Managing soilborne
diseases with soil health




Is the disease outcome
expected to be the
same?

3 cfu/g soil pathogen inoculum 3 cfu/g soil pathogen inoculum




Principles of Soilborne Disease
Management

1. Keep inoculum levels low
2. Maximize plant health

3. Create a less favorable
environment

To manage disease is to manage the
pathogen, plants and the environment



Integrated Disease Management in
Non-chemical and Organic Production

1. Sanitation (exclusion/prevention)
2. Resistant and tolerant varieties

3. Crop rotation with non-host

4. Soil treatments

5. Destruction of infected crop debris
6. Amendment application

/. In-season management




Soil health

Definition: the capacity of soil to function as a vital living system... to
sustain plant and animal productivity, maintain or enhance water and
air quality, and promote plant and animal health” (Doran and Zeiss,
2000)

Principles of Soil Health

e soil armor/cover

* minimizing soil disturbance
e plant diversity

e continual live plant/root




Soil health practices typically increase
soil microbial communities

e Compost
* Increasing soil organic matter
 Covercrops
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How are solil health practices
targeting soilborne disease issues?

Microbially-mediate disease suppression services

OUTCOMES:

* Disease suppressive soil

* Competition at the rootzone
* Breakdown of plant residue



Soil health practices typically
Increase soil microbial communities

e Compost
* Cover crops
* Increasing soil organic matter

**Soil inhabiting microorganisms™*



Compost supports microbial diversity and abundance
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Metagenomic DNA Analysis of TerraVesco Vermicompost
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Living roots are restaurants for microbes—exuding carbon at the rhizosphere

Image showing the diversity of root system architecture in prairie plants.
© 2012 Nature Education 1995 Conservation Research Institute, Heidi Natura.



http://www.nature.com/scitable

How are microbes contributing to
disease management?



Mechanism 1: Antagonism/Antibiosis

Pythium
Zoospore

Root surface llus subtilis

“Kodiak T™M”
[Shang et al. 1999]

Slide credit: Allison Jack



Mechanism 2: Competition for nutrients

Cucumber seed

Seed exudates

o

l

Enterobacter cloacae

Pythium
Sporangium

[van Dijk and Nelson 2000]

Slide credit: Allison Jack



Mechanisms 3: Induced Systemic Resistance (ISR)

[Chen et al. 2000]
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Mechanism 4: Parasitism

www.nysaes.cornell.edu/ent/biocontrol/pathogens/trichoderma
Slide credit: Allison Jack



How are microbes contributing to disease
management?

Modes of Action Result

1. Antibioti.c.production @e suppress@
2. Competition »

3. Induced systemic resistance * Protect the rhizosphere
4. Parasitism

* Breakdown plant residue



Disease suppressive soils are:

Soils in which disease fails to develop despite the
presence of a pathogen, a susceptible host plant, and
climatic conditions favorable for disease
development



Naturally occurring
+ disease suppressive soil

Fusarium
oxysporum f.sp
| melonis |

Growing melons




Naturally occurring
+ disease suppressive soil

DISEASE, Fusarium wilt

Fusarium
oxysporum f.sp
| melonis |

Growing melons

NO DISEASE




- severity

Induced disease suppressive soil

conducive

suppressive

2,4-DAPG producing
Pseudomonas spp.

years monoculture wheat



Induced disease suppressive soil is
microbially-mediated
and transferrable

Suppressive soil

Conducive soil

S: Suppressive soil

C: Conducive soil

CS: Conducive soil + 10% suppressive soil

S50: Suppressive soil heat-treated at 50C (122F)
S80: Suppressive soil heat-treated at 80C (176F)



Microbiological

Chemical

Enzymatic

Compost

Microbial
attributes are the
most predictive
factor of disease
suppressive soil

Suppression Index (Sl)
If negative: negative
correlation between
factor measured and
suppression

If positive: positive
correlation

If zero: neutral

[Bonanomi et al 2010]



How are microbes contributing to disease
management?

Modes of Action Result

1. Antibiotic production

2. Competition

3. Induced systemic resistance
4. Parasitism

* Disease suppressive soil

@t the rhizos@

* Breakdown plant residue

"



Beneficial soil microbes: Protect THE RHIZOSPHERE

Schematic of a root section showing the structure of the
rhizosphere. (Nature, public domain)




Most pathogen infection attempts are NOT successful

Individual colonies of
the V. dahliae emerge
from infected

strawberry roots

Strawberry
roots



Antagonizing
pathogens

Reduce accessto
the rhizosphere



Mechanisms 3: Induced Systemic Resistance (ISR)

[Chen et al. 2000]
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Vermicompost also reduces insect damage




Vermicompost also reduces insect damage



Plants amended with VC release more volatiles
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How are microbes contributing to disease
management?

Modes of Action Result

1. Antibiotic production

2. Competition
3. Induced systemic resistance

4. Parasitism

* Disease suppressive soil
* Protect the rhizosphere

@rate decom@

"




Microbial activity

* Accelerates the decomposition of pathogen
Inoculum—shortens the lifespan



Pathogen inoculum is protected

by plant tissue
by melanin
by sclerotin

Microsclerotia,
V. dahliae

Sclerotia, Southern blight



Multiple mechanisms are keeping inoculum
levels below damaging thresholds
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Most soilborne pathogens are NOT soil
Inhabiting organisms

Beneficial soil microbes ARE soil
Inhabiting microorganisms

As farmers, the goals is to create a hostile
environment for non-resident organisms
and a favorable environment for beneficial
soil microorganisms



* Feed the soil
* Compost, cover crops, soil organic matter

* Manage the soil
* Maintain habitat that has air and water
* For some microbes, minimizing disturbance
 Continually provide food sources



Integrated Disease Management in
Non-chemical and Organic Production

1. Sanitation (exclusion/prevention)

2. Resistant and tolerant varieties

[ 3. Crop rotation with non—host}

4. Soil treatments

. Destruction of infected crop debris}

N\

. Amendment application

J

N\

. In-season management

J




Is the disease outcome
expected to be the
same?

3 cfu/g soil pathogen inoculum 3 cfu/g soil pathogen inoculum




n a fie
nas ac

d with a disease outbreak, is it a healthy soil that
Isease outbreak or is it an unhealthy soil that

N1aS a G

iIsease outbreak?

Is it a diseases outbreak or a soil health crisis?

Does this change your management strategy?

What tools do you have to evaluate the soil health?



SOIL HEALTH METRICS

#1
Plants

Ansel Olive Klein, Liz Carlisle, Margaret G. Lloyd,
Nathan F. Sayre & Timothy M. Bowles (2023)
Understanding farmer knowledge of soil and soil
management: a case study of 13 organic farms in
an agricultural landscape of northern California,
Agroecology and Sustainable Food Systems.
DOI: 10.1080/21683565.2023.2270451

#2
Soil biology

#3
Soil
structure


https://doi.org/10.1080/21683565.2023.2270451

Soil biology
Soil aggregate stability
Soil infiltration

Set up a comparison



as used
il health

e Earthw
as a ke
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* Being able to pick up soil and see the life

Detritivores
millipede
Isopods
Earthworms
soldier fly larva

Ecosystem engineers
Earthworms

Ants

Termites

Predators

~



Healthy Soils Demonstration Project

To what extent can cover crops and compost improve compacted soils?

Control area (weedy fallow, mowed) Cover crops and compost for 3 years



Healthy Soils Demonstration Project

To what extent can cover crops and compost
Improve compacted soils?

Control area (weedy fallow, mowed) Cover crops and compost for 3 years



Slakes tests for aggregate stability,

=
=

[
=

b=

:t e
ll|\" .'
." .
¥

% ¥

%
7







“Microbe Trap”

To test for health &
spread good microbes



THANK YOU

Margaret Lloyd, PhD
UCCE Yolo, Solano, Sacramento
Organic Agriculture and
Small Farms Advisor

mglloyd@ucanr.edu



mailto:mglloyd@ucanr.edu

...to demonstrate that changes
in leafhopper settling between
organically and conventionally
grown tomatoes are
dependent on salicylic acid
accumulation in plants and
mediated by rhizosphere
microbial communities.

These results suggest that
organically managed soils and
microbial communities may
play an unappreciated role in
reducing plant attractiveness
to pests by increasing plant
resistance.



To what extent can
cover crops and compost
Improve compacted soils?



I P M fo r Southern Blight

Fusarium wilt and others

SOIlbOI’ne Charcoal rot

Verticillium wilt

Diseases

Phytophthora




Inoculum density and disease
incidence

Crop host V. dahliae Fusarium oxysporum
(cfu/g soil) (cfu/g soil)

Watermelon 166-367
(wilt in 50% of crop)

Strawberry 3-5
Lettuce >100-150
Tomato 2-6

Ex. 2 cfu/g soil = 3200 cfu in a cubic meter of soil
(in an average bulk density soil, 1600kg/cubic meter)



Chlamydospores, Fusa

Microsclerotia
, V. dahliae




Soil health triangle?

Plants Presence/absen
ce of biology

Health

Soil structure



Principles of Soilborne Disease
Management

1. Keep inoculum levels low
2. Maximize plant health

3. Create a less favorable
environment

You are managing the fungus and the disease



Relationship between inoculum density and
disease

Natural attrition rates of inoculum
Residue decomposition rates
Triggering the defense mechanism of plants

Changing the environment for pathogen and
disease






Microbial Activity
(ug FDA hydrolized/gDw*min)
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No compost Vermicompost Manure Yard trimmings Mushroom
compost compost

Lloyd, M., D. Kluepfel, and T.R. Gordon. 2016. Evaluation of Four Commercial Compost on Strawberry
Plant Productivity and Soil Characteristics in California. International Journal of Fruit Science. 16:84-104.



Root Infections
(CFU/M root per 1000 cfu/g soil)

Frequency of Strawberry Root Infections by Verticillium dahliae
Potting Soil Amended with 20% compost

1.4
1.2 |
1 W | \
|
0.8 * |
T |
0.6 I |
0.4
0.2
0
Manure Vermicompost Mushroom Yard trimmings Unamended
compost compost control

Vertical bars represent the standard error of the mean.
*Significant at P <0.05

Lloyd, M., D. Kluepfel, and T.R. Gordon. 2016. Evaluation of Four Commercial Compost on Strawberry
Plant Productivity and Soil Characteristics in California. International Journal of Fruit Science. 16:84-104.



Fusarium oxysporum Verticillium dahliae

* Host-specific * Wide host range
* Over 100 different formae » Long lived survival

speciales described
. . structures, 10+ years
* Shorter lived survival (microsclerotia)

structures, 3-5 years
(chlamydospores)

* Many Fusarium spp. are
reported to be seedborne.

* Optimal soil temp 86°F+

* Occasionally seedborne

* Optimal soil temp 70-
80°F

Chlamydospores Microsclerotia




