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University of Florida Tomato Breeding Accomplishments and Future Directions

J- W. Scott

ABSTRACT

Fresh market tomato (Lycopersicon esculentum Mill.) breeding be-
gan at the Univ. of Florida in 1922. Contributions from the program
have been a key reason why tomato is the most valuable vegetable in
Florida, and that Florida is by far the leading state in fresh market to-
mato production in the USA. At present, 44 cultivars/breeding lines
have been released, of which 41 are open-pollinated and three are hy-
brids. Five additional releases are planned for 1999. Seed companies
did not have significant involvement in tomato breeding for Florida
until the 1970°s, when hybrids began to take over the market. Thus,
much of the germplasm used in present-day Florida varieties and else-
where in the world traces to improvements derived from the UF pro-
gram. There have been nine scientists at the Univ. of Florida with a
primary responsibility to breed tomatoes, although numerous cooper-
ators have also made significant contributions. Some of the significant
advancements were: the eradication of nailhead rust (Alternaria tomato
(Cke.) Weber) in the 1930’s by the use of resistant cultivars; the com-
bination of more than five disease resistances in ‘Manalucie’ in 1953;
the first Fusarium wilt [ Fusarium oxysporum Schlecht. f. sp. lycopersici
(Sacc.) Snyder & Hansen] race 2 resistant (I-2 gene) cultivar ‘Walter’ in
1969; the development of cultivars with high levels of fruit firmness
and jointless pedicels in the 1970’s; the development of commercially
acceptable heat-tolerance with the release of ‘Solar Set’ in 1989; the
discovery of resistance to Fusarium wilt race 3 (I3 gene) in the 1980’s;
and the release of breeding lines with I3 in 1994. The release of the
miniature dwarf ‘Micro-Tom’ in 1989 provided a model system for
modern mutagenesis techniques for plants with fleshy fruit. Of possi-
ble importance in the future are the development of: high lycopene (og
gene) hybrid cultivars with superior internal color and flavor; germ-
plasm with resistance to the three races of bacterial spot (Xanthomonas
campestris pv. vesicatoria (Doidge) Dye) that infect tomato; and the de-
velopment of improved germplasm with resistance to the geminivi-
ruses tomato mottle virus (ToMoV) and, especially, tomato yellow leaf
curl virus (TYLCYV). The impact of the Univ. of Florida tomato breed-
ing program has been important not only to the livelihood of Florida
growers but also to tomato breeding programs around the world.

EARLY RESEARCH/CULTIVARS

The Gulf Coast Res. & Educ. Center originated as
the Tomato Disease Laboratory in 1925. One of the
early areas of research was the evaluation and selection
of experimental tomato breeding lines for adaptation to
local conditions and resistance to diseases. The breed-
ing work actually started in 1922 when a local grower, J.
P. Harlee Sr., donated = 2 ha for tomato breeding (Crill
et al.,1977b). The early work was largely pathology-re-
lated and resulted in the release of several cultivars be-
fore a fullfledged tomato breeding position was
established in 1942. The primary scientists who have de-
veloped tomato cultivars at the Univ. of Florida are
listed in Table 1. Several of the scientists were not
trained specifically as plant breeders. G. F. Weber was a
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plant pathologist from the Gainesville campus who trav-
eled to Manatee county to evaluate tomato breeding
lines, identify disease problems, and select for resis-
tances. Drs. Harrison, Walter, Crill, Villalon and Volin
also were trained primarily as plant pathologists. Many
others have been involved as cooperators in the breed-
ing program. A chronological list of tomato releases
with their year of release is given in Table 2, along with
the last name of most of the authors for each release.
For a complete listing of authors see Jones et al.(1995).

The attributes of many of the variety releases have
been one of the major reasons why tomato production
has been commercially successful in Florida. Over 2 630
ha (6 500 acres) of tomatoes were grown in Florida in
1900. The area increased to 11 736 ha (29 000 acres) in
1930, reached a peak of 26 710 ha (66 000 acres) in
1957, fell to 18 454 ha (45 600 acres) in 1990 and had
dropped to about 14 165 ha (35 000 acres) by 1997. The
recent decrease in area is due, in large part, to Mexican
competition. The crop value has been as high as $800
million per year. The value in 1996-1997 was $462 mil-
lion (Florida Agric. Stat. Serv., 1998), making tomato
the most valuable vegetable crop grown in the state.
Florida has the highest fresh market tomato crop value
in the United States.

Some of the early contributions were resistance to
the fungal pathogen nailhead rust, which was eradi-
cated as a result of the resistant cultivars released from
1925-1940 (Table 2). The single dominant 7 gene con-
ferring resistance to Fusarium wilt race 1 was discovered
elsewhere, but introduced into Florida cultivars in the
1940’s. Another major disease resistance gene (Sm) con-
ferred resistance to the foliar fungus causing gray leaf-
spot  (Stemphyllium solani Weber), with Sm being
introduced in the 1950’s. ‘Manalucie’ (Walter and
Kelbert, 1953) was an important release combining 1,
Sm, gray mold (Cladosporium fulvum Cke.) resistance,
plus field tolerance to early blight (Alternaria solani (ElL.
& Mart.) L. R. Jones & Grout, and some other diseases.
‘Homestead’, or derivatives of it, was widely grown in
Florida for much of the 1950’s and 1960’s. This was a de-

Table 1. Univ. of Florida tomato breeders.

Tomato
Breeder Location Breeding Assignment
G. F. Weber Gainesville 1922-1941
A. L. Harrison Bradenton 1942-1944
J. M. Walter Bradenton 1947-1967
J. W. Strobel Homesteadt 1959-1968
B. Villalon Homestead 1969-1971
J- P. Crill Bradenton 1968-1974
R. B. Volin Homestead 1971-1984
J.J. Augustine Bradenton 1975-1980
J. W. Scott Bradenton 1981-present

1tMoved to Bradenton as Center Director 1968-1971.
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Table 2. Chronological listing of Univ. of Florida tomato variety and
breeding line releases and their developers.

Date
Variety Released Author(s)t
Marglobe (Coop. 19256 Weber, Prichard, Porte
USDA)
Glovel (Coop. USDA) 1935 Weber, Prichard, Porte
Newell 1940  Weber, Kelbert
Cardinal King 1940 Weber, Kelbert
Ruby Queen 1940  Weber, Kelbert
Manasota 1949  Walter, Beckenbach, Kelbert
Manahill 1949 Walter, Beckenbach, Kelbert
Manalucie 1953 Walter, Kelbert
Homestead (Coop. 1953 Andrus, USDA & Florida AES
USDA)
Manalee 1954 Kelbert, Walter
Indian River 1958 Hayslip, Walter, Kelbert
Manapal 1960 Walter, Kelbert, Hayslip
Floralou 1962 Whitner, Walter, Kelbert,
Hayslip
Floradel 1965  Hayslip, Walter, Kelbert, Everett
Immokalee 1966  Everett, Kelbert, Hayslip, Walter
et al.
Tropi-Red 1967  Strobel, Walter, Hayslip
Tropi-Gro 1967  Strobel
Tropic 1969 Strobel, Walter
Walter 1969  Strobel, Hayslip, Burgis, Everett
Florida MH-1 1971 Crill, Strobel, Burgis, Bryan,
John
Florida 556 1972  Strobel, Crill, Burgis, john
Flora-Dade 1976  Volin, Bryan, Burgis, Everett,
Hayslip
Floramerica 1977 Crill, Bryan, Everett, Bartz et al.
Florida 1011 1977  Volin, Augustine, Bryan, Strobel
etal.
Walter PF 1977  Burgis, Crill, Hayslip, Everett et al.
Calypso (co-op. 1977  Phelps, Crill, Bryan, Everett et al.
Caribbean Agric
Res. & Dev. Inst.)
Burgis 1981 Augustine, Volin, Everett, Bryan
etal.
Hayslip 1981  Augustine, Volin, Bryan, Everett
etal.
Florida 2432 1981 Augustine, Volin, Bryan, Everett
et al.
Florida 1A, 1B, 1C 1981  Augustine, Volin, Burgis, Everett
et al.
Florida Petite 1981 Augustine, Harbaugh, Crill
Florida Lanai 1981 Augustine, Harbaugh, Crill
Florida Basket 1981 Augustine, Harbaugh, Cirill
Horizon 1985 Scott, Bartz, Bryan, Everett et al.
Suncoast 1985 Scott, Everett, Bryan, Gull et al.
Floragold Basket 1987 Scott, Harbaugh
Micro-Tom 1989  Scott, Harbaugh
Solar Set 1989 Scott, Olson, Bryan, Howe et al.
Equinox 1994 Scott, Olson, Howe, Stoffella
et al.
Florida 7547, 7481 1994  Scott, J. P. Jones
Micro-Gold 1994 Scott, Harbaugh
Neptune 1994  Scott, ]. B. Jones, Somodi,

Chellemi et al.

tFor complete listing see Jones et al., 1995.

terminate cultivar due to the sp gene, whereas previous
Univ. of Florida releases and several others released in
the 1960’s had indeterminate growth habits.

In the 1960’s, race 2 of Fusarium wilt was causing
major losses to the Florida tomato industry. The release
of ‘Walter’ (Strobel et al., 1969) marked the world’s first
cultivar with the I-2 gene which conferred resistance to
this pathogen. The I-2 gene was discovered by Univ. of
Florida scientists (Stall and Walter, 1965) in a Plant In-
troduction (PI 126915) identified by Alexander (1959)
prior to the discovery of race 2 in Florida. The I-2 gene
is one of the most widely used genes in tomato cultivars
the world over. ‘Walter’ was the second determinate cul-
tivar released by the Univ. of Florida. All the cultivars re-
leased subsequent to it are also determinate (Table 2). A
cooperative project between the Univ. of Florida and
the H. J. Heinz Company resulted in the development
of tomatoes with improved fruit firmness that was the
primary source of firmness for breeding programs
around the world (Scott, 1983). This project led to
‘Florida MH-1" (Crill et al., 1971), a cultivar that could
be machine-harvested because it combined firm fruit,
concentrated fruit setting, and jointless pedicels. Joint-
less pedicels remain on the plants, allowing for stemless
fruit to be harvested and thus eliminating fruit punc-
tures. Unfortunately, ‘Florida MH-1" caused a major stir
in the public press as it was the target of the report
“Hard tomatoes, hard times . . .,” a critical analysis of re-
search in the Land Grant university system (Hightower,
1973). Another jointless pedicel cultivar ‘Flora-Dade’
(Volin et al., 1976) proved highly adaptable, and was
grown commerciaily throughout the southeastern U.S.
and in many regions around the world including Africa
and Australia. In the 1970’s, private seed companies be-
gan to breed tomatoes for Florida and their hybrids be-
gan to take major market share in the state for the first
time. The hybrid ‘Sunny’ was released by Asgrow Seed
Co. and became the major cultivar grown in Florida and
parts of the Southeast during the 1930’s. To date it has
been one of the most successful fresh market tomato hy-
brids grown in the world. One of the parents in ‘Sunny’
was Flora-Dade. ‘Floramerica’ (Crill et al., 1977a) was
the first hybrid released by the Univ. of Florida and won
a bronze medal in the 1974 All America Vegetable trials.
It has been widely grown in home gardens throughout
North America.

‘Florida Petite’, ‘Florida Lanai’, and ‘Florida Basket’
were the first dwarf (d gene) cultivars released by the
Univ. of Florida (Augustine et al., 1981a,b,c). They were
intended for use in the nursery industry and in the bed-
ding plant trade. ‘Micro-Tom’ (Scott and Harbaugh,
1989) is a miniature dwarf cultivar dubbed “the world’s
smallest tomato”, again released primarily for the nurs-
ery industry. This cultivar recently has been used for mu-
tagenesis work including modern techniques such as
transposon tagging. A picture of ‘Micro-Tom’ was fea-
tured on the cover of the “Plant Journal” along with Ar-
abidopsis, and it was proposed that ‘Micro-Tom’ be used
as a model system for fleshy fruited crops in such work
(Meissner et al., 1997). ‘Solar Set’ was the second hybrid
released by the Univ. of Florida and the first to have heat-
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tolerant fruit setting ability (Scott et al., 1989). It has
been an important fall tomato in Florida throughout the
1990’s, especially in North Florida. Also, it is superior in
flavor to many varieties and has been part of numerous
taste panel studies (Baldwin et al., 1996). ‘Florida 7481
and ‘Florida 7547 were released as breeding lines with
the I-3 gene conferring resistance to Fusarium wilt race 3
(Scott and Jones, 1995). The hybrid ‘Floralina’, pres-
ently available from Petoseed Co., uses Florida 7547 as a
parent to provide Fusarium wilt race 3 resistance. The I-
3 gene was discovered in research conducted by scien-
tists associated with the Univ. of Florida breeding pro-
gram (Scott and Jones, 1989) and I-3 is now widely used
in tomato breeding programs around the world. ‘Nep-
tune’ was the first bacterial wilt [Ralstonia solanacearum
(Smith) Yabuuchi et al.] tolerant cultivar released from
the Univ. of Florida (Scott et al., 1995). It is being used
primarily in North Florida home gardens that are in-
fested with the bacterial wilt pathogen.

CURRENT CULTIVARS

Three breeding-line releases are planned for next
year (Scott, 1998, Table 3). ‘Florida 7771’ is a heat-toler-
ant, jointless pedicel inbred that has performed well in
spring and summer trials over the past 2 yr. It has been
difficult to develop large fruited, jointless, heat-tolerant
inbreds without major fruit defects. Florida 7771 has re-
sulted from a long-term breeding effort and should be
useful to breeders in developing heat-tolerant, jointless
hybrids. ‘Florida 7775’ and ‘Florida 7781" have jointless
and jointed pedicels, respectively, and are resistant to
Fusarium crown and root rot (Fusarium oxysporum
Schlect. f.sp. radicus-lycopersici W. R. Jarvis & Shoe-
maker), a disease that has caused problems in southwest
Florida. Florida 7775 and Florida 7781 should be useful
to tomato breeders who are developing hybrid cultivars
with resistance to this disease. Also planned for release
are red fruited ‘Micro-Tina’ and yellow fruited ‘Micro-
Gemma’, miniature dwarf tomatoes that have sweeter
flavor than their respective predecessors, ‘Micro-Tom’
and ‘Micro-Gold’.

FUTURE DIRECTIONS

Future breeding efforts will focus on three major ar-
eas; premium fruit quality cultivars, resistance to bacte-
rial spot, and resistance to geminiviruses.

PREMIUM FRUIT QUALITY CULTIVARS

The chemistry of tomato flavor is currently being
studied under a USDA-NRI grant. Cooperators are Rob
Shewfelt from the Univ. of Georgia, Elizabeth Baldwin
of the USDA at Winter Haven, and Harry Klee and Jay
Scott at the Univ. of Florida. This is a major effort, with
a large time commitment. It is hoped that information
obtained will aid the development of cultivars with im-
proved flavor that are well-adapted to Florida condi-
tions. A major goal will be to develop high lycopene
cultivars with superior flavor (Scott, 1998). The crimson
(og) gene increases lycopene by about 50% while reduc-

Table 3. Proposed tomato releases during 1999.

Cultivart Major Characteristics

Florida 7771—heat-tolerant, medium-large fruit, jointless pedicel

Florida 7775—Fusarium crown-rot resistant, very firm, jointless
pedicel, crimson (og)

Florida 7781—Fusarium crown-rot resistant, jointed pedicel, crimson
(og)

Micro-Tina—miniature dwarf, red fruited, sweet-balanced flavor

Micro-Gemma—miniature dwarf, yellow (gold) fruited, sweet
balanced flavor

tFirst three are breeding lines.

ing B carotene by the same amount. These tomatoes are
a beautiful red due to increased lycopene, the red pig-
ment in tomato. Recent medical literature indicated
that lycopene was a potent antioxidant linked to re-
duced risk of cancers of the prostate (Giovannucci etal.,
1995) and digestive tract including colon and rectal can-
cers (Franceschi et al., 1994). Several crimson hybrids
were tested in a replicated trial during 1998 and per-
formed very well compared with presently grown com-
mercial cultivars (Scott, 1998). More testing is required
before release, but possibly a premium crimson hybrid
could be released in the near future. Such a cultivar
could be marketed as a more healthful product which
has good color and good taste.

BACTERIAL SPOT RESISTANCE

Bacterial spot is still the most ubiquitous disease
problem of tomato in Florida. There are three races of
the bacterial spot pathogen which infect tomato and
two of these races, T1 and T3, are in Florida. Work with
T1 resistance derived from ‘Hawaii 7998’ has been on-
going since 1983. In 1991, T3 was discovered in Florida
and now has become the predominant race. Resistance
to T3 was found in ‘Hawaii 7981’ and this resistance has
been backcrossed into Tl-resistant recurrent parents.
Hybrids heterozygous for resistance to these two races
have intermediate resistance and are presently being
tested for commercial acceptability. Meanwhile, PI
114490 was discovered to be resistant to race T2 in Ohio
experiments (Scott et al., 1997). This accession also has
resistance to races T1 and T3, and recent work indicates
that the same genes confer resistance to all three races.
Thus, selection for resistance to one race, such as T3 in
Florida, should provide resistance to the other races as
well. This simplifies the breeding approach, and major
emphasis will be placed on incorporation of this general
resistance into advanced lines.

GEMINIVIRUS RESISTANCE

Tomato mottle geminivirus (ToMoV), a silverleaf
whitefly (Bemisia argentifolii, Bellows & Perring) trans-
mitted virus, was discovered in Florida in 1989 and
caused significant losses to the tomato crop in 1991. Ac-
cessions were inoculated with ToMoV in 1990 and the
best resistance was found in accessions of the wild spe-
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cies Lycopersicon chilense Dunal (Scott et al.,1996). High
levels of resistance have been obtained from accessions
LA 1932, LA 1938 and LA 2779. Several lines have been
sent to scientists around the world and many lines have
had resistance to the more devastating tomato yellow
leaf curl virus (TYLCV). TYLCV was discovered in Flor-
ida in 1997 and appears to be the predominant gemini-
virus in the state at present, probably due to its wider
host range than ToMoV. We are now testing our more
advanced ToMoV-resistant lines for TYLCV resistance.
Molecular markers linked to at least three regions in the
tomato genome confer resistance to ToMoV (Griffiths,
1998). With further work it is hoped that molecular
markers can be used to accelerate future breeding ef-
forts. At present an insecticide drench is controlling the
whitefly and the viruses to a large extent, but resistance
will provide a better long-term solution to the problem.
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