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The microbiome is the community of microbes in a given habitat



Microbiome dictates soil processes
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Bacterial and fungal community composition significantly correlated 
with soil P, Fe, and C content, pH, organic matter, sand and clay 
content, and the overall soil health rating.



Pathogenic microbes in the community

The breaking down of the “one-pathogen-one-disease” concept



One-pathogen-one-disease theory
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The breaking down of the “one-pathogen-one-disease” concept
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The breaking down of the “one-pathogen-one-disease” concept



Take-All Root Rot Pathogens on Bermudagrass 

Gaeumannomyces graminis, Gaeumannomyces sp., G. graminicola, 

Candidacolonium cynodontis, and Magnaporthiopsis cynodontis

Tucker et al 2021; Stephens et al 2022

Photo by Jim Kerns, NCSU



Summer Patch and Take-all Patch Associated Pathogens

Magnaporthiopsis poae, M. meyeri-festucae, M. incrustans, M. cynodontis, M. 

yugambeh, Slopeiomyces cylindrosporus, and Gaeumannomyces avenae

Vines et al 2020; Luo et al 2017; Bauberger et al 2024



Beneficial microbes in the community

MycoApply; Pennington



Beneficial microbes in turf

E+E-

Severe disease on endophyte free creeping red fescue

Photo: Dr. Stacy Bonos, Rutgers University



Beneficial microbes in turf
Neotyphodium endophyte

Dr. Philip Halisky, Professor Emeritus, Rutgers University



Beneficial microbes in the community

Clarireedia jacksonii

Chou and Koch 2021



Beneficial microbes in the community

Fungicidal effects of beneficial bacteria 

Mukhtar and Chou 2024
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Biological control products are available for 

turfgrass diseases

Bacillus spp., Pseudomonas spp., and Streptomyces spp.



Tomaso-Peterson and Perry 2007

Dollar spot suppression with biocontrol product



Dollar spot suppression with biocontrol product
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13-year-old Crenshaw creeping bentgrass fairway at 1 cm

118 spots 

4% damage
Bacillus amyloliquefaciens



Summer patch suppression with biocontrol product

Zorda WG

1.34 g/m^2 - 7day

Control

2023

18-year-old Baron Kentucky bluegrass rough at 4 cm

Bacillus amyloliquefaciens



Working or not working – It’s all about fitness

Survive  Establish Population  Function



Environmental Stresses Affect Microbial Fitness

• UV light

• Air humidity / Soil water

• Substrate availability

• pH

• Pesticides

Fungicide interaction with B. amyloliquefaciens 
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Fungicide effects on turfgrass microbiome

The Scientist Magazine®

Chou et al. 2025



Dollar spot

• Caused by fungus Clarireedia spp.

• 18-30°C day temperature / cool nights

• Cost more fungicide applications than any other turfgrass diseases 
(Kerns and Tredway 2013)

Leaf lesion Mycelia under high humidity Disease symptoms on putting green



Soil collection

• 5 states (NJ, NY, MA, WI, and IL, USA)

• 4 high fungicide use / disease pressure courses

• 4 low fungicide use / disease pressure courses

• 8 total sites X 5 replications

Chou et al. 2025



• Golf course
2 high
2 low 

Fairway soil were collected from the MW and NE

Picture credit https://www.worldvibestudio.com/

• Golf course
2 high
2 low 



Testing the microbiome disease suppressiveness

Chou et al. 2025
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Chou et al. 2025



Disease suppression is correlated with fungicide use

(a.i. × application)

Microbiome dollar spot suppressiveness

Chou et al. 2025



0.82 g/m^2 (Daconil/a.i. chlorothalonil)

0.056 g/m^2 (Insignia/a.i. pyraclostrobin)

0.076 g/m^2 (Velista/a.i. penthiopyrad)

Disease suppression is correlated with fungicide use

Microbiome dollar spot suppressiveness

0.5 - 0.6 g/m^2

Chou et al. 2025



Fungicide selection matters 

This is a mathematical model and not biologically validated

Chou et al. 2025
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In the case of diseases outbreak…



Principles for effective and sustainable use of fungicides

• Plant health and cultural practices!!!

• Knowing your diseases and timing

• Preventative (early foliar curative) application

• Fungicide selection

• Fungicide class rotation



Creeping Bentgrass Example for Subtropical East Asia

Disease Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Pythium blight

Dollar spot

Pink snow mold

Anthracnose

Brown Patch

Summer patch

Take-all patch



Bermudagrass Example for Tropical Southeast Asia

Disease Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Pythium blight

Dollar spot

Leaf spot

Mini ring

Take-all root rot

Pythium root rot



Fungicide Selection Matters

https://publications.ca.uky.edu/files/PPA1.pdf



https://www.turffiles.ncsu.edu/take-all-

root-rot-in-turf/

Fungicide Selection Matters



Bermudagrass Example for Tropical Southeast Asia

Disease Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Pythium blight

Dollar spot

Leaf spot

Mini ring

Take-all root rot

Pythium root rot



Contact; multiple-site:

Chlorothalonil

Fluazinam

Single-site:

DMI

Mefentrifluconazole

QoI

Fluoxastrobin

Pyraclostrobin

SDHI

Fluxapyroxad

Penthiopyrad

Efficacy

$ cost

Environmental cost



Creeping Bentgrass Example for Subtropical East Asia

Disease Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Pythium blight

Dollar spot

Pink snow mold

Anthracnose

Brown Patch

Summer patch

Take-all patch





Considerations for Fungicide Selection

Contact; multiple-site:

Chlorothalonil

Single-site:

DMI

Flutriafol

Metconazole

Prothioconazole

Tebucanazole

QoI

Fluoxastrobin

Pyraclostrobin

SDHI

Penthiopyrad

Efficacy

$ cost

Environmental cost



Fungicide Efficacy Evaluation Process

• Develop a testing protocol

• Universities send out a ‘call 
for protocols’, what the 
diseases will be, what the 
cost is, etc

• Companies respond with the 
products they want to test, 
diseases they want to test on, 
etc

• Universities often specialize 
in certain diseases

Slide adapted from Dr. Paul Koch, UW-Madison



Major collaborators



Fungicide efficacy evaluation program

Photo by Ming-Yi Chou



Fungicide efficacy evaluation program

Photo by Ming-Yi Chou



We evaluated ~500 treatments each year

Photo by Ming-Yi Chou



Fungicide efficacy evaluation program

Slide by Dr. Paul Koch, UW-Madison



Biological Fungicide Will Only Get Better in The Future

2000s Rhapsody (B. amyloliquefaciens, former B. subtilis)

What’s next?

Morton and Staub. 2008. Short History of Fungicides. Online, APS

1970s First commercial plant disease biocontrol product 

Galltrol (Agrobacterium radiobacter)
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https://sites.rutgers.edu/chou-lab/resources/



Thank you for listening 

@TurfgrassChou          
mingyi.chou@rutgers.edu
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