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Photos by Dr. Jim Kerns, North Carolina State University

ERI Disease Symptoms Are Often Confused With Other Root Diseases

Pythium Root Rot on Bermudagrass putting green

Photo by Dr. Lee Miller, Purdue University



Common Ectotrophic Root-Infecting (ERI) Fungal Diseases

• Cool-season grasses:

Summer Patch

Take-All Patch

Necrotic Ring Spot

Bentgrass Dead Spot

• Warm-season grasses:

Take-All Root Rot

(Bemudagrass decline)

Spring Dead Spot

Fairway Patch

โรครากเน่าจากเชือ้รากลุม่เอก็โตโทรฟิก







The Evolution of Our Understanding Towards ERI Diseases

Phase of one-pathogen-one-disease

Fusarium blight (Dr. Richard Smiley) 

Phialophora (Drs. Peter Landschoot & Noel Jackson) 

Gaeumannomyces (Dr. Peter Landschoot) 

Magnaporthe (Dr. John Walker) 

Magnaporthe poae (Dr. Peter Landschoot) 

Magnaporthiopsis poae (Dr. Ning Zhang)

Phase of disease complex





Common Symptoms of ERI Diseases 

Dr. Lee Miller, Purdue University
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Take-All Root Rot on Bermudagrass putting green

Photos by Dr. Jim Kerns, North Carolina State University

Common Symptoms of ERI Diseases 
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Magnaporthaceae family

Luo et al 2017, Rutgers University

Magnaporthiopsis spp.

Gaeumannomyces spp.

Slopeiomyces cylindrosporus



How Do We Confirm The Criminals?



Pathogen isolation

Select 10-20 infected roots
Incubation in varied temperatures

Picture by Max Planck Institute

Identification

25°C

30°C



CBA-1 CBA-1

CBA-4 CBA-4

CBA-3 CBA-3

CBA-2 CBA-2

CBA-5 CBA-5

KB-1 KB-1

Control Control

Creeping bentgrass Annual bluegrass Kentucky bluegrass

Slopeiomyces cylindrosporus



New Species of Causal Agents Keep Emerging



The evolution of our understanding towards root diseases

Phase of one-pathogen-one-disease

Fusarium blight (Dr. Richard Smiley) 

Phialophora (Drs. Peter Landschoot & Noel Jackson) 

Gaeumannomyces (Dr. Peter Landschoot) 

Magnaporthe (Dr. John Walker) 

Magnaporthe poae (Dr. Peter Landschoot) 

Magnaporthiopsis poae (Dr. Ning Zhang)

Phase of disease complex



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 Dr. Jim Kerns, North Carolina State University



Gaeumannomyces graminis, G. arxii, G. californicus, G. 

floridanus, and G. graminicola

Take-All Root Rot Pathogens on St. Augustinegrass 

Photo by Dr. Young-Ki Jo, Texas A&M University

Zidek et al 2021



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



40 samples received from 8 states for high-throughput diagnosis 

Samples for HTS root diagnosis
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Knowledge Gaps in ERI Fungal Pathogens
Species CB KB AB FF BG KG SA ZG Others 

Magnaporthiopsis cynodontis P.L. Vines et al., 2019 and 2020

Magnaporthiopsis meyeri-festucae P.L. Vines et al., 2020

Magnaporthiopsis poae J. Hu et al., 2017; P.L. Vines et al., 2020; Kemp, M. L. (1991)

Magnaporthiopsis yugambeh P.T.W. Wong et al., 2020

Magnaporthiopsis gadigal P.T.W. Wong et al., 2020

Magnaporthiopsis gumbaynggirr P.T.W. Wong et al., 2020

Gaeumannomyces avenae E.M. Turner, 1940

Gaeumannomyces graminicola C.M. Stephens et al., 2021

Gaeumannomyces graminis C.M. Stephens et al., 2021; L. E. Datnoff et al., 2007

Gaeumannomyces incrustans
P.J. Landschoot and N. Jackson, 1989; E.S. 

Bucher & H.T. Wilkinson, 2007

Gaeumannomyces nanograminis P.L. Vines et al., 2021

Candidacolonium cynodontis C.M. Stephens et al., 2021

Candidacolonium agrostis J. Geng et al., 2023

Slopeiomyces cylindrosporus Chou Lab; Jordan Lab

CB=Creeping bentgrass, KB= Kentucky bluegrass, AB= Annual bluegrass, FF= Fine fescues, BG= bermudagrass, KG= Kikuyu grass, SA= St. Augustine grass, ZG= Zoysia grass

Weak Moderate Aggressive
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Predisposing Factors for ERI Fungal Diseases

PATHOGEN

AMOUNT OF

DISEASE

• Host genetics

• Host health

• Water

• Physics and chemistry

• Species

• Fungicide

Poor drainage

Thatch accumulation

High soil pH

Low available Mn

Moderate soil temperature

Susceptible species/cultivars

Low vigor

Poor rooting

?
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Timing is critical

• Fungicide application needs to sync with pathogen activity

• Pathogen ≠ Disease 



Soil Temperature / Application Timing is Critical

Temperature

Growth

Fungicides

Fungicide efficacy = Fungal activity = Timing

Modified from A Practical Guide to Turfgrass Fungicides by Dr. Richard Latin



Does pathogen species matter for warm-season grass?

Slide by Stephens and Kerns, North Carolina State University



Does pathogen species matter for warm-season grass?

https://www.tmd.go.th/


Does pathogen species matter for cool-season grass?

18°C

10°C

18°C

15°C

12.5°C



Does pathogen species matter for cool-season grass?



Monitoring Soil Temperature is Critical 

https://www.tmd.go.th/


Monitoring soil Temperature is Critical 

• One measurement: late morning ~11AM

• Two measurement: (early morning + late afternoon) / 2

Day 1 Day 2 Day 3 Day 4



Fungicide Selection Matters – Cool-Season

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



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

root-rot-in-turf/

Fungicide Selection Matters – Warm-Season



Post-Application Irrigation is Critical

• Irrigate 3-6 mm right after fungicide application

• Better late than never
2.5-to-5.1-cm depth 5.1-to-7.6-cm depth

Stephens et al. 2021



Timing and Chemistry Validation

Dr. Lee Miller, Purdue University Dr. Ming-Yi Chou, Rutgers University 
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Predisposing factors for diseases

PATHOGEN

AMOUNT OF

DISEASE

• Host genetics

• Host health

• Water

• Physics and chemistry

• Species

• Fungicide

Poor drainage

Thatch accumulation

High soil pH

Low available Mn

Moderate soil temperature

Susceptible species/cultivars

Low vigor

Poor rooting



Host Genetics - Your First Line of Defense

https://maps.umn.edu/ntep/
ROOT ROT
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Rooting depth and density increases with ↑ Height

Carbohydrate production increases with ↑ Height

Figure adapted from: Michele DaCosta, UMass

Mowing



Roles of Mn in ERI Diseases

• G. graminis oxidizes Mn the rhizosphere rendering it 

unavailable to the plant

• High soil pH also reduces Mn availability

• Result in a localized deficiency of Mn

• Mn is needed to produce phytoalexins (anti-fungal)  

• Foliar Mn applications reduces take-all severity

Slide adapted from Dr. Bruce Clarke, Rutgers University



Roles of Mn in Take-All Patch (Cool-Season)

2.2 lb/A (2.47 kg/ha)

0 lb/A (0 kg/ha)

Slide modified from Dr. Bruce Clarke, Rutgers University



Zhou and Kerns, 2025

Roles of N Rate in Take-All Root Rot (Warm-Season)



Roles of N Source in Take-All Root Rot (Warm-Season)

Zhou and Kerns, 2025

N rates were applied at 24.4 kg ha−1 week−1 for 8 weeks



Acidification of Soil by Nitrogen Source (196 kg/ha) / year

5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7

Amm. Sulfate
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Nitroform
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Ca. Nitrate
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Slide modified from Dr. Bruce Clarke, Rutgers University
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Pathogen isolation

Select 10-20 infected roots
Incubation in varied temperatures

Picture by Max Planck Institute

Identification



High-throughput sequencing

Select 10-20 infected roots

Sequence Species Reads#

Seq1 Slopeiomyces cylindrosporus 33

Seq2 Magnaporthiopsis meyeri-festucae 10

Seq3 Magnaporthiopsis poae 20

Seq4 Gaeumannomyces avenae 24

Seq5 Magnaporthiopsis yugambeh 13

Community DNA

High-throughput sequencingTaxonomic assignment 



• Control: Confirmed resolution

• Sample 1: Two species as potential 
culprits

• Sample 2: Three species as 
potential culprits

ERI pathogen profiling

Sample1      Sample2     Control

https://tinyurl.com/RootProfile

The technology is now available to all of you!!!



Example ERI pathogen profiling
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Thank You for Listening 

@TurfgrassChou          

mingyi.chou@rutgers.edu

Questions?
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