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Lettuce as Crop

After China, the United States is the second largest lettuce
producer worldwide, followed by India, Spain, and Italy.
The main states producing lettuce are California and Ari-
zona, with approximately 250,000 and 72,000 acres planted,
respectively. The crop represents a $3.5 billion business in
the country. It is cultivated on approximately 10,000 acres
in the state of Florida, the third largest state producer, with
a farmgate value of approximately $80 million (Sandoya
and Lu 2013). Approximately 90% of lettuce cultivation in
Florida occurs in the Everglades Agricultural Area (EAA)
and the remaining 10% in protected structures throughout
the state. This article describes crop management practices
required for field lettuce production in Florida to assist
growers in making management decisions to help control
bacterial leaf spot in lettuce.

The Disease

Bacterial leaf spot of lettuce (BLS) was discovered in the
United States over 100 years ago in South Carolina (Brown
1918). As lettuce acreage increased in the country, the
disease became more prominent in major production areas
in California and later in Florida because it is favored by
the warm, humid conditions during the lettuce season in
south Florida, which lasts from October (planting) until
mid-April (last harvesting) (Sandoya et al. 2019). BLS is

an unpredictable threat to the lettuce cultivated on soils

with rich organic matter called muck soils in the EAA
located on the southern edge of Lake Okeechobee. Leafy
vegetable growers there have lost several crops due to BLS
outbreaks that occurred in the 1980s, 1990s (Pernezny et al.
1995), and 2010s. Smaller outbreaks that were kept under
control occurred in the region during the 2017-2018 and
2019-2020 lettuce seasons.

There is no clear evidence so far as to how this disease is
spread to uninfected fields or how it was initially intro-
duced into lettuce fields in the state. Lettuce seed infested
with BLS is suspected to be the main mode of transmission,
but weeds are also considered to play an important role in
the epidemiology of the disease (Koike et al. 2018). Further
research on these topics will clarify the actual transmission
mechanisms and will help to design control strategies that
minimize the effects of BLS in lettuce.

Causal Agent

Initially, BLS was believed to be caused by the bacterium,
Xanthomonas campestris pv. vitians, a pathovar that only
causes the disease in lettuce. However, the causal agent

of lettuce BLS was recently reclassified as X. hortorum pv.
vitians (Moriniere et al. 2020). Xanthomonas hortorum pv.
vitians is a gram-negative bacterium that produces yellow
colonies on nutrient agar (NA) (Figure 1).
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Figure 1. Xanthomonas hortorum pv. vitians (formerly known as X.
campestris pv. vitians) colonies on NA.

Credits: Amanda Carroll, UF/IFAS

There are three known races of the pathogen to date, identi-
fied as races 1, 2, and 3 (Bull et al. 2016). Race 1 isolates
have been recovered from all lettuce production areas in
the United States, including Florida. Races 2 and 3 have
not yet become a threat to the Florida lettuce industry but
may cause outbreaks in other regions, including California
and Michigan (Koike et al. 2018). Precautions should be in
place to avoid the introduction of other races to the state of
Florida.

Symptoms

Xanthomonas hortorum pv. vitians infects all types of
lettuce, producing characteristic small, round brown spots
with water-soaked lesions. In Figure 2, typical BLS symp-
toms are shown on romaine and iceberg lettuce, two of the
main types of lettuce grown in Florida. Eventually these
spots coalesce, become larger, and give the plant a papery
feeling to the touch (Figure 3).

Disease Cycle

Inoculum source is believed to come from contaminated
seeds and transplants, depending on the type of planting,
and likely in volunteer lettuce or weeds that are hosts to

the pathogen. Once the inoculum enters the lettuce plant,
symptoms of the disease do not appear until bacterial
colonies increase to 107 colony-forming units per 0.3 square
inch.

Figure 2. Bacterial leaf spot symptoms in romaine (above) and iceberg
(below) lettuce near Belle Glade, FL.

Credits: Richard N. Raid, UF/IFAS

Figure 3. Bacterial leaf spot advanced symptoms in iceberg lettuce
near Belle Glade, FL.

Credits: Gustavo Kreutz, UF/IFAS

BLS develops at temperatures above 73°F. The most likely
influencing factor that helps to develop the disease is wet
and humid conditions, which in Florida are very high due
to the warmer conditions in the state. The pathogen can
also survive in crop residue for one to four months in the
western United States; however, in Florida the pathogen
may not survive after the last crop of the season due to the
high temperatures in early spring, summer, and early fall.
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Because the pathogen moves systemically, it is believed
that it may be seed transmitted. However, no research has
demonstrated the BLS seed transmission mechanism, and
further research is necessary.

Management

Crop destruction at the point of infection and surrounding
areas has proved to be effective to avoid other neighboring
lettuce fields from becoming infected. This strategy has
been successful in containing X. hortorum pv. vitians
spread to other fields during recent small outbreaks in
Florida.

Xanthomonas hortorum pv. vitians is believed to be
transmitted in infested seed, which is the most common
avenue of disease introduction. The use of disease-free seed
is highly recommended, but to date there is no effective
method to detect the pathogen on seeds and assure cleanli-
ness from BLS.

The spread of the BLS pathogen is accentuated by rain and
overheard irrigation. Although drip irrigation can be used
to mitigate spread of the disease by keeping foliage as dry as
possible, this cultural practice is not economically feasible
in Florida’s commercial field production.

Efficacious weed control in surrounding areas of lettuce
fields is highly recommended because the pathogen may be
epiphytic on weeds (Odero and Sandoya 2019). Additional
studies are underway to determine weed species that may
be secondary hosts of BLS in the EAA.

There are no bactericides that can eradicate BLS from
lettuce production. Copper-based compounds can be
effective in reducing the severity and incidence of outbreaks
of BLS when the disease first appears (Bull and Koike 2005).
However, there is a potential for development of resistance
to copper in the pathogen population following repeated
applications. The high variability of disease outbreaks

each year makes it impossible to predict when preventive
applications of copper should be used.

Ultimately, host resistance is the most environmentally
friendly and efficient control method against the BLS
disease. BLS resistance can be found in certain heirloom
lettuce cultivars that are not acceptable for commercial
production (Figure 4). Disease resistance towards race 1
strains of the pathogen can be easily transferred to romaine,
iceberg, and leaf lettuce cultivars using traditional breed-
ing methods. The UF/IFAS lettuce breeding program is
developing multiple lettuce cultivars of different types with
resistance against this disease for planting in Florida.
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Figure 4. Plant Introduction (PI) 358001-1 (left), an accession resistant
to race 1 of Florida strains of X. hortorum pv. vitians and UF/IFAS
advanced romaine lettuce breeding line (right) with resistance to BLS
planted near Belle Glade, FL.

Credits: German Sandoya, UF/IFAS
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