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Many tomato diseases occur in open-field and high-tunnel
production systems; however, some diseases (e.g., leaf mold,
gray mold) are more common in high-tunnel production
due to the unique microenvironments observed in enclosed
structures. Disease identification and monitoring are
critical components of an integrated disease management
program that utilizes resistant varieties and cultural
practices (e.g., irrigation management and soil solarization
or disinfestation). This article provides a concise overview
of some influential high-tunnel tomato soilborne and foliar
diseases and their cultural management techniques.

Foliar Fungal Diseases

Leaf Mold (Passalora fulva and
Psudocercospora fuligena)

Symptoms and Signs: Leaf mold can be caused by two
distinct fungi (P. fulva and P. fuligena) and is a common
issue in high-tunnel and greenhouse tomato production
systems. Symptoms can be observed as light-green or yel-
low spots on the upper leaf surface. The disease progresses
showing fungal signs on the lower surface as a velvety, tan
growth underneath the spots. The later stages of this disease
causes blighting and premature leaf dropping that can lead
to severe defoliation. Leaf mold development is favored by

high relative humidity (>85%) (Thomma et al. 2005) and
warm temperatures (~83°F).

Figure 1. Leaf and canopy symptoms of tomato leaf mold.

Credits: Zach Eldred, UF/IFAS

Cultural Management: Crop residues, especially infected
tissue, should be removed and destroyed whenever possible
and especially after harvest. Be sure to sanitize the high
tunnel between tomato production cycles, which can be
achieved with a pressure washer or sterilizing products
containing alcohol, sodium hypochlorite or ammonium
(Smith et al. 2019). Pruning can increase ventilation and
slow this disease. Commercial varieties with resistance

to leaf mold, Passalora fulva, are available and act as an
effective prevention method.
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Botrytis Gray Mold (Botrytis cinerea)

Symptoms and Signs: Gray mold develops during moder-
ate temperatures (65°F to 75°F) and high relative humidity
(>80%). Symptoms can be observed on all aboveground
plant parts. A sign of gray mold is the unique fuzzy ap-
pearance on infected tissue, which is typically first found
on dead or dying flowers. Stem lesions may occur near or
at the soil line and progress up the stem over time, often
girdling the plant and leading to death. Infections are also
common on leaflets as well as the flowers and fruits. Soft
rot symptoms on fruits, typically observed as mushy and
watery tissue, are common for this disease. Additionally,
the immature fruit may exhibit necrotic or whitish halos
called “ghost spots”; when fruit mature the halos turn from
white to yellow.

Figure 2. Symptoms of Botrytis gray mold on tomato stems and fruit.
Credits: Gerald Holmes, Strawberry Center, Cal Poly San Luis Obispo,
Bugwood.org

Cultural Management: Currently, there are no resistant
varieties to this pathogen. An integrated approach utilizing
multiple techniques should be used to prevent and limit the
spread of this pathogen. Effective controls include giving
adequate spacing between plants, pruning to increase ven-
tilation, and improving sanitation by removing sources of
inoculum such as infected flowers and debris. Additionally,
pruning to avoid petiole stubs and when conditions (low
humidity and free moisture) favor healing has effectively
reduced Botrytis stem canker infections (Decognet et al.
2010).

Powdery Mildew (Pseudoidium
neolycopersici and Leveillula taurica)
Symptoms and Signs: Fungal signs (e.g., spores) are
commonly found on the upper leaf surface, but this can
vary between pathogens. Symptoms start as light-green to
yellow blotches or spots that gradually change to brown.
Eventually leaves will turn brown to dark brown and shrivel
while remaining attached to the stem. This pathogen prefers
moderate temperatures (50°F to 75°F) and relative humidity
(<90%), and it requires little to no water on the leaf surface
for development. High relative humidity (>95%) can limit
this pathogen. The spread of this pathogen most commonly
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occurs by wind dispersal of the powdery spores on the leaf
surface.

Figure 3. Symptoms and signs of powdery mildew on tomato leaves.
Credits: Zach Eldred, UF/IFAS

Cultural Management: Plant resistant varieties whenever
possible. Avoid pathogen spread by limiting weeds or
volunteer plants that may harbor the pathogen. This
includes sanitizing the high tunnel and removing diseased
plant material or tilling in plant residues between tomato
production cycles. Additionally, the use of disease-resistant
varieties/cultivars when paired with integrated manage-
ment techniques (prevention, chemical, etc.) can improve
management (see varieties below).

Early Blight (Alternaria linariae)

Symptoms and Signs: The disease symptoms can be
observed on the leaves, stems, and fruit. Pronounced leaf
symptoms of the lower canopy are most common. Foliar
symptoms are brownish to black lesions, which enlarge
presenting concentric circles. Lesions on the stems are
dark and sunken, also enlarging concentrically. Symptoms
observed on the fruit are dark lesions that enlarge con-
centrically and can mature into a black velvety mass. This
fungus is observed to spread rapidly during warm (60°F to
90°F) and wet (290% relative humidity and/or free mois-
ture) conditions. Early blight is one of the most common
tomato diseases, but previous studies have indicated that
high tunnels may reduce disease severity compared to
open-field production systems (Frey et al. 2020; Rogers and
Wszelaki 2012).

Cultural Management: Use available varietal resistance to
reduce leaf and stem infections. If possible, prevent lower
leaves from contacting bare soil by staking or trellising,
pruning, and barriers such as plastic or organic mulches.
Clean and sanitize all pruning tools regularly to avoid
mechanical spread. Remove and destroy any remaining
infected plant material and weeds between crop cycles. The
addition of UV-absorbing vinyl films may also help slow
disease spread (Fourtouni et al. 1998).



Figure 4. Symptoms of early blight on tomato leaves.
Credits: Zach Eldred, UF/IFAS

Soilborne Fungal Diseases

Fusarium Wilt (Fusarium oxysporum f. sp.
lycopersici)

Symptoms and Signs: This pathogen enters susceptible
plants through wounds and natural openings in the roots.
Symptoms can include seedling stunting, a pronounced
yellowing of leaves, and eventual wilting of the plant.
Symptoms of yellowing and wilting often begin on lower
leaves and progress upwards over time, and they may even
only affect a portion of the plant or leaf. Symptom develop-
ment is enhanced during warm growth periods or when the
plant begins to bear fruit. In addition, plants will develop

a distinct yellow or brown discoloration of the vascular
tissues, extending from the crown into upper symptomatic
tissues. This disease will eventually lead to the plant death.

Figure 5. Wilting, blighting and vascular discoloration symptoms of
Fusarium wilt on tomato plants.
Credits: Mathews Paret, U-Scout

Cultural Management: Resistant varieties are com-
mercially available and are often labeled with VFN,

which stands for Verticillium, Fusarium, and nematode
resistance. However, the effectiveness of resistance can
vary depending on the fungal and nematode population

in your field. It is recommended that producers seek the
guidance of a specialist to identify the population present in
your field when selecting a resistant cultivar. Grafting with
resistant rootstocks and planting disease-free transplants
are effective methods for managing Fusarium wilt. Take
precautions not to move contaminated soil from infested
high tunnels by cleaning tools and clothes before working
in other tomato production areas. Use new wooden stakes
or sterilize before reusing old ones. If possible, do not use
ammoniacal nitrogen. Adjusting pH to 7.0 has been shown
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to reduce pathogen incidence. Rotate with a nonsusceptible
plant, such as leguminous crops. Techniques such as
anaerobic soil disinfestation, soil solarization, fumigation,
steaming, and rotation of high tunnel location can all be
effective at mitigating disease.

Fusarium Crown and Root Rot (Fusarium
oxysporum f. sp. radices-lycopersici)
Symptoms and Signs: This pathogen, which is very similar
to the Fusarium wilt pathogen, enters susceptible plants
through the natural openings caused by the formation of
new roots. This disease is concentrated in the roots and
crown region near the soil line. Foliar symptoms include a
rapid wilting that may include some yellowing foliar tissues,
but not to the same extent as seen with Fusarium wilt, and
frequently includes wilting of green tissues. Root and crown
symptoms consist of a yellow to brown discoloration in the
vascular tissue that do not progress more than 8 to 12 in.
above the soil line (Zhang et al. 2021). In addition, plants
develop a general root rot of tap and lateral roots as well as
brown stem lesions at the soil line that can girdle the crown,
which often leads to the extensive production of adventi-
tious roots at the crown. Disease progression eventually
leads to plant death. Unlike Fusarium wilt, this disease is
favored by cooler temperatures (50°F to 68°F) (Zhang et al.
2021).

Cultural Management: All attempts should be made to
mitigate this disease through an integrated management
approach, including using disease-free transplants, utiliz-
ing either resistant varieties or grafting with a resistant
rootstock, rotating to a nonsusceptible host (leguminous
crops), and employing preplant soil disinfestation/steriliza-
tion. Removal of plant debris during and at the end of the
season is critical as well as avoiding transport of soil to
other locations. Sanitation of tools, equipment and clothes
is reccommended when dealing with a disease outbreak.

Figure 6. Symptoms and signs (orange masses) of Fusarium crown and
root rot on tomato plants.
Credits: Mathews Paret, U-Scout



White Mold or Sclerotinia Blight
(Sclerotinia sclerotiorum, S. minor and S.
trifoliorum)

Symptoms and Signs: This disease typically appears at
flowering but can be observed earlier in high tunnels.
Symptoms will start out as water-soaked areas and expand
into large cankers on the stems and branches. White
mycelia can grow out of the infected area with the vascular
tissue having irregular-shaped, black sclerotia. Shortly after
symptom development, the infection will quickly kill the
stem and then the whole plant. This pathogen can infect the
stems, flowers, and fruit.

Cultural Management: Deep plowing, crop rotation,
anaerobic soil disinfestation, soil fumigation, and various
soil amendments may be useful in managing this pathogen.
Immediate plant removal is necessary to prevent further
spread of this pathogen. An integrated approach with
several practices will be needed to manage this disease

as infections can occur from local (within the tunnel) or
distant (outside the tunnel) inoculum sources.

Figure 7. Symptom and signs of white mold on tomato stems.
Credits: Zach Eldred, UF/IFAS

Southern Blight (Athelia rolfsii)

Symptoms and Signs: This pathogen is not often detected
until moderate to severe symptoms of wilting begin to oc-
cur. However, initial symptoms of this disease are generally
water-soaked lesions at the crown of the plant, on or near
the soil line. Signs of this pathogen are seen as a growth
of white mycelia, which form a mat around the infected
plant parts. This pathogen will produce many tan, round,
mustard-seed-sized sclerotia where there is an infection
and mycelial growth. The fruits that come in contact with
bare soil may also become infected and produce hyphal
mats and sclerotia, leading to fruit rot.

Cultural Management: Effective management of this
pathogen begins with avoiding planting in fields with a
history of the disease. Pathogen exclusion is critical to
preventing the introduction of this pathogen in the field.
Utilizing clean media and ensuring that transplants are
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disease-free can help reduce the probability of introducing
the pathogen into the field. Immediately remove infected
plants and surrounding soil being careful to limit spread

to adjacent plants. Soil treatments such as soil solarization
and disinfestation can reduce the presence of the pathogen.
Deep plowing and burying of planting material has also
been shown to be effective at managing this disease.

Figure 8. Foliar wilting and signs of infection caused by Athelia rolfsii in
tomato.
Credits: Mathews Paret, U-Scout

Viral Diseases

Tomato Yellow Leaf Curl Virus (TYLCV)

Symptoms and Signs: This pathogen is transmitted by the
adult silverleaf whitefly. The whitefly can transmit TYLCV
for 10 to 12 days, and it can acquire the virus multiple times
in a season. Symptoms are typically seen first on the newest
leaves as marginal yellowing, or chlorosis, and leaf cupping.
Additional symptoms may be seen as mottling, reduced
leaf size, stunting, and fruit and leaf drop depending upon
the age of the plant. One or more of the symptoms may be
observed at one time and become more pronounced with
plant age. Symptoms of this disease are obvious but not
unique, so laboratory diagnosis is recommended.

Figure 9. Symptoms of TYLCV on tomato leaves in high-tunnel
production systems. Image of a yellow card sticky trap shows the size
of the white fly vector compared to other insect pests. More white

fly information can be found at https://edis.ifas.ufl.edu/publication/
IN695.

Credits: Juan Diaz-Perez, UGA, and Nicholas Dufault, UF/IFAS

Cultural Management: Select varieties with resistance
traits for TYLCV and use virus- and whitefly-free trans-
plants. Rogue any diseased plants. Effective whitefly man-
agement is critical to reduce seasonal spread of the virus.
Use a fallow period between crops and/or appropriate crop
rotation practices to reduce whitefly vector buildup (Smith
et al. 2018). After the growing season, immediately remove
or destroy all tomato plants. Practice good weed manage-
ment in and around the structure to the largest extent that



is feasible. Even if TYLCV-tolerant varieties are utilized,
whitefly populations must still be managed, because high
whitefly populations can lead to uneven fruit ripening.
Tolerant varieties will still exhibit mild viral symptoms
upon infection and can serve as a source of the virus.

Tomato Chlorosis Virus (ToCV)

Symptoms: This disease occurs sporadically throughout
Florida. The virus is most effectively transmitted by the
silverleaf whitefly for about 1 to 10 days after acquiring the
virus (Simone et al. 1996). Symptoms are typically seen on
the bottom half of the plant, with the leaves becoming yel-
low between the veins. ToCV symptoms are often mistaken
for magnesium deficiency or root-knot nematode damage
and are associated with other types of tomato “yellows”
diseases. The progression of the disease begins in the lower
leaves and eventually moves to the new growth, with the
leaves eventually becoming brittle or thick with necrotic
flecks (Simone et al. 1996). Additionally, fruit development
may be stunted due to the reduced photosynthetic capacity
caused by this virus.

Cultural Management: Use certified pathogen-free seed

if available and virus- and whitefly-free transplants. Also,
remove transplant seedlings that have issues present and
send for testing when possible. Use a fallow period between
crops and/or appropriate crop rotation practices to reduce
whitefly vector populations (Smith et al. 2018). Rogue out
any early symptomatic plants to limit viral spread. After the
growing season, immediately remove or destroy all tomato
plants. Eliminate solanaceous weeds in and around the
structure to the largest feasible extent.

Figure 10. Leaf yellowing symptoms in tomato caused by tomato
chlorosis virus, ToCV.
Credits: Zach Eldred and Nicholas Dufault, UF/IFAS

Tomato Spotted Wilt Virus (TSWV),
Groundnut Ring Spot Virus (GRSV) and
Tomato Chlorotic Spot Virus (TCSV)

Symptoms and Signs: These pathogens belong to the
viral family Tospoviridae, which is transmitted by thrips.
Thrips can only acquire the virus during the larval stage
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but may transmit the virus during either the larval or

adult stage. Symptoms begin on the leaves as light-brown
flecks, eventually becoming brown and resulting in death.
Symptoms caused by this pathogen are often mistaken for a
wilt pathogen because of its droopy leaves and stunting. The
symptoms that occur on the fruit are the most striking with
this disease and can be seen as yellow or brown concentric
rings that alternate with the color on green fruit, while the
rings on the ripe red fruit are conspicuously brown.

Cultural Management: Use resistant varieties whenever
possible. Use transplants that are free of thrips and other
issues. Consider rogueing young seedlings that show
symptoms. Manage weeds and practice sanitation measures
to manage thrip populations. Other practices, such as
planting noncrop plants to indicate when thrips are present,
also known as indicator plants, are useful in limiting disease
spread.

Figure 11. Leaf and fruit symptoms in tomato caused by tomato
spotted wilt virus (TSWV).
Credits: Mathews Paret, U-Scout

Tobacco Mosaic Virus (TMV) and Tomato
Mosaic Virus (ToMV)

Symptoms and Signs: This pathogen is a mechanically
transmitted, seed-borne virus that can result in severe
losses. Symptoms of TMV often vary between plant culti-
vars, age of the plant, environmental conditions, and strain
of the virus. However, many common symptoms include
light-yellow-green to dark-green mosaic patterns on the
leaves. Malformation or distortion of the leaves may occur,
often referred to as “leaf strapping” or a “shoestring-like”
appearance. Infection may also cause mosaic or necrotic
patterns on the fruit, which may lead to premature ripening
and internal browning. Advanced symptoms of this patho-
gen may cause severe leaf yellowing with green veins.

Figure 12. Various stages of leaf symptoms in tomato caused by
tobacco mosaic virus (TMV).
Credits: Mathews Paret, U-Scout



Cultural Management: Use resistant varieties whenever
possible. Refrain from handling plants when using tobacco
products, and wash all tools with either soap, 0.06% sodium
hypochlorite (bleach) solution, or 2% Virikon S (Li et al.
2015) when pruning to prevent viral spread. Take care to
avoid spreading the virus from infected plants to healthy
plants by workers and equipment. If possible, dig up and
remove infected plants from the field to reduce inoculum.
Ensure to always use disease-free or treated seeds. Rotate
with nonhost crops whenever possible.

Nematodes
Root-Knot Nematode (RKN—Meloidogyne
spp.)

Symptoms and Signs: The root-knot nematode, a micro-
scopic worm, is a plant-parasitic nematode that commonly
damages tomatoes in Florida (Crow 2020). The symptoms
from this parasite are due to the disruption in normal
function of the root system. Initial symptoms are often
associated with nutrient deficiency, such as leaf yellowing
(chlorosis), stunting, and a general decline in plant vigor.
Wilting occurs in severe cases but may recover when
irrigated. Symptomatic plants are generally distributed

in patches and are characterized by the unique knots or
galls present on the root system. This parasite is often a
severe problem in sandy soils, and high tunnels may create
a unique environment for greater RKN infestations than
open-field production systems (Frey et al. 2020).

Cultural Management: Use resistant varieties wherever
possible. Rotate between nonhost crops, such as cover crops
that suppress RKN (sunn hemp, marigold, cowpea, etc.)
(Gill and McSorley 2017). Destroy all crop residues quickly
after harvest. Other practices, such as soil solarization, may
be used depending on soil type and resource availability.

Chemical and Biological Controls

Many of the diseases mentioned can be managed using
chemical means alone or as part of an integrated program.
Management using chemical and biological products
requires (1) an accurate diagnosis of the disease(s), (2) a
thorough understanding of the product’s efficacy and the la-
beled usage, (3) an understanding of the product’s shelf life/
expiration date, and (4) storing the product in the proper
conditions and facilities. For a list of products available, see
chapters 18 and 19 of the 2022-2023 Vegetable Production
Handbook of Florida, “Tomato Production” (https://edis.
ifas.ufl.edu/publication/CV137) and “Biopesticides and
Alternative Disease and Pest Management Products”
(https://edis.ifas.ufl.edu/publication/CV295).
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Resistance Varieties and Cultivars

Host resistance is one of the most effective tools for pre-
venting and reducing the impact of plant diseases. However,
the effectiveness of a host resistance trait can vary between
varieties/cultivars, with the pathogen populations that are
present and in relation to various environmental conditions
(e.g., extreme weather). For example, the Fusarium wilt
pathogen is composed of multiple “races” that require
specific host resistant traits. Without these specific traits,
tomato plants are susceptible to the pathogen, which is why
contacting a specialist was recommended above.

The commercial availability of resistant tomato varieties
continues to grow each year. Often these varieties contain
traits that can prevent multiple diseases. Information
about host resistance can be found on the seed packaging
or in technical/specification sheets. However, if there is a
question about a variety’s resistant traits, it is advisable to
contact the seed producing company with the information
provided on the label. A summary of tomato cultivars and
their respective resistance traits can be found in the Veg-
etable Production Handbook of Florida chapter on tomatoes
(https://edis.ifas.ufl.edu/publication/CV137).
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