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Oilseed sunflowers:

• In six of eight trials, susceptibility increased as bloom progressed
• In two trials, susceptibility was highest in the first third of bloom
• Susceptibility dropped sharply at the R6 growth stage

Susceptibility to Sclerotinia head rot
relative to sunflower growth stage



Confection (non-oil) sunflowers:

• In five of six trials, susceptibility increased as bloom progressed
• In one trial, sunflowers were equally susceptible throughout bloom
• Susceptibility dropped sharply at the R6 growth stage

Susceptibility to Sclerotinia head rot
relative to sunflower growth stage



Conclusions from infection timing studies:

Susceptibility to Sclerotinia head rot is conditioned by (1) growth stage 
and (2) environmental conditions.
• Susceptibility increases as bloom progresses unless 

environmental conditions strongly favor infection at early bloom and 
become unfavorable at late bloom

• Susceptibility drops sharply at the end of bloom

Susceptibility to Sclerotinia head rot
relative to sunflower growth stage



Implications for identifying partially resistant hybrids:

Obtaining unbiased, replicable results from screening nurseries is 
likely to be facilitated by 
(1) inoculating every sunflower head at the same growth stages
 Reduces bias from differences in susceptibility related to growth 

stage
(2) inoculating each head twice (on different dates)
 Reduces bias from differences in susceptibility related to 

environmental conditions

Susceptibility to Sclerotinia head rot
relative to sunflower growth stage



2008-2011:  
Before modified inoculation methods were implemented. 

Multi-location nurseries conducted to screen sunflowers for resistance 
to Sclerotinia head rot produced highly variable results.



2012-2016:
The new inoculation procedures produced replicable results.



Fungicide 
efficacy 
Endura
9 oz/ac

Study locations (years):  
Carrington (2012, 2013, 2015)
Oakes (2013)
Langdon (2013)

Spray volume:  10, 15 or 20 gal/ac

Spray nozzles, pressure:   flat-fan 
nozzles, fine to medium droplet size.  
XR8001, 35 psi; R8002, 30 psi; 
XR8004, 55 psi; or TT11001, 40 psi

Application method:  tractor-mounted 
boom (11 studies), hand-boom (2 
studies)
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efficacy 
Proline

5.7 fl oz/ac

Study locations (years):  
Carrington (2017, 2018)
Oakes (2017, 2018)

Spray volume:  15 gal/ac

Spray nozzles, pressure:   flat-fan 
nozzles, very fine to fine droplet size.  
XR11001, 60 psi or XR11002, 40 psi

Application method:  tractor-mounted 
boom (all studies)
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Fungicide 
efficacy 
Proline
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Carrington (2017, 2018)
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Applying fungicides with drop nozzles
Managing Sclerotinia head rot with fungicides



Fungicide application timing 
Field trials conducted in 2018 

Fungicide coverage relative to fungicide application method and 
sunflower growth stage



Fungicide 
efficacy –

drop nozzles 
Endura
9 oz/ac

Study locations (years):  
Carrington (2015, 2017)
Oakes (2017)

Spray volume:  15 gal/ac

Spray nozzles, pressure:   flat-fan 
nozzles on side ports, fine droplet size.  
XR11001, 40 psi
XR11002, 40 psi

Application method:  tractor-mounted 
boom equipped with ‘360 Undercover’ 
drop nozzles



Fungicide 
efficacy –

drop nozzles 
Proline

5.7 fl oz/ac

Study locations (years):  
Carrington (2017, 2018)
Oakes (2017, 2018)

Spray volume:  15 gal/ac

Spray nozzles, pressure:   flat-fan 
nozzles on side ports, fine or very fine 
droplet size.  
XR11001, 60 psi or XR11002, 40 psi

Application method:  tractor-mounted 
boom equipped with ‘360 Undercover’ 
drop nozzles



Collaborative research:  John Rickertsen, NDSU Hettinger Research Extension Center
Audrey Kalil, NDSU Williston Research Extension Center
Tyler Tjelde, NDSU Williston Research Extension Center
Julie Pasche, NDSU Department of Plant Pathology
Michael Wunsch, NDSU Carrington Research Extension Center

Michael Wunsch, plant pathologist   NDSU Carrington Research Extension Center

Improving disease management
in chickpeas and field peas
Ascochyta blight – chickpeas, field peas
Fusarium, Aphanomyces root rots – field peas



Pathogen:  Ascochyta rabiei

TIMELINE:
2007: laboratory confirmation of QoI resistance 
2008:  loss of efficacy in Carrington field trials

Managing 
QoI-resistant 
Ascochyta blight 
in chickpeas



Spray volume:

2013
Hofflund:
20 gal/ac

2011
Minot:
17.5 gal/ac

2009, 2010:
17 gal/ac

Ascochyta management in chickpeas:  
Proline (FRAC 3) vs. Endura (FRAC 7) 



Spray volume:

2013
Hofflund:
20 gal/ac

2011
Minot:
17.5 gal/ac

2009, 2010:
17 gal/ac

Ascochyta management in chickpeas:  
Proline (FRAC 3) vs. Endura (FRAC 7) 



Delaro should be applied with 
supplemental Proline

5.0 fl oz/ac Proline = 
71 g/ac prothioconazole

5.7 fl oz/ac Proline = 
81 g/ac prothioconazole

12 fl oz/ac Delaro =
63 g/ac prothioconazole

Ascochyta management in chickpeas:  
Proline (FRAC 3) vs. Delaro (FRAC 3,11) 



Spray volume:

2012, 2013
Hofflund:
20 gal/ac

2012
Carrington:
17.5 gal/ac

2015, 2018:
15 gal/ac

Ascochyta management in chickpeas:  
Proline (FRAC 3) vs. Priaxor (FRAC 7,11) 



Spray volume:

2012, 2013
Hofflund:
20 gal/ac

2012
Carrington:
17.5 gal/ac

2015, 2018:
15 gal/ac

Ascochyta management in chickpeas:  
Proline (FRAC 3) vs. Priaxor (FRAC 7,11) 



Performance of Proline relative to Ascochyta pressure in chickpeas
‘CDC Frontier’, ‘CDC Alma’, ‘CDC Orion’ and ’Sierra’ kabuli chickpeas

Carrington and Hofflund, ND (2008-2018)

Maximum yield response:
Ascochyta pressure  = 49.1

(0-100 scale)



Maximum yield response:
Ascochyta pressure  = 46.2

(0-100 scale)

Performance of Priaxor relative to Ascochyta pressure in chickpeas
‘CDC Frontier’, ‘CDC Alma’, and ‘CDC Xena’ kabuli chickpeas

Carrington and Hofflund, ND (2011-2018)



Performance of Priaxor relative to Ascochyta pressure in chickpeas
‘CDC Frontier’, ‘CDC Alma’, ‘CDC Orion’ and ‘CDC Xena’ kabuli chickpeas

Carrington and Hofflund, ND (2011-2018)

Maximum yield response:
Ascochyta pressure  = 44.1

(0-100 scale)



Performance of Proline relative to Ascochyta pressure in chickpeas
‘CDC Frontier’, ‘CDC Alma’, ‘CDC Orion’ and ’Sierra’ kabuli chickpeas

Carrington and Minot, ND (2007-2018)

Maximum yield response:
Ascochyta pressure  = 39.7

(0-100 scale)



Performance of Endura relative to Ascochyta pressure in chickpeas
‘CDC Frontier’, ‘CDC Xena’, and ’Sierra’ kabuli chickpeas

Carrington, Minot and Hofflund, ND (2009-2013)

Maximum yield response:
Ascochyta pressure  = 35.5

(0-100 scale)



Performance of Omega relative to Ascochyta pressure in chickpeas
‘CDC Frontier’, ‘CDC Alma’, ‘CDC Xena’ and ’Sierra’ kabuli chickpeas

Carrington and Hofflund, ND (2011-2018)

Maximum yield response:
Ascochyta pressure = 40.3

(0-100 scale)



Spray volume

All studies:
15 gal/ac

Ascochyta management in chickpeas:  
Proline (FRAC 3) vs. Proline + Bravo WS (FRAC 3, M) 
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Ascochyta management in chickpeas:  
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Spray volume

All studies:
15 gal/ac

Ascochyta management in chickpeas:  
Priaxor (FRAC 7,11) vs. Priaxor + Bravo WS (FRAC 7, 11, M) 



Spray volume

All studies:
15 gal/ac

Ascochyta management in chickpeas:  
Priaxor (FRAC 7,11) vs. Priaxor + Bravo WS (FRAC 7, 11, M) 



Managing 
QoI-resistant 
Ascochyta in 
field peas

Pathogen:  Ascochyta pinodes

TIMELINE:
2010: laboratory confirmation of QoI resistance  - Canada
2016:  loss of efficacy in Carrington field trials
2017:  first report of a loss of efficacy, commercial production – North Dakota
2018:  laboratory confirmation of QoI resistance – North Dakota



FUNGICIDE 
EFFICACY,
2010-2018:

Headline
(FRAC 11)

6.0 fl oz/ac

Spray volume

2010:
17 gal/ac

2011-2013:
17.5 gal/ac

2014-2018:
15 gal/ac

Study locations: 
2011-2018:  
Carrington, ND
2010:  
Newburg, ND 

Ascochyta blight of field peas:  QoI resistance



Ascochyta management in field peas:  
Proline (FRAC 3) vs. Endura, Vertisan (FRAC 7) 

Spray volume

2011-2012:
17.5 gal/ac

2018:
15 gal/ac



Spray volume

2011-2012:
17.5 gal/ac

2018:
15 gal/ac

Ascochyta management in field peas:  
Proline (FRAC 3) vs. Endura, Vertisan (FRAC 7) 



Ascochyta management in field peas:  
Proline (FRAC 3) vs. Priaxor (FRAC 7,11) - prior to QoI resistance

Spray volume

2011-2012:
17.5 gal/ac

2014:
15 gal/ac



Spray volume - All studies:  15 gal/ac

Ascochyta management in field peas:  
Proline (FRAC 3) vs. Priaxor (FRAC 7,11) – after QoI resistance



Ascochyta management in field peas:  
Proline (FRAC 3) vs. Miravis TOP (FRAC 7, 3)

Spray volume

Both studies:
15 gal/ac



Improving the management of Fusarium and 
Aphanomyces root rots in field peas

Collaborative research:  John Rickertsen, NDSU Hettinger Research Extension Center
Audrey Kalil, NDSU Williston Research Extension Center
Julie Pasche, NDSU Department of Plant Pathology
Michael Wunsch, NDSU Carrington Research Extension Center



Fusarium & Aphanomyces root rots of field peas:  Impact of crop rotation

Carrington, ND
2018

Field with a history of 
severe field pea root rot



Fusarium & Aphanomyces root rots of field peas:  
Impact of fungicide seed treatment across crop rotation treatments

Carrington, ND
2018
Field with a history of severe field pea root rot



Fusarium & Aphanomyces root rots of field peas:  Impact of crop rotation

Hettinger, ND
2018

Field with no previous 
field pea production



Conditions that favor infection:
• Soil moisture: high
• Soil temperature:  high

Pfender and Hagedorn 1982   
Phytopathology 72:306-310

Aphanomyces root rot of field peas:
Biology

Causal pathogen:  Aphanomyces euteiches
(an oomycete; “water mold”)



Aphanomyces root rot of field peas:  Impact of planting date
No-till production – Carrington, ND
2018    Field with history of severe field pea root rot (Aphanomyces & Fusarium, Aphanomyces predominant)



Aphanomyces root rot of field peas:  Planting date studies (2018)
Impact of soil temperature on root rot severity
2018    Field with history of severe field pea root rot (Aphanomyces & Fusarium, Aphanomyces predominant)

Carrington, ND.  Data from study conducted under no-till production. 



Aphanomyces root rot of field peas:  Impact of planting date
Conventional tillage – Carrington, ND
2018    Field with history of severe field pea root rot (Aphanomyces & Fusarium, Aphanomyces predominant)



Aphanomyces root rot of field peas:  Planting date studies (2018)
Relationship between soil temperature and root rot severity
2018    Field with history of severe field pea root rot (Aphanomyces & Fusarium, Aphanomyces predominant)

Carrington, ND.  Data from no-till and conventional-till production. 



Aphanomyces root rot of field peas:  Planting date studies (2018)
Relationship between soil temperature and wilt symptom development
2018    Field with history of severe field pea root rot (Aphanomyces & Fusarium, Aphanomyces predominant)

Carrington, ND.  Data from no-till and conventional-till production. 



Aphanomyces root rot of field peas:  Planting date studies (2018)
Relationship between soil temperature and yield
2018    Field with history of severe field pea root rot (Aphanomyces & Fusarium, Aphanomyces predominant)

Carrington, ND.  Data from no-till and conventional-till production. 



Aphanomyces root rot of field peas:  Impact of planting date
No-till production – Carrington, ND
2017    Field with history of severe field pea root rot (Aphanomyces & Fusarium, Aphanomyces predominant)



Seed treatments:
• Metalayxl and mefenoxam:  ineffective.
• Ethaboxam (Intego Solo):  registered on lentils 

and chickpeas.

Control of Aphanomyces with seed treatments is difficult:
• Aphanomyces root rot develops during vegetative growth 

and bloom, when the concentration of fungicide active 
ingredients in the target tissues (tap root, epicotyl) is low.

Aphanomyces root rot of field peas:
Efficacy of seed treatments



Intego Solo
combined analysis across nine field pea studies
active ingredient:  ethaboxam

Aphanomyces root rot of field peas:
Efficacy of seed treatments



Causal pathogens:  
• Fusarium spp.  (fungal pathogens)

Conditions that favor infection:
• Soil moisture:  low to high
• Soil temperatures:  high

Fusarium root rot:
Biology



Symptoms:
• When soil temperatures are high prior to emergence:  

Poor stand establishment due to seed decay 
and damping-off

• Root rot:  lesions that are initially brick-red to 
brown and later necrotic

• Wilt: plants yellowing from the bottom up

Fusarium root rot:
Biology



Fusarium root rot of field peas:  Impact of planting date
Direct-seeded – Carrington, ND
2018    Inoculated with Fusarium solani, F. avenaceum.  Symptoms suggest Aphanomyces pressure was low.



Fusarium root rot of field peas:  Impact of planting date
Direct-seeded – Carrington, ND
2018    Inoculated with Fusarium solani, F. avenaceum.  Symptoms suggest Aphanomyces pressure was low.



Fusarium root rot of field peas:  Impact of planting date
Conventional tillage – Carrington, ND
2018    Inoculated with Fusarium solani, F. avenaceum.  Symptoms:  Aphanomyces pressure likely moderate.



Fusarium root rot of field peas:  Impact of planting date
No-till production – Williston, ND
2018    Inoculated with Fusarium solani, F. avenaceum.  Aphanomyces pressure unknown.



Fusarium root rot of field peas:  Planting date studies (2018)
Relationship between soil temperature and root rot severity
2018    Field peas inoculated with Fusarium solani, F. avenaceum.  Aphanomyces pressure low to moderate.

Carrington and Williston, ND.  Data from no-till and conventional-till production. 



Aphanomyces root rot of field peas:  Planting date studies (2018)
Relationship between soil temperature and wilt symptom development
2018    Field peas inoculated with Fusarium solani, F. avenaceum.  Aphanomyces pressure low to moderate.

Carrington and Williston, ND.  Data from no-till and conventional-till production. 



Aphanomyces root rot of field peas:  Planting date studies (2018)
Relationship between soil temperature and yield
2018    Field peas inoculated with Fusarium solani, F. avenaceum.  Aphanomyces pressure low to moderate.

Carrington and Williston, ND.  Data from no-till and conventional-till production. 



Fusarium root rot of field peas:  Impact of planting date
Direct-seeded – Carrington, ND
2017    Inoculated with Fusarium spp.  Symptoms suggest Aphanomyces pressure was low.



Thank you!
Research funded by:

Northern Pulse Growers Association  |  USDA Sclerotinia Initiative  
North Dakota Crop Protection Product Harmonization Board & Registration Board 

North Dakota Department of Agriculture USDA Specialty Crop Block Grant Program
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