Improving management of white mold in dry beans:
Optimizing fungicide timing, interval, and frequency
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IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide application timing

Research question tested in these studies:

when should fungicides be applied

when soil moisture and canopy wetness are high-risk
for white mold as dry beans enter bloom?

If conditions do not favor white mold as dry beans enter bloom,
applications should be delayed until weather becomes favorable

for white mold.



Optimizing fungicide application timing: pinto beans

(1) Pinto beans with an open canopy:
Average canopy closure < 95% at 70-85% plants with initial pods

Combined analysis
across 5 studies

Carrington (2021)
cv. ‘Palomino’
Topsin 40 fl oz f.b. Endura 8 oz

Oakes (2021)
cv. ‘Palomino’
Topsin 40 fl oz f.b. Endura 8 oz

Carrington (2020)
cv. ‘Lariat’
Topsin 30 fl oz f.b. Endura 8 oz

Carrington (2022)
cv. ‘Palomino’
Topsin 40 fl oz f.b. Endura 8 oz

Carrington (2024)
cv. ‘Torreon’
Endura 8 oz f.b. Endura 8 oz

Row spacing = 14”.
Seeding rate = 90,000 viable
seeds/ac.

Spray droplet size calibrated
relative to canopy closure.
Spray volume = 15 gal/ac.

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

Plants with White mold Yield
initial pods

Non-treated
§ 0-5%

S 3-40%
S 45-70%
S 70-85%

Non-treated
ot 0-5%

3-40%
45-70%
70-85%
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Optimizing fungicide application timing: pinto beans

(2) Pinto beans with a closed canopy:
Average canopy closure > 95% at 10-20% plants with initial pods

Combined analysis
across 3 studies

Carrington (2017)

cv. ‘La Paz

Row spacing = 14”.

Topsin 30 fl oz f.b. Endura 8 oz

Oakes (2017)

cv. ‘LaPaz’

Row spacing = 28".

Topsin 30 fl oz f.b. Endura 8 oz

Carrington (2022)

cv. ‘Lariat’

Row spacing = 14”.

Topsin 40 fl oz f.b. Endura 8 oz

Seeding rate = 90,000 viable
seeds/ac.

Spray droplet size calibrated
relative to canopy closure.
Spray volume = 15 gal/ac.

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

Plants with
initial pods

Non-treated
§ 0-5%
S 10-20%
S 60-80%
S 100%

Non-treated
-5%
10-20%
60 80%

100%

Two applications
10-12 days apart

White mold Yield
% of canopy  pounds/ac
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Optimizing fungicide application timing: pinto beans

(1) Single fungicide application — pinto beans

fungicide efficacy was optimized when applications were made
when 60-80% of plants had initial pods irrespective of canopy
closure.

(2) Two fungicide application sequence — pinto beans

fungicide efficacy was optimized when the first application was
made when approx. 50-80% of plants had initial pods (when
the canopy was open) or 10-20% of plants had initial pods
(when canopy was at or near closure when 10-20% of plants
had initial pods).



Improving crop disease management:

Fungicide application timing — fundamental concepts

Penalty to applying too late:

~ungicide applications must be made prior to
pathogen infection.

* You cannot eradicate existing disease.

« Some, but not all, modern fungicides 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.

Michael Wunsch

North Dakota State University Carrington Research Extension Center




Improving crop disease management:

Fungicide application timing — fundamental concepts

Penalty to applying too early:
New growth is not protected by the fungicide.

« Only the biomass that exists at the time that the fungicide is applied is
protected.

e This is a problem for white mold management because dry beans
exhibit significant growth during early bloom.

* Dry beans increase in susceptibility to white mold as the percent of
plants with initial pods (= % of plants with dead blossoms) increases

Michael Wunsch

North Dakota State University Carrington Research Extension Center




Improving crop disease management:
Fungicide application timing —

fundamental concepts

New growth Is not
protected by the fungicide.

« Example from field peas

 These peas were treated with a
fungicide at bloom initiation

« Growth that occurred after bloom
Initiation was unprotected and became

diseased with powdery mildew.
» This is why (in the picture at the right) the
upper ~ 1/5 of the canopy is diseased and
the lower ~ 4/5 of the canopy is healthy.



Optimizing fungicide application timing: kidney beans

(1) Studies in which early application timing was assessed.:
Average canopy closure < 95% through 50% plants with initial pods

Combined analysis

across 3 studies Plants with White mold Yield Yield gain (Ibs/ac)
initial pods % of canopy pounds/ac  from the fungicide

Non-treated m
5-10%  |[EI
20-40%
55-80%

Carrington (2020)

cv. ‘Dynasty’ DR Kidney
Topsin 30 fl oz f.b.
Endura 8 oz

Carrington (2021)

cv. ‘Dynasty’ DR Kidney
Topsin 40 fl oz f.b.
Endura 8 oz

Carrington (2022)

cv. ‘Red Hawk’ DR Kidney
Topsin 40 fl oz f.b.

Endura 8 oz

One application

Non-treated

Row spacing = 14”.
Seeding rate = 90,000
viable seeds/ac. (-

S

-
S
2

Spray droplet size
calibrated relative to canopy
closure.

Spray volume = 15 gal/ac.

20-40%
55-80%

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

Two applicatio
10-12 days apart



Optimizing fungicide application timing: kidney beans

(2) Studies in which late application timing was assessed:
Average canopy closure < 95% through 80-95% plants with initial pods

Combined analysis

across 3 studies

Carrington (2021)

cv. ‘Dynasty’ DR Kidney
Topsin 40 fl oz f.b.
Endura 8 oz

Carrington (2022)

‘Pink Panther’ LR Kidney
Topsin 40 fl oz f.b.
Endura 8 oz

Carrington (2024)

‘Pink Panther’ LR Kidney
Endura 8 oz f.b.

Endura 8 oz

Row spacing = 14”.
Seeding rate = 90,000
viable seeds/ac.

Spray droplet size
calibrated relative to canopy
closure.

Spray volume = 15 gal/ac.

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

Plants with White mold Yield Yield gain (Ibs/ac)

initial pods
Non-treated
_§ 20-40%
S 60-80%
S 80-95%
S 85-100%

Non-treated
20-40%
60-80%
80 95%
85-100%

Two applications
11-14 days apart

% of canopy  pounds/ac  from the fungicide
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Optimizing fungicide application timing: kidney beans

(1) Single fungicide application — kidney beans

fungicide efficacy was optimized when applications were made
when approx. 80% of plants had initial pods.

The canopy was open in all of the studies in which application timing was tested
(<95% closure through 50% of plants with initial pods).

(2) Two fungicide application sequence — kidney beans

fungicide efficacy was optimized when the first application was
made when approx. 20% of plants had initial pods.

The canopy was open in all of the studies in which application timing was tested
(<95% closure through 50% of plants with initial pods).



Optimizing fungicide application timing: navy beans

(1) Navy beans: studies where canopy was open and daytime high
temperatures in mid-upper 80s, low 90s (84-92°F) at initial pod

NAVY

warm temperatures

Non-treated
<3%
3-20%
21-50%
65-96%

APPLICATION TIMING
Plants with initial
pin-shaped pods

<95% canopy closure when 21-50% of plants had initial pods

average daily high observed between 2" and 3 application timing: 88-90°F
average daily high observed between 3™ and 4" application timing: 84-92°F

(A) SINGLE FUNGICIDE APPLICATION ~_(B) TWO APPLICATIONS, 10-14 days apart
White mold Yield Yield gain (Ibs/ac) White mold Yield Yield gain (Ibs/ac)
% of canopy Ibs/ac conferred by the fungicide % of canopy Ibs/ac conferred by the fungicide
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CV: 5.1 CV: 35 circle = response observed in one study CV: 199 CV: 4.3 circle = response observed in one study

bar = average response bar = average response

‘T9905’ and ‘Medalist’ navy beans Carrington, ND (2021, 2022)

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

Topsin (40 fl 0z) or Topsin (40 fl 0z) followed by Endura (8 0z) 10 or 14 days later
Row spacing = 14” Spray volume = 15 gal/ac.
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Optimizing fungicide application timing: navy beans

(1) Navy beans: studies where canopy was open and daytime high
temperatures in low 80s (79-82°F) at initial pod

NAVY

cool temperatures

<95% canopy closure when 21-50% of plants had initial pods

average daily high observed between 2" and 3™ application timing: 79-80°F
average daily high observed between 3™ and 4" application timing: 80-82°F

(A) SINGLE FUNGICIDE APPLICATION ~_(B) TWO APPLICATIONS, 10-14 days apart
White mold Yield Yield gain (Ibs/ac) White mold Yield Yield gain (Ibs/ac)
% of canopy Ibs/ac conferred by the fungicide % of canopy Ibs/ac conferred by the fungicide

(o

THREEl STUD!ES THREE, $TUD!ES
Non-treated 4 Avslanche Wodalis navy 2385 Avalanche, Wedalit navy

<3% |4
3-20%
1-50%
5-96%

pin-shaped pods

OO N

APPLICATION TIMING
Plants with initial
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CV: 6.6 CV: 3.5 circle = response observed in one study CV: 99 CV:29 circle = response observed in one study

bar = average response bar = average response

‘Avalanche’ and ‘Medalist’ navy beans Carrington, ND (2017, 2020)

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

Topsin (30 fl 0z) or Topsin (30 fl 0z) followed by Endura (8 0z) 10-12 days later
Row spacing = 14” or 28”. Spray volume = 15 gal/ac.
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Optimizing fungicide application timing: navy beans

(1) Single fungicide application — navy beans

Optimal application timing was 65-95% of plants with initial pods
when temperatures were high at initial pod (mid to upper 80s°F).

When temperatures in low 80s°F at initial pod, a single fungicide application provided
unsatisfactory white mold management.

(2) Two fungicide application sequence — navy beans

Optimal application timing was 3-20% of plants with initial pods
when conditions were cool at initial pod (low 80s°F) and 20-50% of
plants with initial pods when temperatures were high (mid 80s to
low 90s°F) at initial pod.

The canopy was open in all of the studies in which application timing was tested
(<95% closure through 50% of plants with initial pods).



BLACK

at or near

Non-treated d

1-20%
30-50%
60-100%

APPLICATION TIMING:
Plants with initial
pin-shaped pods

Optimizing fungicide application timing: black beans

BLACK BEANS - study where a single application had efficacy.
Closed canopy, cool temperatures at initial pod.

average 88% canopy closure when 1-20% of plants had initial pods
average 97% canopy closure when 60-100% of plants had initial pods

average daily high observed between 2™ and 3 application timing: 79°F
average daily high observed between 3™ and 4™ application timing: 82.5°F

(A) SINGLE FUNGICIDE APPLICATION

(B) TWO APPLICATIONS, 12 days apart

White mold Yield Yield gain (Ibs/ac)

% of canopy Ibs/ac conferred by the fungicide
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circle = response observed in one study
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CV:18.3

‘Eclipse’ black beans Oakes, ND (2017)

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

Topsin (30 fl 0z) or Topsin (30 fl 0z) followed by Endura (8 0z) 12 days later

Row spacing = 14”. Spray volume = 15 gal/ac.

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION



Optimizing fungicide application timing: black beans

BLACK BEANS - studies where a single application had no efficacy.
Open canopy, cool temperatures at initial pod.

average 60-86% canopy closure when 1-20% of plants had initial pods

BLACK average 70-90% canopy closure when 60-100% of plants had initial pods
open canopy average daily high observed between 2" and 3" application timing: 79-80°F
average daily high observed between 3™ and 4" application timing: 80-81.5°F (3 studies), 90°F (2 studies)
(A) SINGLE FUNGICIDE APPLICATION (B) TWO APPLICATIONS, 10-12 days apart
White mold Yield Yield gain (Ibs/ac) White mold Yield Yield gain (Ibs/ac)
% of canopy Ibs/ac conferred by the fungicide % of canopy lbs/ac conferred by the fungicide

FIVE STUDIES FIVE STUDIES
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bar = average response bar = average response

‘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 procedure)
Topsin (30 or 40 fl 0z) or Topsin (30 or 40 fl 0z) followed by Endura (8 0z) 10-12 days later

Row spacing = 14" or 28”. Spray volume = 15 gal/ac.

NDSU NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION



Optimizing fungicide application timing: black beans

(1) Single fungicide application — black beans

A single fungicide application only provided satisfactory management
of white mold in 1 of 6 studies.

« Optimal application timing in this study was 90-100% of plants with initial pods

(2) Two fungicide application sequence — black beans

Fungicide efficacy was optimized when the first application was made
when 1-30% of plants had initial pods.

* When conditions are highly favorable for white mold, applications should be
targeted for 1-20% of plants with initial pods

 When conditions are less favorable for white mold, applications should be targeted
at 20-30% of plants with initial pods

The canopy was open in all of the studies in which application timing was tested
(<95% closure through 50% of plants with initial pods).



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide application timing

When white mold risk is high as dry beans enter bloom (moist soils,
recurrent canopy wetting, cool or moderate temperatures,

Optimizing fungicide application in dry beans is difficult

Penalty to applying too early
» New growth is not protected

Penalty to applying too late

» Curative activity limited to maximum 24 hours after pathogen infection
Optimal timing differs for 1 vs. 2 applications

Optimal timing dependent on weather, canopy closure



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide application timing

CHALLENGES:
« White mold management not very good even at optimal
application timing.
» Disease rarely reduced by even 50%
« Applying at the perfect timing is very difficult
» Dry bean growth & development is variable within most fields
» Not every day is a suitable day for spraying



IMPROVING WHITE MOLD MANAGEMENT IN DRY BEANS

Optimizing fungicide application timing

Can we improve fungicide performance by modifying
application interval and/or application frequency?

» Reducing the application interval reduces the amount of
unprotected new dry bean growth and should reduce the
penalty to applying fungicides applying too early

» ... but may require a third fungicide application under high
disease pressure



Impact of fungicide application timing, interval and frequency on white mold in dry beans; Carrington (2024)

Application methods
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Fungicide application timing, interval & frequency: pinto beans

Fungicide Smgle

application timing application

Non-treated 65 b
3% bloom, 0% pod 63 ab
19% bloom, 0% pod 56 ab
76% bloom, 3% pod 65 b
100% bloom, 49% pod 55 a

100% bloom, 81% pod 57 ab
CV: 145

Application timing Two applications

2655 a
2962 a
2670 a
3020 a
2746 a

CV: 15.2

average
yield gain:

375

Ibs/ac

(1 application) 7 days apart

Non-treated 72 b

3% bloom, 0% pod 56 a
19% bloom, 0% pod 57 a
76% bloom, 3% pod 59 a
100% bloom, 49% pod 58 a

100% bloom, 81% pod 59 a
CV: 14.8

Application timing

2248 b

2859 a
2963 a
3030 a
2936 a
2823 a

CVv: 10.5

average
yield gain:

674

Ibs/ac

Three applications

(1%t application) 7 days apart

Non-treated 69 b m

3% bloom, 0% pod 54 a
19% bloom, 0% pod 51 a
76% bloom, 3% pod 57 a

100% bloom, 49% pod 59 a

100% bloom, 81% pod 59 a
CV: 12.6

3080 a
3030 a
2828 a
2921 a
2747 a

CV: 116

average
yield gain:

760

Ibs/ac

‘Torreon’ pinto

Carrington, ND (2024)

Row spacing = 14”

Seeding rate = 90,000 viable seeds/ac

Endura 8 oz/ac applied once, twice or three times
Spray volume = 15 gal/ac Driving speed = 6 mph

White mold (% of canopy), Yield (Ibs/ac)

Two applications
9-11 days apart

72b
57 a
64 ab
58 a
59 a
56 a

CV: 127

8-11 days apart

65 b
44 ab
53 a
49 a
47 ab

Two applications
11-13 days apart

75b
30352  yeugn 61a [2989a e
27052 731 59ab |3002 808
2848 a 59 ab |2653 a
2752 a 57 ab |2819 a
2915a 63 ab |2684 a
CV: 123 CV: 12.0 CV: 14.0

Three applications Three applications

10-13 days apart

67 a
3458 a , avzra_ge 49 a 3167 a | avzrage
3217 = ield gain: 56 2 3056 - ield gain:
3305 a 822 54 |3080 2 L
3343 a 56a (3004 a
3312 a 57a 3105 a
CV: 8.8 CV: 134 CV: 11.0

49 ab

CV: 155




Fungicide application timing, interval & frequency: pinto beans

Pinto beans: White mold management was optimized with 3
applications, each approx. 10 days aparrt.

When making 2 applications, optimal interval was approx. 12 days.

PINTO BEANS (cv. ‘Torreon’)

Yield (Ibs/ac) Yield gain from fungicide (Ibs/ac)

1 application (IZICD +375 (C)
2 applications, 7 days apart dD +674 (AB)
2 applications, 9-11 days apart qDO +731 (AB)
2 applications, 11-13 days apart (OCIO:) +808 (AB)
3 applications, 7 days apart CIIIO) +760 (AB)
3 applications, 8-11 days apart C(I)O +892 (A)
3 applications, 10-13 days apart CID +578 (B)




Fungicide application timing, interval & frequency: kidney beans

‘Pink Panther’ light-red kidney
Carrington, ND (2024)

Fungicide Sing_le .
application timing appllcatlon

Non-treated 30 b Em_

64% bloom, 24% pod 18 a [3607 a — gowdgpacir:g = ; g”o 00 viaty o
o o ield gain: eeding rate = . viable seeds/ac
91% bloom, 60% pod 21 ab {3464 a . 2953 Endura 8 oz/ac applied once, twice or three times
100% bloom, 68% pod 21 ab | 3639 a Ibs/ac Spray volume = 15 gal/ac Driving speed = 6 mph
100% bloom, 85% pod 19 ab | 3740 a . 0 .
100% bloom, 86% pod 24 ab |3418 White mold (% of canopy), Yield (Ibs/ac)
CV: 357 CV: 89
Application timing 1 WO applications Two applications Two applications
(1= application) 7 days apart 9-11 days apart 11-13 days apart
Non-treated 32 b 3179 a 40 b 31»b
64% bloom, 24% pod 18 a 3435 a yie?c\i/egr:i%e; 20 a 3472 a yiefgzr:ﬁﬁ 16 a 3634 a _average
91% bloom, 60% pod 16 2 |3516.a 297 24a |35873 361 262 [3347a1"" %0
100% bloom, 68% pod 14 a |3617 a "% 29 ab (3353 a " 24 ab | 3285 a ot
100% bloom, 85% pod 21 ab | 3339 a 27 a (3648 a 23 ab [3355 a
100% bloom, 86% pod 21 ab | 3474 a 23a (3371 a 24 ab |3380 a
CV: 449 CV: 106 CV: 341 CV: 12.8 CV: 39.8 Cv: 11.7
Application timing | Nree applications Three applications Three applications
(1%t application) 7 days apart 8-11 days apart 10-13 days apart
Non-treated 38 b [PEEEE yZA NN 3307 = oMV IPRN 3452 o [Pl
64% bloom, 24% pod 19 a |3389 ab yiedgain. 17 ab [3739 a 3|b3/9 18 a |3677 a 1|b8/3
91% bloom, 60% pod 19 a |3564 a 593 16 a |3699 a " 20a |3766 a
100% bloom, 68% pod 18 a |36192a | ™~ 16 a 3618 a 20a [3572 a
100% bloom, 85% pod 25 a |3428 ab 17 ab [ 3619 a 24 a |3522 a
100% bloom, 86% pod 25 a [|3408 ab 20 ab [ 3555 a 21a |3637 a
CV: 259 CV: 113 CV: 39.1 CV: 9.8 CV: 46.6 CV: 9.8




Fungicide application timing, interval & frequency: kidney beans

Kidney beans: White mold management was optimized with 3
applications, each approx. 7 days apart.

When making 2 applications, optimal interval was approx. 10 days.

KIDNEY BEANS (cv. ‘Pink Panther’)
Yield (Ibs/ac) Yield gain from fungicide (Ibs/ac)

1 application KEYL:EL ©)) t)O +253 (B)
2 applications, 7 days apart [¥:¥4ELR O(ZIDO +297 (B)

2 applications, 9-11 days apart 3%l @(ICD +361 (B)

2 applications, 11-13 days apart Y1018 CKI O +358 (B)
3 applications, 7 days apart &t YL @ICD +593 (A)

3 applications, 8-11 days apart &{Y:{: ¥ O:tD +339 (B)
3 applications, 10-13 days apart m CBIDO +183 (B)
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