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Improving white mold management in dry beans — Optimizing fungicide spray droplet size
Preliminary report from the first two years of a multi-year research project.
Data from the 2021 and 2022 field seasons. Date of report: March 2023

Research project funded by the USDA Specialty Crop Block Grant Program administered by the
North Dakota Department of Agriculture with supplemental finding (to expand scope of the
research in 2021) from the Northarvest Bean Growers Association and ND Crop Protection
Product Harmonization Board and Registration Board.

Research leader: Michael Wunsch, plant pathologist
NDSU Carrington Research Extension Center
663 Hwy. 281 N./ PO Box 219 / Carrington, ND 58421-0219

701-652-2951 office / michael.wunsch@ndsu.edu

METHODS:

The impact of fungicide spray droplet size was tested with a PTO-driven tractor-mounted
sprayer equipped with a pulse-width modulation system (Capstan AG; Topeka, KS). Pulse width
was modified as needed to maintain a constant spray volume (15 gal/ac) and constant driving
speed across nozzles differing in output, with pulse width calibrated on the basis of measured
output immediately before spraying treatments. The fungicide Topsin (40 fl oz/ac) was applied
at early bloom followed by Endura (8 oz/ac) 11-14 days later. To permit overspray of plots,
treatment plots were bordered by 5- or 10-foot wide non-harvested plots. On ends of each
treatment plot, a non-harvested plot was established so as to permit turning on and off the
sprayer at full driving speed. Dry beans were seeded to rows 14 or 28 inches apart at a seeding
rate of 90,000 viable seeds/ac (pintos and kidneys) or 100,000 viable seeds/ac (blacks and
navies). Seven treatments were evaluated: Non-treated, fine followed by fine droplets, fine f.b.
medium droplets, fine f.b. coarse, medium f.b. medium, medium f.b. coarse, and coarse f.b.
coarse. All testing was conducted under conventional tillage except in Oakes in 2021, where
testing was conducted with dry beans direct-seeded into fallow ground, into winter rye with rye
terminated 12 days prior to planting, and into winter rye terminated 2 days after planting.

MAJOR FINDINGS:

In kidney beans, the yield gain conferred by the fungicide was increased by an average
37% when fungicide droplet size was calibrated relative to canopy closure and row spacing
versus the standard recommendation of always applying with fine droplets. When kidney beans
were seeded to narrow (14- or 15-inch) rows and canopy closure averaged 80-95% at the first
fungicide application and 88-99% at the second fungicide application, yields were optimized by
applying fungicides with medium droplets in the first application and coarse droplets in the

Table 1. Detailed methods — fungicide droplet size studies

Location and year

Oakes 2021

Carrington 2021

Oakes 2022

Carrington 2022

Driving speed

6.0 mph

10.5 mph

10.0 mph

10.0 mph

Fine droplets

XR11004, 60 psi

XR11005, 60 psi

XR11005, 60 psi

XR11005, 60 psi

Medium droplets

XR11006, 35 psi

XR11006, 35 psi

XR11006, 35 psi

XR11006, 35 psi

Coarse droplets

XR11010, 30 psi

XR11010, 30 psi

XR11010, 30 psi

XR11010, 30 psi

Applic. interval 14 days 12 days 11 days 11 days
Plot size 5ft.xave. 16.6 ft. |5 ft. x ave. 16.5 ft. |5 ft. x ave. 20.5 ft. |5 ft. x ave. 15.8 ft.
Experimental reps |5, 6, 8, or 9 12 10 8orl0
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second application (Figures 1, 2). When kidney beans were seeded to narrow (15-inch) rows
and canopy closure averaged 98% at both applications or when kidney beans were seeded to
wide (28-inch) rows with variable canopy closure, yields were optimized by applying fungicides
with coarse droplets at both applications (Figures 1, 2).

In pinto beans, the yield gain conferred by the fungicide was increased by an average
35% by optimizing fungicide droplet size versus the standard recommendation of always
applying with fine droplets. In four of eight pinto bean studies, yields were maximized with fine
droplets in the first application and medium droplets at the second application (Figures 1, 3). In
four of eight studies, yields were optimized with medium droplets in the first application and
coarse droplets in the second application (Figures 1, 3). Visual estimates of canopy closure
were similar in each set of studies, and additional research is needed to identify the canopy
characteristics when fine droplets vs. medium droplets are optimal in the first application.

Not enough testing was conducted to develop fungicide droplet size recommendations for
black or navy beans. Only three field trials were conducted with black and navy beans, an
insufficient number of studies for this type of research. The preliminary findings for pinto and
kidney beans presented in this report were developed from eight field studies conducted in each
of these market classes.

Follow-up research is planned for the 2023 field season to assess the replicability of the
kidney and pinto bean results presented in this report. The goal is to develop rigorous
recommendations on the canopy characteristics at which fine, medium, or coarse droplets are
optimal at the first application in pinto and kidney beans. Additional fungicide droplet size
testing on blacks and navies will be deferred until research on pintos and kidneys is complete.
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KIDNEY

Droplet size

application #1/
application #2

Non-treated control
Fine / Fine

Fine / Medium
Fine / Coarse
Medium / Medium
Medium / Coarse
Coarse / Coarse

{A) Fungicide performance maximized with
medium droplets (app. #1) / coarse droplets (app. #2)

White Mold Yield Yield gain (Ibs/ac)

(% canopy) (lbs/ac) conferred by fungicide

b PRENEN G oveos sbse sudes
35 a (3141 a | cdf© +394 (AB)
36 a 3095 ab |och o +248 (B)
34 a 3170 a [ ©do o +323 (AB)
37 ab 3048 b |cofo  +201 (B)
32 a a wp o +399 (A)
31 a 3173 a | ajo +326 (AB)
cv: 11.5 Ccv:2.8

combined analysis across 6 studies:

14" rows open canopy at 1st application, ‘Pink Panther’ LR (2 studies)

14" rows open canopy at 1st application, ‘Red Hawk’ DR (1 study)
14-15” rows open canopy at 1st application, 'Dynasty’ DR (3 studies)

(B) Fungicide performance maximized with
coarse droplets (app. #1) / coarse droplets (app. #2)

White Mold Yield Yield gain (Ibs/ac)
(% canopy) (lIbs/ac) conferred by fungicide

Circle = result from one study

a 2758 b Bar = average across studies

29 a 3092 a cfo +334 (A)
30 a 3111 - ok +253 (A)
32 a 2991 a6 | b +233(A)
28 = (3056 a [0 o+298(A)
33 a 3087 a ob +329 (A)
29 a 3220 a ao +462 (A}
cv: 121 Cv: 3.1

combined analysis across 3 studies:

28" rows, 'Pink Panther’ LR

28" rows, 'Red Hawk’ DR

15" rows closed canopy at 1st application, ‘Dynasty’

PINTO

application #1 /
application #2

(A) Fungicide performance maximized with
fine droplets (app. #1) / medium droplets (app. #2)

White Mold Yield

Yield gain (Ibs/ac)

(B) Fungicide performance maximized with
medium droplets (app. #1) / coarse droplets (app. #2)

White Mold Yield

Yield gain (Ibs/ac)

(% canopy) (Ibsfac) conferred by fungicide (% canopy) (Ibs/ac) conferred by fungicide
Non-treated control b PEEE] b (2728
Fine / Fine 26 a |3285 a oo +492 (aB) 29 a 3111 a do o +383 By
Fine / Medium 25 a (3315 a ol o+574ar |29 a [3163 a d  0+435 By
Fine / Coarse 28 a (3278 a [ al o +340@y 31 a (3216 a [0 doo +488 »By
Medium / Medium |27 a |3232 a |oo| o +371wmer (29 a (3148 2 |oa] o +420 a8y
Medium / Coarse |25 a (3357 a | a] o +365@n8y 29 a (3312 a2 |o do c +584(ay
Coarse / Coarse |25 a 3290 a |[ood o +434 (aB> |28 a 3230 a (o po +502@By

Circle = result from one study
Bar = average across studies

Circle = result from one study
Bar = average across studies

combined analysis across 4 studies:

QOakes, 2021, 15” row spacing, ‘Palominc’ pinto
Carrington, 2022, 14” row spacing, ‘Palomino’ pinto
Oakes, 2022, 14” and 28" row spacing, 'Palominc’ pinto

combined analysis across 4 studies:
Carrington, 2021, 14” row spacing, ‘Palomino’ pinto
Carrington, 2022, 28” row spacing, ‘Palomino’ pinto
QOakes, 2021, 15" row spacing, ‘Palomino’ pinto

planted into early-terminated or late-terminated rye

FIGURE 1. Impact of fungicide droplet size on white mold management kidney and pinto beans
(Carrington, Oakes; 2021-2022). Topsin (40 fl oz/ac) was applied at early bloom / initial pod
and Endura (8 oz/ac) was applied 10-14 days later. Within-column means followed by different
letters are significantly different (P < 0.05) or (P < 0.10) if followed by an asterisk.
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which fungicide first application gqe,
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(application #1) second application g4,
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coarse droplets
(application #2)

{6 studies)
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Non-treated control
Fine / Fine

Fine / Medium
Fine / Coarse
Medium / Medium
Medium / Coarse
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CV:
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application #1/
application #2

Non-treated control
Fine / Fine

Fine / Medium
Fine / Coarse
Medium / Medium
Medium / Coarse
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application #1/
application #2
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Camngton 2022 Camngton 2021 Camngton 2021 Oakes 2021 Qakes 2021 QOakes 2021 Combined
14" rows 14” rows 14” rows 15” rows 5” rows 14” rows .
Pink Panther  Dynasty Pink Panther  Dynasty Dynasty Red Hawk al'la|y5|5
TYe COVEr crep N cover crop 6 studies
o Emm87% =mgly, =——94y =mQqy ===gq,
==83% (60-100%) (75-100%) (75-100%) (80-100%) (85-97%)
(70-96%) &
=94% ==q00% ===997 ===ggy m==04% ==96%
(90-98%) (90-100%) (95-100%) (85-100%) (87-100%)
White mold
White mold (percent of canopy) (% canopy)
b a a a b b
10 a a |46 a 30 = 45 a (34 ab 35 a
13a 51 ab |52 a 277 a a1 a |34 ab [36 a
142 50 ab |49 a 287 a 42 a 21 a (34 a
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Yield
Yield (pounds/acre)
a a b a
a a [2931 b a
a a [2757 | ab a
a a 2041 |ab a
a a 2804 b [3 a
a I 3078 a
a a 3074 = a

Ccv:2.8

1.4

10.4

(B) KIDNEY BEANS:

Studies in which fungicide performance
was maximized with coarse droplets
(application #1) followed by

coarse droplets (application #2)

(3 studies)

Camngton 2022 Carrmglon 2022 Qakes 2021 Combined
28" rows 28" rows 15" rows -
Pink Panther Red Hawk Dynasty anaIySIS
Canopy closure: 100% =—Q g, (3 studies)
first application gy, e=mgq]% e==81% (90-100%)
- (45-92%) (55-94%)
40%
Canopy closure: 100% o, ===9B8Y%
oL m=ggy, ==92%
second application gy, 353_9;%) {85-07%) (80-100%)
60%
0% White mold

White mold (% canopy) (% canopy)

—  Non-treated control EFIEN b a a
Ned Fine/Fine25 & 37 2|26 a 29
Oes Fine / Medium21 = ab 26 = 30 a
e Fine/Coarse22 = 233 a 32 a
7 88 Medium/Medium [30 ] ab 31 a23] a 28 a
OZ& Medium/ Coarse 267 ab 2 3170 a 33 | a
o2& Coarse/Coarse20 = 37 = [3000 - 29 a

CV: 281 264 38.5 cv.121
Yield

Yield (pounds/acre)

- Non-treated control PEIEE b a
Mg Fine / Fine 3119 3494 | a
Oes Fine / Medium [3222 3587 a
2 Fine / Coarse 3042 3418 | =
Z 88 Medium/Medium |2964 3455 | -
O3 a8 Medium/ Coarse 3237 3433 -
o2& Coarse/Coarse P11 = a

Cv: 87 82

FIGURE 2. Impact of fungicide droplet size on white mold management in kidney beans;
Carrington and Oakes, ND (2021-2022). Topsin (40 fl oz/ac) was applied at early bloom and
initial pod development, and Endura (8 oz/ac) was applied 10-14 days later. Within-column
means followed by different letters are significantly different (P < 0.05).
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FIGURE 3. Impact of fungicide droplet size on white mold management in pinto beans;
Carrington and Oakes, ND (2021-2022). Topsin (40 fl oz/ac) was applied at early bloom and
initial pod development, and Endura (8 oz/ac) was applied 10-14 days later. Within-column
means followed by different letters are significantly different (P < 0.05).



