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Improving crop disease management:

Fungicide application timing – fundamental concepts

Michael Wunsch    
North Dakota State University Carrington Research Extension Center

Fungicide applications must be made prior to 

pathogen infection.

• You cannot eradicate existing disease.

• Some, but not all, modern fungicide exhibit some degree of curative 

activity, but this curative activity is limited to the first few hours after 

pathogen infection – when pathogen infection can be seen only 

with a microscope and before disease lesions are present.
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Carrington, ND (2022)

Fungicide application timing – example

from a pathogen that infects via all plant tissues

Powdery mildew of field peas:  Applying fungicides preventatively 

or when disease is at trace levels is critical.

Within-column means followed by different letters are significantly different (P < 0.05)
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Carrington, ND (2022)

Within-column means followed by different letters are significantly different (P < 0.05)

Fungicide application timing – example

from a pathogen that infects via all plant tissues

Powdery mildew of field peas:  Applying fungicides preventatively 

or when disease is at trace levels is critical.
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Improving crop disease management:

Fungicide application timing – fundamental concepts

Michael Wunsch    
North Dakota State University Carrington Research Extension Center

When a crop exhibits heightened susceptibility 

to a disease for 2 weeks or more, a single 

application is often insufficient.

• New growth that occurs after the fungicide is applied is not protected.

• Within treated tissue, the fungicide breaks down with time.
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Fungicides do not 

translocate into new growth

• The field peas in the picture were treated 

with a fungicide at early bloom.

• No follow-up fungicide application was 

made 7-14 days later.

• At late pod-fill, the upper part of the plant 

(not present when fungicides were 

applied approx. 4 weeks earlier) was 

diseased with powdery mildew

Photo courtesy of Suanne Kallis, NDSU Carrington

Fungicide application timing –

example from a pathogen that 

infects via all plant tissues
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Michael Wunsch

North Dakota State University - Carrington Research Extension Center

Assessing risk of Sclerotinia

on basis of environmental conditions
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S C L E R O T I N I A  B I O L O G Y

Assessing risk of Sclerotinia

Plant-to-plant spread:
Between plants

in direct contact

SCLEROTIA

Sclerotia

deposited in soil

APOTHECIA

Ascospores released

into soybean canopy

1. Soil temperature 

and moisture

favoring 

apothecia 

production.

Initial infection:
Spores colonize

dead blossoms

1. 1

2. Temperature, 

relative humidity, 

and rainfall 

patterns favoring 

infection and 

secondary 

spread.
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A period of dry weather delays apothecia production.

UPPSALA, SWEDEN (1992) - Rapeseed (canola); SOIL TYPE = LOAMY SAND

Twengstrom et al. 1998   
J. Phytopathology 146:487-493.

ASSESSING RISK OF SCLEROTINIA

Soil moisture
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Cool to moderate air temperatures favor Sclerotinia

Weiss et al. 1980  Plant Disease 64:757-759

Sclerotinia is inhibited as temperatures approach 85 to 90˚F

Sclerotinia growth rates
On artificial media in the lab

Sclerotinia disease progression
Dry bean plants at 100% relative humidity (greenhouse)

Berg and Lentz 1968.  Can. J. Botany 46:1477-1481

ASSESSING RISK OF SCLEROTINIA

Air Temperature
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Under sustained cool temperatures,  

Sclerotinia may be able to develop even at low relative humidity

Harikrishnan and del Rio  2006.  Plant Dis. 90:946-950

Sclerotinia disease progression
On dry bean plants (greenhouse) - dead blossom inoculated with spores, placed in lowest node of plant

ASSESSING RISK OF SCLEROTINIA

Relative humidity
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Risk of Sclerotinia is highest when cool temperatures are sustained.  

When sustained cool temperatures occur, the rainfall and humidity 

requirements for Sclerotinia disease development are lower.

Sclerotinia is most severe when rainfall events are recurrent.  The total 

amount of rainfall is likely less important than the frequency of rainfall events.

ASSESSING RISK OF SCLEROTINIA

Sclerotinia disease development

CONCLUSIONS:
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Improving management of white mold in soybeans:

1.  Optimizing fungicide application timing

Michael Wunsch    
North Dakota State University Carrington Research Extension Center
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Optimizing fungicide application timing for white mold management in soybeans

1.  mid/late R1 (60-85% R1) versus early R2 (80-99% R2)

Carrington, Hofflund, Langdon and Oakes, ND  (2014-2016)

(1) Impact of delaying applications from mid/late R1 to early R2

when the canopy was open at the R1 application

Combined analysis from 13 studies

Fungicide:  single application, Endura (5.5 or 8.0 oz/ac)

Soybean row spacing: 7, 7.5, 14, 15, 21, 28 or 30 in.
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Optimizing fungicide application timing for white mold management in soybeans

1.  mid/late R1 (60-85% R1) versus early R2 (80-99% R2)

Carrington, Hofflund, Langdon and Oakes, ND  (2014-2016)

(1) Impact of delaying applications from mid/late R1 to early R2

when the canopy was at or near closure at the R1 application

Combined analysis from 6 studies

Fungicide:  single application, Endura (5.5 or 8.0 oz/ac)

Soybean row spacing: 7.5 or 14 inches
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Optimizing fungicide application timing for white mold management in soybeans

2.  mid/late R1 (60-85% R1) versus full R2 (100% R2)

Carrington, Hofflund, Langdon and Oakes, ND  (2014-2016)

Impact of delaying applications from mid/late R1 to full R2

when the canopy was open at the R1 application

Combined analysis from 10 studies

Fungicide:  single application, Endura (5.5 or 8.0 oz/ac)

Soybean row spacing: 14, 15, 21, or 28 inches
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Optimizing fungicide application timing for white mold management in soybeans

2.  mid/late R1 (60-85% R1) versus full R2 (100% R2)

Carrington, Hofflund, Langdon and Oakes, ND  (2014-2016)

Impact of delaying applications from mid/late R1 to full R2

when the canopy was at or near closure at the R1 application

Combined analysis from 4 studies

Fungicide:  single application, Endura (5.5 oz/ac)

Soybean row spacing: 14 inches
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Optimizing fungicide application timing for white mold management in soybeans

3.  Early R2 (80-99% R2) versus full R2 (100% R2)

Carrington, Hofflund, Langdon and Oakes, ND  (2014-2016)

Impact of delaying applications from early R2 to full R2

when the canopy was open at the early R2 application

Combined analysis from 6 studies

Fungicide:  single application, Endura (5.5 or 8.0 oz/ac)

Soybean row spacing: 21 or 28 inches
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Optimizing fungicide application timing for white mold management in soybeans

3.  Early R2 (80-99% R2) versus full R2 (100% R2)

Carrington, Hofflund, Langdon and Oakes, ND  (2014-2016)

Impact of delaying applications from early R2 to full R2

when the canopy was at or near closure at the early R2 application

Combined analysis from 6 studies

Fungicide:  single application, Endura (5.5 oz/ac)

Soybean row spacing: 14 inches
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Optimizing fungicide application timing for white mold management in soybeans

4.  Full R2 (100% R2) versus early R3

Carrington, Hofflund, Langdon and Oakes, ND  (2014-2016)

Impact of delaying applications from full R2 to early R3

relative to canopy closure at full R2

Combined analysis from 7 studies

Fungicide:  single application, Endura (5.5 or 8.0 oz/ac)

Soybean row spacing: 15, 28 or 30 inches
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When conditions favor white mold as soybeans enter bloom:

IMPROVING WHITE MOLD MANAGEMENT IN  SOYBEANS

Optimizing fungicide application timing

Fungicides should be applied as soon as 100% of plants reach 

the R2 growth stage unless the canopy closes earlier.

• If the canopy is closed at mid/late R1 (60-85% of plants at R1), 

fungicides should be applied at mid/late R1.

• If the canopy is closed at early R2 (80-99% R2), fungicides should 

be applied at early R2.

R1:  at least one open blossom on the plant.

R2:  at least one open blossom at one of the top two nodes of the plant.
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Improving management of white mold in dry edible beans:

1.  Optimizing fungicide application timing

Michael Wunsch    
North Dakota State University Carrington Research Extension Center
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PINTO BEANS – open canopy, warm temperatures at initial pod

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

‘Lariat’ and ‘Palomino’ pinto beans

Carrington and Oakes, ND (2020-2022)

Within-column means followed by different letters are significantly different (P < 0.05; 

Tukey multiple comparison procedure)
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PINTO BEANS – closed canopy, cool temperatures at initial pod

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

‘Lariat’ and ‘La Paz’ pinto beans

Carrington, ND (2017, 2022)

Within-column means followed by different letters are significantly different (P < 0.05; 

Tukey multiple comparison procedure)
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When conditions favor white mold as pinto beans enter bloom:

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

If it is cool and the canopy is at / near closure, fungicides should 

be applied when 10-20% of plants have initial pin-shaped pods.

• Can delay to 60-80% of plants with 1st pods if making one application

If it is warm and the canopy is open, fungicides should be 

applied when 70-85% of plants have initial pin-shaped pods.

• Can delay to 60-80% of plants with 1st pods if making one application
There is a significant yield penalty to applying at initial bloom 

when <10% of plants have initial pin-shaped pods.
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NAVY BEANS – open canopy, warm temperatures at initial pod

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

‘T9905’ and ‘Medalist’ navy beans

Carrington, ND (2021, 2022)

Within-column means followed by different letters are significantly different (P < 0.05; 

Tukey multiple comparison procedure)
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NAVY BEANS – open canopy, cool temperatures at initial pod

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

‘Avalanche’ and ‘Medalist’ navy beans

Carrington, ND (2017, 2020)

Within-column means followed by different letters are significantly different (P < 0.05; 

Tukey multiple comparison procedure)
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When conditions favor white mold as navy beans enter bloom:

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

If it is cool, fungicides should be applied very early in initial pod 

development (3-20% of plants with pin-shaped pods).

• Two fungicide applications needed; a single application is sufficient.

If it is warm, fungicides should be applied when 21-50% of plants 

have initial pin-shaped pods (two applications) or 65-96% of 

plants with initial pin-shaped pods (one application)..

• Can delay to 60-80% of plants with 1st pods if making one applicationThere is a yield penalty to applying at initial bloom (<10% of 

plants have initial pin-shaped pods) only when it is warm.
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BLACK BEANS – open canopy, cool temperatures at initial pod

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

‘Black Bear’, ‘Eclipse’ and ‘ND Twilight’ black beans

Carrington, ND (2017, 2020, 2022)

Within-column means followed by different letters are significantly different (P < 0.05; 

Tukey multiple comparison procedure)
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BLACK BEANS – closed canopy, cool temperatures at initial pod

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

‘Eclipse’ black beans

Oakes, ND (2017)

Within-column means followed by different letters are significantly different (P < 0.05; 

Tukey multiple comparison procedure)



Internal

When conditions favor white mold as black beans enter bloom:

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

Fungicides should be applied very early in initial pod 

development (1-50% of plants with pin-shaped pods).

• Delaying applications until 60-100% of plants have initial pods may be 

possible when making a single fungicide application.

• A single fungicide application often conferred poor disease control and 

should be utilized only when rainfall and temperatures do not favor 

white mold in the second half of bloom. 

There was often a yield penalty to applying at initial bloom prior 

to the development of initial pin-shaped pods (0% of plants with 

initial pin-shaped pods).
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Improving management of white mold in soybeans:

4.  Optimizing fungicide spray droplet size

Michael Wunsch, Thomas Miorini, Michael Schaefer, Billy Kraft, Suanne Kallis

NDSU Carrington Research Extension Center

Heidi Eslinger, Kelly Cooper, Seth Nelson  NDSU Robert Titus Research Farm, Oakes

RESEARCH FUNDED BY THE NORTH DAKOTA SOYBEAN COUNCIL
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Image adapted from a presentation by Bob Wolf (Kansas State Univ.); Bobby Grisso and Pat Hipkins (Virginia Tech Univ.); and Tom Reed (TeeJet)

O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Droplet size



Internal
Image adapted from a presentation by Bob Wolf (Kansas State Univ.); Bobby Grisso and Pat Hipkins (Virginia Tech Univ.); and Tom Reed (TeeJet)

O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Droplet size
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Image adapted from a presentation by Bob Wolf (Kansas State Univ.); Bobby Grisso and Pat Hipkins (Virginia Tech Univ.); and Tom Reed (TeeJet)

… but larger droplets have greater velocity, drift less.

Increased velocity and reduced drift improves canopy penetration.

O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Droplet size
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Spray droplet size estimates were based on 

information provided by the manufacturer.  

O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Experimental Methods

1. WILGER nozzles
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O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Experimental Methods

2. TEEJET nozzles
Spray droplet size estimates were based on 

information provided by the manufacturer.  
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O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Experimental Methods

• To reduce problems with coalesced droplets, spray 

volume reduced to 5 gal/ac for this analysis

• For analysis, yellow background replaced with white and 

images were converted to grayscale

• A useful tool to evaluate shifts in droplet size spectrum 

across nozzles, not for accurately characterizing droplet 

size spectrum due to problems with:

• coalesced droplets (despite low spray volume)

• splash-back from large droplets

Droplet size characterization (water- and oil-sensitive spray cards)

Original spray card                                             Yellow replaced with white, image converted to grayscale
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O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Experimental Methods

Droplet size characterization (water- and oil-sensitive spray cards)
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The initial calibration was conducted with water.

Objectives:

1. Nozzle selection:  Tips with output deviating from advertised 

specifications discarded

2. Initial identification of pulse width needed to deliver 15 gal/ac

spray volume at target driving speed Spot-On sprayer calibrator model SC-1 

(Innoquest, Inc.; Woodstock, IL)

The final calibration was conducted with fungicide in the field 

immediately before application.

Objectives:

1. Ensure a precise spray 

volume of 15 gal/ac.  Manual 

adjustments to pulse width were 

made as needed.

2. Confirm that all nozzles are 

operating correctly –

consistent output across all 

nozzles; no plugs.

O P T I MI Z I N G F U N G I C I D E  S P R AY D R O P L E T S I Z E

Calibration
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O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Applications

Tractor-mounted sprayer equipped with a pulse-

width modulation system from Capstan AG.

Spray volume:  15 gal/ac     Pulse width manually calibrated to 

maintain a constant spray volume across tips differing in output.

Driving speed:  4.0 to 10.5 mph, depending on the study.
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2019 
Carrington – 6 varieties
* 10-13 replicates/study
* 8.7 acres

Oakes – 2 varieties
* 8-9 replicates/study
* 1.8 acres

2020
Carrington – 4 varieties
* 12-13 replicates
* 5.2 acres
Oakes – 2 varieties
* 15-16 replicates
* 3.3 acres

Optimizing spray droplet size for improved management of white mold in soybeans

Scope of research – soybeans
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Fungicide:  Endura 70WG 5.5 oz/ac except studies in Carrington in 2020, when 8.0 oz/ac was applied   Application timing: 100% of plants at R2 growth stage   Spray volume:  15 gal/ac 

Row spacing:  21 inches    Seeding rate:  165,000 pure live seeds/ac    Driving speed:  10.5 mph (Carrington, 2020); 6.0 mph (Oakes, 2020); 8.9 mph (2019); 6.7 mph (2018); 4.0 mph (2017)

Nozzles (2017):  XR8004, 60 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 60 psi (medium); XR8010, 40 psi (coarse)

Nozzles (2018):  XR8003, 50 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 40 psi (medium); XR8008, 35 psi (medium-coarse); XR8010, 30 psi (coarse)

Nozzles (Carrington, 2019; Oakes, 2019 and 2020):  XR11004, 50 psi (fine); XR11005, 40 psi (med.-fine); XR11006, 35 psi (medium); XR11008, 40 psi (med.-coarse); XR11010, 30 psi (coarse)

Nozzles (Carrington 2020):  XR11005, 60 psi (fine); XR11006, 50 psi (medium-fine); XR11006, 35 psi (medium); XR11008, 40 psi (medium-coarse); XR11010, 30 psi (coarse)

IMPACT OF SPRAY 

DROPLET SIZE: 

TEEJET NOZZLES

Soybeans

canopy very open when 

fungicides were applied
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IMPACT OF 

SPRAY 

DROPLET 

S IZE :  

TEEJET 

NOZZLES

Soybeans

canopy 

open 

when 

fungicides 

applied 

Fungicide:  Endura 70WG 5.5 oz/ac except studies in Carrington in 2020, when 8.0 oz/ac was applied   Application timing: 100% of plants at R2 growth stage   Spray volume:  15 gal/ac 

Row spacing:  21 inches    Seeding rate:  165,000 pure live seeds/ac    Driving speed:  10.5 mph (Carrington, 2020); 6.0 mph (Oakes, 2020); 8.9 mph (2019); 6.7 mph (2018); 4.0 mph (2017)

Nozzles (2017):  XR8004, 60 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 60 psi (medium); XR8010, 40 psi (coarse)

Nozzles (2018):  XR8003, 50 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 40 psi (medium); XR8008, 35 psi (medium-coarse); XR8010, 30 psi (coarse)

Nozzles (Carrington, 2019; Oakes, 2019 and 2020):  XR11004, 50 psi (fine); XR11005, 40 psi (med.-fine); XR11006, 35 psi (medium); XR11008, 40 psi (med.-coarse); XR11010, 30 psi (coarse)

Nozzles (Carrington 2020):  XR11005, 60 psi (fine); XR11006, 50 psi (medium-fine); XR11006, 35 psi (medium); XR11008, 40 psi (medium-coarse); XR11010, 30 psi (coarse)
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IMPACT OF 

SPRAY 

DROPLET SIZE: 

TEEJET 

NOZZLES

Soybeans

canopy near 

closure when 

fungicides applied

Fungicide:  Endura 70WG 5.5 oz/ac except studies in Carrington in 2020, when 8.0 oz/ac was applied   Application timing: 100% of plants at R2 growth stage   Spray volume:  15 gal/ac 

Row spacing:  21 inches    Seeding rate:  165,000 pure live seeds/ac    Driving speed:  10.5 mph (Carrington, 2020); 6.0 mph (Oakes, 2020); 8.9 mph (2019); 6.7 mph (2018); 4.0 mph (2017)

Nozzles (2017):  XR8004, 60 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 60 psi (medium); XR8010, 40 psi (coarse)

Nozzles (2018):  XR8003, 50 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 40 psi (medium); XR8008, 35 psi (medium-coarse); XR8010, 30 psi (coarse)

Nozzles (Carrington, 2019; Oakes, 2019 and 2020):  XR11004, 50 psi (fine); XR11005, 40 psi (med.-fine); XR11006, 35 psi (medium); XR11008, 40 psi (med.-coarse); XR11010, 30 psi (coarse)

Nozzles (Carrington 2020):  XR11005, 60 psi (fine); XR11006, 50 psi (medium-fine); XR11006, 35 psi (medium); XR11008, 40 psi (medium-coarse); XR11010, 30 psi (coarse)
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Fungicide:  Endura 70WG 5.5 oz/ac except studies in Carrington in 2020, when 8.0 oz/ac was applied   Application timing: 100% of plants at R2 growth stage   Spray volume:  15 gal/ac 

Row spacing:  21 inches    Seeding rate:  165,000 pure live seeds/ac    Driving speed:  10.5 mph (Carrington, 2020); 6.0 mph (Oakes, 2020); 8.9 mph (2019); 6.7 mph (2018); 4.0 mph (2017)

Nozzles (2017):  XR8004, 60 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 60 psi (medium); XR8010, 40 psi (coarse)

Nozzles (2018):  XR8003, 50 psi (fine); XR8004, 40 psi (medium-fine); XR8006, 40 psi (medium); XR8008, 35 psi (medium-coarse); XR8010, 30 psi (coarse)

Nozzles (Carrington, 2019; Oakes, 2019 and 2020):  XR11004, 50 psi (fine); XR11005, 40 psi (med.-fine); XR11006, 35 psi (medium); XR11008, 40 psi (med.-coarse); XR11010, 30 psi (coarse)

Nozzles (Carrington 2020):  XR11005, 60 psi (fine); XR11006, 50 psi (medium-fine); XR11006, 35 psi (medium); XR11008, 40 psi (medium-coarse); XR11010, 30 psi (coarse)

IMPACT OF 

SPRAY 

DROPLET SIZE: 

TEEJET 

NOZZLES

Soybeans

canopy closed 

when fungicides 

applied
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IMPACT OF SPRAY DROPLET S IZE :  TEEJET NOZZLES

Soybeans

Yield 

gain 

conferred 

by the 

fungicide 

relative to 

canopy 

closure

and spray 

droplet 

size
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Soybeans – TeeJet nozzles:

Applying fungicides with coarse droplets optimized white mold 

management in soybeans when the soybean canopy was at or 

near closure (92-100% average canopy closure). 

Applying fungicides with medium droplets optimized white mold 

management in soybeans when the soybean canopy was open 

(80-90% average canopy closure). 

I M P R O V I N G W H I T E  M O L D  M A N A G E M E N T

Optimizing fungicide spray droplet size

Soybeans
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IMPACT OF SPRAY DROPLET S IZE :  WILGER NOZZLES

Soybeans:  canopy open when fungicides applied 

Fungicide:  Endura 70WG 5.5 oz/ac   Application timing: 100% of plants at R2 growth stage   Spray volume:  15 gal/ac   Driving speed:  6.0 mph (2020); 8.9 mph (2019)

Soybean

Row 

spacing:  

21 inches    

Seeding 

rate:  

165,000 

viable

seeds/ac
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IMPACT OF SPRAY DROPLET S IZE :  WILGER NOZZLES

Soybeans:  canopy open when fungicides applied 

Fungicide:  Endura 70WG 5.5 oz/ac   Application timing: 100% of plants at R2 growth stage   Spray volume:  15 gal/ac   Driving speed:  6.0 mph (2020); 8.9 mph (2019)

Agronomics - Row spacing:  21 inches    Seeding rate:  165,000 viable seeds/ac
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IMPACT OF SPRAY 

DROPLET S IZE :  

WILGER NOZZLES

Soybeans

Yield gain conferred 

by the fungicide 

relative to canopy 

closure and spray 

droplet size
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Soybeans – Wilger nozzles:

Applying fungicides with very coarse droplets optimized white mold 

management in soybeans when the soybean canopy was at or near closure 

(95-100% average canopy closure). 

Applying fungicides with coarse droplets appeared to optimize white mold 

management in soybeans when the soybean canopy was open (<80% 

average canopy closure), but statistical separation was not achieved. 

O P T I MI Z I N G F U N G I C I D E  D E P O S I T I ON  W I T H I N  A C R O P C A N O P Y

Conclusions from field trials conducted in 2017-2019

Preliminary results from an ongoing research project

I M P R O V I N G W H I T E  M O L D  M A N A G E M E N T

Optimizing fungicide spray droplet size

Soybeans

Different optimum droplet sizes were observed for TeeJet versus Wilger nozzles. 

The droplet size spectrum considered to be “medium”, “coarse”, “very coarse”, etc. may be 

different for Wilger vs. TeeJet.

Quantification of droplet size spectrums will be conducted in 2021.
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Improving management of white mold in dry edible beans:

2.  Optimizing fungicide droplet size

Michael Wunsch    
North Dakota State University Carrington Research Extension Center
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IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide droplet size

KIDNEY BEANS:
Narrow row spacing; canopy 

open at 1st application, at/near 

closure at 2nd applic.

Topsin 40 fl oz/ac

f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed: 6, 10, or 10.5 mph

Nozzles and pressure:  FINE:  XR11004 or XR11005 nozzles, 60 psi      MEDIUM:  XR11006 nozzles, 35 psi      COARSE:  XR11010 nozzles, 30 psi

Driving speed:  6.0 mph in Oakes (2021), 10.5 mph in Carrington (2021), 10.0 mph in Carrington (2022).

Within-column 

means followed by 

different letters are 

significantly 

different (P < 0.05; 

Tukey procedure)
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IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

Nozzles and pressure:  FINE:  XR11004 or XR11005 nozzles, 60 psi      MEDIUM:  XR11006 nozzles, 35 psi      COARSE:  XR11010 nozzles, 30 psi

Driving speed:  6.0 mph in Oakes (2021), 10.5 mph in Carrington (2021), 10.0 mph in Carrington (2022).

KIDNEY BEANS:
Narrow row spacing; canopy 

open at 1st application, at/near 

closure at 2nd applic.

Topsin 40 fl oz/ac

f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed: 6, 10, or 10.5 mph

Within-column 

means followed by 

different letters are 

significantly 

different (P < 0.05; 

Tukey procedure)



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

KIDNEY BEANS:
Narrow row spacing; canopy open at 1st application, at/near closure at 2nd applic/

Topsin 40 fl oz/ac f.b. Endura 8 oz/ac   |   Spray volume: 15 gpa |   Driving speed: 6, 10 or 10.5 mph (depending on study)

Carrington and Oakes, ND (2021, 2022)

Within-column means followed by different letters are significantly different (P < 0.05; Tukey procedure)

Nozzles and pressure:  FINE:  XR11004 or XR11005 nozzles, 60 psi      MEDIUM:  XR11006 nozzles, 35 psi      COARSE:  XR11010 nozzles, 30 psi

Driving speed:  6.0 mph in Oakes (2021), 10.5 mph in Carrington (2021), 10.0 mph in Carrington (2022).



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

KIDNEY BEANS:
Narrow rows with closed canopy at 1st applic.

OR

Wide row spacing with open canopy at 1st app.

Topsin 40 fl oz/ac

f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed: 10 mph

Within-column means followed by 

different letters are significantly 

different (P < 0.05; Tukey procedure)

Nozzles and pressure:  

FINE:  XR11004 or XR11005 nozzles, 60 psi      

MEDIUM:  XR11006 nozzles, 35 psi      

COARSE:  XR11010 nozzles, 30 psi

Driving speed:  

6.0 mph in Oakes (2021)

10.5 mph in Carrington (2021)

10.0 mph in Carrington (2022).



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

KIDNEY BEANS:
Narrow rows with closed canopy at 1st applic.

OR

Wide row spacing with open canopy at 1st app. 

Topsin 40 fl oz/ac

f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed: 10 mph

Within-column means followed by 

different letters are significantly 

different (P < 0.05; Tukey procedure)

Nozzles and pressure:  

FINE:  XR11004 or XR11005 nozzles, 60 psi      

MEDIUM:  XR11006 nozzles, 35 psi      

COARSE:  XR11010 nozzles, 30 psi

Driving speed:  

6.0 mph in Oakes (2021)

10.5 mph in Carrington (2021)

10.0 mph in Carrington (2022).
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IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

KIDNEY BEANS:
Narrow row spacing; canopy closed at 1st application OR

Wide row spacing; canopy open at 1st application 

Topsin 40 fl oz/ac f.b. Endura 8 oz/ac   |   Spray volume: 15 gpa |   Driving speed:  6 or 10 mph (depending on study)

Carrington and Oakes, ND (2021, 2022)

Within-column means followed by different letters are significantly different (P < 0.05; Tukey procedure)

Nozzles and pressure:  FINE:  XR11004 or XR11005 nozzles, 60 psi      MEDIUM:  XR11006 nozzles, 35 psi      COARSE:  XR11010 nozzles, 30 psi

Driving speed:  6.0 mph in Oakes (2021), 10.5 mph in Carrington (2021), 10.0 mph in Carrington (2022).
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Kidney beans:

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide droplet size

Preliminary findings from ongoing research –

• When kidney beans were seeded into narrow (14-15”) rows and the 

canopy was open at the first fungicide application, medium droplets 

(app. 1) followed by coarse droplets (app. 2) were optimal

• When kidney beans were seeded into wide (28-30”) rows and the canopy 

was open at the 1st application or seeded into narrow (14-15”) rows and 

the canopy was closed at the 1st application, coarse droplets (app. 1) 

followed by coarse droplets (app. 2) were optimal

Warning:  This research was done with TeeJet nozzles.  The droplet size 

spectrum considered ‘medium’, ‘coarse’ etc. differs by nozzle manufacturer.



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

Within-column means followed 

by different letters are 

significantly different 

(P < 0.05; Tukey procedure)

PINTO BEANS
Four studies:  fine droplets (1st app.) 

/ medium droplets (2nd app.) optimal

Canopy characteristics favoring 

these droplet sizes not well 

understood.

Topsin 40 fl oz/ac  f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed: 6 or 10 mph

Nozzles and pressure:  

FINE:  XR11004 or XR11005, 60 psi 

MEDIUM:  XR11006 nozzles, 35 psi

COARSE:  XR11010 nozzles, 30 psi

Driving speed:  

6.0 mph in Oakes (2021)

10.5 mph in Carrington (2021)

10.0 mph in Carrington (2022).



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

Within-column means followed 

by different letters are 

significantly different 

(P < 0.05; Tukey procedure)

PINTO BEANS
Four studies:  fine droplets (1st app.) 

/ medium droplets (2nd app.) optimal

Canopy characteristics favoring 

these droplet sizes not well 

understood.

Topsin 40 fl oz/ac  f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed:  6 or 10 mph

Nozzles and pressure:  

FINE:  XR11004 or XR11005, 60 psi 

MEDIUM:  XR11006 nozzles, 35 psi

COARSE:  XR11010 nozzles, 30 psi

Driving speed:  

6.0 mph in Oakes (2021)

10.5 mph in Carrington (2021)

10.0 mph in Carrington (2022).



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

PINTO BEANS:
Four studies:  fine droplets (1st app.) / medium droplets (2nd app.) optimal

Canopy characteristics favoring these droplet sizes not well understood.

Topsin 40 fl oz/ac f.b. Endura 8 oz/ac   |   Spray volume: 15 gpa |   Driving speed: 6 or 10 mph, depending on study

Nozzles and pressure:  FINE:  XR11004 or XR11005 nozzles, 60 psi      MEDIUM:  XR11006 nozzles, 35 psi      COARSE:  XR11010 nozzles, 30 psi

Driving speed:  6.0 mph in Oakes (2021), 10.5 mph in Carrington (2021), 10.0 mph in Carrington (2022).

Within-column means followed by different letters are significantly different (P < 0.05) or (P < 0.10) if followed by an asterisk



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

Within-column means followed 

by different letters are 

significantly different 

(P < 0.05; Tukey procedure)

PINTO BEANS
Four studies:  medium droplets (1st app) / 

coarse droplets (2nd app.) optimal

Canopy characteristics favoring these 

droplet sizes not well understood.

Topsin 40 fl oz/ac  f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed: 6, 10, or 10.5 mph

Nozzles and pressure:  

FINE:  XR11004 or XR11005, 60 psi 

MEDIUM:  XR11006 nozzles, 35 psi

COARSE:  XR11010 nozzles, 30 psi

Driving speed:  

6.0 mph in Oakes (2021)

10.5 mph in Carrington (2021)

10.0 mph in Carrington (2022).



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

Within-column means followed 

by different letters are 

significantly different 

(P < 0.05; Tukey procedure)

PINTO BEANS
Four studies:  medium droplets (1st app) / 

coarse droplets (2nd app.) optimal

Canopy characteristics favoring these 

droplet sizes not well understood.

Topsin 40 fl oz/ac  f.b. Endura 8 oz/ac

Spray volume: 15 gpa

Driving speed: 6, 10 or 10.5 mph

Nozzles and pressure:  

FINE:  XR11004 or XR11005, 60 psi 

MEDIUM:  XR11006 nozzles, 35 psi

COARSE:  XR11010 nozzles, 30 psi

Driving speed:  

6.0 mph in Oakes (2021)

10.5 mph in Carrington (2021)

10.0 mph in Carrington (2022).



Internal

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide application timing

PINTO BEANS:
Four studies:  medium droplets (1st app.) / coarse droplets (2nd app.) optimal

Canopy characteristics favoring these droplet sizes not well understood.

Topsin 40 fl oz/ac f.b. Endura 8 oz/ac   |   Spray volume: 15 gpa |   Driving speed: 10 mph

Within-column means followed by different letters are significantly different (P < 0.05) or (P < 0.10) if followed by an asterisk

Nozzles and pressure:  FINE:  XR11004 or XR11005 nozzles, 60 psi      MEDIUM:  XR11006 nozzles, 35 psi      COARSE:  XR11010 nozzles, 30 psi

Driving speed:  6.0 mph in Oakes (2021), 10.5 mph in Carrington (2021), 10.0 mph in Carrington (2022).
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Pinto beans:

IMPROVING WHITE MOLD MANAGEMENT IN  DRY EDIBLE BEANS

Optimizing fungicide droplet size

Preliminary findings from ongoing research –

• In four studies, fine droplets (app. 1) followed by medium droplets 

(app. 2) were optimal

• In four studies, medium droplets (app. 1) followed by coarse droplets 

(app. 2) were optimal

• In all studies, the optimal droplet size increased as canopy density 

increased between fungicide applications 1 and 2

• The canopy characteristics at which fine vs. medium droplets are optimal 

at the first application are not understood yet.

Warning:  This research was done with TeeJet nozzles.  The droplet size 

spectrum considered ‘medium’, ‘coarse’ etc. differs by nozzle manufacturer.
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