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Why was this project funded? This project was funded to develop a baseline for a high 
throughput fungicide sensitivity screening to offer to commercial vegetable and fruit growers in 
Ohio.  We requested the funding to establish a feasible methodology and validate its 
reproducibility. The risk of fungicide resistant populations is tightly associated with a limited 
number of fungicide classes available and natural mutations occurring within the fungal 
populations. The project aimed to demonstrate the effectiveness of this new testing method 
for detecting resistance in key fungicide groups and improve early, accurate detection and 
support effective pathogen management. 

  
 
Project outline:  This project focused on collecting infected plants and fruits, culturing and 
identifying pathogens, and screening isolates for fungicide resistance. Pathogen identification 
was conducted by using PCR and morphological traits of the spores (shape and size) and of the 
colonies (color, texture, spore production and pigment production). Additionally, the 
Neopestalotiopsis strains were fingerprinted through the amplification of the beta-tubulin gene 
followed by enzymatic restriction with BSA WI (Kaur et al. 2023). Fungicide sensitivity with a high-
throughput screening in 96-well plates with liquid media (nutrient broth, NB). We assessed two 
concentrations, 3 µg/ml and 100 µg/ml from commercial-grade formulations. The fungicides 
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screened  were FRAC 11, FRAC 7, FRAC 3, and a combination of FRAC 7+11. Spore suspensions 
(104 spores/ml) were prepared using a hemocytometer with sterile deionized water from 1-
week-old cultures grown on potato dextrose agar.  
The outline of the experimental 96-well plate is reported in Figure 1, where blue wells contained  
200 µl of NB, yellow wells contained 180 µl of fungicide in NB and 20 µl of spore suspension, 
brown wells contained 180 µl of NB and 20 µl of spores, and orange wells contained 200 µl of NB. 

 

Figure 1. Plate outline for screening 16 strains (or 14 strains alongside one known resistant strain and one sensitive 
strain, indicated by the asterisks, if available in the Clinic’s culture collection) with one fungicide and one 
concentration. 

The turbidity of the well was measured through a spectrophotometer. Data were analyzed 
through the statistical software JMP to assess the difference in turbidity between the test wells 
containing the spore suspension and the fungicide and the wells containing only the fungal 
spores. 

Take-home messages:  

We were able to demonstrate the methodology to be effective in screening the sensitivity of 
different fungal species of Colletotrichum spp. and Neopestalotiopsis to the tested fungicides 
with clear differentiation of the effectiveness of different FRAC groups on the strains. 

Overall FRAC 3 fungicide was effective in reducing the growth of both fungal pathogens at both 
low and high fungicide concentrations with no apparent resistance. FRAC 11 and FRAC 7  
fungicides showed marginal to no inhibitory effect. 

The assay reduced the amount of time in performing the traditional in vitro screening on solid 
media and the number of supplies required making the method a new testing service that can 
be offered to the growers to improve the management of the disease and reduce the risk of 
outbreaks. 



What was discovered?  

The methodology proved to be highly effective for screening the sensitivity of different fungal 
species of Colletotrichum spp. and Neopestalotiopsis to different fungicides. It allowed for a 
clear distinction of the efficacy of fungicides from different FRAC groups against the tested 
strains. 

FRAC 3 fungicides demonstrated strong inhibitory effects on the growth of both fungal 
pathogens at both low and high concentrations, indicating that none of the strains exhibited 
resistance to this group (Fig. 2 and Table 1). In contrast, fungicides from FRAC 7 and FRAC 11 
showed marginal or no impact on strain growth after prolonged exposure (7 days) (Fig. 2).  
These results agree with current fungicide label information regarding the control of these two 
pathogens. 

Additionally, the assay significantly streamlined the screening process by reducing both the 
time and resources required compared to traditional in vitro methods on solid media. 
Specifically, at least 1,656 Petri dishes would be needed to perform a single replication of this 
experiment, whereas our validated assay requires only 12 multicell-well plates. Furthermore, 
the traditional method demands more execution time, physical space, and manual effort, while 
the multi-well plate method leverages a spectrophotometer and multichannel pipettes, making 
it more efficient and practical for high-throughput screening. 

 

Figure 2. The bars showed the growth inhibition of the strains when exposed to the two different concentrations 
of fungicide assessed 3 µg/ml and 100µg/ml). Higher values of percentage of inhibition indicates the absence of 
resistance in the strains evaluate. 

 

 



 

Table 1. Percentage of strains that showed resistance in our fungicide screening 

Concentration Genus Fungicide Percent Resistant Strains (< 
20% growth inhibition) 

3 ug/ml Colletotrichum spp. Fontelis_FRAC 7 0 
Merivon_FRAC 7+11 22% 

Quadris_FRAC 11 74% 
Tilt_FRAC 3 0% 

Neopestalotiopsis spp. Fontelis_FRAC 7 42% 
Quadris_FRAC 11 75% 

Tilt_FRAC 3 4% 
100 ug/ml Colletotrichum spp. Fontelis_FRAC 7 4% 

Merivon_FRAC 7+11 4% 
Quadris_FRAC 11 39% 

Tilt_FRAC 3 0% 
Neopestalotiopsis spp. Fontelis_FRAC 7 54% 

Quadris_FRAC 11 79% 
Tilt_FRAC 3 0% 

 

 

Among the Colletotrichum species we identified four morphological species-groups (scovillei-
group, fioriniae-group, acutatum-group and gleosporides-group) supported by the sequencing 
results of the nuclear ribosomal internal transcribed spacer (ITS) region. 

The Neopestalotiopsis fingerprinting showed that 15 out of the 24 strains were the newly 
aggressive strains, previously reported in Florida strawberry fields (Kaur et al.2023) (Figure 3). 

 

 

 

 

 

 

Figure 3. Gel electrophoresis analysis of β-tubulin fragments amplified with primers Bt2a and Bt2b and digested 
with the restriction enzyme BsaWI. The banding profile of the more aggressive strains is marked with a red arrow, 
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while the green arrow indicates the profile of another Neopestalotiopsis species, which are still 
pathogenic but less aggressive. 

 
  

Impacts. 

In 2024, we collected 24 Neopestalotiopsis spp. isolates from infected strawberries and 22 
Colletotrichum spp. isolates from strawberries, apples, and peppers. This collection served as an 
ideal panel for validating diagnostic testing on fungal pathogens that threaten the yield and 
production of fruit and vegetable crops, specifically Neopestalotiopsis-associated diseases and 
anthracnose on strawberries, as well as anthracnose on peppers and tomatoes. 

In vitro fungicide sensitivity testing typically costs starts at $ 40 and can raise up to $400, 
covering the screening of three different modes of action (FRAC codes). Molecular screening is 
more expensive due to the need for DNA extraction, PCR assays, and sequencing, which require 
costly reagents and supplies. Additionally, there are limited plant diagnostic clinics offering this 
service (University of Georgia, Clemson University, University of Massachusetts, Oregon State 
University, Washington State University, and University of Florida). 

By developing our in vitro screening assay, based on the reference method for broth dilution 
antifungal susceptibility testing of filamentous fungi outlined by the Clinical Laboratory 
Standards Institute (2017), we estimated that the cost of the analyses will be approximately $ 
30 per sample. The analyses will include the simultaneous screening of three different FRAC 
codes. While this cost estimate does not include the cost of the optional molecular analyses 
that are usually used to identify mutations in pathogen populations often associated with 
important outbreaks, this new assay still represents a significant cost reduction for resistance 
screening that can be used in conjunction with additional targeted molecular techniques. 

 

 
 


