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This report describes research by scientists in UF/IFAS that received support from the Florida
Tomato Committee during the past year. The Florida Tomato Committee support combines
with State and Federal resources to allow IFAS tomato scientists to have a strong and
productive research program focused on the tomato industry of Florida.
This is an extremely important partnership between the tomato industry and IFAS scientists.
We have worked together to identify the questions and needs for the industry. Together we
have prioritized the research to be accomplished. This year’s work included variety
development, food safety and crop protection technologies for whitefly and diseases. Many of
the results are immediately applicable by the industry.
We hope to continue in our quest for improving production methods and product quality. We
are pleased to have the Florida Tomato Committee as a partner in programmatic support for
tomato research. On behalf of the scientists involved in tomato research, we thank you and
appreciate your support.
We hope you find the information in the report useful to all facets of tomato production.
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Marker-assisted Selection for
Breeding and Rapid Development
of Disease Resistance in Florida
Tomato Cultivars

recurrent parent, eliminating the need for disease screens until final
confirmation. An additional benefit of the parallel breeding strategy
is that once resistance genes are individually integrated into the elite
lines, the genes can quickly be pyramided to obtain lines with multiple
disease resistances in the same uniform genetic background.
A further increase in speed for generating backcrossed lines can
be accomplished using molecular marker selection across the entire
genome, not just for the gene of interest. Whole genome selection
(WGS) identifies individuals with the least genomic contribution of
the donor and speeds the recovery of the recurrent parent genetic
background. Using whole genome selection, it is possible to reduce
the number of backcross generations from six to three (Frisch and
Melchinger 2005). The limitations to implementing WGS in tomato
are cost and availability of polymorphic molecular markers. New
technologies may help to alleviate these challenges.

Jeremy D. Edwards
John W. Scott
University of Florida/IFAS
Gulf Coast Research & Education Center
Wimauma, FL
Abstract

The long term goal of this project is to separately integrate a
large number of disease resistance alleles into a set of inbred parent
lines that are known to produce commercially acceptable hybrids.
Integrating the resistance alleles separately (in parallel) into the same
genetic backgrounds will produce near isogenic lines (NILs) that are
genetically identical to the original lines except for the small segment
of DNA spanning the integrated allele. There is both a scientific and
practical value in deployment of disease resistance alleles as NILs
in a consistent set of standard genetic backgrounds. Scientifically,
the effects of each resistance allele can be studied separately and in
combination with other resistance alleles without other confounding
genetic effects. Practically, NILs provide a tomato variety that is
upgradable with a wide selection of disease resistances and can be
customized for different growing conditions. As additional loci of
interest are mapped (e.g., gray-wall resistance, yield traits, etc.), they
can also be incorporated into the same genetic backgrounds using
marker-assisted backcrossing. The specific objectives of this project
were:

This project is aimed at rapidly producing superior tomato
varieties combining resistance to multiple diseases affecting Florida
tomato production. Six different disease resistance targets are being
backcrossed into 14 elite breeding lines using marker assisted selection
and/or phenotypic screens. As possible, efforts are being made to
reduce the effect of linkage drag by screening at the molecular level
to identify recombination events where the resistance traits have been
separated from linked deleterious effects. Through this project, new
molecular marker technologies have been developed for tomato to
further speed up the rate of resistance gene integration. Ultimately
the resistance genes will be deployed in elite lines that are proven to
perform well as parents of hybrid varieties.

Introduction
Tomato varieties with improved resistance to multiple diseases are
urgently needed by the Florida tomato industry. Sources of genetic
resistance to many critical diseases affecting tomato production in
Florida have been identified within cultivated tomato germplasm
or wild relatives and are available for deployment. However, these
resistances are not always available in superior genetic backgrounds,
and traits are sometimes linked with undesirable characteristics
from the wild species from which they were derived (linkage drag).
Thus, there is a need to integrate resistance genes into commercially
acceptable varieties; when present, to reduce the effects of linkage
drag; and to do so efficiently and expediently.

1. Marker-assisted backcross breeding of high priority resistance
genes into a set of elite breeding lines.
2. Breaking linkage drag surrounding resistance genes, focusing on
problematic TYLCV resistance sources.
3. Development of markers to accelerate backcross breeding using
marker-assisted background selection.

OBJECTIVE 1: Marker-assisted backcross breeding

Traditionally, the development of a new variety with resistance to
a particular disease involves crossing a superior, susceptible breeding
line with a resistance source (donor). Superior, resistant progeny are
advanced and backcrossed to a superior, susceptible breeding line
(recurrent parent). This process takes considerable effort and time,
as it is repeated until the horticultural characteristics of the superior
line are combined satisfactorily with the resistance of the donor. The
matter is further complicated by the need to integrate resistances to
several diseases in multiple genetic backgrounds. This integration will
be greatly simplified by the marker-directed transfer of each trait into a
common set of commercially acceptable fresh market tomato breeding
lines. A collection of elite lines developed by the UF tomato breeding
program are being used as recurrent parents for trait integration.
This set consists of proven and promising inbred lines—some
having attributes such as heat tolerance, bacterial spot tolerance,
and superior flavor—which have comparable yield and horticultural
characteristics to commercially available varieties. The use of
molecular markers allows the identification and selection of resistant
plants at the seedling stage and subsequent backcrossing to the

Methods
An initial cross was made between each donor line carrying a
resistant allele with each of the recurrent parents. Seeds from fruit
derived from cross-pollinated flowers were collected and sown to
obtain the next generation. The resulting F1 plants were crossed
back to the recurrent parent. The individuals resulting from this cross
(BC1) were screened either phenotypically or with molecular markers
to identify individuals that carry the resistant allele, and resistant
individuals were again crossed back to the recurrent parent. This
process of selection and backcrossing has been repeated, and once
BC5 individuals are obtained, they will be allowed to self pollinate,
and progeny homozygous for the allele of interest will be selected for
evaluation.

Results
Multiple generations of backcrossing has been completed for
resistance to six different tomato diseases into a panel of 14 elite
1

recurrent parent lines (Table 1). The sources of disease resistance
include tomato yellow leaf curl virus (TYLCV) resistance, crown rot
resistance, southern blight resistance, and bacterial speck resistance.
TYLCV resistance sources include a donor of the Ty-1 locus and two
donors for the Ty-3 locus. Backcrossing will be complete for most
parents within 2-3 generations (at the BC5 generation). Molecular
markers for marker-assisted selection are being used for Ty-1 (Zamir
et al. 1994) and Ty-3 (Ji et al. 2007) loci, and bacterial speck (Martin
et al. 1993). Molecular markers for crown rot resistance are under
development (S. Hutton, R. Ibrahem, personal comm.). Markers for
southern blight resistance have been developed through an M.S.
student thesis research project.

a project aimed at determining the effectiveness of EcoTILLING for
polymorphism discovery in tomato. A set of markers were designed
from tomato genome sequence data corresponding to known
positions along all 12 chromosomes. These markers were tested
for polymorphism by an EcoTILLING approach on agarose gels as
described by Raghavan et al. (2007). The identified polymorphic
markers were then sequenced, and assays for routine utilization of the
marker were developed.

Results
Two hundred eighty-eight markers were designed from sequences
that are positioned on the tomato genetic map available on the SOL
Genomics Network (SGN). Each of these was amplified by PCR across
a panel of 5 breeding lines (Fla. 7776, Fla. 8000, Fla. 8111, Fla. 8124,
and Fla. 8249) and tested for polymorphism by EcoTILLING using
Fla. 7776 as the reference sequence. Forty-four polymorphic markers
were identified, and 36 of these were confirmed by sequencing. Of
those sequenced, relative to Fla. 7776, 32 were polymorphic with
Fla. 8000, 31 were polymorphic with Fla. 8111, 31 were polymorphic
with Fla. 8124, and 34 were polymorphic with Fla. 8249. The
distribution of these markers was not even across chromosomes:
none were identified on chromosome 12; one was identified on
each of chromosomes 1, 3, 7 and 10; two were identified on each of
chromosomes 5 and 8; three on chromosome 9; five on chromosome
11; six on chromosome 6; and seven on each of chromosomes 2 and
4. These markers should prove useful in both future whole-genome
selection for backcross projects, as well as for genetic studies involving
elite x elite crosses.

OBJECTIVE 2: Breaking linkage drag
Methods
Efforts to break linkage drag have focused on TYLCV resistance
sources derived from the wild tomato relative Solanum chilense.
Segregating populations from a parent that is heterozygous at
the resistance locus were screened with markers at each end of
the introgression. Individuals that have undergone recombination
within the introgression were detected by a change in linkage phase
of the marker alleles. The recombinant individuals were tested to
determine whether or not the smaller introgression still confers the
resistant phenotype, and they were screened with additional markers
to establish the position of the recombination event with greater
precision. This process serves to fine map the resistance loci, and to
identify resistant lines with reduced linkage drag.

Results

Using a line with a shortened Ty-1 introgression as donor, a
population segregating for this region was developed and screened
for recombinants. From nearly 1000 progeny, eight recombinants
were identified. Progeny from these plants are being tested to better
position the resistance locus. At the Ty-3 locus, many recombinants
have been obtained and two
recombinants were selected Table 1. Current status of backcrossing disease resistance gene into elite recurrent parents.
as sources to incorporate
TYLCV
TYLCV
TYLCV
Crown rot
into the elite lines by
resistance
resistance (Ty-3
resistance (Ty-3
resistance
backcrossing. These two
(Ty-1 gene) recombinant #1)
recombinant #2)
sources have introgressions
7776
BC3
BC4
BC4
BC3
with minimal overlap so
BC3
BC3
BC3
N/A
linked genes with deleterious 7781
effects in either source are
7804
BC3
BC3
BC4
BC3
unlikely to be present in the
7907B
BC3
BC3
BC3
BC1
other. Current backcross
generations for the Ty-1 and
8000
BC3
BC3
BC3
BC2
Ty-3 sources are at the BC2
8059
BC3
BC3
BC3
BC1
to BC4 stage.

OBJECTIVE 3: Markers
for background
selection
Methods
The first step in
implementing whole-genome
selection is to identify a
set of polymorphic markers
distributed throughout
the genome. We initiated
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Breeding Tomatoes for Florida

With the impending loss of methyl bromide, these pathogens could
become more widespread. Other diseases such as bacterial wilt and
spotted wilt occur in Florida, but cause far more damage in other
regions of the world. If these diseases become more prevalent here,
resistant varieties will prove beneficial. Tomato yellow leaf curl virus
(TYLCV) is a serious threat to Florida tomato production (Polston et
al., 1999) and some crops have sustained severe losses in past years.
Commercial companies have released TYLCV resistant varieties but
none have yet been widely accepted by Florida growers. Our project
has been ongoing since 1990 utilizing different resistance genes
derived from the wild species Solanum chilense. To date we have
identified two resistance genes Ty-3 (Ji et al., 2007) and Ty-4 (Ji et al.,
2009) and marker assisted selection (MAS) is now being used to more
rapidly move these genes into elite inbreds. Very recently we located
a marker linked to the resistance gene from ‘Tyking’, a line that has
been used in our resistance program, and MAS can now be done to
speed up incorporation of this resistance gene. We are still searching
for at least one other resistance gene. Markers linked to resistance
genes have been made available to private company tomato breeding
programs.

John W. Scott
Gary E. Vallad
University of Florida/IFAS
Gulf Coast Research & Education Center
Wimauma, FL
Abstract
Fla. 8455 is a heat-tolerant hybrid being considered for release
later in 2010. Jointless, crimson hybrid Fla. 8787 (listed last year as Fla.
216) yielded similar to ‘Sanibel’ in Dade County for a second year but
had superior interior color. It is being considered for release. Fla. 8611
and Fla. 8835 are plum tomato inbreds with bacterial spot tolerance
that will likely be released as breeding lines after trials this fall. As was
the case last year, hybrids with bacterial wilt tolerant parent Fla. 8626
did well in 2010 trials and will be tested further; some show tolerance
to bacterial spot. The firmness of these hybrids may be problematic
however. Fla. 8735 and Fla. 8736 are heat-tolerant inbreds that
both have shown promise as hybrid parent lines. Fla. 8808 is a new
heat-tolerant inbred derived from Fla. 8044 that has a superior vine
and it yielded about 33% more marketable fruit than Fla. 8044 in the
spring. Fla. 8044 has excellent heat-tolerance and has made hybrids
with excellent fruit set but the vines are often somewhat weak and
there have been too many unmarketable fruit despite good marketable
yields. Fla. 8834 is our first jointless inbred with an ideal compact
growth habit (CGH) that has early maturity, concentrated fruit set, and
large fruit that are smooth and firm. It will be trialed on grower farms
in Dade County this winter. Fla. 8647 and Fla. 8495 are bacterial
spot tolerant inbreds that showed some parental potential. Fla. 8820
looked good in the spring trial, it has tomato spotted wilt resistance
from the Sw-7 gene.

Tomatoes have met with dissatisfaction in the marketplace.
Essentially, this relates to compromises that are made in providing
fruit that will ship well. Solutions to this problem are not simple.
Research is needed to provide tomatoes that will be more acceptable
to consumers. On the bright side, Nguyen and Schwartz, (1999) and
others have shown that lycopene, the red pigment in tomato, has
strong antioxidant properties that reduce several cancers. Work in
the breeding program has been ongoing for over 25 years with the
crimson gene (ogc) that improves internal tomato color and increases
lycopene content. Seven breeding lines with this gene have been
released to seed companies over the last 14 years. Crimson varieties
may be a boon to the Florida industry in the near future and a crimson
hybrid ‘Fla. 8153’ trademarked as Tasti-Lee was released in 2006.
Genetic alteration of plant architecture might provide ground tomatoes
that reduce labor costs for staking and harvesting. This could also be
important for future production in Florida. Objectives of this project
were:

Introduction
Improved varieties are needed to keep the Florida tomato industry
competitive in a changing world. Improvements include the areas of
yield, pest resistance, and fruit quality. Florida’s geography offers many
challenges for tomato improvement, since high temperatures limit
fruit set and are conducive to disease and insect problems. Although
private companies have tomato breeding programs that develop
varieties for Florida, these companies do not handle many of the long
term, high risk projects that could prove valuable in the future. The
University of Florida tomato breeding program aims at such projects
and works in partnership with the private companies to deliver
improved varieties of benefit to the Florida tomato industry.

1. To develop tomato varieties or breeding lines with resistance to
soil-borne pathogens.
2. To develop inbreds and hybrids with tolerance to bacterial spot.
3. To develop improved heat-tolerant tomato inbreds and hybrids.
4. To develop commercially acceptable tomato breeding lines and
hybrids resistant to TYLCV or TSWV.
5. To improve fruit quality and postharvest characteristics.

OBJECTIVE 1

Much of the groundwork for the development of heat-tolerant
varieties was done at the University of Florida (Scott et al., 1986).
‘Solar Set’ (Scott et al., 1989) was an important commercial, heattolerant variety for 11 years after it was released. The improved
heat-tolerance in ‘Solar Fire’, released in 2003, has been evident
on some farms, but sensitivity to bacterial spot that has been
carried with resistance to fusarium wilt race 3 has limited its use.
Fusarium wilt race 3 resistant varieties are available because of the
introgression of a resistance gene discovered in a wild species by
this program in the 1980’s (Scott and Jones, 1989; Scott and Jones,
1995). Breeding lines with Fusarium crown and root rot resistance
were released in 1999 (Scott and Jones, 2000) and UF breeding lines
are in commercial varieties ‘Sebring’, ‘Soraya’, and ‘Crown Jewel’.

Methods
Seedlings of hundreds of lines are inoculated with fusarium wilt
races 2 and 3, fusarium crown rot, verticillium wilt, and bacterial
wilt to select resistant plants for field evaluation. The lines showing
the most promise are tested in yield trials at GCREC and some are
tested at NFREC or Dade County. The best of these are crossed to test
hybrids for commercial release. The hybrids are evaluated at GCREC
(stage 1) and the best ones are advanced to replicated trials at GCREC
(stage 2). The best of these hybrids are then tested off station at IFAS
trials and on grower farms (stage 3). This report will highlight primarily
some results of stage 2 testing that took place in the last year.
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Results

have less vine than desired and too many off-grade fruit despite
outstanding marketable fruit production. Heat-tolerant hybrids
with the proper horticultural characteristics should provide Florida
growers with varieties that set marketable fruit more reliably under
stress conditions such as cool temperatures as well as under high
temperatures.

Fla. 8626 is a bacterial wilt tolerant inbred with huge fruit size and
eight hybrids have been in stage 2 testing. Several have strong vines
with some tolerance to bacterial spot, and four were in the top 10
for marketable yield in the spring trial. It does appear that fruit of Fla.
8626 bruise and this could be a problem in the hybrids. A new group
of bacterial wilt tolerant inbreds derived from Fla. 8626 are being
selected and these do not have the bruising problem. A new group of
inbreds with resistance to fusarium crown rot have been developed
and hybrids derived from these have been moved into phase 2 testing.
QTL’s for bacterial spot tolerance are being incorporated into Fusarium
wilt race 3 inbreds since we have found them to be extra sensitive to
bacterial spot.

OBJECTIVE 4
Methods
Geminivirus resistance. Hundreds of breeding lines from F2 to
F12 are inoculated with TYLCV at the seedling stage via viruliferous
whiteflies and then rated for disease severity in the field. Once
resistance is fixed, generally in the F3 or F4 generation, backcrossing is
done to make further horticultural improvements. The best inbreds are
also intercrossed and the resultant hybrids then evaluated for possible
stage 2 testing. We have been working intensively to locate molecular
markers linked to resistance genes as this is key to developing
horticulturally acceptable parent lines and hybrids with TYLCV
resistance. Since we now have located markers linked to Ty-3, Ty-4,
and from ‘Tyking’ MAS is being used instead of using the inoculation
procedure above for some of the pedigrees.

OBJECTIVE 2
Methods
Bacterial spot breeding lines and experiments are inoculated in
the field but natural infections often provide enough disease pressure.
Breeding lines with better attributes are tested in stage 2 trials and
crossed to assess hybrid potential. The best hybrids are tested in
stage 2 trials. QTL’s were evaluated in experiments each season and
populations from resistant accessions were evaluated in the spring to
locate any undiscovered QTL’s in order to provide improved resistance.

Spotted wilt resistance. Selection for Sw-5 and Sw-7
resistance genes is now done with molecular markers that eliminate
the need to screen with thrips and potentially spread the virus in the
west coast growing region. Several hybrids with each gene have been
grown recently to evaluate the incidence of fruit blotch which has been
a problem with Sw-5 hybrids under some conditions. Preliminary data
suggests that fruit blotch is reduced or eliminated in Sw-7 varieties
but this needs to be verified.

Results
Testing of hybrid Fla. 8555 indicated it has merit but not the
consistency needed for a commercial variety and it will not be
released. Inbred Fla. 8647 was a parent in a hybrid (Fla. 8763) that
performed well in the spring. Fla. 8495 was crossed to Fla. 8626 and
the hybrid (Fla. 8760) performed well. These lines will be evaluated
further in other crosses and the hybrids will undergo further testing.
Results with Fla. 8626 are discussed under objective 1. Plum inbreds
Fla. 8611 and Fla. 8835 had tolerance to bacterial spot compared to
‘Picus’ while yields of the three were not statistically different. The
fruit of the Fla. lines were smaller and fruit were not as long as that
of ‘Picus’. These two lines will likely be released as breeding lines in
fall 2010 to give private breeders material to develop bacterial spot
tolerant plum hybrids. Data is still being analyzed to locate additional
resistance QTL.

Results
Geminivirus resistance. Reliable fruit setting has been a
problem in this program. In spring 2010 fruit setting of resistant lines
was stringently selected under late, high temperature conditions. This
resulted in fewer selections than previous years but hopefully will
be a step forward. Fine mapping of Ty-3 has been ongoing under
other funding and we will soon have lines with no linkage drag
which should also facilitate the ability to attain commercial varieties
for Florida. A big change has been the implementation of MAS that
requires no field work for two years while four backcrosses are made
using about 20 elite recurrent parent lines. This work should result in
the ability to make acceptable hybrids as has already been done with
the parents, but with TYLCV resistance. In spring 2010 Fla. 8638B was
the first TYLCV resistant inbred to do well in any of our stage 2 trials.
From now on TYLCV resistant hybrids will only be made if parent lines
show improved performance, as the hybrids made to date have not
had commercial potential.

OBJECTIVE 3
Methods
Heat-tolerant (HT) fruit setting ability is being incorporated into
all phases of the breeding program. For instance many lines being
developed with bacterial spot tolerance have heat tolerance as well.
Key selection in this project is done for early fruit setting ability in fall
crops when there is high temperature stress. Otherwise procedures are
similar as those described under objective 1.

Spotted wilt resistance. A number of new inbreds with Sw-5
or Sw-7 are under development that will be moved into stage 2
testing. Fla. 8820 is a Sw-7 inbred that did well in spring 2010 stage
2 testing (it has 8044 as a parent). Some hybrids in stage 2 testing
merit further testing and a few will likely enter stage 3 testing. There
was no spotted wilt in the field to test for fruit blotch in lines with
Sw-5 or Sw-7 so this will have to be repeated.

Results
Hybrid Fla. 8455 continued to perform well in trials from Gadsden
to Dade counties and is in phase 3 testing. It could be released later
in 2010. Hybrids with Fla. 8735 and Fla. 8736 have shown some
potential in stage 2 testing and will be tested further for possible
release after grower testing. An inbred derived from a cross of Fla.
8044 and a North Carolina State inbred, Fla. 8808, yielded very well
in the spring trial. It has a stronger vine than 8044 and may prove to
be an outstanding parent although more testing is warranted. Fla.
8044 has excellent heat-tolerant fruit setting but hybrids sometimes

OBJECTIVE 5
Methods
Fruit quality and shelf-life are emphasized in all breeding
projects. One aspect of fruit quality is the development of high
5
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Elizabeth Baldwin.

Ji, Yuanfu, David J. Schuster, and Jay W. Scott. 2007. Ty-3, a begomovirus
resistance locus near the Tomato yellow leaf curl virus resistance locus Ty-1
on chromosome 6 of tomato. Molecular Breeding 20:271-284.
Ji, Yuanfu, Jay W. Scott, David J. Schuster, and Douglas P. Maxwell. 2009.
Molecular Mapping of Ty-4, a New Tomato Yellow Leaf Curl Virus Resistance
Locus on Chromosome 3 of Tomato. J. Amer. Soc. Hort. Sci. 134(2):281–288.
Nguyen, M.L. and S.J. Schwartz. 1999. Lycopene: Chemical and biological
properties, Food Technol. 53(2): 38-45.
Polston, J.E., R.J. McGovern, L.G. Brown. 1999. Introduction of Tomato
yellow leaf curl virus in Florida and implications for the spread of this and
other geminiviruses of tomato. Plant Dis. 8384-988.

A project has been underway for a number of years to develop a
superior crimson, good flavored, jointless tomato cultivar or hybrid
especially well-suited for Dade County growing conditions. This is a
cooperative project with Drs. Jim Strobel and Waldy Klassen. A hybrid
trial was conducted on a grower farm in Dade County last winter with
the goal to find a hybrid that competes with ‘Sanibel’.
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Another project is to develop tomatoes that do not require staking
by use of the brachytic (br) gene that reduces plant height and
increases side shoots. These tomatoes are called compact growth
habit (CGH) tomatoes. Here we emphasize jointless tomatoes that
can be mechanically harvested. Selections take place at GCREC and in
Dade County on a grower farm.
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Results
Tasti-Lee was tested in consumer surveys in three cities along with
TOV tomatoes and standard field grown tomatoes. The respondents
that thought the tomatoes were excellent to good were 71.1% for
Tasti-Lee, 61.8% for TOV, and 51.1% for the field grown tomato.
Thus, it would appear that a good way to get tomatoes from the
field to the grocery store would be to grow vine-ripe Tasti-Lee and
sell it as a branded product. Analysis of the survey suggested Florida
should grow 1000 acres of Tasti-Lee to accommodate the demand.
In the backcrossing program to incorporate the fruity/floral note into
Tasti-Lee parents, a BC2F3 line, Fla. 8792, which was from Fla. 8629
(a BC1 line) described last year, had high scores for overall flavor in a
spring 2010 taste panel. The F2 selection leading to 8792 in fall 2009
was the only one in the group of BC’s with superior flavor. It will be
backcrossed again this fall.

Scott, J. W., R. B. Volin, H. H. Bryan, and S. M. Olson. 1986. Use of hybrids
to develop heat tolerant tomato cultivars. Proc. Fla. State Hort. Soc. 99:311314.

Jointless, crimson hybrid Fla. 8787 had yield and fruit size
comparable to ‘Sanibel’ in a yield trial conducted on a grower farm in
Dade County during the winter as it did the previous year. Firmness
was similar while interior red color was superior to ‘Sanibel’. Fla. 8787
and Sanibel did not do too well in the spring trial at GCREC indicating
that like ‘Sanibel’ Fla. 8787 may be better adapted to Dade County.
Further testing will be done but if released the plan is to name it after
deceased horticulturalist Herb Bryan who did so much for Florida
vegetable and tomato production. These hybrids use a parent from our
program and a parent from retired UF tomato breeder Jim Strobel. The
UF parent in 8787 is Fla. 8653 which has looked promising.
In the CGH project a milestone was reached in the spring with
the emergence of Fla. 8834, an F3 line with jointless stems, an ideal
plant habit, and a concentrated set of early, large, smooth, and firm
tomatoes. While some other jointless selections had merit, 8834 is the
first elite CGH line with jointless stems. It will be tested in truck rows
on grower farms in Dade County next year. Hybrids will also be made
between it and other jointless lines with large fruit.
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Food Safety and Raw Tomatoes:
Sanitation Adjustments for Dump
Tanks, Flumes and Washers

Initially, we sought to predict how cooling related to depth of
submersion, another factor that can cause flume water to infiltrate
tomato fruit. The general formula for converting temperature change
to pressure change for an object (tomato fruit) of constant volume is
from the Ideal gas law. If the volume is constant, a pressure change
is directly linked with a temperature change. However, in computing
temperature change, one must use Kelvins which are defined as
degrees Celsius plus 273.16. Thus, cooling an 86oF tomato by 10
degrees C would reflect on pressure as 293.16/303.16=0.967. As
such the pressure within the cooled fruit would be reduced by 3.3% as
compared with pressure on the fruit surfaces (note how this differs if
one were to use Celsius, 20/30=33% reduction).

Jerry A. Bartz
University of Florida/IFAS
Department of Plant Pathology
Gainesville, FL
Keith R. Schneider
University of Florida/IFAS
Department of Food Science and Human
Nutrition
Gainesville, FL

We placed thermocouples on warmed fruit and submerged them in
cool, constant temperature water. The temperature change in the fruit
was gradual as expected.

Steven A. Sargent
University of Florida/IFAS
Department of Horticultural Science
Gainesville, FL
Abstract
Temperature difference between fruit and dump tank/flume water
is not a major cause of infiltration/internalization of bacteria in tomato
fruit. When warm fruit are dumped into cooler water, the temperature
change in the fruit is gradual. Thus, if the fruit dwell time is limited
to 2 min, or better yet, 30 sec, cooling induced water penetration is
minimal. Depth of immersion such as the stacking of fruit or overfilling
of the flume is another matter. Tomato fruit stacked to a depth of 28
inches in the dumptank are exposed to 1 psi water pressure on their
surfaces. This is approximately a 20-fold greater pressure imbalance
than experienced by a fruit that cooled 9oF. Note also, that the only
water pressure over an exposed stem scar is the depth of water held
in place by the fruit shoulders, whereas the pressure imbalance on
stacked fruit is the sum of the depth and the temperature change.
Pinhole wounds on tomato fruit absorb dye solutions, which diffuse
beneath and beside the wound. Dwell-time and wound age affect
the amount of dye entering the wound. There was no evidence
fruit-dye temperature differences (up to 36oF difference) affected
dye penetration, particularly with short (30 sec) dwell times. Chlorine
dioxide was found to be incompatible (was completely reduced to
chloride) by a proprietary wash-aid. Thus, fruit sprayed prior to harvest
with similar products may not be adequately sanitized if chlorine
dioxide is used as a chlorine alternative.

When a fruit at 117oF was submerged in water at 68oF, it cooled
by about 5.4oF (3oC) within the first 30 seconds and by about 14oF in
2 minutes. This is equivalent to holding the fruit 2.6 and 11.5 inches
below the water surface, respectively, at the end point of the dwell
time. These temperatures represent extremes that probably could not
occur commercially. In terms of a comparison of temperature change
with immersion depth, with a vertical diameter for fruit averaging
2.6 inches from stem scar to blossom scar, then the above cooling is
equivalent to the stacking of two or four layers of fruit, respectively
in the water. But with the stacking of layers of fruit in the water,
an immediate water pressure would be placed on the lower levels
unlike cooling, which is gradual. Clearly, if fruit are removed from a
flume within 2 minutes of entering it, cooling is not a major issue for
infiltration whereas stacking and prolonged dwell times are issues that
need to be avoided.
We sought direct evidence to confirm the preceding analysis. Since
the permeability of stem scars is confounded by freshness and level
of water congestion, we created pinhole wounds on the fruit surface.
These wounds were of uniform depth (2 mm or just through the
cuticle) and were made 3 hours before we ran our tests (3 hours was
considered to be a reasonable interval between harvest and packing).
The pinhole wounds were small enough that they would likely
escape detection by packingline workers who were sorting out color,
misshapen fruit or damaged fruit. A water soluble dye solution was
used so that there was immediate visual evidence of water movement
into the fruit.

Introduction and progress
Our initial efforts were hampered by the quality of fruit available
during the winter months. So, we began evaluating the requirement
that the wash water be heated to at least 10oF above the temperature
of incoming fruit. This temperature buffer was based on 10 to 15min flume dwell times. When fruit were floating in the system for
such periods, any cooling of the fruit led to the infiltration of the
fruit with flume water and massive outbreaks of bacterial soft rot
and other decays. Maintaining adequate amounts of free chlorine
in the system reduced but did not prevent decay. Since Sargent and
Mahovic recorded fruit dwell times of 30 to 120 seconds in several
packinghouse visits, we evaluated this exposure in our tests.
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wounds were similar to the fresh wounds in dye uptake.
Another change in our protocol led to a new direction. When
the wounded fruit were stored at 95oF overnight, the wounds were
as permeable as the 3-hr wounds! Thus, if fruit are stored in a shed
overnight before being packed, the pulp temperature affects wound
healing.

Adjustments to chlorine levels and
alternatives to chlorine

The above fruit was “soaked” in the dye solution for 10 min. The
dye solution was initially 36oF cooler than the fruit. The dye not only
penetrated into the wounds but also into the intercellular spaces
of the tissues surrounding the wound. This type of penetration/
infiltration would be devastating as far as microbial contamination if
an appropriate sanitizer were not in the water. We know from many
studies that the intercellular spaces are much larger than even fungal
spores such that there would be no filter effect at the solution-tissue
interface. As such, living particulate matter ranging from viruses to
human parasites in size would be internalized where no intervention
other than cooking the fruit would make it safe to consume.

Cooperating companies have provided us with products for these
tests including an on-site chlorine dioxide generator, peroxyacetic
acid product and a proprietary wash-aid. The latter is to be tested
alone and in combination with the oxidizing products. That latter is
to include reduced chlorine concentrations. All oxidizing materials
are coupled with ORP measurements to determine if the oxidizer
concentrations could be maintained in flumes based on ORP controls.

If the dwell time is shortened from 10 min to a more reasonable 1
to 2 min, dye penetration greatly decreases.

The basic test includes wounding tomatoes as per the temperature
study above, placing the fruit in an aquarium (shown above)
containing the products at use concentrations, add a suspension of
soft rot bacteria over the pump intake and then removing fruit after
30, 60, or 120 seconds. The fruit will be stored under high humidity
for up to 2 wks and decay incidence monitored.
In preliminary tests on product compatibility, the 3 ppm chlorine
dioxide allowed by registration was completely eliminated (within
seconds) by the wash-aid that was included at recommended levels.
In contrast, neither the chlorine concentration nor the peracetic acid
concentration was markedly reduced when mixed with the wash-aid.
The observation about chlorine dioxide is particularly troubling since
it indicates that certain surfactant ingredients might confound use of
chlorine dioxide as an alternative to chlorine in packinghouses. Fruit
with residues of certain surfactant ingredients could abruptly eliminate
chlorine dioxide from flumes, thereby cancelling sanitation.

Here fruit with 3-hr old wounds were submerged in the dye for 30
sec., 1 min or 2 min. The difference in amount of penetration between
30 sec and 1 min is striking. The skin had been removed from these
wounds to reveal the deeper penetration. The dye solution was 18oF
cooler than the fruit (temps in photos = degrees Celsius):
However, when we repeated the test, we wounded fruit the
afternoon prior to the dye treatment to make the protocol easier for
our biologist:

Very little dye penetrated even when the fruit were soaked for
10 min. We then tested different aged wounds and found that fresh
wounds (2 min before treatment) absorbed very little dye, whereas 3
hour wounds absorbed as noted in the preceding figure, and the 18-hr
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Evaluation of Tomato Yellow Leaf
Curl Virus (TYLCV) and Fusarium
Crown Rot (FCR) Resistant
Tomato Variety under Commercial
Conditions in Southwest Florida

control, such as methyl bromide, has limited efficacy and in some
instances is not highly effective. The disease, however, can be
managed with resistant cultivars, but the lack of consistent fruit
quality is a major factor for not adopting Fusarium crown rot and
TYCLV resistant varieties by the Florida tomato industry. Therefore,
growers plant these resistant varieties in limited acreages and continue
to take the risk by planting susceptible varieties such as FL47. Variety
evaluations need to be continued as new genetic material becomes
available and information is needed on TYCLV and Fusarium tolerance
and additionally horticultural qualities including postharvest since,
for many new cultivars, this information is lacking or insufficient.
Ongoing variety evaluation provides independent scientific information
to be able to deliver updated variety recommendations other than
commercial breeding programs. The objective of the study was
to document the TYLCV and Fusarium crown rot resistance and
horticultural characteristics of currently available TYLCV and Fusarium
crown rot resistant tomato cultivars under commercial field conditions.

Monica P. Ozores-Hampton
University of Florida/IFAS
Southwest Florida Research & Education
Center
Immokalee, FL
Eugene McAvoy
University of Florida/IFAS
Hendry County Extension Service
LaBelle, FL

Materials and Methods
Two independent TYLCV and FCR resistant variety were evaluated
and compared to susceptible grower standards in a completely
randomized experimental design with four replications during the
spring 2010 (Table 1). The trials were located on a tomato farm under
commercial growing conditions typical of the Immokalee and Estero
area. A field with a history of Fusarium crown rot (FCR) was used
for this evaluation. Nine TYLCV and five FCR resistant round tomato
varieties entries were evaluated and compared with the susceptible
grower standards FL 47 and Sebring for the TYLCV and FL47 for the
FCR trial (Table 1).

Steve A. Sargent
University of Florida/IFAS
Horticultural Sciences Department
Gainesville, FL
Pamela D. Roberts
University of Florida/IFAS
Southwest Florida Research & Education
Center
Immokalee, FL

Cultural Practices. Seed were planted in flats and grown by
Redi Plants, Corp. The field was rototilled, and the pre-plant fertilizer
(bottom mix and top “hot” mix) was applied following the modified
broadcast method to supply 300-60-462 lb.acre-1 of N-P2O5-K 2O
(1 acre = 7,260 linear bed feet). In each trial, tomatoes were grown
following industry standards for production practices (Table 2) and
pesticide applications were made as needed in response to regular
scouting reports according to UF/IFAS recommendations (Olson et al.,
2007). Plant population of approx. 4,035 plants/acre for TYLCV and
FRC. Each tomato variety was pruned following the seed company’s
specifications (Table 1). The field was seepage irrigated, and tomato
plants staked and tied.

Introduction
Tomato yellow leaf curl virus (TYLCV) and Fusarium crown rot
(FCR), caused by Fusarium oxysporum f. sp. radicis-lycopersici
(FORL) are considered by some to be the worst tomato virus and soil
fungal disease affecting the tomato industry in South Florida. Both
diseases cause a significant yield reduction in tomato production.
Plants infected with the TYLCV virus have stunted growth and
flower abortion with early infections resulting in almost no fruit set
(Schuster and Stansly, 1996). Management of whitefly and TYLCV
relies primarily on insecticides and tomato-free planting periods
initiated by timely crop destruction after harvest (Schuster and
Polston, 1999). But, whitefly resistance to insecticide(s) is creating
an urgent need for alternative management tools such as TYLCV
resistant varieties. TYLCV-resistant cultivars adapted to our needs
and environment have already been developed by companies such as
Hazera, Harris Moran, Seminis, Syngenta, and Sakata. Some resistant
varieties have been evaluated in UF trials within the previous 8 years
(Gilreath et al, 2000, Cushman and Stansly 2006 and Ozores-Hampton
et al., 2008). Evaluations from Ozores-Hampton et al. (2008) trial
included nine round and two plum tomato cultivars that resulted in
very distinctive performances in the field and fruit quality after the
postharvest evaluation under a high virus pressure during spring 2007.

The whitefly (Bemisia argentifolii) population was monitored
using a leaf-turn method and TYLCV symptomatic plants were counted
at the second harvest 18 May for TYLCV 2010. The number of plants
showing symptoms of fusarium crown rot (caused by Xanthomonas
perforans and bacterial speck caused by Pseudomonas syringae
pv. Tomato) was rated as percentage foliar cover (disease severity) at
first harvest 3 and 11 May for TYLCV and FCR 2010, respectively. In
both trials, tomatoes were graded in the field using a potable grading
table according to USDA specifications for extra-large (5x6), large
(6x6), and medium (6x7) fruit categories (USDA, 1997). For the TYLCV
total unmarketable tomato fruit numbers and weight were recorded
and categorized into craking (CR), scaring (SC), and odd shape/zipper
(OS/Zipper) described by Ozores-Hampton et al. (2008).
Tomatoes were harvested at green mature stage on 28 April 2010
(FCR harvest 1). Tomatoes were placed in 25-lb boxes and transported
to the Garguilo, Inc. packinghouse (Immokalee, FL). After 7 days of
ethylene ripening treatment (full color), a subsample of 10 tomatoes

Fusarium crown rot has been a serious disease of tomatoes on
fumigated soils for the last 20 years, but its biology and control has
been studied only for the past 12 years (Jarvis, 1998). Chemical
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from each variety and replication was transported to the Southwest
Florida Research and Education Center Vegetable Laboratory in
Immokalee, FL for quality evaluation. For TYLCV 2010 tomatoes were
harvested at breaker stage 18 May (harvest 2). Fruits were stored
at 68°F until they reached table-ripe stage defined as “the point at
which red-ripe tomatoes became noticeably softer when pressure was
applied with thumb and fingertips to the equatorial region of each
fruit.” All postharvest quality parameters were evaluated once the
tomatoes reached table-ripe stage. Firmness was measured as fruit
deformation by using an 11-mm probe and 1 kg-force applied to the
fruit surface of the fruit equator area after 5 s of applied force with a
portable digital firmness tester (IRREC tester; Ritenour et al., 2002).
Higher values of fruit deformation indicate softer fruit. Color was
measured using a 1-to-10 scale.

harvest combined) were not significantly different than ‘Charger’ and
‘Sebring’ (control). Total unmarketable tomato categories were lowest
with ‘Tygress’, ‘UF 8784-85’, and ‘Katana’ and the highest ‘XTM 5467’
(Table 3). The most common defect types as percentage of the total
unmarketable yields were scaring (SC) ranging from 25 to 60%, odd
shape (OS) 16 to 47%, and cracking/zippers (CR-Z) 13 to 40% (data
not shown).
The large unmarketable (odd shape, scar, blossom end scar, and
zippers) fruit found with TYLCV-resistant varieties was consistent
with results from spring 2007 and 2008 (Ozores et al., 2008), but
in contrast to other studies (Gilreath et al, 2000; Scott, 2004 and
Cushman and Stansly, 2006).
FCR 2010: Yields were greater for ‘HMX 8849’ than the rest of
the varieties in total extra-large first harvest, total extra-large (two
harvest combined) and total marketable harvest (all sizes and two
harvest combined (P≤0.05, Table 3). Total unmarketable tomato
categories were lowest with ‘FL47’, ‘HMX 8849’, ‘Sebring’ and
‘Soraya’ and the highest ‘BHN’ and ‘Crown Jewell’ (Table 3).
However, ‘Crown Jewell’ was not different than the rest of the
varieties.

A field day was conducted at first harvest 3 May (TYLCV 2010) and
28 April (FCR 2010). Participants using a 1-to-5 scale (1= very poor;
5=very good) in a blind test evaluated the varieties in earliness, plant
vigor, fruit size, firmness, fruit quality, potential yield and an overall
plant rating at first harvest 3 May and April 28, 2010. Data yield
components, firmness, and field evaluation to TYLCV and FCR variety
responses were analyzed using ANOVA and Duncan’s Multiple Range
Test at 5%. Amount of fruit defects by TYLCV, FCR, and bacterial spot
percentage by variety were transformed by Arcsin distribution before
the ANOVA, Duncan’s Multiple Range Test, and Least Significant
Difference (SAS, 2009).

Post-harvest and blind test evaluation: Tomato fruit
of ‘Charger’ had significantly (P≤0.01) higher firmness (less fruit
deformation) than ‘Tygress’, ‘Tycoon’, ‘XTM5467’ and ‘UF 8784’
during spring 2010 (Table 4). Out of all varieties, ‘Tycoon’ had
significantly the softest fruit. In 2010, ‘Soraya’ had significantly
(P≤0.01) higher fruit firmness values among FCR varieties. The softer
fruits were produced by ‘Crown Jewel’. The highest color rating was
that of ‘Tygress’ and the lowest ‘Katana’, ‘Security 28’, ‘XTM 5467’,
‘UF 8784’, ‘FL 47’, and ‘Sebring’ (Table 4). Amount FCR, the highest
color rating was that of ‘FL 47’ and the lowest ‘Soraya’ during spring
2010.

Extension Activities: A total of two well-attended field days
for TYLCV and FRC 2010 were held at the grower cooperator in
Immokalee and Estero, FL.

Results and Discussion
Overall weather conditions during the trials in Southwest Florida
recorded by the Florida Automated Weather Network (FAWN) were
wet and lower than usual temperatures with five freeze events (7 Jan.
and 10-13 Jan.), and an accumulation of 22.7 inches during the spring
of 2010 (TYLCV). Similarly, there were a total of seven freeze events
(5-7 Jan., and 10-13 Jan.) for the location of the FCR trial, and an
accumulation of rainfall of 20.6 inches during the spring of 2010.

In 2010, the highest overall rate was given to ‘Security 28’
compared to all other TYLCV varieties while the lowest rate was
given to ‘UF8785’ (P≤0.01, Table 4). The blind evaluation indicated
the variety ‘Tygress’ was not well rated as in 2009. A blind test
comparison among FCR 2010 cultivars indicated that ‘HMX 8849’ and
‘FL 47’ had significantly the highest overall rate while ‘BHN 585’ had
the lowest one(P≤0.01, Table 4).

Whitefly population, TYLCV incidence, bacterial spot, and
Fusarium crown rot rating: In spring 2010 there were no whitefly
during the season. Therefore, there were no TYLCV symptomatic
plants among varieties (Table 1). Disease pressure for bacterial disease
was severe in spring 2010. Thus, there were significant differences in
bacterial spot and speck among TYLCV and FCR 2010 (Table 1). The
incidence of bacterial spot and speck range from 23 and 70% (TYLCV
2010) and 38 and 70% (FCR 2010). The results from TYLCV and FRC
2010 indicate that there may be different levels of damage incurred
by bacterial spot and bacterial speck among the varieties tested with
some having at least a 50% or more reduction compared to others.
There were no FCR symptomatic plants among varieties in spring 2010
for TYLCV and FCR trials (Table 1).

The extension activities: A field day held at the grower’s
cooperator in Immokalee and Estero was well-attended: 42 (TYLCV
2010) and 35 (FCR 2010) attendees. According to 16 (TYLCV 2010)
and 14 (FRC 2010) responses from participants in the blind test, the
best overall TYLCV varieties for the TYLCV spring 2010 was ‘Security
28’ and for FCR 2010 was ‘HMX 8849’ based on earliness, plant vigor,
fruit size, firmness, fruit quality, potential yield and an overall plant
rating (Table 4).
The authors wish to thank the Florida Tomato
Committee, BHN, Harris Moran, Hazera, Sakata, Seminis,
Takii, Redi-Plants, and Six’L Farms for providing monetary or
in-kind support to these projects.

Fruit yields: First harvest extra-large ranges from 69 to 581
(TYLCV 2010) and 443 to 945 (FCR 2010), total extra-large (all
harvest combined) 164 to 642 (TYLCV 2010) and 836 to 1,463 (FCR
2010), and total harvest (all sizes and harvest combined) 431 to 899
(TYLCV 2010) and 1,403 to 1,954 (FCR 2010) boxes/acre (Table 3).

References
Cushman, K. and P. A. Stansly. 2006. TYCLV-resistant tomato cultivar trial
and whitefly control. Proceedings: Florida Tomato Institute. P. Gilreath [Ed.],
Vegetable Crops Special Series, IFAS, U. of Florida, Gainesville, pp. 29-34.

TYLCV 2010: Yields were greater for ‘Security 28’ than the
rest of the varieties (P≤0.05, Table 3). However, ‘Security 28’ total
first harvest (all sizes combined) and total harvest (all sizes and two

Gilreath, P., K. Shuler, J. Polston, T. Sherwood, G. McAvoy, P. Stansly, and
E. Waldo. 2000. Tomato yellow leaf curl virus resistant tomato variety trials.
10

Proc. Fla. State Hort. Soc. 113:190-193.

SAS. 2008. SAS/STAT user’s guide, Ver. 9.1, SAS Institute, Cary, NC.

Jarvis, WR. 1998. Fusarium crown and root rot of tomatoes.
Phytoprotection. Vol.69, no. 2, pp. 49-64.

Schuster, D. and J. Polston, 1999. Whitefly management guide: Tomato
yellow leaf curl virus. Citrus and Vegetable, July, A6-A7.

Ritenour, M.A., E.M. Lamb, P.J. Stoffella, and S.A. Sargent. 2002. A
portable, digital device for measuring tomato firmness. Proc. Fla. State Hort.
Soc. 115:49-52.

USDA 1997. United States standards for grades of fresh tomatoes. Agr.
Markt. Serv. http://www.ams.usda.gov/standards/tomatfrh.pdf.

Olson, S.M., W.M. Stall, M.T. Momol, S.E. Webb, T.G. Taylor, S.A. Smith,
E.H. Simonne, and E. McAvoy. 2007. Tomato production in Florida, pp. 409430 In: S.M. Olson and E. Simonne (Eds.) 2007-2008 Vegetable Production
Handbook for Florida, Vance Pub., Lenexa, KS.
Ozores-Hampton, M.P., G. McAvoy, E.H. Simonne, and P. Stansly. 2008.
Evaluation of TYLC virus-resistant varieties under commercial conditions in
Southwest Florida. Fla. Tomato Inst. Proc. PRO525, pp.12-17.

Table 1. Pruning, TYLCV virus incidence, bacterial spot, and Fusarium crown rot of Tomato Yellow Leaf Curl Virus (TYLCV 2010) and Fusarium Crown Rot (FCR
2010) resistant tomato varieties and advanced breeding lines evaluation grown in Estero, FL.

Variety

Source

Pruning
No Suckers

Virus incidence
(%)

Bacterial Spot
Rating (%)

Fusarium
crown rot (%)

TYLCV Spring 2010
Charger

Sakata

No

0

36.3 bcdey

0

Katana

Takii

4

0

45.0 bc

0

Security 28

Harris Moran

2

0

31.3 cde

0

SVR 200

Seminis

3

0

41.3 bcd

0

Tygress

Seminis

3

0

26.3 de

0

Tycoon

Hazera

3

0

70.0 a

0

XTM 5467

Sakata

No

0

50.0 b

0

UF 8784

UFL

4

0

23.3 e

0

UF 8785

UFL

4

0

26.7 de

0

FL 47 (control)

Seminis

3

0

35.0 bcde

0

Sebring (control)

Syngenta

3

0

52.5 ab

0

P value

0.0002

Sig.

**

FCR Spring 2010
BHN 585

BHN

3

0

47.5 b

0

Crown Jewel

Seminis

3

0

50 b

0

HMX 8849

Harris Moran

3

0

47.5 b

0

Sebring

Syngenta

3

0

50 b

0

Soraya

Syngenta

3

0

67.5 a

0

FL 47

Seminis

3

0

37.5 b

0

P value

0.006

Sig.
z University of Florida
y Means separation by Duncan’s Multiple Range Test at P ≤ 0.05 Level, and LSD (for FCR data) at the P level in table, means followed by the same
letter are not statistically different
** Significance at P ≤ 0.01; * Significance at P ≤ 0.05; ns Not significant.
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Table 2. Summary of cultural practices used in Tomato Yellow Leaf Curl Virus (TYLCV 2010) and Fusarium Crown Rot (FCR 2010) resistant varieties.

Cultural practice

TYLCV 2010

FCR 2010

Plant spacing (inch)

22

22

Bed spacing (feet)

6

5.25

Methyl Bromide: Chloropicrin

50:50 @ 100lb/acre

50:50 @ 100lb/acre

Mulch

Metalized/Silver

Metalized/Silver

Planted length (feet)

37 (20 plants)

37 (20 plants)

Harvest length (feet)

18 (10 plants)

18 (10 plants)

Replications

4

4

Bed width (inch)

32

32

Transplant date

7 Jan. 2010

29 Dec. 2009

Harvest dates

3 May and 18 May 2010

28 Apr. and 11 May 2010

Table 3. First, total marketable and unmarketable (cull) fruit yield categories for Tomato Yellow Leaf Curl Virus (TYLCV 2010) and Fusarium Crown Rot (FCR 2010) resistant tomato
varieties grown in Estero, FL.

z
Yield (boxes /acre)
----------------First Harvest------------------y
y
y
XL
L
M
FHT

-------------------------------Total Harvest--------------------XL

L

M

Cull

Total

TYLCV Spring 2010
Charger

208cde

95a

54

357b

310bc

215a

236a

1,150bc

762ab

Katana

187de

94a

47

328b

261cd

187ab

182abc

520ef

631bc

Security 28

581a

77ab

87

745a

642a

116cd

141bcd

998c

899a

SVR 200

315c

94a

29

438b

412b

145bcd

98d

799d

655bc

Tygress

245cd

59abc

35

338b

291bcd

104d

142bcd

543ef

537cd

Tycoon

198cde

83ab

33

314bc

241cd

139cd

91d

1,255b

471cd

XTM 5467

309cd

76ab

64

450b

353bc

122cd

109cd

1,465a

584bcd

UF 8784

69f

45bc

34

148d

164d

114d

153bcd

606def

431d

UF 8785

90ef

32c

50

172cd

214cd

97d

206ab

411f

517cd

FL 47 (control)

228cd

96a

57

381b

327bc

164bc

139bcd

714de

630bc

Sebring (control)

468b

96a

81

646a

542a

143bcd

168abcd

671de

852a

P value

0.0001

0.01

0.29

0.0001

0.0001

0.0001

0.003

0.0001

0.0001

Sig.

**

*

ns

**

**

**

**

**

**

BHN 585

457b

128

56

641

836b

362

280ab

631a

1,479b

Crown Jewel

443b

191

60

694

860b

440

290ab

478ab

1,591b

HMX 8849

945a

111

24

1,080

1,463a

322

169c

407b

1,954a

Sebring

477b

114

61

653

900b

381

332a

404b

1,613b

Soraya

527b

148

39

713

1,025b

370

228bc

362b

1,623b

FL 47

492b

137

41

669

883b

319

202c

408b

1,403b

P value

0.02

0.63

0.14

0.12

0.002

0.27

0.002

0.04

0.04

Sig.

*

ns

ns

ns

**

ns

**

*

*

FCR Spring 2010

z 25-lb tomatoes/box
y XL= Extra-large (5x6 industry grade); L=Large (6x6); M=Medium (6x7)
x Means separation by Duncan’s Multiple Range Test, P ≤ 0.05 Level, means followed by the same letter are not statistically different.
** Significance at P ≤ 0.01; * Significance at P ≤ 0.05; ns Not significant.
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Table 4. Post-harvest firmness (as fruit deformation), color of fruits at table ripe stage from first harvest and blind evaluation for tomato plant and fruit (from the contribution of 16
and 14 participants for Tomato Yellow Leaf Curl Virus (TYLCV 2010) and Fusarium Crown Rot (FCR 2010) resistant tomato varieties grown in Estero, FL, respectively). (Blind evaluation based in rating scale 1-5; 1= very poor and 5 = very good).

Varieties

Post-harvest
Deformation (mm)

Charger

2.23a

Katana

z

Color (1-10)

Blind Evaluation
Overall Rating (1-5)

TYLCV Spring 2010
6.0b

2.6cde

2.41ab

5.0c

2.5de

Security 28

2.59abc

5.0c

4.1a

SVR 200

2.63abc

6.0b

3.5b

Tygress

3.09bcd

7.0a

2.7cde

Tycoon

4.91e

6.0b

2.5de

XTM 5467

3.36cd

5.0c

3.1bcd

UF 8784

3.81d

5.0c

2.5de

UF 8785

2.89abc

6.0b

2.3e

FL 47 (control)

2.71abc

5.0c

2.8cde

Sebring (control)

2.42ab

5.0c

3.1bc

P value

0.0001

0.01

0.0001

Sig.

**

**

**

BHN 585

1.99bc

6.0b

2.6d

Crown Jewel

2.05c

6.0b

3.0cd

HMX 8849

1.75bc

6.0b

4.0a

Sebring

1.63b

5.0c

3.3bc

Soraya

1.20a

4.0d

3.7ab

FL 47

1.82bc

7.0a

3.8a

P value

0.0006

0.01

0.0001

Sig.

**

**

**

FCR Spring 2010

z Means separation by Duncan’s Multiple Range Test, P ≤ 0.05 Level, means followed by the same letter are not statistically different
** Significance at P ≤ 0.01; * Significance at P ≤ 0.05;
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Evaluation of Weeds as Hosts of
the Sweetpotato Whitefly and
Tomato Yellow Leaf Curl Virus

(IRR) disorder of tomato fruit, but is of particular concern to tomato
producers in southern Florida because it transmits begomoviruses, the
most damaging of which is Tomato yellow leaf curl virus (TYLCV).
This virus causes severe stunting, chlorosis, cupping and puckering of
leaves, and flower abortion, along with few or no fruit set after initial
infection.

David J. Schuster
James E. Taylor
University of Florida/IFAS
Gulf Coast Research and Education Center
Wimauma, FL

Tomatoes are a major driving force in area-wide outbreaks of
TYLCV. However, observations by growers and their commercial scouts
and, more recently, by a study employing geo-referenced data on a
local scale (Taylor, unpublished data), indicate that there are local
“hotspots” of SPWF and TYLCV incidence that are not apparently
related to tomatoes and that recur on a regular basis. This suggests
that alternative host plants, particularly weeds, may play a role in the
local epidemiology of SPWF and TYLCV outbreaks.

Jane E. Polston
University of Florida/IFAS
Department of Plant Pathology
Gainesville, FL

For a weed host to contribute to the local epidemiology of
TYLCV, it not only has to be a host of the virus but also has to be an
acceptable host of the SPWF. SPWF wild hosts are important in the
control of TYLCV because they can bridge the gap between tomato
production seasons. While B. tabaci is known to attack over 500 host
plant species in over 74 plant families, not all host plants are equally
suitable as hosts for the whitefly. Because of the sheer numbers of
plant species involved and because of the variation in complements
of weeds in local production areas, relatively few of the plant species
have been evaluated for suitability as hosts for the SPWF.

Summary
Biotype B of the sweetpotato whitefly (SPWF), Bemisia tabaci
(Genn.), also known as the silverleaf whitefly, B. argentifolii Bellows
& Perring, remains the key insect pest of tomato in southern Florida.
The insect is of particular concern to tomato producers in southern
Florida because it transmits the geminivirus Tomato yellow leaf
curl virus (TYLCV). Tomatoes are a major driving force in areawide outbreaks of TYLCV; however, recent studies suggest that
alternative host plants, particularly weeds, may play a role in the local
epidemiology of SPWF and TYLCV outbreaks. Relatively few weed
species have been evaluated for suitability as hosts for the SPWF or
TYLCV in Florida. The objectives of this project are to improve our
understanding of the role of weeds in outbreaks of TYLCV. To that
end, seven weed species were selected for a highly focused study.
These species were selected due to their abundance in association
with tomato fields with a history of TYLCV infections and their
likelihood of being a host of TYLCV and SPWF. The seven species
selected were American black nightshade (Solanum americanum
Mill.), Spanish needle (Bidens pilosa L.), garden spurge
(Chamaesyce hirta (L.) Millsp.), lambsquarters (Chenopodium
album L.), hairy indigo (Indigofera hirsuta L.), wild mustard
(Sinapis arvensis L.) and sow thistle (Sonchus oleraceus L.). In the
past year, seed were collected for each species and the methodology
for germinating these seeds are currently being evaluated. Once
seedlings are available, they will be used in various types of cages to
evaluate the host preference, fecundity, development and survivorship
of the SPWF, as well as for their ability to serve as hosts of TYLCV.
To date, hairy indigo has been evaluated for its potential to serve as
a host of TYLCV. Hairy indigo plants were inoculated with TYLCV in
two transmission experiments using viruliferous whiteflies: however,
none of the 16 plants inoculated showed any virus-like symptoms nor
was TYLCV detected in any of the plants using PCR. These results are
consistent with those of our survey of weed hosts conducted for the
past 2 years, indicating that hairy indigo is not a host of TYLCV and
could not serve as a reservoir of this virus. Similar evaluations with the
remaining weed species are pending.

TYLCV is known to infect at least 30 plant species, including
weeds such as Sonchus oleraceus L. and Datura stramonium
L. While these weeds occur in Florida, they are limited in their
distribution and/or density and would not appear to play major
epidemiological roles. TYLCV likely has a broader host range than is
known, since in each new study conducted, new hosts are reported.
The objectives of the present study are to determine the host
preference, fecundity, development and survivorship of the SPWF for
tomato and selected wild host plants; and to evaluate the suitability of
selected wild host plants as potential hosts of TYLCV.

Materials and Methods
Plant materials. Seven weed species were selected for study
based upon their abundance in association with tomato fields with
a history of TYLCV infections and based upon their likelihood of
being a host of TYLCV and SPWF. The species include American
black nightshade (Solanum americanum Mill.), Spanish needle
(Bidens pilosa L.), garden spurge (Chamaesyce hirta (L.) Millsp.),
lambsquarters (Chenopodium album L.), hairy indigo (Indigofera
hirsuta L.), and wild mustard (Sinapis arvensis L.). Hairy indigo was
selected because it is a host of SPWF and is also an abundant legume.
TYLCV is known to infect other legumes, including common bean
and soybean. American black nightshade was selected because it is
an abundant weed in the Solanceous family, which includes tomato.
Garden spurge was selected because it is a common host of the
SPWF. Wild mustard was selected because it is a common broadleaf
weed that survives freezing temperatures and could bridge the fall
and spring crops. Lambsquarters and Spanish needle were selected
because they are common, broadleaf weeds. Sow thistle (Sonchus
oleraceus L.) will be included as a positive control as it is a known
host of TYLCV and tomato (Solanum lycopersicum L.) will be
included as a positive control for the SPWF and TYLCV. Seed have
been obtained for each species and the germination of the seed and
the methodology for germinating seed are currently being evaluated.

Introduction
Biotype B of the sweetpotato whitefly (SPWF), Bemisia tabaci
(Genn.), also known as the silverleaf whitefly, B. argentifolii
Bellows & Perring, remains the key insect pest of tomato in southern
Florida. The insect causes damage by inducing the irregular ripening
14

SPWF biological evaluations. Landing, feeding, and
oviposition will be evaluated in a choice assay. Growth rooms will be
used as the cage system and SPWF adults (over 500) from a TYLCVfree colony on tomato in the laboratory will be released in the growth
rooms. There will be two replicates for each of two growth rooms for
a total of four replicates. The number of adult insects on each plant
will be determined after 1, 12, 36, 48, 60 and 72 h. After 3 days, the
number of eggs deposited on leaves will be counted.

Table 1. Results of inoculation of Indigofera hirsuta L. with SPWF adults reared on
tomato plants infected with TYLCV.

Development of immature whiteflies will be conducted in nochoice assays. Newly hatched SPWF adults (< 24h) from the above
laboratory colony will be allowed to feed on clean tomato plants
for two days. Then 10 females will be placed in clip cages onto the
undersides of lower leaf surfaces of each plant. Whitefly adults will
be allowed 24 h for oviposition and then removed. Eggs will be
counted and used as a baseline for mortality. Eggs and nymphs will be
monitored for development and observed daily until adult emergence.
Adult longevity will be evaluated on the before mentioned plant
species.

Inoculation
experiment

No. of plants
inoculated

No. plants positive

1

8

0

1

8

0

Total

16

0

with PCR*

*PCR results generated using degenerate A component primers and TYLCV

TYLCV transmission evaluations. TYLCV-free plants will be
grown from seed. SPWF adults from a laboratory colony reared on
tomato plants infected with TYLCV will be confined on upper leaves
of each plant species. After a 3–day feeding period, the whitefly
adults will be killed and the plants will be incubated for 3 weeks, after
which they will be scored for virus-like symptoms and evaluated using
PCR for the presence of TYLCV. In those plants in which TYLCV is
detected, we will then determine if whiteflies can acquire TYLCV from
them and transmit back to tomato. SPWF adults, from the laboratory
colony reared on tomato plants free of TYLCV, will be confined on
upper leaves of each infected plant. After a suitable acquisition period,
the whiteflies will be removed and then confined on upper leaves
of tomato plants that are free of TYLCV. After a 3-day transmission
period, the whitefly adults will be removed and the plants will be
incubated for 3 weeks, after which they will be scored for symptoms of
TYLCV and evaluated using PCR for the presence of TYLCV.

Results
SPWF biological evaluations. Seed have been obtained for
each species and the germination of the seed and the methodology
for germinating seed are currently being evaluated. When seedlings
are available simultaneously for all weed species, they will be used
in various types of cages to evaluate the host preference, fecundity,
development and survivorship of the SPWF.
TYLCV transmission evaluations. Two transmission studies
with eight plants each of hairy indigo, Indigofera hirsuta, were
conducted. Of the 16 plants evaluated, none showed virus-like
symptoms 3 weeks after inoculation with viruliferous whitefly adults
and none tested positive for TYLCV using PCR (Table 1). These results
are consistent with those of our survey of weed hosts conducted for
the past 2 years, indicating that hairy indigo is not a host of TYLCV
and could not serve as a reservoir of this virus.
Similar transmission studies with the remaining weed species are
pending.
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Identifying the Cause of Tomato
Purple Leaf Disorder

procedure used to concentrate the virus and attempts will be
made to find another protocol that works well with tomato
tissue.
2. The TPLD-symptomatic plant, which was collected in Ruskin, FL
in July 2008, and was used as the source of TPLD for this study
was determined to be infected with both TYLCV, and ToCV as
well the possible causal agent of purpling. This is a common
occurrence with field-collected samples. Attempts were made
to transmit the purpling agent and selectively remove these
2 whitefly-transmitted viruses using whiteflies given different
acquisition and feeding times. We were successful in retaining
the purpling agent and removing TYLCV, but have not yet been
able to remove the ToCV. This study is still in progress.

Jane E. Polston
University of Florida/IFAS
Department of Plant Pathology
Gainesville, FL
Gary E. Vallad
University of Florida/IFAS
Gulf Coast Research and Education Center
Wimauma, FL

Objective 2. Develop a Detection Assay

Background

This objective is dependent upon completion of
Objective 1.

The results of our studies conducted in the field last year support
the hypothesis that this disorder is the result of an infectious agent
(G. Vallad et al 2008). Extensive testing was conducted to identify an
agent responsible for the purpling symptoms between December 2007
and June 2008 (Polston et al., 2008). ELISAs, PCRs, and nucleic acid
hybridizations, were conducted to determine if a virus was the causal
agent. The results confirm that the causal agent was not one reported
in tomato before and suggested that some type of pathogen, possibly
a virus, was responsible. Subsequent studies confirmed that the causal
agent was transmitted by whiteflies (Bemisia tabaci). Except of
viruses, there are no known plant pathogens transmitted by whiteflies,
so this suggested that a virus might be the causal agent.

Objective 3. Determine the Distribution and Occurrence
of TPLD.
This objective is dependent upon completion of
Objective 1.

Previous studies have suggested a possible role for the whiteflytransmitted virus, Tomato chlorosis virus (ToCV). While this virus
is not known to cause symptoms even remotely similar to TPLD, it
has been detected in some but not all of the plants showing TPLD.
It is possible that a variant of this virus is the cause of TPLD. It is
also possible that it plays a role in the symptoms such as in a mixed
infection with another virus, and it is also possible that it plays no
role at all and is present in many plants in the field regardless of the
presence of TPLD symptoms.

Objectives and Results
Objective 1. Identify the whitefly-transmitted virus
present in TPLD-affected plants
1. A TPLD-symptomatic plant, which was collected in Ruskin, FL in
July 2008, was used as the source of TPLD. Virus particles were
concentrated using a series of filters, and cloning for RNA viral
genomes was attempted since RNA viruses since we assumed
that the virus was more likely to have an RNA genome rather
than a DNA genome.
Analysis of the sequences obtained by this method are in
progress. To date, we have obtained 3 short sequences with
homology to viral genomes, but only one of these sequences is
related to any plant virus. It is too early at this time to speculate
what these sequences mean. It is hoped that the analyses in
progress will reveal more of a virus genome.
A second study that we conducted was to try to visualize virus
particles by concentrating virus in infected leaves and viewing
the extracts on a grid in the transmission EM. This was done,
but no particles were seen. This was probably due to the
16

Monitoring Resistance of
the Sweetpotato Whitefly to
Insecticides

a result, almost year-round pesticide use on various hosts of the
SPWF and other field crop pests. Availability of hosts and multiple
applications of insecticides create the potential for selection pressure
to develop resistance in field populations of the SPWF. Due to this
potential for resistance development, a program to monitor the
susceptibility of field populations of SPWF to imidacloprid was initiated
in 2000 and thiamethoxam was included in 2003 (Schuster and
Thompson 2001, 2004; Schuster et.al. 2002, 2003, 2006, 2010).
Based upon LC50 values, tolerance of B. tabaci to imidacloprid
and thiamethoxam increased about 7 and 12 fold, respectively,
through 2006. The program was expanded in 2007 to include the
neonicotinoids acetamiprid and dinotefuran, the pyrethroid bifenthrin
(bifenthrin technical, FMC Corp., Princeton, NJ), and endosulfan
(endosulfan technical, Makhteshim Agan of North America, Inc., New
York, NY). Buprofezin was added in 2008. The resistance monitoring
program is an important tool for creating pest management strategies.
The information can be used to develop insecticide application
strategies that include or alternate chemicals from different insecticide
classes to avoid applying selection pressure to populations.

David J. Schuster
Rafael D. Caballero
University of Florida, IFAS
Gulf Coast Research and Education Center
Wimauma, FL
Summary
Biotype B of the sweetpotato whitefly (SPWF), Bemisia tabaci
(Gennadius) (also known as the silverleaf whitefly, B. argentifolii
Bellows & Perring), is the key pest of tomatoes in south Florida,
primarily as a vector of the begomovirus Tomato yellow leaf curl
virus (TYLCV). Insecticides are most often used to manage the SPWF
and TYLCV. A resistance monitoring program that was initiated in
Florida in 2000 was continued in 2010 and included four neonicotinoid
insecticides imidacloprid (Admire Pro), thiamethoxam (Platinum),
dinotefuran (Venom), and acetamiprid (Assail); the insect growth
regulator buprofezin (Courier), the pyrethroid bifenthrin, and the
organochlorine endosulfan. Five field populations were established
with nymphal infested foliage and three were tested for susceptibility
using a systemic uptake, cut-leaf petiole bioassay with adults for the
neonicotinoids thiamethoxam (Platinum) and acetamiprid (Assail).
Each field population was exposed to the LC50 and LC95 doses of a
known susceptible laboratory colony for each respective insecticide
and mortality was compared to that at the same doses predicted
from probit analyses of field populations tested in 2007 and for actual
mortality data for 2008 and 2009. Results indicate that the tolerance
of adults to imidacloprid and thiamethoxam observed in 2009 did
not appear to increase in 2010 and appears to have decreased with
imidacloprid, at least when considering mortality at the LC95 dose.
Susceptibility of adults to acetamiprid appeared to increase in 2010
compared to 2009. Response of adults to dinotefuran appears to be
intermediate between thiamethoxam and acetamiprid and appears
to be stable from 2007 to 2010. Bioassays with the organochlorine
endosulfan, the pyrethroid bifenthrin, and the insect growth regulator
buprofezin will be conducted as subsequent generations of the field
colonies in the laboratory become available.

Materials and Methods
Field populations. The bioassays were conducted using adults
reared from foliage infested with nymphs that had been collected
from crop fields in southern Florida during the spring 2010 crop
season. The leaves were placed in cages with non-infested cotton
plants and placed in a room at about 28ºC with a 12:12h light:dark
photoperiod. The sample leaves were left for several days to allow as
many adults as possible to emerge. When the leaves were dry, they
were removed from the cages and the populations were maintained on
the cotton plants for the duration of the resistance testing. Due to low
populations of the SPWF following the freezes in early 2010, only five
populations were collected. In most cases, the number of emerging
adults (F1) was low, so the populations had to be maintained for
one (F2) or more generations in the lab until sufficient numbers were
obtained to complete testing.
Insecticides and doses. Insecticide formulations evaluated
included Admire 2F (2007), Admire Pro (2008-10), Platinum 2F,
Venom, Assail and Courier. Technical materials were used to evaluate
bifenthrin and endosulfan. Tolerance was estimated in the laboratory
by observing adult or nymph mortality at the LC50 and LC95 doses of
a susceptible colony for the respective insecticides. The doses were
estimated using standard probit analyses (SAS Institute 1989) of the
mortality of whiteflies exposed to serial dilutions of the insecticides.
The susceptible colony used had been in continuous culture in the
laboratory since the late 1980’s without the introduction of any
whiteflies collected from the field, and, therefore, would be expected
to be highly susceptible to the insecticides.

Introduction
Biotype B of the sweetpotato whitefly (SPWF), Bemisia tabaci
(Gennadius) (also known as the silverleaf whitefly, B. argentifolii
Bellows & Perring) and the Tomato yellow leaf curl virus (TYLCV)
remain key pests of tomatoes in southern Florida. Insecticides,
particularly the neonicotinoids (imidacloprid, Admire Pro®, Bayer Crop
Science, Research Triangle Park, NC; acetamiprid, Assail®, Cerexagri
Inc., King of Prussia, PA; thiamethoxam, Platinum®, Syngenta Crop
Protection, Inc., Greensboro, NC; and dinotefuran, Venom®, Valent
U.S.A. Corp., Walnut Creek, CA), insect growth regulators (buprofezin,
Nichino America, Inc., Wilmington, DE; pyriproxyfen, Valent
U.S.A. Corp., Walnut Creek, CA), endosulfan (various products);
and pyrethroids (various products) remain integral tools for the
management of whiteflies and, thus, the spread of TYLCV.

Mortality in 2007 was estimated by exposing whiteflies to serial
dilutions of the insecticides and analyzing the data with standard
probit analyses (Schuster et al. 2010). Therefore, in order to determine
changes in susceptibility from 2007 to 2010, the predicted mortality
of each of the 2007 populations at the LC50 and LC95 doses that were
used in 2007 was statistically extrapolated from the probit analyses of
the 2007 populations.
Cut leaf petiole bioassay for neonicotinoids. For the
neonicotinoids, the cut leaf petiole bioassay method was used
(Schuster and Thompson 2001, 2004; Schuster et.al. 2002, 2003,
2006, 2010; Schuster 2007). Petioles were cut from cotton seedlings
and were suspended in aqueous solutions at the LC50 and LC95

The SPWF has a host range that is far from limited to tomatoes.
Florida’s climate allows for overlapping growing seasons and, as
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to thiamethoxam and acetamiprid, especially considering mortality
at the LC95 dose (Table 1). The data averaged over all tested colonies
suggest stability in the response of adults to dinotefuran from 2007 to
2010 (Table 2).

concentrations of the susceptible laboratory strain for each of the
respective insecticides. Deionized water was included as a control.
After 24 hours, 10 whitefly adults were confined on each leaf in clip
cages and after an additional 24 hours, mortality was observed.
Whiteflies were considered dead /moribund if they were unable to flip
themselves to an upright position when pushed to their backs after a
period of approximately one minute.

Even though the results with the neonicotinoids are based upon
only three or four populations, the results are encouraging in that
tolerance has either remained stable or has declined.

Vial bioassay for bifenthrin and endosulfan. For bifenthrin
and endosulfan, a variation of the vial bioassay method described
by Staetz was used (Staetz et.al.1992). The inner surfaces of 20-ml
glass scintillation vials were coated with 0.25ml of acetone solutions
of technical grade bifenthrin and endosulfan at the LC50 and LC95
doses of the susceptible laboratory colony. Control vials were treated
with 0.25ml of acetone, but no chemical. Ten whitefly adults were
introduced into each vial and caps with organdy-covered holes were
used to close the tops. The vials were placed in a room at about 28ºC
and mortality was observed six hours later. Whiteflies were considered
dead/moribund if they were unable to flip themselves to an upright
position when pushed to their backs after a period of approximately
one minute.
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Results
SPWF populations were especially low throughout the spring 2010
season. Collections were made at five sites, but nymph populations
were low. Only three populations were tested in the emergent (F1)
generation and only for thiamethoxam and acetamiprid (Table 1).
Evaluations with the other neonicotinoids imidacloprid and dinotefuran
were tested with F2 generation for three and four of the populations,
respectively. The Parrish #5 population was especially low and was not
tested with any of the neonicotinoids. Evaluations of all populations
with endosulfan, buprofezin and bifenthrin are pending, awaiting
the availability of subsequent generations of the SPWF in the field
colonies.
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The results to date indicate adults of the tested colonies were
tolerant to thiamethoxam and, to a lesser extent, to imidacloprid
(Table 1); however, the data averaged over all tested colonies suggest
no increase in tolerance for both neonicotinoids from 2009 to 2010
and a slight decrease in tolerance with imidacloprid, at least when
considering mortality at the LC95 dose (Table 2). Adults from the three
populations evaluated appeared to be susceptible to acetamiprid
(Table 1), as the percent mortality of adults exposed to the LC50
and LC95 doses approached 50 and 95%, respectively. These results
further suggest an increase in susceptibility of SPWF adults to this
neonicotinoid from 2009 to 2010 (Table 2). Adults of colonies tested
with dinotefuran appeared to be intermediate in tolerance compared
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Manatee

Parrish #5

Tomato

Tomato

Tomato

Tomato

Cantaloupe

Crop

3.1(F2)

10.7(F2)

2.5(F2)

LC50

44.4(F2)

64.0(F2)

10.0(F2)

LC95

5.7(F1)

10.5(F1)

7.7(F1)

LC50

25.0(F1)

15.0(F1)

21.1(F1)

LC95

Thiamethoxam

33.3(F2)

22.2(F2)

7.7(F2)

35.1(F2)

LC50

64.7(F2)

61.1(F2)

50.0(F2)

69.4(F2)

LC95

Dinotefuran

47.4(F1)

25.6(F1)

35.0(F1)

LC50

97.4(F1)

92.1(F1)

91.7(F1)

LC95

Acetamiprid

and LC95 doses estimated for a susceptible laboratory strain*.

*Insecticides were evaluated with adults emerging from the field collected foliage (F1) or with subsequent generations (F2, etc.).

Collier

Manatee

GCC-AM(O)

Cortez #1

Collier

Collier

GCC-ST

County

GCC-AM(P)

Population

50

Imidacloprid

Table 1. Percent mortality of southern Florida field populations at the LC

LC50 LC95

Bifenthrin
LC50

LC95

Endosulfan
LC50

LC95

Buprofezin

Table 2. Estimated average LC50 and LC95 values (n=number of populations tested) for selected insecticides for 2007 (predicted) and for 2008 and 2009 (actual) for adults/
nymphs of B. tabaci in southern Florida.

2007 (Predicted)
LC50

LC95

2008 (Actual)
LC50

LC95

2009 (Actual)
LC50

2010 (Actual)

LC95

LC50

LC95

Imidacloprid

15.3(16)

53.4(16)

11.4(10)

35.1(10)

3.6(9)

8.3(9)

5.4(3)

39.5(3)

Thiamethoxam

16.7(18)

48.0(18)

3.8(10)

46.5(10)

3.1(9)

20.9(9)

8.0(3)

20.4(3)

Dinotefuran

19.1(10)

66.0(10)

12.2(9)

68.4(9)

14.1(9)

58.2(9)

24.6(4)

61.3(4)

Acetamiprid

39.8(6)

78.4(6)

13.8(9)

70.8(9)

24.3(9)

52.1(9)

36.0(3)

93.7(3)

Bifenthrin

11.5(7)

47.8(7)

18.0(8)

62.7(8)

18.1(6)

72.3(6)

Endosulfan

45.1(8)

83.6(8)

39.8(7)

84.0(7)

40.3(8)

78.9(8)

Buprofezin

n/a

n/a

42.0(7)

79.7(7)

n/a

n/a
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