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Special Report

Introduction of Tomato Yellow Leaf Curl Virus in Florida and Implications
for the Spread of This and Other Geminiviruses of Tomato

J. E. Polston and R. J. McGovern, University of Florida, Gulf Coast Research and Education Center, 5007 60th
St. E., Bradenton 34203; and L. G. Brown, Florida Department of Agriculture and Consumer Services, Division of
Plant Industry, 1911 S.W. 34th St., Gainesville 32608

Tomato yellow leaf curl virus-Israel
(TYLCV-Is) (family Geminiviridae, genus
Begomovirus) is a whitefly-transmitted
virus first described from infected tomato
plants (Lycopersicon esculentum) in Israel
almost 40 years ago (5). TYLCV-Is symp-
toms appear several weeks after infection
and include severe stunting, marked reduc-
tion in leaf size, upward cupping and
chlorosis of leaf margins, mottling, flower
abscission, and significant yield reduction.
Unlike many other whitefly-transmitted
geminiviruses, TYLCV-Is is monopartite
and does not require a B component for
infectivity (14). This virus has a broader
host range than other whitefly-transmitted
geminiviruses and includes vegetable,
ornamental, and weed species (5,6,9).
TYLCV-Is is readily transmitted in a per-

sistent manner by Bemisia tabaci Biotype
B (a.k.a. B. argentifolii). In the early
1990s, TYLCV-Is appeared in the eastern
Caribbean in Cuba, the Dominican Repub-
lic, and Jamaica, and it was believed to
have been, in the case of the Dominican
Republic, introduced on infected but asymp-
tomatic tomato transplants from the eastern
Mediterranean region (4,10–12,17). TYLCV-
Is can have a catastrophic impact on to-
mato production and is often associated
with high levels of crop losses in both the
eastern Mediterranean and the Western
Hemisphere (1,5,15). Although no formal
crop loss assessment studies have been
conducted, an informal survey of growers
in the Dominican Republic reported yield
losses of up to 95% in the 1993-94 pro-
duction season (1). Management of
TYLCV-Is can be difficult, often requiring
significant changes in production, man-
agement practices, and yield expectations.

It is rare to have the opportunity to
document the introduction of a virulent
plant virus. The following is an account of
the identification of TYLCV-Is in the
United States for the first time, its spread
within Florida, and the response by univer-
sity, regulatory, and commercial personnel
to contain that spread.

Identification of TYLCV-Is
in Florida

In July 1997, symptoms characteristic of
TYLCV-Is were first seen in a tomato plant
from a field in Collier County, Florida. At
almost the same time, four tomato plants
with symptoms typical of TYLCV-Is were
found at retail garden centers in West Cen-
tral Florida (Sarasota and Charlotte coun-
ties) (Fig. 1). DNA was extracted from
these symptomatic plants for use in po-
lymerase chain reaction (PCR) amplifica-
tion (17). Primers PAL1v1978 and
PAR1c496, degenerate primers that am-
plify a region that includes a portion of the
Rep gene, the intergenic region, and a por-
tion of the coat protein gene of a wide
range of both monopartite and bipartite
geminiviruses, directed the amplification
of a 1,300-bp DNA fragment. Primers
PBL1v2040 and PARc154, degenerate
primers that amplify an approximately
600-bp region of the B component of many
bipartite geminiviruses, did not direct the
amplification of a fragment (20). These
results suggested that a geminivirus was
present in these symptomatic tomato sam-
ples and that the size of the amplified A
component fragment was similar to that of
TYLCV-Is (12,17). Further, like TYLCV-
Is, this virus appeared not to have a B
component. A third set of primers,
PTYC1c2140 and PTYC1v2180 (5′-AC-
TACCATGGCCGCGCAGCGGAATAC-3′)
was designed to amplify a full-length
genome of TYLCV-Is, which is approxi-
mately 2,800 bp (13). These primers di-
rected the amplification of a 2,800-bp
DNA fragment from the symptomatic to-
mato samples, as well as from a positive
control (an infectious clone of TYLCV-Is
previously obtained from a tomato plant in
the Dominican Republic).

The 1,300-bp and 2,800-bp DNA frag-
ments amplified from the symptomatic
plants from Florida were digested with
EcoRI, SacI, ClaI, ApaI, HaeIII, and AluI.
Size comparison of these restriction frag-
ments showed a very high degree of ho-
mology with those from similar fragments
amplified from tomato infected with
TYLCV-Is from the Dominican Republic.
We observed few polymorphisms. Samples
of the five tomato symptomatic plants from
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Florida were blotted onto nylon mem-
branes and probed with [α32P]dCTP-la-
beled DNA of a clone of the intergenic
region of TYLCV-Is (pEGF1-12 courtesy
of M. K. Nakhla and D. Maxwell) and
rinsed under conditions of high stringency
(19). Samples from plants with symptoms
characteristic of TYLCV-Is hybridized
strongly to the probe, whereas samples
from tomato mottle virus (ToMoV)-in-
fected plants and asymptomatic plants did
not. A PCR-amplified 1,300-bp fragment
from one of the symptomatic plants was
cloned and sequenced. This sequence was
99% identical to the infectious TYLCV-Is
clone from the Dominican Republic and
98% identical to TYLCV-Is sequence re-
ported from Israel (accession X15656).

Movement and Distribution
of TYLCV-Is in Florida

In the weeks following initial detection,
TYLCV-Is was detected in tomato plants
from many locations throughout Florida
(Fig. 2A). The virus was detected in to-
mato plants collected from retail outlets
and home gardeners who had purchased
plants from retail outlets in Alachua,
Charlotte, Sarasota, and St. Lucie counties.
Infected plants from all but Alachua
County could be traced directly to produc-
tion facilities in Dade County.

A visit to Dade County in July revealed
that symptomatic plants were present in the
two retail tomato transplant production
sites. At one of these sites, a grower had
seen TYLCV-like symptoms in his toma-
toes as early as March 1997 but was un-
aware of the implications. On the same
visit, TYLCV-Is–infected plants were de-
tected in one abandoned experimental to-
mato field in Dade County. Commercial
tomato fields had been disked and could
not be inspected for TYLCV-infected
plants. The commercial growing season for
tomato in Dade County is September
through April. However, no plants with
TYLCV-like symptoms had been reported
by growers or IPM scouts during the spring
1997 production season.

It is likely that the virus entered Dade
County sometime between fall and spring
of the 1996-97 tomato production season.
As temperatures increased, whiteflies, and
probably the incidence of plants infected
with TYLCV-Is, increased in abandoned
tomato fields in February and March. It is
common in Dade County to abandon to-
mato fields after harvesting and to disk
under crop residue several weeks to
months later. TYLCV-Is may have spread
from these fields to the tomato plants in
nearby greenhouses that were being pro-
duced for distribution to garden centers.
Tomato plants are shipped year-round from
Dade County to retail garden centers, and
plants were shipped regularly throughout
Florida until July 1997, when TYLCV-Is
was detected. Three similar retail tomato
production sites in Collier County were

Fig. 1. Lycopersicon esculentum ‘Better Bush Improved’ infected with tomato yellow leaf curl virus
(TYLCV-Is). Plant was purchased at a retail garden center in Sarasota, Florida, in July 1997.

Fig. 2. Maps of Florida showing (A) counties where tomato yellow leaf curl virus (TYLCV-Is) was detected
from July 1997 to February 1998, and (B) counties in which tomato fruit are commercially produced.
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examined during the same period. TYLCV-
Is was not detected, although low inci-
dences of tomato mottle virus (ToMoV)
were found.

From at least March until July 1997, to-
mato plants infected with TYLCV-Is were
distributed throughout the state via the
retail trade. Based on visual observations
and the proximity of residential neighbor-
hoods to some fields and transplant houses,
it appears that in some locations, TYLCV-
Is spread at low rates from infected tomato
plants in backyards and patio gardens to
nearby tomato fields and greenhouses pro-
ducing tomato transplants for commercial
production. By October 1997, TYLCV-Is–
infected plants had been found in commer-
cial tomato fields in Broward, Collier,
Dade, Hillsborough, Manatee, St. Lucie,
and Palm Beach counties. By February
1998, the virus was also detected in Lee
and Marion counties (Fig. 2A) (G. W. Si-
mone, personal communication), and thus
had been found in eight out of 10 counties
in southern Florida that have commercial
tomato production (Fig. 2B).

TYLCV-Is–infected plants appeared in
the fall of 1997 in the first half of the
growing season at low incidences (less
than 0.1%) in commercial tomato fields,
except in Dade and Palm Beach counties,
where TYLCV-Is was found at incidences
as high as 15% in some fields. Little to no
spread of TYLCV-Is within most fields
was observed. Virus spread was probably
restricted because of the application of
imidacloprid for whitefly control at trans-
planting and the roguing of suspicious-
looking plants from fields. Transplants for
these fields were not produced in Dade
County, but in West Central (Hillsborough,
Manatee, Sarasota) and Southwest Florida
(Collier, Lee) counties where TYLCV-Is
had only been found in retail tomato
plants. Some of these plants may have
been infected in the transplant production
house, but based on the timing of symptom
appearance, many of these plants were
infected after they had been in the field for
several weeks. It is possible that the
sources of TYLCV-Is for these few in-
fected field plants were retail plants pro-
duced in Dade County that were present in
nearby residential areas. It is also possible
that some of these plants had become in-
fected in the transplant house. This specu-
lation is supported by the fact that one
tomato grower who produces his own
transplants for use in fields out-of-state
found three TYLCV-Is–infected plants in
his out-of-state fields. His production
house is located in a residential area, and
the source of virus for his transplants was
most likely infected retail plants in nearby
backyards.

The highest rates of infection in 1997-98
were recorded in Dade and Palm Beach
counties. One field in Palm Beach County
planted in the fall of 1997 had an estimated
final incidence of 10%. The first symptoms

of TYLCV-Is appeared in Dade County in
September 1997, 4 weeks after transplant-
ing. Incidences of disease in Dade County
were generally low from September
through January, but they began to increase
in February as whitefly populations in-
creased. Incidences of diseased plants were
highly variable among fields, ranging from
1 to 100% by the end of the production
season in April 1998.

TYLCV-Is appears to have become es-
tablished in Dade County. This assumption
is based first on the observation that
TYLCV-Is–infected plants appeared in
September within a few weeks after toma-
toes were planted following an almost 3-
month commercial tomato-free period, and
second, by the resurgence of TYLCV-Is in
February when whitefly populations began
to rise. It is likely that the virus has at least
one alternate host species that allows it to
survive through the summer when tomato
plants are not present in the fields. The
establishment of TYLCV-Is in Dade
County is a concern for both tomato pro-
ducers and retail plant producers. The
proximity of ornamental and retail vegeta-
ble transplant production facilities to
commercial tomato fields increases the
difficulty of excluding TYLCV-Is from
transplants and ornamentals. New regula-
tions for certification of transplants have
been imposed in response to the presence
of TYLCV-Is. Commercial tomato trans-
plant producers, although not located in
Dade County, must comply with these
regulations.

Responses to TYLCV-Is
in Florida

Initial responses to the detection of
TYLCV-Is were designed to limit the
spread of the virus within Florida and to
other locations in the United States. Imme-
diately after TYLCV-Is was identified in
Florida, an inspection of Dade County
nurseries was conducted, and the disease
was observed in two production facilities.
Infection was confirmed by PCR and blot
hybridization. A quarantine on shipments
of tomato plants was issued by the Florida
Department of Agriculture and Consumer
Services, Division of Plant Industry. This
quarantine was maintained based on sub-
sequent findings of TYLCV-Is–infected
plants but was terminated in mid-Septem-
ber 1997 when it became clear that
TYLCV-Is had already spread outside of
Dade County. In addition, consumers were
reached through county extension person-
nel, and an appeal was made through local
television instructing homeowners how to
recognize the symptoms and properly dis-
card infected plants. Commercial tomato
transplant producers, tomato growers, ex-
tension personnel, state and university
officials, and members of the vegetable
industry were informed of the presence of
TYLCV-Is via meetings held in the four
southern Florida tomato production re-

gions. These meetings were conducted
approximately 1 month after the initial
discovery of the virus. Transplant produc-
ers were encouraged to apply imidacloprid
to all tomato transplants in production at
that time. Tomato growers were encour-
aged to apply imidacloprid at planting to
all plants in the fall production season, and
to continue to scrupulously manage
whiteflies for the entire season. Scouting
of fields and roguing of suspicious plants
was also recommended. Integrated pest
management (IPM) scouts and growers
were encouraged to send samples of
rogued plants to University of Florida Dis-
ease Clinics for confirmation of TYLCV-Is
infection.

There was an excellent response by the
tomato industry to these recommendations,
with many growers following all of them.
Infected plants were found by several
growers at low incidences in fall produc-
tion fields in all southern Florida tomato
production regions. Grower cooperation
was an important component of TYLCV-Is
management in this first year. Growers
were so successful that very little TYLCV-
Is was observed in the spring season in
most of Florida (with the exception of
Dade County).

The United States Department of Agri-
culture–Animal Plant Health Inspection
Service–Plant Protection and Quarantine
(USDA-APHIS-PPQ) established a New
Pest Advisory Group (NPAG) that met on
28 July 1997. Representatives from
USDA-APHIS-PPQ, Florida Department
of Agricultural and Consumer Services–
Division of Plant Industry (FDACS-DPI),
the National Plant Board, and the Univer-
sity of Florida, Gulf Coast Research and
Education Center, discussed the distribu-
tion, likelihood of establishment, and po-
tential for spread of TYLCV.

TYLCV-Is and Transplants
There is concern by growers, regulatory

personnel, and others that TYLCV-Is could
move out of Florida to other states and
countries. This concern is based on the
history of TYLCV-Is in the Dominican
Republic and on the rapid movement of
TYLCV-Is in Florida in 1997 (15). The
probability of movement can be greatly
reduced by managing both whiteflies and
virus in the tomato fields in the area of the
transplant production facilities. In addition,
the population of whiteflies and the distri-
bution of TYLCV-Is–infected plants is not
likely to be uniform throughout the year, so
during certain periods, the probability of
spreading the virus through infected trans-
plants will be greater than at other times
(18; J. E. Polston, unpublished).

The mechanisms of movement of
TYLCV-Is to other states include the
movement of virus-infected vegetable as
well as ornamental plants, both commer-
cial and retail, and the movement of plants
that are not infected with TYLCV-Is but
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are infested with viruliferous whiteflies.
There may also be other mechanisms.

The probability of movement, being de-
pendent to some extent upon the rate of
infection of transplants and their ability to
serve as a source of TYLCV-Is, can be
reduced through intervention. The host
range of TYLCV-Is in crop, ornamental,
and weed species in Florida must be estab-
lished so that (i) no hosts of TYLCV-Is are
distributed without certification, and (ii)
steps can be taken to reduce the role of
other plants in the infection of transplants.
In addition to the factors that affect the
likelihood of transplant infection, there are
many criteria that determine whether the
introduction of a virus will occur and the
impact of that introduction (21). Not all
introductions of TYLCV-Is will nec-
essarily result in an epidemic or in estab-
lishment of the virus.

In October 1997, a meeting of the NPAG
and the Southern Plant Board was held in
Orlando to review FDACS-DPI’s protocol
for out-of-state movement of transplants
from affected areas. The discussion cen-
tered on transplants of three plant species
reported as hosts of TYLCV-Is: tomato,
tobacco (Nicotiana tabacum), and lisian-
thus (Eustoma grandiflorum) (1,3,6). From
this meeting came a Tomato, Tobacco, and
Lisianthus Compliance Agreement (PI-
275) and a Tomato/Tobacco Plant Certifi-
cate (PI-237). Out-of-state shipments of
tomato, tobacco, and lisianthus are now
regulated by the new PI-237 certificate
(based on chapter 581 of the Florida stat-
utes). Since TYLCV-Is does not produce
symptoms in lisianthus, tobacco, or young
tomato transplants, visual inspection for
the presence of TYLCV-Is is not possible.
Therefore, in order to be certified, plants
must be found to be free of whiteflies (B.
tabaci) based on twice-weekly inspections
of transplants. It also requires exclusion of
whiteflies (either chemically or physically)
from the transplant production house.

Conclusions
It is difficult to determine how TYLCV-

Is entered Florida because there are several
possible means of entry. Dade County is
the southernmost county in Florida and
includes the city of Miami, a major port of
entry for people, plants, and produce. In
addition, Dade County is an agriculturally
intense production region with ornamen-
tal plant nurseries, tropical fruit groves,
and vegetable fields, all of which are in
close proximity. It is likely that the virus
entered the United States either through
legally or illegally imported infected
plants (fruit tree, vegetable, or ornamen-
tal) or through plants infested with
viruliferous whiteflies.

The speed and facility with which
TYLCV-Is moved throughout Florida was
surprising. Also unexpected was the ease
with which this virus appeared to move
among garden center tomato plants, toma-

toes in commercial production, and tomato
transplants. Rapid and widespread re-
sponse by commercial tomato growers in
the application of a systemic insecticide,
and by IPM scouts and growers in roguing
symptomatic plants, aided in maintaining
low incidences of this virus in the 1997-98
production season.

The eradication of this virus from Flor-
ida is unlikely. Re-introductions of
TYLCV-Is can be expected to occur from
Dade County to other areas of Florida,
since a significant portion of the tomato
plants and other ornamental plants for gar-
den centers is produced in Dade County.
TYLCV-Is is likely to become established
in much of southern Florida due to the
endemic populations of whiteflies and the
presence of TYLCV hosts.

Transplants appear to have a significant
role in the spread of geminiviruses.
TYLCV-Is appears to have been introduced
into the Dominican Republic in tomato
transplants from Israel. The spread of pep-
per huasteco, Chino del tomate, and Texas
pepper geminiviruses within Mexico has
been attributed to the movement of in-
fected transplants (22). ToMoV, a gem-
inivirus indigenous to Florida and first
observed in 1989, now occurs in other
parts of the southeastern United States
(1994), Puerto Rico (1995), and Mexico
(Yucatan) (1996) in locations that had re-
ceived tomato transplants from Florida
(3,7,8,16). ToMoV resulted in epidemics
that lasted for only a limited time in the
southeastern United States and in Puerto
Rico, whereas the fate of ToMoV in Mex-
ico has not been reported. The introduction
of ToMoV into these areas occurred in
conjunction with high levels of viruliferous
whiteflies in areas where tomato trans-
plants were produced.

In addition to spread by transplants,
there are probably other mechanisms by
which geminiviruses can be moved over
long distances. The appearance of bean
golden mosaic virus (BGMV) in Dade
County in the fall of 1994 has never been
explained (2). Like TYLCV-Is, BGMV
reduces yields, and it has become a con-
cern for bean producers. There are other
geminiviruses that have appeared recently
without explanation, especially in tomato
(15).

Current research is focused on identi-
fying crop and weed hosts, monitoring
TYLCV-Is in the field and improving man-
agement in tomato fields, developing
TYLCV-resistant crops, and developing
management practices for transplant pro-
duction houses.
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