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Factors that have led to the increased expansion of
challenges to manage soilborne diseases:

Intensification; less rotation; increased pathogen
Inoculum

reliance on susceptible cultivars to meet specific
market demands (e.g. heirlooms)

global movement & local invasion of novel
pathogens

transition to organics and high tunnels practices
needs-based practices for resource-limited
farmers

loss of soil fumigants e.g. methyl bromide (MeBr)




19. WILHELM,S.,R.C.STORKAN,andJ.
E. SAGEN. 1961. Verticillium wilt of
strawberry controlled by fumigation of
soil with chloropicrin and chloropicrin-

methyl bromide mixtures. Phytopathology
51:744-748,
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The Big Picture
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Amount
of
Disease




Napoleon “Know Your Enemy”



| B. Know Your Biology: Common Sources of Inoculum

1. On or in soll
a. Soll transients
b. Soil inhabitants
2. 0n or in seed or vegetative propagative organs
3. On or in insects (other vectors)
4. On perennial plants, alternative hosts or distant host
crops (combined with long-distance transport)

Reference: Agrios pg 80-81; 100-102



| C. Know Your Biology: Pathogen Life Cycles

1. Obligate parasite

2. Facultative Parasite
a. hon-host-specific
b. host specific

From: G.N. Agrios. 2005. Plant
Pathology. 5th edition. Elsevier AP.



1. Know Your Client and Context

Commercial operation -10 acres or
10,0007

Home gardener

Organic or conventional

Business or life-style oriented
Owner, manager, extension agent,
or consultant

Experienced or new producer



Diversity of Tomato Production Systems:

MeBr — dependent System



I11. DIAGNOSIS CAN BE DIFFICULT:

BUT you (plant pathologists) are uniquely qualified
to do It.
Observed SYMPTOMS, SIGNS, and SIGNATURE

From: G.N. Agrios. 2005. Plant
Pathology. 5th edition. Elsevier AP.



Signs and Symptoms
And THE Signature

Signature -
the specific
temporal
and spatial
expression
of signs
and
symptoms
(FIEL eiion Evevier



IV. STEPS IN DIAGNOSIS
NARROW IT DOWN

UNGAL
PATHOGEN BACTERIA
VIRUS
INSECT R
LIVING FACTOR OTHER PEST  EM
BIOTIC
NON-LIVING EACTOR
ABIOTIC \ MECHANICAL
PHYSICAL SOIL pH
CHEMICAL SALTS



V. STEPS IN DIAGNOSIS

A. IDENTIFY THE PLANT (HOST)
B. COLLECT KEY INFORMATION

1) Spatial information

2) Temporal Inforamation
3) Husbandry Information
4) Plant information

5) Other information

C. FORMULATE A DIGANOSIS,
PROGNOSIS AND RECOMMENDATION






PLANT DISEASE DIAGNOSIS

In most cases, routine diagnosis are “preliminary” and diagnose a
described disease.

In rare instances, diagnosis is completed to identify an unknown
disease — that's a research project!

LEVELS OF RELIABILITY:

Positive Diagnosis (100% reliable)
Accurate Diagnosis (>99% reliable)
Useful Diagnosis (95-99% reliable)
Indicative Diagnosis (85-95% reliable)
Exclusion Diagnosis (100% reliable)

From: M.C. Shurtleff and C.W. Averre Ill. 1997. The plant disease clinic and field diagnosis of abiotic diseases. APS Press.





















Four common species of root-knot nematodes (Meloidogyne spp.) in the
United States:

« the southern root-knot (M. incognita),

* the peanut root-knot (M. arenaria),

 the javanese root-knot (M. javanica)

* the northern root-knot (M. hapla)

Emerging threat:
* the guava root-knot (M. enterolobii)

Dissected females out of galls









Obligate parasite (rotation)
Prevention

Host Resistance
Fumigants

Nematicides












From: G.N. Agrios. 2005. Plant
Pathology. 5th edition. Elsevier AP.



Fusarium oxysporum f.sp. radices-lycopersici

Fusarium crown and root rot: Introduced
on infested plants, contaminated soil or
untreated supplies



TOMATO PATHOGEN CODES:

Ff — Leaf mold caused by Fulvia fulva (formerly Cladosporium fulva)

Fol — Fusarium wilt caused by the specified races of Fusarium oxysporum f. sp.
lycopersici

For — Fusarium crown and root rot caused by Fusarium oxysporum f. sp.
radicis-lycopersici

Lt — Powdery mildew caused by Leveillula taurica

M — Root knot caused by Meloidogyne arenaria, M. incognita and M. javanica
Tm — Mosaic caused by tobamovirus pathotype

ToMV — Mosaic caused by tomato mosaic virus

TMV — Mosaic caused by tobacco mosaic virus

V — Verticillium wilt caused by the specified race of Verticillium albo-atrum, V.
dahliae

HR — High resistance
IR — Intermediate resistance



Fusarium oxysporum f.sp. lycopersici
Fusarium wilt

Race 1 (0)

Race 2 (1)

Race 3 (2)

Fusarium: Fol:0,1,2 (EU) = Fol:1,2,3 (US) is same as Fol:0-2 (EU) = Fol:1-3 (US)

Tomato cultivar nomenclature examples:
Big Dena Ff: A-E / Fol: 0-1 (US1-2)/ For / TMV: 0/ ToMV: 0-2/V (Va: 0, Vd: 0)

Mountain Merit Hybrid Tomato VFFFNTswvEDbLD
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Verticillium Wilt










> Front Microbiol. 2020 Nov 30;11:573755. doi: 10.3389/fmicb.2020.573755. eCollection 2020.

Comparative Genome Analyses of 18 Verticillium
dahliae Tomato Isolates Reveals Phylogenetic and

Race Specific Signatures

Thomas W Ingram 1, Yeonyee Oh 1, Tika B Adhikari ', Frank J Louws ' 2, Ralph A Dean !



Southern Stem Blight




White Mold; Timber Rot




More
common in
greenhouses

https://www.apsnet.org/edcenter/disandpath/fungalasco/pdlessons/Pages/SclerotiniaSunflower.aspx



Ralstonia solanacearum

Southern Bacterial Wilt
Colonizes Vascular tissue

Tropical Environments
Soil Inhabitant
Wide host range




Riley, M.B., M.R. Williamson, and O. Maloy. 2002.
Plant disease diagnosis. The Plant Health
Instructor. DOI: 10.1094/PHI-1-2002-1021-01
Plant Disease Diagnosis




Pith Necrosis
(Sporadic)

Pseudomonas
corrugata

Avold excess
N
Rotate






WHO IS THE ENEMY? (WHY DO WE FUMIGATE?)
Black Root Rot Complex



Chandler
San Andreas

Benecia

Benecia Benecia
(outside row) High disease
Low disease pressure

pressure

Benecia roots showing poor root structure; BRR symptoms and “Rat-Tail” appearance









Table 3: Summary of fungi isolated from strawberry roots showing symptoms of black
root rot in various locations across NC.

FUNGI LOCALITIES
Clayton Fletcher Bunn Plymouth TOTAL
(eastern NC | (mountains)|(piedmont)| (eastern NC)

Rhizoctonia 'fragariae’ /?\ 48 /é?\ 85 222

AGA / 0 \ 14 / 41 \ 53 108

AGI 0 4 9 10 23

AGG 0 14 29 12 55

unknown/other 5 16 5 10' 36

Pythium spp. 203 20 12 128 363

P. irregulare 201 2 1 78 282

12 other species/groups 2 18 11 50 81
Fusarium spp.

12 different species 20 15 31 88 154

OTHERS
27 different Genus/speécies 77 18 57 220 372
TOTAL OF ISOLATES| 1111

Fungi were isolated from roots using multiple semi-selective media and identified using morphological and molecular
methods. Note: These data represent isolations from strawberry roots over multiple sites and years; each site may
have been sampled more than once over 2 to 3 years. Data reflects successful isolations from a hierarchical sampling
scheme; not proportional data. Therefore these data do not reflect direct comparisons across sites but show
predominance of specific profiles within each sample site. Summarized work by Z.G. Abad and F.J. Louws.
















Phytophthora Symptoms on
Sguash



Life Cvcle of Phytophthora capsici
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Qospores of P. cactorum can be seen in infected strawberry root tissue

(Photo courtesy of F.J. Louws, NC State University)




Root-development phenology-
based recommendations






Importance and relative efficacy of IPM tactics and Current use of host resistance to
manage major pathogens of tomato and strawberry

Seriousness |Crop Fumigant Soil |Other |Host

Soilborne Pathogen of Importance in the SEUS of the Disease|Rotation |Disinfestation [IPM Resistance
tactics
TOMATO

Fungi
\erticillium dahliae race 1 [Sses fadaded Fkkx
\erticillium dahliae (other than race 1) **** Hxx NA
Fusarium oxysporum f.sp. lycopersici  [**** ** falaiaied
(race 1, 2 & 3)
Fusarium oxysporum f.sp. radicis- ek [ *x s falaiaied
lycopersici
Sclerotium rolfsii e & falala et ND
Oomyecetes
Phytophthora capsici P’ *x **  INA
Pythium sp. Fhk o RREE e NA
Bacteria
Ralstonia solanacearum [RSEses e * oo kil
Nematodes

*kk*k *k*x **k*k%*x **k*x **k*k%*x

Root knot




Importance and relative efficacy of IPM tactics and Current use of host resistance to manage
major pathogens of tomato and strawberry

Seriousness |Crop Fumigant Soil |Other |Host

Soilborne Pathogen of Importance in the SEUS of the Disease Rotation |Disinfestation IPM Resistance
tactics
STRAWBERRY

Fungi
Rhizoctonia fragariae hekhek * *kk * NA
Fusarium sp. (not wilt) & *okk Kokkk * NA
Sclerotium rolfsii i * okk *k NA
Oomycetes
Phytophthora cactorum akaiad *x *x *k .
Pythium irregulare Kok *kk kK *k NA
Nematodes

K*hKhxk * Kk *KKhxk KKk ND

Root knot




Regional importance of various soilborne tomato pathogens in North Carolina

ECOLOGICAL ZONE

Pathogen Clglzsi;al Piedmont Mountains Pocicre?\fttial
Verticillium dahliae race 1 * *okk ok
Verticillium dahliae race 2 * Kok kK *%
Fus. oxy. f.sp. lycopersicirace O or 1~ **** kK xkkk kK
Fus. oxy. f.sp. lycopersici race 2 * ok kK ok
Ralstonia solanacearum (race 1) ke *kk * ok
Sclerotium rolfsii Fekdkk *% Kk
Phytophthora capsici *AKx *kk *kk *
Meloidogyne incognita Tk *% * kK

Louws et al. 2010
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Generation 4 — SUSTAINABLE SYSTEMS

Can you design Farming Systems that have
suppressive soils and promote plant health?
(multi-functional)

EEE,







ADVANCING THE FRONTIER OF SUSTAINABLE AG
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