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Tomatoes are a high-value fresh market crop critical to
farm income
Tomatoes (Solanum lycopersicum L.) are grown for fresh markets across the U.S. Tomato production in the Pacific

Northwest is focused on fresh markets, and much of the acreage is grown under plastic or glass.

The USDA estimates 414 acres of production in Oregon with a farm value of over $14 million in 2009. Economic

analysis of local market producers shows each 12 inches of tomato row can net $12 in current markets.

Nighttime temperatures below 55°F or above 75°F can severely impact tomato yields. This results in a decrease in

fruit set, damage to young fruit or impact fruit size. The sensitivity to extreme temperatures makes tomato

production under plastic or in a glasshouse a good option in western Oregon and Washington, where nighttime

temperatures regularly drop below 54°F during the spring and early summer. For many fresh market growers,

tomato sales are critical to the economic viability of the farm. Preventing crop loss due to pests and diseases is a

critical need for small farms, especially those under organically certified cropping practices.
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Credit: C.M. Ocamb.

Figure 1: Powdery mildew infecting tomato in high

tunnel production in Western Oregon in 2016.
Credit: C.M. Ocamb.

Tomato powdery mildew is a disease with potential for
significant economic impacts
In recent years, widespread outbreaks of powdery mildew have been observed in fresh market tomato crops in

western Oregon. Powdery mildew is caused by fungal pathogens that infect various crops, including tomatoes. Two

fungi, Leveillula taurica (syns. Erysiphe taurica, Oidiopsis taurica) and Oidium neolycopersici (syn. Pseudoidium

neolycopersici), can cause powdery mildew on tomatoes in western Oregon. Light green to bright yellow, irregularly

shaped blotches develop on leaf surfaces, typically accompanied by a whitish sporulation on the upper or lower

surface. Severely affected leaves may die and remain attached to plants (Figure 1). Powdery mildew can deform

leaves if they are attacked before they are fully expanded.

Leveillula taurica, long known to incite powdery mildew on tomatoes and multiple crop genera in multiple plant

families, usually is seen as a sparse, whitish powdery growth mostly on the underside of leaves. This fungus produces

asexual spores (conidia) that are essential for disease spread (Fig. 2). Sexual spores produced in specialized fungal

structures known as chasmothecia can be found, but chasmothecia are rarely observed in L. taurica.

2

https://extension.oregonstate.edu/sites/default/files/styles/full/public/images/2023-10/tomato-3.jpg?itok=6kWCOYBV
https://extension.oregonstate.edu/sites/default/files/styles/full/public/images/2023-10/tomato-2.jpg?itok=iDufoo7D


Oidium neolycopersici has been more recently reported as a problem in tomatoes and other members of the

Solanaceae family. Oidium neolycopersici produces a profuse, white powdery growth on the upper leaf surface. The

underside of leaves can also have white, powdery growth when the relative humidity is high, such as in greenhouses

or plastic high-tunnel hoop houses.

This fungus can lead to leaf death and severe defoliation of tomato plants. Oidium neolycopersici can also infect

stems and petioles, unlike L. taurica, which is limited to leaves. Chasmothecia production by O. neolycopersici has not

been reported, but conidia are produced in abundance and can incite new infections on plants in the vicinity. Oidium

neolycopersici has been reported on tomatoes in California, Florida and other states and regions. Because Oregon

growers obtain tomato transplants from other states, including California, Oregon producers can bring powdery

mildew to farms via infected transplants.

Powdery mildew can overwinter on tomato or wild hosts, or survive as chasmothecia if produced. Conidia are readily

windblown, so disease can spread by conidial dispersal from infected plants including from infections on

overwintering wild hosts or transplants. Powdery mildew remains an economically important disease for enclosed

tomato production because of market demands for unblemished fruit and the limited options for disease control in

greenhouses and hoop houses. Although breeding programs are focused on providing resistant cultivars, high-

market-value tomatoes, such as heirloom varieties and Roma-types, have poor resistance to powdery mildew. The

varieties Geronimo F1, Granadero F1, Massada F1 and Striped Stuffer are reportedly resistant to powdery mildew.

While fungicides are registered for management of powdery mildew on tomatoes, much of the fresh market industry

in the Pacific Northwest is organic. Organic growers and growers without organic certification have reported

choosing minimal or no fungicide applications. They cite concerns for worker safety in enclosed areas such as

greenhouses and hoop houses, as well as the high cost and logistical challenges of regular fungicide applications on

tomato plants. But powdery mildew on tomatoes can be managed with consistent applications of protective or

contact fungicides. A relatively large number of formulations that represent a range of active ingredients are

registered for use on tomatoes in the Pacific Northwest. Find a current list of fungicides in the Pacific Northwest

Plant Disease Handbook (https://pnwhandbooks.org/plantdisease/host-disease/tomato-solanum-lycopersicum-powdery-mildew. ).

For growers with organic certification, options that can be effective for the management of tomato powdery mildew

include Regalia tank-mixed with a copper formulation, potassium bicarbonates such as Kaligreen or Milstop, and a

sulfur formulation (Microthiol Disperss) on seven-day intervals. Sulfur is toxic to fungi in its vapor phase and

effective only when air temperatures promote volatilization (above 65°F). Sulfur becomes phytotoxic above 95°F, so

using it above 85°F is not recommended. Potassium bicarbonates can be challenging to remove from spray

equipment, so take extra care to thoroughly clean equipment. Oregon State University studies on potassium

bicarbonate showed good control of tomato powdery mildew in high tunnel production in western Oregon.

Kaligreen applied at 3 lb/A on weekly intervals prevented defoliation of tomato plants in 2019. Kaligreen reduced

disease severity relative to nontreated tomato plants; mean percentage of leaf area with powdery mildew was 12%

and 56% for Kaligreen-treated and nontreated plants, respectively, in 2019.

Powdery mildew fungi attacks can be severe on greenhouse tomatoes. Making regular fungicide applications to
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manage powdery mildew is difficult yet tomato crops are critical for farm income. An innovative management

strategy for powdery mildew control, such as the use of ultraviolet lighting, may be of interest for tomato growers.

In greenhouse settings, UV-B and UV-C light effectively reduced or eliminated powdery mildew in recent studies on

tomatoes, cucumbers and strawberries. The germination of Oidium neolycopersici conidia was greatly reduced or

eliminated following exposure to UV treatments in a 2016 study; results depended on treatment duration and UV

wavelength. Short-duration UV light treatments followed by periods of darkness yielded the most effective disease

control in a 2017 study.

Figure 2: Microscopic view of conidia produced on a plant leaf. When the white powdery growth characteristic

of powdery mildew develops on a tomato leaf, it is primarily due to the presence of these conidia. Conidia of

powdery mildew fungi develop in chains. The outermost conidia in the chais are the most mature spores and

will be released during the daytimes as relative humidity drops, allowing the conidia to be moved by wind

currents.
Credit: C.M. Ocamb.

OSU studies on tomato powdery mildew mitigation
strategies via UV-C
Two separate experimental trials (Study A and Study B) were conducted in the 2020 growing season in an Oregon

State University high-tunnel hoop house at the North Willamette Research and Extension Center in Aurora, Oregon.

Disease control treatments included a nontreated control, a grower standard of potassium bicarbonate and UV-C.

Treatments were applied to plots of 10 plants with four replications of each treatment plot.

Researchers placed a series of three lights that produce broadband UV-C at 253.7 nm (CleanLight XL, Netherlands),

each 24 inches by 5 inches, , arranged on a stand measuring 60 inches tall. Two lights were placed vertically, parallel

with the plant stem, and the third light was placed on a horizontal arm holding the light over the plant canopy
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(Figure 3A). The stand could be rolled across the ground in the greenhouse to apply the light to the side of the plants

nearest the outside of the bed and above individual plants (Figure 3B). Plants in each plot initially received 90

seconds of UV light for the first two treatments in Study A. The exposure was reduced to 60 seconds of UV light per

plant for the remainder of this run due to plant injury (Figure 4). UV-C treatment time was reduced to 60 seconds

per plant twice a week in Study B. UV-C treatments were applied after sunset, beginning at official sunset on each

treatment date and twice a week throughout each study.Research has shown fungi are most susceptible to damage

from UV-C lights after sunset.

A recommended grower standard, potassium bicarbonate (Milstop, BioWorks), was applied at 3 lb/A each week

using a hand-held sprayer in a volume equivalent to 288 gal water/A. Researchers recorded visual assessments of

the percentage of leaf area with powdery mildew weekly for 10 compound leaves on each of the eight tomato plants

in each plot. Plant height, fruit count and leaf chlorophyll content were determined for two plants in each plot at the

end of each study.

Figure 3: Cart produced by hand and used for UV treatments (A); the top of the unit is on a hinge to

accommodate growing plants. Tomato plant receiving UV-C treatment at night (B).
Credit: Kristine Buckland, Oregon State University
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Disease control study results
Powdery mildew spread rapidly within the hoop house in

both studies. Both weekly applications of potassium

bicarbonate and twice-weekly UV-C treatments reduced

powdery mildew, and UV-C provided greater disease

control. UV-C treatment resulted in no disease on all

assessment dates in Study A. In Run 2, UV-C resulted in

no disease on the first two assessment dates and less

than 50% on the third and fourth assessment dates.

UV-C appears promising for the protection of tomatoes

from powdery mildew in high-tunnel production in

western Oregon. It is expected that a fine-tuned UV-C

treatment would result in excellent disease control with

negligible impact on overall crop yield and fruit quality

compared to nontreated plants or plants treated with

potassium bicarbonate on a weekly basis. In addition,

UV-C may allow an extended growing period for spring-

planted tomatoes grown under plastic in western

portions of the Pacific Northwest.

Figure 4: Powdery mildew incidence (top) and severity

(bottom) on tomato in 2020, Study A. NTC:

nontreated control; STD: grower standard of

potassium bicarbonate (Milstop, BioWorks, Victor,

NY) applied weekly at 5.6 kg ha-1; and UV-C:

ultraviolet C light provided by three UV lights (61 ×

12.7 cm, CleanLight XL, Netherlands) that produce

broadband UV-C at 253.7 nm was applied for 90 s after

dark twice per week for first two applications and

then reduced to 60 s thereafter. Means are based on

the % leaf area covered with powdery mildew on 10

compound leaves of each of eight plants in each of

four replicate plots per treatment. Different letters

within each assessment date indicate significant

differences (p<0.05) as determined by the Tukey-

Kramer method.
Credit: Kristine Buckland, Oregon State University

Treatment effects on plant growth
In both studies, leaf chlorophyll content reported as SPAD ratings were not different among treatments. However,

treatments did result in differences in plant height and number of fruits. In the first study, the UV-C treatment had

shorter plants than the other two treatments. Also, UV-C significantly impacted the number of fruit per plant in

Study A. The UV-C treated plants had the lowest number of fruit per plant and yield was significantly lower than the

potassium bicarbonate treatment used as the grower standard. The potassium bicarbonate treatment had the

highest number of fruit per plant; the number of fruit per plant was similar between the untreated plants and the

UV-C-treated plants. In Study B, the length of time each plant was treated with UV-C light was reduced to minimize

negative impacts on plant growth and fruit set. In this study run, there were no treatment differences in plant height

or number of fruits.
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Conclusions on preliminary
evaluations of UV-C
treatment effects on tomato
powdery mildew
Two study runs comparing UV-C applications to weekly

potassium bicarbonate applications conducted within a

high-tunnel environment showed that a twice-weekly

application of UV-C light protects tomato plants against

powdery mildew. The studies showed that UV-C can be

applied in a way that minimizes plant injury. Our work

demonstrates the potential for UV-C as an option for the

management of tomato powdery mildew. More research

is needed to refine the treatment duration and

application methods to prevent plant injury, maximize

the benefit of UV-C light treatment and automate the

process to prevent worker exposure to UV lights.
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