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Microbial ecology of disease 
suppression



$ÉÓÅÁÓÅ ÓÕÐÐÒÅÓÓÉÏÎȣ
What do we know?

ÅSingle organism biological control is well 
understood in specific cases

ÅSuppression of disease by a complex 
community of microbes is much more 
complicated!



Brief history of disease suppression 
research

ÅLate 1800s: suppressive soils documented 
[Huber & Schneider 1982]

Å1930s ɀ1940s : Link made between 
composts and soil health [Howard 1942]

Å1959 : Biological nature of suppression 
documented [Menzies1959]

Å1970s - 1980s : Extensive work done on 
suppressive composts [Hoitink & Kuter 1986, Weltzein
1989]



Example: Pythiumspp. (damping off)

Post-emergence damping off

[www.ipmimages.org]
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Mechanisms of biocontrol

ÅSingle organism: 

ïAntibiosis

ïCompetition for nutrients

ïParasitism

ïInduced systemic resistance



Antibiosis

Root surface Bacillus subtilis
Ȱ+ÏÄÉÁË TMȱ

Zwittermicin A (antibiotic)

[Shang et al. 1999]

Pythium
zoospore



In vitro vs. In vivo

http://www.pv.fagro.edu.uy/fitopato/cursos/fitopato/practicas/cbiologico.html

Pathogen: Botrytisspp.

Biocontrol 
agent: 
Bacillus 
spp.



Competition for nutrients

Seed exudates

Cucumber seed

Linoleic 
acid

Pythium
sporangium

[van Dijk and Nelson 2000]

Enterobacter cloacae

Linoleic 
acid

Pythium
sporangium



Induced Systemic Resistance (ISR)

Pseudomonas 
corrugata Pythium

sporangium

[Chen et al. 2000]



Parasitism

www.nysaes.cornell.edu/ent/biocontrol/pathogens/trichoderma





Suppression & OM decomposition

[Bonanomiet al. 2010]



Multiple organism biocontrol

ÅOften associated with high microbial 
biomass and activity, but not always

ÅUnclear which organisms are involved and 
how they interact with each other and the 
pathogen

ÅȰ3ÐÅÃÉÆÉÃȱ ÖÓȢ Ȱ'ÅÎÅÒÁÌȱ ÓÕÐÐÒÅÓÓÉÏÎ

ïTake all suppression in continuous wheat



Ȱ3ÐÅÃÉÆÉÃȱ ÏÒ Ȱ'ÅÎÅÒÁÌȱ ÓÕÐÐÒÅÓÓÉÏÎȩ 

ÅGaeumannomycesgraminis var. tritici Ȱ4ÁËÅ ÁÌÌȱ
ÅPseudomonas fluorescensbiocontrol bacterium

ORGANIC CONVENTIONAL

P. fluorescens

Disease

Microbial Activity

Soil organic matter

[Hiddink et al. 2005]



Emergent properties

[McKellar & Nelson 2003]

Suppressive compost Conducive compost

Entire seed colonizing 
community removed, 
then used as seed 
treatment
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One gram of soil = 
5,000 species of bacteria

Microbes we can culture ɀ0.1 to 10%

www.csb.yale.edu 

K. Loeffler

Microbes we can measure 
with DNA ɀ80% ?
Åtaxonomic ID 
Åfunctional genes

www.dees.dri.edu

Microbes we know are there ɀ100%
(microscopy)



Thermophilic compost

ÅStatic aerated (indoor)

ÅWindrows (outdoor)

Å6-9 months curing

ÅRelies primarily on action 
of microbes

Vermicompost

ÅUsually follows a hot 
composting step

ÅWorm beds (indoor)

ÅWindrows (outdoor)

ÅEntire process: ~70 days



Aerated compost extract

ÅExpensive equipment 
($20,000)

ÅShorter shelf life

ÅAdditives needed

ÅCheap equipment ($250)

ÅLonger shelf life

ÅNo additives needed

Non-aerated compost 
extract

sump

[ElzingaHoeksemaNurseries, MI]

100 gallon tub

Timer

Sump pump
(circulates 2x a 
day)

1:60 
vermicompost: 
water ratio



Vermicompost is added to 
tops of plug trays, aerated 
vermicompost extract is 
piped directly into 
overhead irrigation

2008



Composts can protect plants from 
disease

ÅMultiple cases documented in scientific 
literature

ÅBut, suppression depends on:
ïAmendment rate

ïType of feedstock

ïTemperature

ïPresence of synthetic fertilizers

ïPotting media substrate

ïPathogen present



Potting media amendments have 
long term effects on root bacteria

June
Greenhouse

Original plug
July

August

[Jack et al. in press]



Real world complications

ÅSuppression: 50% control of powdery 
mildew (Uncinulanecator)

ÅSome suppression: gray mold (Botrytis 
cinerea)

ÅNo effect:
ïBlack rot (Guignardiabidwelli)

ïPhomopsis(Phomopsisviticola)

ÅIncreased: downy mildew (Plasmopara
viticola)

[M. Ryan Rodale Institute unpubl. Data, synopsis in New Farm online magazine]



Variability of suppression

[Bonanomiet al. 2010]



Dangerous Assumption

ÅAll composts and cover crops that suppress 
disease do so by reducing the amount of 
pathogen present in the soil

Å)ÔȭÓ ÍÕÃÈ ÍÏÒÅ ÃÏÍÐÌÉÃÁÔÅÄ ÔÈÁÎ ÔÈÉÓȦ



Ecology of plant pathogens

ÅVerticillium spp. (wilts)
ïSurvival structures in soil - microsclerotia

ïWeaksaprotroph

ïMicrosclerotia are killed by chemicals released 
from decaying organic matter

ÅPythium spp. (seed, root and fruit rots)
ïSurvival structures in soil ɀoospores

ïStrongsaprotroph

ïMechanism of suppression is less clear



Effect of suppressive amendment on pathogen 
populations

decrease

null

increase

[Bonanomiet al. 2010]



Suppression index

0 +1 +2 +3-2 -1

[Bonanomiet al. 2010]
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0 +1-1 0 +1-1

Pythium Rhizoctonia Fusarium

NA

NA

NA

[Bonanomiet al. 2010]



Probing the black box:
What makes composts 

suppressive?



Wheat inoculated with P. ultimum

Sand Compost



Shoot height (mm)
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[Chen & Nelson 2008]

Pythium
inoculation

Sand Suppressive compost

a7d

a8h 7d

b8h 7d

b7d

Non-inoculated a7d

The seed colonizing microbial community that develops within 8 
hours can suppress P. ultimumon wheat

Seed Microbes

a7d



Vermicompost

Vermicompost

Vermicompost

Vermicompost


