ ocour from the
cotyledom stege to bolimg, and ewen i flowaring of the crop, emling i dgmificent stem cankaring by maberty. A
simgle applicatica of fangicide may not be sufficint to protect the plaxt during this kagthy period. Purther reseazch
should be condncted to inmestigate the wsafolness of muthiple applhiabons of femgicides during the period of greatest
risk  Early detection of airhomse [ mecwios spores mxght be of value in western Camada, as it kas bean in Poland, o
dovalop am sarty waming systes to determing the optimmm timing of fungicide application””. Seasoml and diwrmal
pattarns of spome divpersal wemne associzted with coop stege and weather factors n westem Canads, which shonld ba
stedied further to guids fengicide application™. Weather-based modals kave bean dersloped to predict the: date of
ascospors release by [ macwlans in Austalia®. In western Canada, total rainfall per weak was signiScamty comulated
1o diseass severity on plants infected at the cotyledon, thres-loaf and six-leaf sapes, th.I.n rverage mewimem weakhy
DA b wWas c-emlatn-ﬂ.en]jrmﬂ:.plm infected at the cotyledon and -.I.'E-lllilflh.ElH- These resnlts established a
cormelation betwesn diseass incidencs and raindall for plants infected at all throe growth stages and a poalizear modal
was dewnloped o evalmits the combined sffects of rinfall mmd temperire on diseass severity for westem Canada™,
Further ressarch resmlting m more years of dam wonld aid in sesting thess modals and modifying them to predict
dizsass epidemics more precisedy In western Caznada.

Concloding BEemarls

Managing blacklez dissase of canola in western Camada wrill requins an ntegrated approach that combines some or all
of the strategies discnssed. Reliancs om amy cos stratesy alons, such 2o genetic msistance, is not Hkaly to be a viable
long-terzn stategy. The demakility of specific msistance geoes depends largely oo the amoust of the pathogsn pressat
in the enviscoment, which i directly related to the amount of disessed 8 mepur rusidee. Combiming gesetic recistance
with a sustzinable crop rotation, iselation of canala from previcnsly infected recides, coatrol of volumicsms and weeds
and wwe of fengicide treated weed haa, and shounld comtieme fo provide conool of the disssse withoot resortng fo folisr

fungicides. Heowevar, felar fomproidas rammein an cpties witkin the coatomme of ins grared diseass manageman:
prectices, if requited. Comtrol of blackleg ackieved with fangicides exight be imsproved throngh farther mssarch. In the
lomg-term, ressanch and exfemsion sfforts e meeded to increse the stiractimeness of other crop options for wesbem
Capadizs farmem. Factors such as incmwased commodity pricss for cersals and palses relative to canola, Jower
prodecticn costs compared with canola and the sitrogen fixing akdlity of pulses may help to coovince farman fo
increse the frequency of non~canols crops In thedr rodwiboms, thms Jessening the sk of blackleg and potentialky
immproving productivity and profitability in the cancla phase of the rotation.
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Appendix 2¢ Literature review. CFIA 2012.
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