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Frogeye leaf spot of soybean
(caused by Cercospora sojina)

• The most damaging foliar disease of soybean that regularly 
occurs in Kentucky and the surrounding region
– Favorable conditions include, wet, warm, and humid weather



Frogeye leaf spot
• Caused by the fungus 

Cercospora sojina
• Survives in soybean debris and 

seed
• Spores (conidia) are dispersed 

by wind and splashing rain
• Repeating cycle (polycyclic)
• Symptoms generally begin 

when plants begin to flower or 
slightly later

Disease cycle picture from the Crop Protection Network (https://cropprotectionnetwork.org/)

https://cropprotectionnetwork.org/








Frogeye leaf spot management

• Crop rotation

• Resistant soybean cultivars

• Foliar fungicides



Fungicide Resistance Action Committee (FRAC) 
Codes of Important Foliar-applied Fungicide 
Classes for Field Crops 

FRAC Code Fungicide Group
Risk of Resistance Developing

1 Methyl benzimidazole carbamates (MBC) High
3 Demethylation inhibitors (DMI) (includes 

“triazoles”)
Medium

7 Succinate dehydrogenase inhibitors (SDHI) Medium to high
11 Quinone outside inhibitors (QoI) (includes 

“strobilurins”)
High



Fungicide Resistance Monitoring

• First step is to develop a “baseline” sensitivity level

• Isolates of C. sojina collected prior to use of QoI fungicides in 
soybean must be used to develop the baseline sensitivity level

• Dr. Dan Phillips (Univ Georgia) had a collection of C. sojina isolates from 
years prior to QoI use in the U.S.



Petri Dish Assays
• Conidia (spores) of the baseline isolates were 

placed onto petri dishes containing media 
amended with different concentrations of the 
fungicides

• After 18 hours, conidia germination is 
evaluated through a microscope

• By evaluating conidia germination, the 
effective concentration of fungicide at which 
50% of conidia germination is inhibited can be 
calculated for each baseline isolate = EC50



EC50 Levels of Baseline Isolates
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Next Step –
Monitoring for Resistance
• Collected isolates of C. sojina 

from fields that were 
sprayed with a QoI fungicide, 
2007-2010
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Over 600-fold less sensitive 
than the baseline 
population!



Confirmed counties with QoI-resistant C. sojina (2010)



Frequency of QoI-resistant isolates 
in 4 locations in 2010

0

20

40

60

80

100

Lauderdale Co., TN Gibson Co., TN Caldwell Co., KY Pope Co., IL Gallatin Co., IL

Fr
eq

ue
nc

y 
(%

)

Location

 Except for Lauderdale County, TN, all other fields had 
low frequencies of QoI fungicide-resistant C. sojina 
isolates (<25%)

 Lauderdale County, TN field had been continuous 
soybean with fungicide applications every year 
(sometimes more than one application per year)



QoI resistance mutation

• G143A substitution detected
• Based on single nucleotide polymorphisms in the cytochrome b gene
• Amino acid substitution: change from glycine to alanine at position 143 

(G143A)
• Most common mutation found in fungi with resistance to QoI fungicides
• Confers high level of resistance (resistance factor ≥100)

Zeng et al. 2015. Plant Disease 99:544-550



1         2         3       4        5        6       7       8         9       10      11     12 

1 = Lauderdale Co., TN (mutant) 7 = Gallatin Co., IL (wild-type)
2 = Laudercale Co., TN (mutant) 8 = Gibson Co., TN (mutant)
3 = Gallatin Co., IL (mutant)  9 = Pope Co., IL (mutant)
4 = Gallatin Co., IL (mutant)  10 = Gibson Co., TN (wild-type)
5 = Caldwell Co., KY (mutant)  11 = Baseline isolate (wild-type)
6 = Caldwell Co., KY (mutant)  12 = Gibson Co., TN (wild-type)

PCR Assay for G143A Mutation

Zeng et al. 2015. Plant Disease 99:544-550



Discriminatory Dose Assay

Zhang et al. 2018. Plant Health Progress 19:295-302



Confirmed counties with QoI-resistant C. sojina (2010)



Confirmed counties with QoI-resistant C. sojina
(2010-2013)



Confirmed counties with QoI-resistant C. sojina
(2010-2016)



Confirmed counties with QoI-resistant C. sojina
(2010-2019)



Confirmed counties with QoI-resistant C. sojina
(2010-2022)

23 states
401 counties/parishes



QoI-sensitive C. sojina isolates are becoming “extinct”

2019 – Michigan, Minnesota, Nebraska 2020 – Wisconsin 2020 – North Dakota

Neves et al. 2022. Plant Health Progress. 23:269-271Neves et al. 2022. Plant Health Progress. 23:241-242Neves et al. 2020. Plant Health Progress. 21:230-231

Sensitive
Resistant



Indiana C. sojina isolates

• Dr. Darcy Telenko’s lab (Purdue Univ):
• Pineros-Guerrero et al. 2023. Plant Dis. 107:1012-1021

• 2019:
• 70.1% (101 out of 144 isolates from 10 counties)

• 2020:
• 57.3% (150 out of 262 isolates from 29 counties)

• Total: 61.8% (251 out of 406 isolates)



The Bad News

• QoI-resistant C. sojina isolates are widespread across nearly the entire 
soybean production area in the U.S. (23 states)

• QoI fungicides generally are no longer effective in controlling frogeye 
leaf spot



Fungicide Resistance Action Committee (FRAC) 
Codes of Important Foliar-applied Fungicide 
Classes for Field Crops 

FRAC Code Fungicide Group
Risk of Resistance 

Developing

1 Methyl benzimidazole carbamates (MBC) High

3 Demethylation inhibitors (DMI) (includes 
“triazoles”)

Medium

7 Succinate dehydrogenase inhibitors
(SDHI)

Medium to high

11 Quinone outside inhibitors (QoI) 
(includes “strobilurins”)

High

Still a risk of 
losing the 
effectiveness 
of these other 
fungicide 
classes!



Screening C. sojina isolates for sensitivity to 
DMI and MBC fungicides
• Petri dish assays

• Different concentrations of DMI and MBC fungicides and non-amended 
controls

• Calculate EC50 for “baseline” isolates and isolates collected from soybean 
fields over the last 15 years



C. sojina sensitivity to tetraconazole fungicide 
(DMI fungicide) across years
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C. sojina sensitivity to thiophanate-methyl 
fungicide (MBC fungicide) across years

0.4

0.42

0.44

0.46

0.48

0.5

0.52

0.54

Baseline 2007 2008 2009 2010 2011 2012

EC
50

 (u
g/

m
l)

Year

A AB

BC

AB AB

AB

C

Zhang et al. 2021. Crop Protection. 149:105765. 



Sensitivity of C. sojina to DMI and MBC fungicides 
(2013-2020)

Flutriafol (DMI) Thiophanate methyl (MBC)

Neves and Bradley, unpublished



Decline in efficacy against frogeye leaf spot – 56 field trials              
from 8 states

2015 = 20%
2020 = 0%

-20 p.p.

2015 = 57%
2020 = 25%

-32 p.p.

2015 = 55%
2020 = 39%

-16 p.p.

Barro et al. 2023. Plant Disease 107:3487-3496



Baseline sensitivity of C. sojina to 
pydiflumetofen (adepidyn) (SDHI fungicide)
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Range = 0.3 to 4.3 µg/ml
Mean = 1.6 µg/ml
Median = 1.3 µg/ml

89 isolates from AL, GA, IL, IN, IA, 
MI, MN, NE, KY, LA, SD, TN

Neves and Bradley 2021. Crop Protection 147:105461. 



The Good News

• In lab assays, C. sojina isolates with resistance to DMI (triazole), MBC, 
or SDHI have not been identified yet

• However, some evidence from field research trials show that efficacy 
of DMI and MBC fungicides is decreasing over time for control of 
frogeye leaf spot



Frogeye 
Leaf Spot 

Field Trials



Uniform Fungicide Trials for Frogeye Leaf Spot Management

• Foliar fungicide trials conducted across 
8 states, 2012 to 2021

• Total of 66 trials

• Trials were focused on management of 
frogeye leaf spot 

• Fungicides applied at the R3 (beginning 
pod) stage

Barro et al. 2023. Plant Disease 107:3487-3496



• Average yield 
responses ranged from 
approx. 2 to 7 bu/A

• Greater yield 
responses were 
associated with greater 
efficacy (disease 
control)

Uniform Fungicide Trials for Frogeye Leaf Spot Management

Miravis Top
Froghorn
Quadris Top
Stratego YLD
Topsin
Domark
Priaxor+Tilt
Headline

Most effective
Efficacy ~55%
Yield > 5.8 bu/A

Intermediate
Efficacy ~40-45%
Yield ~5 bu/ALeast effective

Efficacy <11%
Yield < 2.3 bu/A



• Greater yield 
response from 
fungicides when 
disease pressure 
was high versus low

* *

*

*

*
*

*

Uniform Fungicide Trials for Frogeye Leaf Spot Management



Greatest probabilities to 
recover costs of fungicide 
application came from:
• Fungicides that provided 

good efficacy against 
frogeye leaf spot AND 
under high disease 
pressure environments

Uniform Fungicide Trials for Frogeye Leaf Spot Management
Headline                           Domark                         Miravis Top   

High probability
of recovering
costs

Moderate 
probability of 
recovering 
costs

Low probability 
of recovering 
costs



Does Fungicide Response Differ Among 
Soybean Varieties?



• Multiple locations in Kentucky
• 2016-2017

• Three soybean varieties
• Susceptible, Mod-Resistant, Resistant

• Three fungicide treatments
• Untreated
• QoI (Headline)
• QoI + DMI (Quadris Top SBX)

2016 & 2017 = Blue counties
2017 only = Orange counties

Fungicide X Soybean Variety Trial, 2016-2017



Fungicide X Soybean Variety Trial, 2016-2017
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• Resistant varieties are an 
effective way to manage 
frogeye leaf spot

• The use of foliar fungicides 
on frogeye leaf spot-
resistant varieties did not 
recover the cost of the 
application

Fungicide X Soybean Variety Trial, 2016-2017

Susceptible vs. Resistant Varieties



What have we learned and what’s next? 
What have we learned?
• QoI fungicides are no longer effective tools for managing frogeye leaf spot
• Seeing a trend towards reduced sensitivity of C. sojina to DMI and MBC fungicides
• Farmers are not likely to observe a positive economic response with foliar 

fungicides unless a fungicide product that is still effective is applied AND disease 
pressure is present

• Planting soybean varieties with resistance to frogeye leaf spot is an effective way 
to manage the disease, and fungicides would not likely be needed under such a 
scenario 

What’s next?
• Continued monitoring for C. sojina resistance/reduced sensitivity to DMI, MBC, 

and SDHI fungicides
• Monitor for races of C. sojina that might be virulent against the most commonly 

used host resistance gene in soybean, Rcs3



Additional QoI (strobilurin) Fungicide Resistance 
Issues in Kentucky and Other States

• Target spot (Corynespora cassiicola)

• Septoria brown spot (Septoria glycines)

• Cercospora leaf blight (Cercospora flagellaris)



National Extension/Outreach Efforts on 
Fungicide Resistance Management
• Crop Protection Network

• cropprotectionnetwork.org

• Take Action
• Iwilltakeaction.com



Thank you to the Kentucky Soybean Promotion Board, the United Soybean 
Board, and many industry partners for support of my research program.

Thanks for your attention!
carl.bradley@uky.edu

Follow me on X (Twitter) @cropdisease
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