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Alternaria solani

• Early blight

• Necrotroph

• Narrow host range

– Potato, tomato, eggplant, 

and hairy nightshade

– 20-30% yield loss in potato

• Can occur at any time in 

the season, but prefers 

senescing tissue 



Management—Cultural 
• Crop rotation

• Reduction of plant 

debris and weed 

hosts

• Late maturing 

cultivars



Management—Chemical 

• Protectant foliar fungicides

– Chlorothalonil (M5)

– Mancozeb (M3)

• Systemic foliar fungicides

– Quinone outside inhibitors (QoI) (11)

– Succinate dehydrogenase inhibitors (SDHI) (7)

– Demethylation inhibitors (DMI)(3)

– Anilino-pyrimidines (AP) (9)

– Phenyl-pyrroles (PP)(12)



Management—SDHI Fungicides

• Flutolanil—1990s (seed treatment, in furrow)

• Boscalid—2005 

• Fluopyram—2012

• Penflufen—2012 (seed treatment)

• Sedaxane—2012 (seed treatment)

• Fluxapyraxad—2013 

• Solatenol—2015 (in furrow)

• Adepidyn—2018



SDHI mutations in A. solani

Mallik et al., 2014 

SdhB

SdhC

SdhD

• H278Y

• H278R

• H134R

• H133R

• D123E



Summary of SDHI/QoI Resistance in 

the U.S.A. 2013-2015

Year No. of

Isolates

H278Y

(VHR)

%

H278R

(MR)       

%

H134R

(HR)

%

H133R

(VHR)

%

D123E

(VHR)

%

SDHI

(S)

%

F129L

%

2010-

2011
67 48 19 7.5 15 1.5 9 92

2013 466      18 13    50    14      4 1        94

2014 295    38   2      36  15   7 2   90

2015 562  40   1 27 16      12   4        99

Mean# 1323* 32 5 36 16 8 3 95

* Total isolates from states, CO, ID, IL, MI, MN, 

ND, NE, NM, TX, WI, WA# Mean based on 2013-2015 survey only
Bauske et al., 2018



Objective

• Determine in vitro and in vivo 

sensitivity of Alternaria solani 

to new and existing SDHI 

fungicides



A. solani isolate location

57 A. solani baseline isolates

108 A. solani non-baseline isolates



• Fungicide concentrations: 0, 0.01, 

0.1, 1, 10, and 100

• SHAM: 100 µg/ml

• 2 trials and 2 reps

• 2 internal control isolates for assay 

reproducibility using the confidence 

interval

In vitro-Materials and Methods

21 ± 2°C

4h in the light



In vivo-Materials and Methods: Greenhouse

Photos: Bauske 

and Budde

Tomato (cv. Orange pixie)

2.0 x 105 

conidia/ml

% severity at 6, 9, 12 DPI



In vivo-Materials and Methods: Field

Treatment Rate Schedule Interval

8 Fluopyram 0.5 l/ha In-Furrow
At 

Planting

Treatment Rate Schedule Interval

7
Solatenol + 0.7 l/ha In-Furrow At Planting

Bacillus subtilis 9.4 l/ha



In vivo-Materials and Methods: Field



A. solani baseline EC50 frequency values
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EC50 values ( µg/ml) 

Adepidyn EC50=0.013

Boscalid  EC50=0.192

Fluopyram  EC50=0.130

Solatenol  EC50=0.033



A. solani non-baseline EC50 values 

Mean separation using LSD (p= 0.05) within fungicides and within SDHI mutations. Columns and rows with the same letter are 

not significantly different at α=0.05

SDHI mutations
SDHI fungicides

LSD (p=0.05)

between 

fungicides (upper 

case)Adepidyn Boscalid Fluopyram Solatenol

H278R 

EC50 (μg/ml) (n=22)

0.010 d 
B

0.914 cd
A

0.095 c 
B

0.052 b
B

0.304

AB

H278Y 

EC50 (μg/ml) (n=21)

0.015 c 
B

3.343 b 
A

0.795 a 
B

0.053 b

B

1.622

AB

H133R

EC50 (μg/ml) (n=21)

0.013 cd 
B

5.439 a 
A

0.434 b 
B

0.106 b 
B

2.075

AB

H134R 

EC50 (μg/ml) (n=22)

0.020 b 
B

1.867 c 
A

0.320 b 
B

0.059 b 
B

0.626

AB

D123E 

EC50 (μg/ml) (n=22)

0.029 a 
B

3.771 a
A

0.324 b 
B

0.820 a 
B

1.419

AB

SDHI sensitive

EC50 (μg/ml) (n=2)

0.011 d 
C 

0.075 d 
A

0.040 c 
B

0.033 b 
B

0.022

ABC

LSD (p=0.05) within 

fungicides (lower case)

0.003

abcd

1.029

abcd

0.175

abc

0.265

ab



Percent disease control for SDHI-resistant and –sensitive 

A. solani isolates to boscalid
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Boscalid Concentration (µg/ml)

1577-3 Sensitive (EC50=0.07)

1553-3 Sensitive (EC50=0.581)

1545-1 High/D123E (EC50=4.14)

1393-18 Mid/D123E (EC50=20.15)

13-1 Sensitive (EC50=0.12)

1580-5 Low/D123E (EC50=1.57)



Area Under the Dose Response Curve for 

boscalid
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Area Under the Dose Response Curve for 

fluopyram
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Area Under the Dose Response Curve for 

solatenol
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Area Under the Dose Response Curve for 

adepidyn
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Relative Area Under the Dose Progress Curve
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Treatment Rate Schedule Interval

1 Non-treated - - -

2 Chlorothalonil 2.5 l/ha Full season 7-day

3 Mancozeb 2.25 kg/ha Full season 7-day

4  

Azoxystrobin + 0.5 l/ha 1,3 7-day

Chlorothalonil + 0.1% v/v +

Mancozeb 2.25 kg/ha

Chlorothalonil 1.5 l/ha 2

Chlorothalonil 2.5 l/ha 4,6,8-10

Adepidyn/fludioxonil 0.7 l/ha 5

Mancozeb 2.25 kg/ha

difenoconazole + 0.5 l/ha 7

Mancozeb 2.25 kg/ha

5 Solatenol 0.7 l/ha In-Furrow At Planting

6
Solatenol + 0.7 l/ha In-Furrow At Planting

Bacillus subtilis 4.7 l/ha

7
Solatenol + 0.7 l/ha In-Furrow At Planting

Bacillus subtilis 9.4 l/ha

8 Fluopyram 0.5 l/ha In-Furrow At Planting

9
Fluopyram + 0.5 l/ha In-Furrow At Planting

Bacillus subtilis 9.4 l/ha

10

Fenamidone + 0.5 l/ha 1,3 7-day

Chlorothalonil + 0.1% v/v +

Mancozeb 2.25 kg/ha

Chlorothalonil 1.5 l/ha 2

Chlorothalonil 2.5 l/ha 4,6,8-10

Fluopyram/Pyrimethanil 0.8 L/ha 5

Mancozeb 2.25 kg/ha

Pyrimethanil + 0.5 l/ha 7

Mancozeb 2.25 kg/ha
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Relative Area Under the Dose Progress Curve

Larimore
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TREATMENT

Treatment Rate Schedule Interval

1 Non-treated - - -

2 Chlorothalonil 2.5 l/ha Full season 7-day

3 Mancozeb 2.25 kg/ha Full season 7-day

4  

Azoxystrobin + 0.5 l/ha 1,3 7-day

Chlorothalonil + 0.1% v/v +

Mancozeb 2.25 kg/ha

Chlorothalonil 1.5 l/ha 2

Chlorothalonil 2.5 l/ha 4,6,8-10

Adepidyn/fludioxonil 0.7 l/ha 5

Mancozeb 2.25 kg/ha

difenoconazole + 0.5 l/ha 7

Mancozeb 2.25 kg/ha

5 Solatenol 0.7 l/ha In-Furrow At Planting

6
Solatenol + 0.7 l/ha In-Furrow At Planting

Bacillus subtilis 4.7 l/ha

7
Solatenol + 0.7 l/ha In-Furrow At Planting

Bacillus subtilis 9.4 l/ha

8 Fluopyram 0.5 l/ha In-Furrow At Planting

9
Fluopyram + 0.5 l/ha In-Furrow At Planting

Bacillus subtilis 9.4 l/ha

10

Fenamidone + 0.5 l/ha 1,3 7-day

Chlorothalonil + 0.1% v/v +

Mancozeb 2.25 kg/ha

Chlorothalonil 1.5 l/ha 2

Chlorothalonil 2.5 l/ha 4,6,8-10

Fluopyram/Pyrimethanil 0.8 L/ha 5

Mancozeb 2.25 kg/ha

Pyrimethanil + 0.5 l/ha 7

Mancozeb 2.25 kg/ha
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Summary

• D123E mutation negatively affects the in 

vitro sensitivity of adepidyn, fluopyram, 

and solatenol

• SDHI mutations appear to give a 

differential response among SDHI 

fungicides

• Molecular characterization of field isolates 

need to be evaluated
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Thank you! Questions?


