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Impact of row spacing on dry bean agronomic performance under white mold pressure

Carrington and Oakes, ND
2019, 2020

Data are from studies conducted in Carrington and Oakes, ND in 2019 and 2020 with no foliar fungicide, one or two fungicide applications
(Topsin at 40 fl oz/ac or Topsin followed by Endura at 8 oz/ac 10-14 days later), fallow ground, direct-seeded into winter rye terminated 10-14

days prior to planting, or direct-seeded into rye terminated 0-3 days after planting.

Plots were 10 feet wide and 25 feet long at seeding. The middle 5 feet by 20 feet were assessed for disease and yield.

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



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing row spacing

Impact of row spacing on white mold:

PINTO BEANS:

 White mold severity was minimized in wide (30-inch) rows at all levels of
disease pressure.

 When less than 20% of the canopy was diseased at the end of the
season, pinto bean yield was maximized when pinto beans were grown
In narrow (7.5-inch or 15-inch) rows.

 When more than 20% of the canopy was diseased at the end of the
season, there was no statistical difference in yields across row spacings
but a trend of higher yield in wide (30-inch) rows.
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IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing row spacing

Impact of row spacing on white mold:

KIDNEY BEANS:

 When less than 20% of the canopy was diseased at the end of the
season, white mold severity was minimized in narrow (7.5-inch) rows that
maximized the spacing between adjacent plants.

 When more than 20% of the canopy was diseased at the end of the
season, row spacing had little or no impact on white mold severity in
kidney beans.

« At all levels of white mold pressure, yields were maximized when kidney
beans were seeded to 15-inch rows.
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Impact of row spacing on soybean agronomic performance under white mold pressure

Carrington, Hofflund, Langdon and Oakes, ND
2013-2017

Soybean maturity: 00.5t0 0.9 Two to fourteen varieties evaluated per study location per year
2013-2014: Carrington only. Single seeding rate (165,000 viable seeds/ac)
2015-2017: All study locations. Combined analysis across three seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



Impact of row spacing on soybean agronomic performance under white mold pressure
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Impact of row spacing on soybean agronomic performance under white mold pressure

Carrington, Hofflund, Langdon and Oakes, ND
2013-2017

Soybean maturity: 00.5t0 0.9 Two to fourteen varieties evaluated per study location per year
2013-2014: Carrington only. Single seeding rate (165,000 viable seeds/ac)
2015-2017: All study locations. Combined analysis across three seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



Impact of narrowing row spacing from wide (28-30”) to narrow (14-15") rows

1. WHITE MOLD INCIDENCE
Carrington, Hofflund, Langdon and Oakes, ND (2013-2017)

Soybean maturity: 00.5t00.9 Two to fourteen varieties evaluated per study location per year
2013-2014: Carrington only. Single seeding rate (165,000 viable seeds/ac)
2015-2017: All study locations. Combined analysis across 3 seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



Impact of narrowing row spacing from wide (28-30”) to narrow (14-15") rows

2. YIELD
Carrington, Hofflund, Langdon and Oakes, ND (2013-2017)

Soybean maturity: 00.5t00.9 Two to fourteen varieties evaluated per study location per year
2013-2014: Carrington only. Single seeding rate (165,000 viable seeds/ac)
2015-2017: All study locations. Combined analysis across 3 seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



Impact of narrowing row spacing from wide (28-30”) to narrow (14-15") rows

3. SCLEROTIA CONTAMINATION in the HARVESTED GRAIN
Carrington, Hofflund, Langdon and Oakes, ND (2015-2017)

Soybean maturity: 00.5t0 0.9 Two to five varieties evaluated per study location per year.
Combined analysis across three seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



Impact of narrowing row spacing from wide (28-30”) to intermediate (21-22.5") rows

1. WHITE MOLD INCIDENCE
Carrington, Hofflund, Langdon and Oakes, ND (2013-2017)

Soybean maturity: 00.5t00.9 Two to fourteen varieties evaluated per study location per year
2013-2014: Carrington only. Single seeding rate (165,000 viable seeds/ac)
2015-2017: All study locations. Combined analysis across 3 seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



Impact of narrowing row spacing from wide (28-30”) to intermediate (21-22.5") rows

2. YIELD
Carrington, Hofflund, Langdon and Oakes, ND (2013-2017)

Soybean maturity: 00.5t00.9 Two to fourteen varieties evaluated per study location per year
2013-2014: Carrington only. Single seeding rate (165,000 viable seeds/ac)
2015-2017: All study locations. Combined analysis across 3 seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



Impact of narrowing row spacing from wide (28-30”) to intermediate (21-22.5") rows

3. SCLEROTIA CONTAMINATION in the HARVESTED GRAIN
Carrington, Hofflund, Langdon and Oakes, ND (2015-2017)

Soybean maturity: 00.5t0 0.9 Two to five varieties evaluated per study location per year.
Combined analysis across three seeding rates (132,000; 165,000; 198,000 viable seeds/ac)



IMPROVING WHITE MOLD MANAGEMENT IN SOYBEANS
Optimizing row spacing

Impact of row spacing on white mold:

 When end-of-season white mold incidence was less than 50%,
soybean yield was maximized when soybeans were grown in
narrow (14- or 15-inch) or intermediate (21- or 22.5-inch) rows.

* Intermediate row spacing was optimal. Soybeans seeded to
21- or 22.5-inch rows generally developed less white mold and
had higher yields than soybeans seeded to 14- or 15-inch rows.

« Theincrease in sclerotia contamination of grain associated
with planting to narrow or intermediate rows was negligible when
end-of-season white mold incidence was less than 30% and
moderate when white mold incidence was less than 50%.
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Improving management of white mold in soybeans and dry beans:
2. Impact of seeding rate
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Impact of seeding rate on
dry bean agronomic
performance under white

mold pressure

Carrington and Oakes, ND
2019, 2020

Impact of increasing seeding rate from 70,000
to 120,000 viable seeds/ac on white mold
severity and yield in pinto beans. Data are from
studies conducted in Carrington and Oakes, ND
in 2019 with no foliar fungicide, one or two
fungicide applications, fallow ground, direct-
seeded into winter rye terminated 10-14 days
prior to planting, or direct-seeded into rye
terminated 0-3 days after planting. Within-
column means followed by different letters are
sign. different (P < 0.05; Tukey procedure).



Impact of seeding rate on dry bean agronomic performance under white mold pressure

Carrington and Oakes, ND
2019, 2020

Impact of increasing seeding rate from
70,000 to 90,000 viable seeds/ac on white
mold severity and yield in pinto beans.
Data are from studies conducted in
Carrington, ND in 2020 (pinto beans) and
Carrington and Oakes in 2019 and 2020
(kidney beans) with no foliar fungicide,
one or two fungicide applications. Within-
column means followed by different letters
are sign. different (P < 0.05; Tukey
procedure).



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS
Optimizing seeding rate

Impact of seeding rate on white mold:

PINTO AND KIDNEY BEANS:

* Increasing seeding rate from 70,000 to 90,000 viable seeds/ac (pinto and
kidney beans) was generally associated with higher white mold severity.

* Increasing seeding rate from 70,000 to 120,000 viable seeds/ac (pinto
beans) conferred moderate to sharp increases in white mold severity.

* Increasing seeding rate above 70,000 viable seeds/ac was associated
with little or no yield gains in pinto and kidney beans grown under white
mold pressure.
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Impact of seeding rate on white mold management in soybeans

1. WHITE MOLD INCIDENCE
Carrington, Hofflund, Langdon and Oakes, ND (2015-2017)

Soybean maturity:
00.5t00.9

Two to five varieties
evaluated per study
location per year.

Combined analysis
across four row
spacings

(7, 14, 21, and 28 in. or
7.5, 15, 22.5, and 30
inches)



Impact of seeding rate on white mold management in soybeans

2. SOYBEAN YIELD
Carrington, Hofflund, Langdon and Oakes, ND (2015-2017)

Soybean maturity:
00.5t00.9

Two to five varieties
evaluated per study
location per year.

Combined analysis
across four row
spacings

(7, 14, 21, and 28 in. or
7.5, 15, 22.5, and 30
inches)



Impact of seeding rate on white mold management in soybeans

3. SCLEROTIA CONTAMINATION in the HARVESTED GRAIN
Carrington, Hofflund, Langdon and Oakes, ND (2015-2017)

Soybean maturity:
00.5t00.9

Two to five varieties
evaluated per study
location per year.

Combined analysis
across four row
spacings

(7, 14, 21, and 28 in. or
7.5, 15, 22.5, and 30
inches)



IMPACT OF INCREASING SEEDING RATE
on white mold incidence, sclerotia contamination, and soybean yield

as soybean seeding rate increased from 132,000 to 198,000 viable seeds/ac
Carrington, Hofflund, Langdon and Oakes, ND (2015-2017)

Soybean maturity: 00.5t0 0.9 Two to five varieties evaluated per study location per year.
Combined analysis across four row spacings (7, 14, 21, and 28 in. or 7.5, 15, 22.5, and 30 inches)



Impact of seeding rate on white mold management in soybeans
Seeding rate may impact white mold in soybeans

when conditions are favorable for disease at canopy closure
Carrington, ND (2015)

Soybean maturity: 0.3 Combined analysis across four row spacings (7, 14, 21 and 28 inches)
Supplemental irrigation delivered at different growth stages to facilitate early vs. delayed white mold development.
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Impact of seeding rate on white mold management in soybeans
Seeding rate may impact white mold in soybeans

when conditions are favorable for disease at canopy closure
Carrington, ND (2017)

Soybean maturity: 0.7 Combined analysis across four row spacings (7, 14, 21 and 28 inches)
Supplemental irrigation delivered at different growth stages to facilitate early vs. delayed white mold development.



IMPROVING WHITE MOLD MANAGEMENT IN SOYBEANS

Optimizing seeding rate

Impact of seeding rate on white mold:

« Within the range of seeding rates evaluated in this study (132,000
to 198,000 pure live seeds/ac), seeding rate had little or no
effect on white mold.

* Possible exception: Higher seeding rates might be associated
with a modest increase in white mold when conditions favor
disease at canopy closure. Additional data are needed to confirm.

« Different results may obtained from seeding rates outside of the
range tested in this study.
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Improving management of white mold in soybeans and dry beans:
3. Optimizing fungicide application timing
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Optimizing fungicide application timing for white mold management in dry beans
1. PINTO BEANS

Carrington and Oakes, ND (2017, 2020, 2021)

Fungicide applied: (1) AVERAGE RESULTS
S'NiLPEPEL(J:'ﬁ'Ig'l\?E canopy open at initial pod development (10-20% plants with pods)

e Topsin @ 30 fl oz/ac
(studies from 2017, 2020)

e Topsin @ 40 fl oz/ac
(studies conducted in 2021)

TWO FUNGICIDE
APPLICATIONS —

e Topsin @ 30 fl oz/ac
followed by Endura @ 8
oz/ac (2017, 2020)

e Topsin @ 40 fl oz/ac
followed by Endura @ 8
oz/ac (2021)

Spray volume: 15 gal/ac

Nozzles & droplet size:

* When average canopy
closure was < 80%: TeeJet
DG110015 nozzles at 40 psi
(fine droplets)

e When average canopy
closure was 80-90%:
TeeJet DG110015 nozzles
at 30 psi (medium droplets)
* When average canopy
closure was 90-95%:
TeelJet AIXR11015 nozzles
at 60 psi (medium-coarse
droplets)

« When average canopy
closure was 95-100%:
TeeJet AIXR nozzles at 50
psi (coarse droplets)



Optimizing fungicide application timing for white mold management in dry beans

PINTO BEANS: Carrington and Oakes, ND (2017, 2020, 2021)

Fungicide applied:
SINGLE FUNGICIDE
APPLICATION —

e Topsin @ 30 fl oz/ac
(studies from 2017,
2020)

e Topsin @ 40 fl oz/ac
(studies conducted in
2021)

TWO FUNGICIDE
APPLICATIONS —

e Topsin @ 30 fl oz/ac
followed by Endura @ 8
oz/ac (2017, 2020)

e Topsin @ 40 fl oz/ac
followed by Endura @ 8
oz/ac (2021)

Spray volume: 15 gal/ac

Nozzles & droplet size:
* When average canopy
closure was < 80%:
TeeJet DG110015
nozzles at 40 psi (fine
droplets)

* When average canopy
closure was 80-90%:
TeeJet DG110015
nozzles at 30 psi
(medium droplets)

* When average canopy
closure was 90-95%:
TeeJet AIXR11015
nozzles at 60 psi
(medium-coarse

droplets)

* When average canopy
closure was 95-100%:
TeeJet AIXR nozzles at
50 psi (coarse droplets)

AVERAGE RESULTS: canopy open versus at/near closure at initial pod development
(10-20% plants with pods)




Fungicide application
timing

PINTO BEANS

Fungicide applied:
SINGLE FUNGICIDE
APPLICATION —

e Topsin @ 30 fl oz/ac
(studies from 2017,
2020)

e Topsin @ 40 fl oz/ac
(studies conducted in
2021)

TWO FUNGICIDE
APPLICATIONS —

e Topsin @ 30 fl oz/ac
followed by Endura @ 8
oz/ac (2017, 2020)

e Topsin @ 40 fl oz/ac
followed by Endura @ 8
oz/ac (2021)

Spray volume: 15 gal/ac

Nozzles & droplet size:
« When average canopy
closure was < 80%:
TeeJet DG110015
nozzles at 40 psi (fine
droplets)

« When average canopy
closure was 80-90%:
TeeJet DG110015
nozzles at 30 psi
(medium droplets)

« When average canopy
closure was 90-95%:
TeeJdet AIXR11015
nozzles at 60 psi
(medium-coarse

droplets)

« When average canopy
closure was 95-100%:
TeeJet AIXR nozzles at
50 psi (coarse droplets)
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Fungicide application
timing

PINTO BEANS

Fungicide applied:
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« When average canopy
closure was 80-90%:
TeeJet DG110015
nozzles at 30 psi
(medium droplets)

« When average canopy
closure was 90-95%:
TeeJdet AIXR11015
nozzles at 60 psi
(medium-coarse
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IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide application timing

Impact of fungicide application timing on white mold:

PINTO BEANS:

* Applying fungicides when 10-20% of plants had at least one initial pin-
shaped pod was optimal in pinto beans when the canopy was at or near
closure (95-99% average closure).

* Applying fungicides when 50-64% of plants had at least one initial pin-
shaped pod was optimal in pinto beans when the canopy was open (<
95% average closure) initial pod development.

NDSU EEHRAHARR TR



Optimizing fungicide application timing for white mold management in dry beans
1. BLACK BEANS

Carrington and Oakes, ND (2017, 2020, 2021)

(1) AVERAGE RESULTS
canopy open at initial pod development (10-20% plants with pods)

Fungicide applied:
SINGLE FUNGICIDE APPLICATION —

e Topsin @ 30 fl oz/ac (studies from 2017, 2020)
» Topsin @ 40 fl oz/ac (studies conducted in 2021)

TWO FUNGICIDE APPLICATIONS —
e Topsin @ 30 fl oz/ac followed by Endura @ 8 oz/ac (2017, 2020)
e Topsin @ 40 fl oz/ac followed by Endura @ 8 oz/ac (2021)

Spray volume: 15 gal/ac

Nozzles & droplet size:
¢ When average canopy closure was < 80%: TeeJet DG110015 nozzles
at 40 psi (fine droplets)
e When average canopy closure was 80-90%: TeeJet DG110015 nozzles
at 30 psi (medium droplets)
« When average canopy closure was 90-95%: TeeJet AIXR11015
nozzles at 60 psi (medium-coarse droplets)
* When average canopy closure was 95-100%: TeeJet AIXR nozzles at

50 psi (coarse droplets)



Optimizing fungicide application timing for white mold management in dry beans
1. BLACK BEANS

Carrington and Oakes, ND (2017, 2020, 2021)

(2) RESULTS ACROSS INDIVIDUAL STUDIES
Bloom initiation vs. <20% of plants with initial pods



Optimizing fungicide application timing for white mold management in dry beans
1. BLACK BEANS

Carrington and Oakes, ND (2017, 2020, 2021)

(2) RESULTS ACROSS INDIVIDUAL STUDIES
Bloom initiation vs. <20% or 30-50% of plants with initial pods



Optimizing fungicide application timing for white mold management in dry beans
1. BLACK BEANS

Carrington and Oakes, ND (2017, 2020, 2021)

(2) RESULTS ACROSS INDIVIDUAL STUDIES
Initial pod development vs. 30-50% of plants with initial pods



Optimizing fungicide application timing for white mold management in dry beans
1. BLACK BEANS

Carrington and Oakes, ND (2017, 2020, 2021)

(2) RESULTS ACROSS INDIVIDUAL STUDIES
Initial pod development vs. 30-50% or 85-100% of plants with initial pods



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide application timing

Impact of fungicide application timing on white mold:

BLACK BEANS:

* Applying fungicides when up to 20% of plants had at least one Iinitial pin-
shaped pod and 50-100% of plants were in bloom was optimal in black

beans when the canopy was open (< 90% average closure) at this
growth stage.

* No testing was conducted on black beans with a closed canopy during
initial pod development.
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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.



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



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



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



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



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



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



IMPROVING WHITE MOLD MANAGEMENT IN SOYBEANS

Optimizing fungicide application timing

When conditions favor white mold as soybeans entered bloom:

Fungicides should be applied as soon as 100% of plants reach
the R2 growth stage unless the canopy closes earlier.

« |f the canopy is closed at mid/late R1 (60-85% of plants at R1),
fungicides should be applied at mid/late R1.

« |f the canopy is closed at early R2 (80-99% R2), fungicides should
be applied at early R2.

R1: atleast one open blossom on the plant.
R2: at least one open blossom at one of the top two nodes of the plant.

NDSU NORTH DAKOTA AGRICULTURAL
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Improving management of white mold in soybeans and dry beans:
4. Optimizing fungicide spray droplet size

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




OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY

Droplet size

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



OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY

Droplet size

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



OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY

Droplet size

... but larger droplets have greater velocity, drift less.
Increased velocity and reduced drift improves canopy penetration.

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



OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY
Experimental Methods

Spray droplet size estimates were based on
1. WILGER nozzles information provided by the manufacturer.



OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY
Experimental Methods

Spray droplet size estimates were based on
2. TEEJET nozzles information provided by the manufacturer.



OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY

Experimental Methods

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

» 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

» Auseful tool to evaluate shifts in droplet size spectrum
across nozzles, not for accurately characterizing droplet
size spectrum due to problems with:

e coalesced droplets (despite low spray volume)
» splash-back from large droplets

Original spray card Yellow replaced with white, image converted to grayscale



OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY

Experimental Methods

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



OPTIMIZING FUNGICIDE SPRAY DROPLET SIZE

Calibration

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 d”Vlng 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 aprecise 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.



OPTIMIZING FUNGICIDE DEPOSITION WITHIN A CROP CANOPY
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: 4.0to 10.5 mph, depending on the study.



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

Scope of research — soybeans

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



IMPACT OF SPRAY DROPLET SIZE: TEEJET NOZZLES

PINTO BEANS
canopy open (52-76% average closure)

at the 1st fungicide application
canopy at or near closure (91-95% closure)
at the 2nd fungicide application

Fungicide: Topsin at 40 fl oz/ac followed by Endura at 8 oz/ac Application timing: Early bloom, initial pod development Spray volume: 15 gal/ac

Row spacing: 14 inches Seeding rate: 90,000 pure live seeds/ac Driving speed: 10.5 mph (Carrington); 6.0 mph (Oakes)

Nozzles (Carrington): TeeJet XR11005 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and coarse droplets were applied with XR11010 nozzles at 30 psi
Nozzles (Oakes): Teeldet XR11004 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and coarse droplets were applied with XR11010 nozzles at 30 psi



IMPACT OF SPRAY DROPLET SIZE: TEEJET NOZZLES
PINTO BEANS

canopy open (68% average closure)

at the 15t fungicide application
canopy open (82% average closure)
at the 2"d fungicide application

Fungicide: Topsin at 40 fl oz/ac followed by Endura at 8 oz/ac

Application timing: Early bloom, initial pod development

Spray volume: 15 gal/ac

Row spacing: 14 inches

Seeding rate: 90,000 pure live seeds/ac

Driving speed: 10.5 mph (Carrington); 6.0 mph (Oakes)

Nozzles (Carrington): TeeJet XR11005 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and coarse
droplets were applied with XR11010 nozzles at 30 psi

Nozzles (Oakes): TeeJet XR11004 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and coarse droplets
were applied with XR11010 nozzles at 30 psi



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide droplet size

Impact of fungicide droplet size on white mold:

PINTO BEANS:

White mold management was optimized when fungicide droplet size was
calibrated relative to canopy closure when fungicides were applied

When canopy closure was open at the first application (<80% average closure)
and near closure (91-95% average closure) at the second application, applying
fungicides with medium droplets at the first application and coarse droplets at
the second application optimized white mold management

When the canopy was very open at the first application (68% average closure)
and open at the second application (82% average closure), applying fungicides
with fine droplets at the first application and fine to medium droplets at the
second application appeared to optimize fungicide performance.

This is research in progress, and additional testing is planned for 2022.

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION



IMPACT OF SPRAY DROPLET SIZE: TEEJET NOZZLES

KIDNEY BEANS

canopy near closure (87-94% average closure)
at the 1st fungicide application
canopy at or near closure (91-99% closure)
at the 2nd fungicide application

Fungicide: Topsin at 40 fl oz/ac followed by Endura at 8 oz/ac Application timing: Early bloom, initial pod development Spray volume: 15 gal/ac

Row spacing: 14 inches Seeding rate: 90,000 pure live seeds/ac Driving speed: 10.5 mph (Carrington); 6.0 mph (Oakes)

Nozzles (Carrington): TeeJet XR11005 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and coarse droplets were applied with XR11010 nozzles at 30 psi
Nozzles (Oakes): TeelJet XR11004 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and coarse droplets were applied with XR11010 nozzles at 30 psi



IMPACT OF SPRAY DROPLET SIZE: TEEJET
NOZZLES

KIDNEY BEANS

canopy closed (98% average closure)
at both the 1st and 2" applications

Fungicide: Topsin at 40 fl oz/ac followed by Endura at 8 oz/ac

Application timing: Early bloom, initial pod development Spray volume: 15 gal/ac

Row spacing: 14 inches

Seeding rate: 90,000 pure live seeds/ac

Driving speed: 10.5 mph (Carrington); 6.0 mph (Oakes)

Nozzles (Carrington): TeeJet XR11005 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and
coarse droplets were applied with XR11010 nozzles at 30 psi

Nozzles (Oakes): TeelJet XR11004 nozzles at 60 psi, medium droplets were applied with XR11006 nozzles at 35 psi, and
coarse droplets were applied with XR11010 nozzles at 30 psi



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide droplet size

Impact of fungicide droplet size on white mold:

KIDNEY BEANS:

White mold management was optimized when fungicide droplet size was
calibrated relative to canopy closure when fungicides were applied

When canopy closure was near closure at the first application 87-94%
average closure) and at or near closure (91-99% average closure) at the
second application, applying fungicides with medium droplets at the first
application and coarse droplets at the second application optimized white
mold management

When the canopy was closed at both applications, applying fungicides
with coarse droplets at both applications appeared to optimize fungicide
performance.

This is research in progress, and additional testing is planned for 2022.

NDSU AT



IMPACT OF SPRAY
DROPLET SIZE:
TEEJET NOZZLES

Soybeans

canopy very open when
fungicides were applied

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION

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
open
when
fungicides
applied

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION

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 near
closure when
fungicides applied

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION
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

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION

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



IMPROVING WHITE MOLD MANAGEMENT

Optimizing fungicide spray droplet size

Soybeans

Soybeans — TeelJet 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).

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION



Soybean
Row
spacing:
21 inches

Seeding
rate:
165,000
viable
seeds/ac

IMPACT OF SPRAY DROPLET SIZE: 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)



IMPACT OF SPRAY DROPLET SIZE: WILGER NOZZLES

Soybeans: canopy open when fungicides applied

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

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)



IMPACT OF SPRAY
DROPLET SIZE:
WILGER NOZZLES

Soybeans

Yield gain conferred
by the fungicide
relative to canopy
closure and spray
droplet size

NDS NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION



IMPROVING WHITE MOLD MANAGEMENT

Optimizing fungicide spray droplet size

Soybeans

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.

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.

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION



Improving management of white mold in soybeans:
5. Optimizing fungicide application frequency & interval

Michael Wunsch, Thomas Miorini, Suanne Kallis, and Jesse Hafner
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




What is the profitability

of a single versus two sequential fungicide applications targeting white mold
relative to soybean maturity?

COMBINED ANALYSIS OF EIGHT STUDIES: Carrington and Oakes, ND (2018-2021)
Fungicide: Endura (5.5 oz/ac) Application A: early R2 growth stage Application B: 10-14 days later Soybean row spacing: 14 or 21 inches

Each study was established as a split-plot or a split-split-plot with 6 or 8 replicates.
main factor = soybean maturity range (6 varieties within each range of maturity), sub-factor = soybean variety, sub-sub-factor = no fungicide, fungicide 1x, fungicide 2x
OR main factor = soybean variety, sub-factor = no fungicide, fungicide 1x, fungicide 2x



What is the profitability

of a single versus two sequential fungicide applications targeting white mold
relative to soybean maturity?

COMBINED ANALYSIS
OF EIGHT STUDIES:
Carrington and Oakes,
ND (2018-2021)

Fungicide:
Endura (5.5 oz/ac)

Application A:
early R2 growth stage
Application B:
10-14 days later

Soybean row spacing:
14 or 21 inches



When making two sequential fungicide applications targeting white mold,

what is the optimal interval between applications
and does the optimal interval change with soybean maturity length?

COMBINED ANALYSIS OF THREE
STUDIES: Carrington (2020),
Carrington (2021), Oakes (2021)

Fungicide:

¢ Endura followed by Endura (5.5 0z),
* Topsin followed by Topsin (20 fl 0z)
e Topsin (40 fl 0z) f.b. Endura (5.5 0z)

Application A: R2 growth stage
Application B: 7-14 days later

Soybean row spacing: 14 or 21 in.

Study design: randomized complete block

with a split-plot arrangement and 8

replicates.

* Main factor = soybean variety (differing
in maturity)

¢ Sub-factor = fungicide treatments

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION



Applied at 40 fl oz/ac, does the off-patent fungicide thiophanate-methy!|

(Topsin. generics) confer satisfactory management of white mold
applied as a single application or the first of two applications?

COMBINED ANALYSIS OF FIVE STUDIES: testing conducted on three different soybean varieties
in Oakes in 2021 and two different soybean varieties in Carrington in 2021

Application A: R2 growth stage Application B: 7-14 days later Soybean row spacing: 14 or 21 in.



Thank Youl!

Michael Wunsch, Jesse Hafner, Thomas Miorini, Kaitlyn Thompson, Suanne Kallis, Billy Kraft, Michael Schaefer NDSU Carrington REC
Heidi Eslinger, Leonard Besemann, Kelly Cooper, Seth Nelson, Walt Albus NDSU Robert Titus Research Farm, Oakes

Venkata Chapara, Amanda Arens, Scott Halley NDSU Langdon Research Extension Center

Tyler Tjelde NDSU Williston Research Extension Center — Irrigated Research Site, Hofflund

RESEARCH FUNDED BY THE NORTH DAKOTA SOYBEAN COUNCIL

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION
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