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The microbiome is the community of microbes in a given habitat
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Microbiome dictates soil processes
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Applied Soil Ecology
Available online 2 February 2024, 105311
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Microbial diversity and soil health
parameters associated with turfgrass
landscapes

Ming-Yi Chou ¢ 9, Dimitrios Pavlou °, Pamela ]. Rice ¢, Kurt A. Spokas ¢,

Douglas J. Soldat ®, Paul L. Koch © ©

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.
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Pathogenic microbes in the community
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The breaking down of the “one-pathogen-one-disease” concept
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One-pathogen-one-disease theory

Healthy leaf

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

Pathogen + pathogenic facilitator

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

Healthy leaf

pathogenic
facilitators
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Take-All Root Rot Pathogens on Bermudagrass

Photo by Jim Kerns, NCSU

Gaeumannomyces graminis, Gaeumannomyces sp., G. graminicola,
Candidacolonium cynodontis, and Magnaporthiopsis cynodontis

Tucker et al 2021; Stephens et al 2022
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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
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Beneficial microbes in the community

WITHOUT MYCORRHIZAL
FUNGI

MycoApply; Pennington
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Beneficial microbes in turf

Severe disease on endophyte free creeping red fescue

Photo: Dr. Stacy Bonos, Rutgers University
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Beneficial microbes in turf
Neotyphodium endophyte

Dr. Philip Halisky, Professor Emeritus, Rutgers University
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Beneficial microbes in the community

Clarireedia jacksonii

Chou and Koch 2021
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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
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Bacillus spp., Pseudomonas spp., and Streptomyces spp.
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Dollar spot suppression with biocontrol product
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Fig. 1A. Tifgreen bermudagrass treated Fig. 1B. An untreated control plot of

with EcoGuard applied every 7 days in Tifgreen bermudagrass with high dollar

the spring 2004 evaluation. spot severity in the spring 2004
evaluation.

Tomaso-Peterson and Perry 2007
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Dollar spot suppression with biocontrol product
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Bacillus amyloliquefaciens
13-year-old Crenshaw creeping bentgrass fairway at 1 cm
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Summer patch suppression with biocontrol product

2023

Bacillus amyloliquefaciens
Zorda WG
1.34 g/m~2 - 7day

Control

18-year-old Baron Kentucky bluegrass rough at 4 cm
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Working or not working — It’s all about fitness
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Survive = Establish Population = Function
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Environmental Stresses Affect Microbial Fitness

* UV light

 Air humidity / Soil water
e Substrate availability

* pH

* Pesticides

Fluoxastrobin

Fungicide interaction with B. amyloliguefaciens
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Fungicide effects on turfgrass microbiome

The Scientist Magazine®

Chou et al. 2025
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Dollar spot

e Caused by fungus Clarireedia spp.
» 18-30°C day temperature / cool nights

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

Leaf lesion Mycelia under high humidity
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Soil collection

LY h * 5 states (NJ, NY, MA, W, and IL, USA)

W Pl W * 4 high fungicide use / disease pressure courses
"..ii:'.--'-.\l N

Chou et al. 2025
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Fairway soil were collected from the MW and NE

* Golf course
2 high
2 low

* Golf course
2 high
2 low

Trapic of Cancer
By

Picture credit https://www.worldvibestudio.com/
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Testing the microbiome disease suppressiveness

Chou et al. 2025




Chou et al. 2025
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Disease suppression is correlated with fungicide use

Fungicide Frequency (a.i. x application)
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Fungicide application (a.i./yr)
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Microbiome dollar spot suppressiveness

Chou et al. 2025
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Disease suppression is correlated with fungicide use

Fungicide Quantity

o

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)
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Microbiome dollar spot suppressiveness
Chou et al. 2025
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Fungicide selection matters

Fluazinam -
Chlorothalonil -
DMIls -
Dicarboximides =

SDHI -

Importance

This is a mathematical model and not biologically validated

Chou et al. 2025
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n the case of diseases outbreak...

shutterstock.com - 2361382189
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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
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Creeping Bentgrass Example for Subtropical East Asia

Disease Jan | Feb | Mar

Pythium blight

Dollar spot

Pink snow mold

Anthracnose

Brown Patch

Summer patch

Take-all patch
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Bermudagrass Example for Tropical Southeast Asia

Disease

Jan

Feb

Mar

Apr

Pythium blight

Dollar spot

May

Jun

Jul

Aug | Sep | Oct | Nov

Dec

Leaf spot

Mini ring

Take-all root rot

Pythium root rot
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Fungicide Selection Matters
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13. Leaf Spots and Melting Out
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Fungicide: Some Trade Names w w E£EZ
_ . ) _ ) azoxystrobin: Heritage 11 3.5 14-21
Bruce B. Clarke (Emeritus), Department of Plant Biology, Rutgers Umniversity; Bacillus amyloliquefaciens, strain PTA-4838: Zorda BMO2 L 7
JTeelli - ’ ; / Tt of Ke feas chlorothalonil: Daconil Ultrex, Manicure, ;
Paul Vincelli, Depar timent of Plant Pathology, L.[mve.fmzt)v()f _Kmtu_ck), | O o o Mok, M5 3 7-10
Paul Koch, Department of Plant Pathology, University of Wisconsin-Madison; fluazinam: Secure, Rotator, Soteria, Downforce ETG, - R
Ming-Yi Chou, Department of Plant Biology, Rutgers University; Flex-guard, Wingspan
fludioxonil: Medallion, Pendant 12 3.5 1421
. . . . fluoxastrobin: Fame, Floxcor 11 3 14-21
https://publications.ca.uky.edu/files/PPAL.pdf fupyes sempi AT
hydrogen dioxide: Zerotol NC L 7
R iprodione: Chipco 26GT, Fungicide X, Raven, 18 Plus, Iprodione Pro P 3.5 14-28
COOperatlve mancozeb: Fore, Manzate 200, Protect T/O, Dithane, Pentathlon M3 35 7-14
. . mefentrifluconazole: Maxtima 3 35 14
Extension Service mineral oi: Civitas NC 1> 14
RUTGERS UNIVERSITY myclobutanil: Eagle 3 1 14
New lersey Agricultural PCNB: PCNB, Penstar, Terraclor, Turfcide, Revere 14 2 21-28
E o t St |:. penthiopyrad: Velista 7 35 14
Xperlmen ation polyoxin D: Affirm 19 3 7-14
v‘\ propiconazole: Banner Maxx, Spectator, Savvi 3 1.5 14
{ ﬁﬁ)‘\ THE U NO[’/V ERSITY pyraclostrobin: Insignia Intrinsic 11 3 14-28
‘:|‘-‘l 5 thiophanate-methyl: 3336 EG, Systec 1998, Cavalier, T-5torm 1 1T 7-14
lSCONSl N trifloxystrobin: Compass 11 25 14-28
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azoxysirobin +
acibenzolar-S-methyl
(Heritage Action)*

azoxystrobin +
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propiconazole
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Fungicide Selection Matters

Efficacy
Rating

Resistance
Risk
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isofetamid + 3 T4t 28 +H+ Low 73
tebuconazole

(Tekken}*

mefentrifluconazole 08 28 -+ Low 3
(Maxtima)*

mefentrifluconazole + 071c 085 T4t028 -+ Low 2
pyraclostrobin

(Mavicon)*®

propiconazole 204 14 t028 -+ Low 3
(Banner MAXK)

prothioconazole 01958 141028 +H+ Low 3
(Densicor)*

pydiflumnetofen + 1.5t03 14t028 ++H Low 711143
azoxystrobin +

propiconazole

{Posterity XT)*

pyraclostrobin 07 [4t028 +H+ Low 11
(Insigria)

tebuconazole 3
{Torgue)* 0.61to T4 to 2 =+ Low

(Mirage)* 2 28 +H+ Low

triadimefon 1102 21to 28 + Low 3
(Bayleton)

trifloxystrobin + 2 28 H+ Low T3

triadimefon (Tartan)

https://www.turffiles.ncsu.edu/take-all-
root-rot-in-turf/

NC STATE UNIVERSITY




New |ersey Agricultural Experiment Station
R ‘ RUTGERS Center for Turfgrass Science

Bermudagrass Example for Tropical Southeast Asia

Disease

Jan

Feb

Mar

Apr

Pythium blight

Dollar spot

May

Jun

Jul

Aug | Sep | Oct | Nov

Dec

Leaf spot

Mini ring

Take-all root rot

Pythium root rot
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RUTGERS /o ghius e oo a I 5
enter ror rur gra 55 oClence Fungicide: Some Trade Names E S E Ez
Bacillus amylaliguefaciens, strain Q5T713:
. Rhapsody, Serenade, Sonnet; BMO2 2 7-10
13. Leaf Spots and Melting Out E. amyloliguefaciens, strain PTA-4838: Zorda
a = boscalid: Emerald, Cadence, Ruby 7 1‘.-"4.-'3&“‘ 14-28
L] u _ chlorothalenil: Daconil Ultrex, Manicure, S
E % E E % Concorde SST_Chlorostar Fcho, Pegasus L s 3 14
P pae e o B fluazinam: Secure, Rotator, Soteria,
Funglcrde._SF)me_Trade Names wJ W == Downforce ETQ, Fiex-quard, Wingspan 29 4 14
azo:tcystrobln. l-_le”tag"_a 1 3.5 14-21 fluoxastrobin: Fame, Floxcor 11 3 14-21 . -
BMO2 L7 flutriafol: Rayora 3 -« Contact; multiple-site:
chlorothalonil: Daconil Ultrex, Manicure, M5 3 710 | flusapyroxad: Xzemplar 7 14 1a-28 | ’
Concorde 55T, Chlorostar, Echo, Pegasus L hydrogen dioxide: Zerotol NC 1 7 C h I or Ot h 3 | on | |
fluazinam: Secure, Rotator, Soteria, Downforce ETQ, inrodione: Chipco 26GT, Raven
: 29 3 14 P P ; J 2 35 1428
Flex-guard, Wingspan 18 Plus, Iprodione Pro .
fludioxonil: Medallion, Pendant 12 35 J4-21 | isofetamid: Kabuto 7 15/3.5 14 FI uazinam
fluoxastrobin: Fame, Floxcor 11 3 14-21 laminarin: Vacciplant P4 L 7-14
. i mancozeb: Fore, Protect T/O,
fluxapyroxad: Xzemplar 7 3 14-28 Sttt M3 1 714
hydrogen dlc:-;ude Zerotol NC L 7 e —
— = mandestrobin: Pinpoint 1] 4/3.50  14-11 . I . R
| mefentrifluconazole: Maxtima 3 4 14-28 | SI ng E'Slte .
metconazole: Tourney 3 4 14-21
mefentrif] ucunazoie. Maxtima 3 35 14 mineral oil: Civitas MC 2d 7-21 D M I
mineral oil: Civitas NC Lb 14 myclobutanil: Eagle 3 3 14-28
il: il: Tril BMO1 L 7-14 1
myclobutanil: Eagle _ 3 1 14 ;E:EE;ICN;?F — Mefe nt”ﬂuconazole
PCNB: PCNB, Penstar, Terraclor, Turfcide, Revere 14 2 21-28 3  Penstar, Terraclor, 14 e 21-28
o Tvelet ? 3 g o Turfcide, Revere
2L ]?pw:a kA1 - I penthiopyrad: Velista 7 2535 14-21 | QO I
M' Affirm 19 3 714 propiconazole: Banner Maxx, Spectator, Savvi 3 4 7-28
propiconazole: Banner Maxx, Spectator, Savvi 3 1.5 14 prothioconazole: 1
. — — ; = 3 4 14-21
Lpyraclostrobin: Insignia Intrinsic 11 3 _14-28]  Densicor, Prothioconazole Select F I uoXa St ro b In
thiophanate-methyl: 3336 EG, Systec 1998, Cavalier, T-Storm 1 T 7-14 pydiflumetofen: Posterity 7 Jc/4/350 14-18 .
trifloxystrobin: Compass 11 25 14-28 | pyraclostrobin: Insignia Intrinsic 11 35 iq | Py ra Cl OSt rO b I n

Reynoutria sachalinensis: Regalia PTO P5 1.5 7-14
Streptomyces lydicus, strain WYEC 108: BMO3 Lf 2,94 S D H I

Effi Ca Cy Actinovate

sl el 5 o ws Fluxapyroxad
hioph hyl:
S CcO St 3336 Egﬂgtﬁa n-'nEFs Stemic Fungicide, 1 w021 Penthio pyra d

Systec 1998, Cavalier, T-5torm

. thiram: Spotrete, Thiram M3 1 10
E nVI ro n m e nta | CO St triadimefon: Bayleton, Fungicide VIl 3 4 14-30
Trichoderma harzianum Rifai T-22 plus T virens - i 1438

G14: RootShield PLUS
triticonazole: Premis 3 35 14-28
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Creeping Bentgrass Example for Subtropical East Asia

Disease Jan | Feb | Mar

Pythium blight

Dollar spot

Pink snow mold

Anthracnose

Brown Patch

Summer patch

Take-all patch




4. Brown Patch (Rhizoctonia Blight)

7. Dollar Spot

i 2. Anthracnose

£ g im O O
u'ld b F) Fungicide: Some Trade Names - L 5 &% u % 8 = %
=3 g @ > =8 £ ¢£= . =8 € =
e (-] - = ] w i £3 Fungicide: Some Trade Mames w o w ]
I Fungicide: S5ome Trade Names wJ w =3B - - - : . : :
— - 5 azoxystrobin: Heritage 11 4/3b  14/28 Bacillus amyloliquefaciens, strain Q5T713:
A20uystrobin: Horliage L - .. Bacillus amyloliquefaciens, strain QST713: Rhapsody, Serenade, Sonnet BMO2 2 710
Bacillus amyloliquefaciens, strain Q5T713: Rhapsody, §Dnnet; B. amyloliquefaciens, BMO2 1 7-10 B. amyloliguefaciens, strain PTA-4838: Zorda
Rhapsody, Sonnet; B. amylofiquefaciens, BMDO2 15 7-10 strain PTA-4838: Zorda boscalid: Emerald, Cadence, Ruby 7 19/4/3.5° 14-28
strain PTA-4838: Jorda chloroneb: Terraneb 5P 14 L 10 chlorothalenil: Daconil Ultrex, Manicure, :
M5 3 7-14
benzmrlndlﬁupyr Instrata Il B chlorothalonil: Daconi Ultrex, Manicure, Concorde SST, Chlorostar, Echo, Pegasus L
only sold in Canada Concorde 55T, Chlorastar, Echo, Pegasus L M5 3 714 fluazinam: Secure, Rotator, Soteria, 29 4 14
fluazinam: Secure, Rntator,{;ja}eﬁa. 29 4 14 g“w”ﬁ:“:;_ETF HE";IUEM Yings = - —_—
30 1ngspan LOXasirobin: rame, OXCoOr
fluazinam: Secure, Rotatnr Soteria, 29 15 14 fludioxonil: Medallion, Pendant 12 3 714 flutriafol: Rayora 3 3 Mwﬁ
Downforce ETQ, Flex-guard, Wingspan . fluoxastrobin: Fame, Floxcor 1 35 1428 Aluxapyroxad: Xzemplar 7 164 14-28
fludioxonil: Medallion, Pendant 12 3 14 flutolanil: Prostar, Pedigree 7 3 1421 hydrogen dioxide: Zerotol M 1 7
fluoxastrobin: Fame, Floxcor 11 1/3b 14-28 I flutriafol: Rayora 3 3 1421 ip";ﬁ“"‘“le: Cg.ipm ;‘;EGT' Raven, 2 35 14-28
Tutriatol: Rayora 3 3 14-21 fluxapyroxad: Xzemplar 7 35 1421 18 Pus, Tprodione Fro -
fosetyl-Al: Chipco Signature, . hydrogen dioxide: Zerotol NC 1 7 :mf?ta”."”%mtfu:c} p}, Lic 2 B .
Signature Xtra Stressgard 33 NA 14 iprodione: Chipco 26GT, Fungicide X, Raven, 2 1 1428 aminarin: Vacclp ant : S 14
e 18 Plus, Iprodione Pro mancozeb: Fore, Protect T/0, M3 : 7.14
hydrogen dioxide: Zerotol NC L 7 Dithane, Mancozeb
iprodione: Chipco 26 GT 2 NAc _Unspecified Eﬁﬂﬁmmﬁmm 200: Propsk 150 M3 3 7 mandestrobin: Pinpoint 11 4/3.50  14-21
Iaminari_nn: Vacciplant . P4 L 7-14 e ekt D T 15 14 mefentrifluconazole: Maxtima 3 4 14-28
mefentrifluconazole: Maxtima 3 4 14 I metconazole: Tourney 3 3 1471 | metcunazlole.: Tourney 3 4 14-21 |
metconazole: Tourney 3: 3 14-21 mineral oil: Civitas NC__ 25c 1421 mineral oil: Civitas NC 24 7
mineral oil: Ci'h'_i‘l‘as NC 3d 7-14 myclobutanil: Eagle 3 75 1021 myclobutanil: Eagle 3 3 14-28
myclobutanil: Eagle 3 2 14-21 neem oil: Trilogy BMOT L 7-14 neem oil: Trilogy BMOT L 7-14
PCNB: Autilus 14 3d 7-10 PCNB: PCNB, Penstar, Terraclor, Turfcide, Revere 14 24 710 FENR: PCHI, Fensap Terstds 14 2 2128
: = - = YA .
penthmpyrad."\."ehsta . A 2 L : ﬁ“? Dr-a:i;ﬁ‘u'eilsta 1?9 :5 !;_1241_ IEenthiaE}:rad: Velista 7 25/3.5  14-21 I
phosphite (salts pf phosphorous acid): L y(_]:l:ln Folillts - - = propiconazole: Banner Maxx, Spectator, Savwi 3 4 7-28
Alude, Appear, Fiata Stressgard, 13 2to 3f 14 propiconazole: Banner Maxx, Spectator, Savvi 3 3 10-21 - Py
Magellan, Biophos, Resyst, rothioconazole: Densicor, e i e 3 4 14-21
! g 3 35/3b 14-21 Densicor, Prothioconazole Select
Jitie Pliyie, E-Pls othioconazole elect pydiflumetofen: Posterity 7 20/4/350 1428
polyoxin D: Affirm 19 3 7-14 pyraclostrobin: Insignia Intrinsic 11 4  14-28 [oyraciostrobin: insiqnia e = 35 - 4]
propiconazole: Bagner, Spectator, Savvi 3 25 14-28 Reynoutria sachalinensis: Regalia PTO Ps 1 7-14 Reynoutria sachalinensis: Regalia PTO Ps 15 714
prothioconazole: Densicor, Streptomyces lydicus, strain WYEC 108 BMo2 L= 7-24 Streptamyces lydicus, strain WYEC 108:
Prothioconazole Select 3 3.5 14-21 tebuconazole: Torque, Mirage Stressgard, 3 i szl Actifmva{e e BMOZ Lf 7-24
pyraclostrobin: Insignia Intrinsic 11 1/30 14-28 Clearsca L TEB360 tebuconazole: Torque, Mirage Stressgard, ] . 1208
: . e T T thiophanate-methyl: 3336 EG, Fungo, Clearscape ETO, Offset, TEB360
Reynoutria sachalinensis: 'Regaha PTO P5 1 7-14 Systemic Fungicide, Systec 1908, anavalier, TStorm | 25 1014 e ———
tebuconazole: Torque, Mirage Stressgard, - - lophanate-methyl: o
Clearscape ETQ, Offset, TEB360 3 3 14-28 thiram: Spotrete, Thiram M3 2 710 3336 EG, Fungo, Systemic Fungicide, 1 194 10-21
£ ' triadimefon: Bayleton, Fungicide VI 3 2 1430 Systec 1998, Cavalier, T-Storm
thiophanate-methyl: 3336 EG, Fungo, b : - : : :
Systec 1998, Cavalier, T-Storm 1 1/2 10-14 Trichoderma asperellumn strain ICC 012 plus BMo2 le  14.28 thiram: Spotrete, Thiram M3 1 7-10
ys - I. gamsii strain ICC 080: Obtego triadimefon: Bayleton, Fungicide VI 3 4 14-30
g ] DaeemelmingmeSoreRs e 1 ws  [ekmieienRRIRpSTES ¢ wa
— - I .
triticonazole: PrEI'l‘IIS 3 3 14-28 | trifloxystrobin: Compass 11 4 1421 triticonazole: Premis 3 35 14-28
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Considerations for Fungicide Selection

Contact; multiple-site:

Chlorothalonil

Single-site:

DMI Efficacy
Flutriafol S cost

Metconazole Environmental cost
Prothioconazole

Tebucanazole
Qol
Fluoxastrobin
Pyraclostrobin
SDHI
Penthiopyrad
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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

e Universities often specialize
in certain diseases

Slide adapted from Dr. Paul Koch, UW-Madison
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Fungicide efficacy evaluation program

Photo by Ming-Yi Chou
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Fungicide efficacy evaluation program

Photo by Ming-Yi Chou
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We evaluated ~500 treatments each year
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Fungicide efficacy evaluation program

e .

Slide by Dr. Paul Koch, UW-Madison
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Biological Fungicide Will Only Get Better in The Future

Table 2. Fungicides in use up until 1940 [after Russell 2005 (15)]

Year Fungicide Primary Use
‘ 1637 [Brine Cereal seed treatment
1755 |Arsenic Cereal seed treatment
1760 [Copper sulfate Cereal seed treatment
1824 sulfur (dust) Powdery mildew and other
pathogens
1833 Ll silfir Broad spectrum foliar
‘ pathogens
1885 |Bordeaux mixture S SRt
pathogens
1891 |Mercury chloride [Turf fungicide
1900 (Cuocl I_Espeually Phytophthora
nfestans
1914 Pheny[mercury Cereal seed treatment
chloride
1932 (Cu,0 Segd aqd broad spectrum
foliar diseases
Dithiocarbamates
1934 Broad spectrum protectants
patented
1940 |Chloranil, Dichlone Do PR ITSEER

treatment

1970s First commercial plant disease biocontrol product
Galltrol (Agrobacterium radiobacter)

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

What’s next?

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



Outline

What is microbiome?

What are the functions of
microbiome?

Can we enrich the beneficial
microbes?

Can we cultivate healthy
microbiome?

Considerations for chemical
control

Final thoughts
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Resources Serach this site

Search here.

Useful tools to help you manage turfgrass diseases
Disease predictive models Lab news

(by Syngenta)

Multiple disease models for the Northeast

(by Cornell University) - anthracnose, dollar spot, brown patch, pythium - under “disease/stress
risk” tab

Exc I at the GCSAA

Soil temperature map Con

Using zip code January 5, 2025

(by Syngenta) - perfect to time your root disease applications

Fungicide efficacy rating

(by UW-Madison) - mostly 2020 or earlier information

W

PDF versior

(by Rutgers, UKY, and UW-Madison) - 2024 updated information

Turfgrass species and cultivar evaluation

NTEP - turfgrass trial explore

n

(by Rutgers University Center for Turfgrass Science) - New Jersey specific results

Environmental Impact Quotient (EIQ) calculator

b actirite B aems
Laicuia ESTICIGE EIL) NOW

(by Cornell University)

https://sites.rutgers.edu/chou-lab/resources/
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Thank you for listening

@TurfgrassChou
mingyi.chou@rutgers.edu
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