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Increase Tomato Disease 
Resistance by Viral Vector-
Mediated Expression of 
Tomato Defense Genes
Zhonglin Mou
UF/IFAS Department of Microbiology and Cell Science
PO Box 110700
Gainesville, FL 32611

Jeffrey B. Jones
UF/IFAS Plant Pathology Department
PO Box 110680
Gainesville, FL 32611

ABSTRACT
Using transgenic approaches we have shown 

that overexpression of the Arabidopsis ELP4/SNT2 
gene in tomato increases resistance to the bacterial 
pathogen Pseudomonas syringae pv. tomato, which 
causes bacterial speck disease in tomato. We have 
also shown that the tomato ELP4 gene is biologi-
cally functional. While we are planning field trials 
for the resistant transgenic lines, we analyzed P. 
syringae pv. tomato-induced transcriptome changes 
in the most resistant line 61–5. Results show that a 
group of genes that have previously been shown to 
be associated with disease resistance were induced 
to higher levels in the transgenic plants than in the 
control. The induction of several genes was further 
confirmed by qPCR analysis. Moreover, in order to 
avoid genetically modified organism (GMO) issues, 
we attempted to use the viral overexpression vec-
tor pTRV2e to deliver ELP4 into tomato. To this end, 
we cloned the tomato ELP4 gene into pTRV2e. The 
resulting plasmid pTRV2e-ELP4 and the control 
plasmid pTRVe-GFP were transformed into Agro-
bacterium, which was then used to infiltrate tomato 
plants. Although multiple experiments under dif-
ferent conditions were conducted, we did not detect 
any expression of either the ELP4 gene or the control 
GFP protein, indicating that the viral vector did not 
work in the experiments. Currently, instead of using 
the viral vector, we are establishing the state-of-the-
art CRISPR/Cas9 gene editing technology in tomato, 
which will likely better avoid GMO issues than any 
other approaches.

INTRODUCTION
Disease is one of the major management problems 

in tomato production areas including Florida. Severe 
diseases not only lead to direct yield losses but also 
in many cases result in unmarketable fresh fruit. In 
Florida, bacterial, fungal, and viral pathogens can all 
cause serious diseases in tomato. Unfortunately, no 
major commercial varieties have high levels of resis-
tance to multiple pathogens. As a result, production 
of tomato heavily relies on application of fungicides 
and bactericides. However, it has been well docu-
mented that application of fungicides and bacteri-
cides in agriculture causes significant environmental 
pollution and raises public concerns on chemical 
residues. Thus, production and/or activation of 
broad-spectrum disease resistance using approaches 
other than fungicides and bactericides are desired in 
managing tomato diseases.

ELP4/SNT2 encodes a subunit of the six-subunit 
protein complex called Elongator, which functions in 
multiple biological processes including plant de-
fense responses (Ding and Mou, 2015; Woloszynska 
et al., 2016). Loss-of-function mutations in the Elon-
gator complex make the plants highly susceptible to 
both bacterial and fungal pathogens (DeFraia et al., 
2010; 2013; Wang et al., 2013; Wang et al., 2015; An et 
al., 2016), demonstrating an important function for 
Elongator in plant disease resistance.

We have recently shown that overexpression of 
ELP4 increases basal expression of a number of 
defense genes and enhances resistance to the bacte-
rial pathogen P. syringae pv. maculicola (Psm) ES4326 
in Arabidopsis (Ding et al., unpublished data). We 
also found that overexpression of the Arabidopsis 
ELP3 and ELP4 genes in strawberry increases resis-
tance to multiple pathogens including Colletotrichum 
gloeosporioides (causing anthracnose), Podosphaera 
aphanis (causing powdery mildew), and Xanthomonas 
fragariae (causing angular leaf spot) (Silva et al., un-
published data). Moreover, overexpression of ELP3 
or ELP4 does not drastically affect plant growth and 
development.

We further generated transgenic tomato plants 
expressing the Arabidopsis ELP3 and ELP4 genes 
and tested their disease resistance. Results show that 
several transgenic tomato lines expressing the ELP4 
gene are more resistant than the control plants to P. 
syringae pv. tomato. We also demonstrated that the 
tomato ELP3 and ELP4 genes both encode a func-
tional protein. Here, we compared P. syringae pv. 
tomato-induced transcriptome changes in the most 
resistant transgenic line 61–5 and the control plants 
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and confirmed the induction of several resistance-
associated genes using qPCR. In addition, we 
tested if the viral vector pTRV2e could be used to 
deliver the tomato ELP4 gene for disease resistance 
improvement.

METHODS
RNA-seq

Four-week-old tomato plants were spray inocu-
lated with a P. syringae pv. tomato J4 suspension (108 
cfu/mL). The plants were then immediately cov-
ered with plastic bags and rubber band to increase 
humidity. Inoculated plants were incubated in the 
growth chamber and maintained at 22°C under a 
12hr-dark/12hr-light regiment. About 100 mg leaf 
tissues were ground into a fine powder in liquid 
nitrogen and total RNA was extracted using the 
Quick-Start RNeasy Plant mini kit (Qiagen) follow-
ing the manufacture’s instructions and resuspended 
in DEPC-treated water. RNA concentration and 
quality were determined using a Qubit 2.0 Fluorom-
eter (ThermoFisher/Invitrogen) and an Agilent 2100 
Bioanalyzer (Agilent Technologies, Inc.), respectively. 
Total RNA samples with 28S/18S > 1 and RNA 
integrity number (RIN) ≥ 7 was used for RNA-seq 
library construction. RNA-seq library preparation, 
sequencing, and data analysis were performed at 
the University of Florida Interdisciplinary Center for 
Biotechnology.

qPCR
For reverse transcription, total RNA was treated 

with DNase I (Ambion, Austin, TX) at 37°C for 30 
minutes. After inactivation of the DNase, 2 µg RNA 
was reverse transcribed by M-MLV Reverse Tran-
scriptase first-strand synthesis system (Promga, 
Madison, WI). The resulting cDNA products were 
diluted 20 folds with water, and 2.5 µl of the diluted 
cDNA products were used for quantitative real-
time PCR (qPCR) analysis in an Mx3005P qPCR 
system (Agilent Technologies, Santa Clara, CA). All 
qPCR reactions were performed in duplicate us-
ing the SYBR Green protocol (Applied Biosystems, 
Foster City, CA) with a 12.5 µl reaction volume 
and a 0.4 µM primer concentration. The amplifica-
tion condition was 95°C for 10 min followed by 40 
cycles of 94°C for 30 sec, 55°C for 1 min, and 72°C 
for 1 min. PCR specificity was checked by dissocia-
tion analysis after the run was completed. Relative 
mRNA abundance to the reference gene ACTIN 
was calculated according to the delta Ct method. 
Primers for amplification of PR1b1, DES, and 

ACTIN are: PR1b1F, 5’CTACGCTACCAACCAAT-
GTG3’, PR1b1R, 5’GACGTTGTCCGATCCAGTTG3’; 
DESF, 5’ATGGTTCAAAGCCACGATGC3’, DESR, 
5’TCTCACCATCATTCATGAACC3’; and AC-
TINF, 5’TTGCCGCATGCCATTCT3’, ACTINR, 
5’TCGGTGAGGATATTCATCAGGTT3’.

RESULTS AND DISCUSSION
RNA-seq analysis of P. syringae pv. tomato-in-

duced transcriptome changes in transgenic tomato 
plants overexpressing ELP4

In order to address why the transgenic tomato 
plants overexpressing ELP4 exhibit enhanced re-
sistance to P. syringae pv. tomato, we performed an 
RNA-seq analysis of the transcriptome of the most 
resistant transgenic line 61–5 and the control plants. 
Two time points, 0 and 24 hr after pathogen infec-
tion, were selected. A large number of genes were 
found to be differentially expressed between these 
two genotypes. Table 1 shows the relative expres-
sion of a group of genes that have be shown to be 
associated with quantitative resistance to Ralstonia 
solanacearum (Ishihara et al., 2012). These genes 
were induced to higher levels after P. syringae pv. 
tomato infection, and most of them also exhibited 
higher basal expression levels in line 61–5 than in 
the control. These results suggest that ELP4 may 
elevate defense-related gene expression when 
overexpressed in tomato, which likely leads to the 
enhanced resistance to P. syringae pv. tomato in the 
transgenic plants.

qPCR confirmation of the induction of several 
genes that are associated with disease resistance in 
tomato

To confirm the RNA-seq results, we tested P. 
syringae pv. tomato-induced expression of two well-
characterized defense-related genes, PR1b1 and DES, 
in the transgenic line 61–5 and the control. As shown 
in Figure 1, both PR1b1 and DES were induced to 
significantly higher levels after P. syringae pv. tomato 
infection in the transgenic line than in the control. 
Thus, the enhanced disease resistance in ELP4-over-
expressing tomato plants may be associated with 
stronger defense gene induction.

Viral vector construction and application in 
tomato

We cloned the tomato ELP4 gene into the viral 
vector pTRV2e and attempted to deliver the ELP4 
gene into tomato using the viral vector. Although 
we have tested different conditions (different ages 
of the tomato leaves, different concentrations of the 
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Agrobacterium suspensions, and different growth 
conditions), we did not observe any green fluores-
cence signal when Agrobacteria carrying the con-
trol plasmid pTRV2e-GFP were infiltrated into the 
tomato leaves, indicating that the viral vector did 
not work in the experiments. Since CRISPR/Cas9 is 
a better technology than viral vector, we are focus-
ing our effort on establishing the CRISPR/Cas9 gene 
editing technology in tomato.
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Table 1. Induction of a group of disease resistance-associated genes in the transgenic line 
61–5 and the control plants.

Gene 0 hr 24 hr
Gene descriptionControl 61–5 Control 61–5

PR-5x 1* 3.49 1 2.86 Pathogenesis-related gene 5x
DES 1 2.5 1 15.5 Divinyl ether synthase

CBP60A 1 1 1 7.7 Calmodulin-binding protein 60A-like
PR1b1 1 0.53 1 4.82 Pathogenesis-related gene 1b1
CHI17 1 0.83 1 2.49 Chitinase 17
CHI19 1 1.08 1 4.61 Chitinase 19
CHI14 1 8 1 3 Chitinase 14
LOXF 1 0.77 1 3.1 Lipoxygenase F
LOX5 1 1.5 1 10.07 Lipoxygenase 5
ER1 1 0 1 10.72 Proteinase inhibitor

* Transcript numbers in the control were arbitrarily set as 1.

Figure 1. Induction of PR1b1 and DES in the transgenic line 61–5 and the control plants. Four-week-old tomato plants were 
inoculated with a P. syringae pv. tomato J4 suspension (108 cfu/mL). Total RNA was extracted from the inoculated leaf tissues 
collected at 24 hr after pathogen infection and subjected to qPCR analysis. Expression was normalized against constitutively 
expressed ACTIN. Data represents the mean of three independent samples with standard deviation. An asterisk indicates that 
the induction of the gene in the transgenic line 61–5 was significantly higher than in the control (p < 0.05, Student’s t test). The 
experiment was repeated with similar trends.
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Surveying the Silverleaf 
Whitefly, Bemisa tabaci, in 
Tomato for Biotype
Hugh A. Smith
UF/IFAS Gulf Coast Research & Education Center—Balm
Department of Entomology and Nematology
14625 CR 672
Wimauma, FL 33598

ABSTRACT
Since the detection of biotype Q in the landscape 

in early 2016 there has been considerable concern 
within Florida’s tomato industry and other compo-
nents of the state’s diverse agricultural community 
regarding potential impacts of the pest. Press releas-
es have outlined potential threats, but in the absence 
of a comprehensive survey of B. tabaci biotype in 
Florida tomato, it is not possible to say if anything 
has in fact changed. The first step in assessing the 
risk of the Q biotype to Florida’s tomato industry is 
to determine if it has crossed over from limited nich-
es associated with nurseries and ornamental plants 
and become established in the field. If it has become 
established, its distribution must be quantified and 
tracked. This study found no evidence that the Q 
biotype of the whitefly Bemisia tabaci has established 
in commercial vegetable fields, based on ongoing 
surveys. In addition, it was found that populations 
of the B biotype of Bemisia tabaci that are resistant to 
imidacloprid (Admire Pro) lose resistance after 3–4 
generations if not exposed to the insecticide.

INTRODUCTION
Silverleaf whitefly (Bemisia tabaci biotype B) is the 

primary pest of Florida tomato. It transmits Tomato 
yellow leaf curl virus (TYLCV) and induces irregular 
ripening of tomato in addition to debilitating plants 
and contaminating them with sooty mold when 
present at high densities. Prior to the arrival of the 
B biotype to Florida in the late 1980s, the predomi-
nant whitefly was the A biotype, which was not 
associated with virus transmission or plant disor-
ders and rarely caused damage. The Q biotype of B. 
tabaci was first detected in the United States in 2004 
and in Florida in 2005. The Q biotype is character-
ized by higher levels of resistance to neonicotinoid 
insecticides and to the insect growth regulator 
pyriproxifen. Until the spring of 2016, the Q biotype 
was sporadically detected on imported poinsettias at 
nurseries associated with large box stores in Florida 

but never on plants established in the landscape. 
From late 2013 through early 2015, the Smith lab 
surveyed nineteen populations of B. tabaci collected 
from commercial horticulture fields, primarily to-
mato, from Hillsborough to Miami-Dade County. All 
populations were confirmed by Dr. Cindy McKen-
zie of the USDA ARS Fort Pierce as the B biotype. 
In April 2016 the McKenzie lab identified B. tabaci 
from several residential sites in Palm Beach County 
as the Q biotype. The whiteflies were established 
on hibiscus. This was the first time the Q biotype 
was detected on plants established in the landscape 
in Florida. At the time of writing, the Q biotype 
has been detected in seven additional counties in 
Florida. With the exception of one sample from pot-
ted eggplant in a nursery, all whiteflies identified as 
biotype Q this spring and summer have been col-
lected from ornamental plants, primarily poinsettia 
and hibiscus.

As of fall 2016, there was no evidence that the Q 
biotype had become established in horticultural 
fields in Florida. In China, the Q biotype largely 
displaced the B biotype in the field after becoming 
established, whereas in Israel and Spain the Q bio-
type is primarily associated with production inside 
protected structures. These differences may be due 
to differences within the Q biotype, which has been 
subdivided into “clades” based on genetic differ-
ences. Cindy McKenzie has detected both Q1 (from 
Israel) and Q2 (from Spain) in Florida this spring. 
Given the variable performance of the Q biotype 
around the world, and that the scientific community 
is continuing to find differences within the biotype, 
it is difficult to predict what impact the establish-
ment of Q will have on Florida agriculture. However 
it is essential to determine if the Q biotype is becom-
ing established in field-produced tomato in Florida 
because of its tendency to develop resistance to key 
whitefly insecticides. The establishment of the Q 
biotype of B. tabaci might require revisions to white-
fly management guidelines as presently outlined 
in the EDIS publication ENY735/IN695 and related 
documents.

OBJECTIVES AND METHODS
The objective of the proposed study is to collect B. 

tabaci adults from commercial tomato fields in south 
Florida for biotyping in order to determine if the Q 
biotype of B. tabaci is becoming established in field 
tomato. Whitefly adults will be collected from infest-
ed tomato fields using a battery-powered backpack 
“Insectazooka” aspirator, which collects insects into 
a 30 cm3 collection cup. In some instances whitefly 
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populations may be collected by leaving potted “La-
nai” tomato plants in a tomato field for a few days 
so that female whitefly may oviposit on them. The 
plants will then be returned to a growth room at the 
UF/IFAS Gulf Coast Research and Education Center 
near Balm so that the whiteflies established on the 
plant can be reared to adulthood. Adult whiteflies 
will be delivered in glass vials filled with 70% etha-
nol to Dr. McKenzie’s lab in Fort Pierce, where they 
will be biotyped. Additional testing will be carried 
out on individuals determined to be Q in order to 
classify according to subclade. Bemisia biotypes are 
distinguished using esterase electrophoretic band-
ing patterns (Frohlich et al. 1999, Shatters et al. 2009) 
and microsatellite markers (DeBarro et al. 2003).

RESULTS
Surveying the silverleaf whitefly in tomato for 

biotype
From January through June of 2017, fifteen popu-

lations of whitefly were collected from commercial 
vegetable fields and sent to Dr. Cindy McKenzie, 
USDA-ARS Fort Pierce, for biotyping. These samples 
were collected from Collier, Hendry, Hillsborough, 
Miami-Dade, Manatee and Saint John’s County. 
All samples tested positive for the B biotype. The 
B biotype has been established in Florida since the 
late 1980s and is presently the only biotype found in 
commercial vegetable fields, including tomato. The 
Q biotype, which has the reputation of developing 
high levels of resistance to key insecticides, has been 
detected on potted ornamental plants in large box 
stores in Florida since 2005. It was detected on land-
scape plants in residential areas in multiple locations 
in southern Florida during the spring and summer 
of 2016. Concern that the Q biotype might establish 
in field horticulture has led to ongoing surveys of 
biotype from commercial vegetable fields. Aside 
from one individual Q biotype adult collected from 
a sweetpotato field in Saint John’s County in June 
2016, the Q biotype has yet to be detected in open 
field agriculture in Florida. The Vegetable Entomol-
ogy program at UF/IFAS GCREC will continue to 
collect whitefly populations for biotyping from late 
summer into the fall of 2017. Our objective is collect 
and biotype a total of forty whitefly populations 
from commercial fields before the end of the year.

Surveying for whitefly resistance to imidacloprid
The fifteen whitefly populations that were bio-

typed were cultured in growth rooms at UF/IFAS 
GCREC and the first generation of offspring pro-
duced by the field-collected adults was tested for 

susceptibility to imidacloprid (Admire Pro). Imi-
dacloprid is a neonicotinoid insecticide that has 
been used for whitefly management in Florida since 
1992. We have demonstrated that susceptibility to 
imidacloprid is variable in whitefly populations 
collected from tomato fields in south Florida: some 
populations are susceptible, some are resistant and 
some are intermediate in susceptibility (Smith et al. 
2016). Whiteflies are tested in the laboratory using a 
systemic uptake serial dilution method with cotton 
leaves. The concentrations of imidacloprid tested 
range from zero (untreated control) to 200 parts per 
million (ppm). Probit analysis is used to calculate 
the LC50 for the population, which is the concentra-
tion needed to kill 50% of individuals. The LC50 of 
our susceptible laboratory to imidacloprid is 0.131 
ppm. We consider field populations with LC50s less 
than 20 ppm to be generally susceptible to imidaclo-
prid, and populations with LC50s greater than 50 to 
be tolerant (resistant) to imidacloprid. Eleven of the 
fifteen populations tested so far in 2017 produced 
LC50s within the susceptible range. Four populations 
produced LC50s ranging from 122 to 158, indicators 
of high levels of resistance to imidacloprid.

We tested the four highly resistant populations ev-
ery three weeks over a twelve week period in order 
to measure changes in susceptibility to imidacloprid 
in the second through fifth generations. The adults 
brought in from the field are considered the first 
generation; however they are often not sufficiently 
numerous to test. LC50s fell to susceptible levels by 
the fourth generation in two of the populations, and 
the remaining two demonstrated susceptibility by 
the fifth generation (Figure 1). We plan to continue 
testing highly resistant populations over time to 
confirm this pattern.

These results indicate that resistance to imidaclo-
prid can be lost within four generations, or about 
twelve weeks. This is longer than the crop-free 
period between growing seasons in most tomato 
growing regions of the state. In some areas, the first 
whitefly populations migrating into a new tomato 
field may still retain a level of tolerance to imidaclo-
prid. Concentrating the use of imidacloprid to the 
first five week treatment window can help mitigate 
the development of resistance. Growers who are not 
obtaining satisfactory results with imidacloprid can 
use dinotefuran (Venom, Scorpion) or flupyradifu-
rone (Sivanto Prime) at-planting and 3-4 weeks after 
planting for protection against Tomato yellow leaf curl 
virus during the first five week treatment window. 
These are systemic insecticides with the same mode 
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of action as imidacloprid. Each has consistently dem-
onstrated a higher level of efficacy against whiteflies 
in Florida than imidacloprid.

REFERENCE
Smith, H. A., C. A. Nagle, C. A. MacVean, and C. 

L. McKenzie. 2016. Susceptibility of Bemisia tabaci 
MEAM1 (Hemiptera: Aleyrodidae) to imidacloprid, 
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in south Florida. Insects 7:57 DOI: http://: 10.3390/
insects7040057.

Figure 1. Loss of resistance to Admire (imidacloprid) over five generations in four field populations of silverleaf whitefly.
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Root-Knot Nematode 
Management In FL 
Tomatoes: Combining 
Nematicides and 
Nematode-resistant 
Tomatoes for Nematode 
and Fusarium 
Management
Johan A. Desaeger1 
Homan Regmi1 

Samuel F. Hutton2 

Gary E. Vallad3

UF/IFAS Gulf Coast Research & Education Center—Balm
1 Department of Entomology and Nematology
2Horticultural Sciences Department
3Department of Plant Pathology
14625 CR 672
Wimauma, FL 33598

ABSTRACT
Tomato cultivars with Mi gene offer good protec-

tion against the most common root-knot nematode 
species in Florida (Meloidogyne incognita, M. javanica 
and M. arenaria). However, while very common in 
California, Mi-tomatoes are not commonly used by 
growers in Florida. There are several reasons for 
this, such as the limited availability of acceptable 
varieties with Mi and the heat sensitivity of Mi. 
However, the main reason in Flroida is probably the 
reliance on soil fumigation to control other soilborne 
pests and diseases than root-knot nematodes, such 
as weeds and Fusarium wilt caused by the fungus 
Fusarium oxysporum f. sp. lycopersici (Fol), one of the 
major tomato diseases in Florida.

The following studies were done to evaluate the 
performance of different commercial and experi-
mental Mi tomato cv’s in Florida, and to test the 
hypotheses that i) lower root-knot nematode popula-
tion in the crop field would boost the overall perfor-
mance of Mi tomatoes, and ii) the lower nematode 
population would aid in alleviating the infection of 
soilborne pathogens like Fusarium wilt in tomato. 
Two greenhouse experiments were set up during 
winter and spring of 2017. In the 1st experiment all 
Mi cv’s (Skyway, Dixie Red, and Sanibel) showed 
lower gall incidence and egg counts, as compared 

to the susceptible cultivar FL 47, although root-knot 
juveniles were able to invade roots of all cv’s and 
some galls were still noted on Skyway and Dixie 
Red. Plant height and dry weight were greater at low 
nematode inoculum levels for Skyway and Dixie 
Red, but not for Sanibel and FL 47. In the 2nd experi-
ment, four Tasti Lee (TL) isolines (with and without 
Mi and/or Fol resistance) were evaluated with and 
without root-knot and Fusarium inoculation. All 
isolines performed similar in terms of plant height 
but shoot dry weight was significantly lower for 
the isolines infected with Fusarium than for those 
which were not infected. In the presence of Fu-
sarium, isolines with I-3 gene had better dry weight 
and more fruits as compared with the ones without 
the gene. TL isolines having Mi performed very well 
both under low and high nematode pressure, show-
ing significantly lower gall formation, egg counts 
and nematode reproduction rates as compared to 
isolines without the gene. This was the first time 
root-knot resistance (Mi) in Tasti Lee tomatoes was 
evaluated, and opens opportunities for introducing 
Mi resistance into other Florida tomato cv’s.

INTRODUCTION
Tomato cultivars having the Mi gene confer resis-

tance to root-knot nematodes (Meloidogyne incognita, 
M. javanica and M. arenaria) by not allowing root-
knot juveniles to reproduce inside tomato roots 
(through inhibition of giant cell feeding sites inside 
tomato roots). However, root-knot juveniles may still 
puncture and penetrate Mi-resistant tomato roots. 
This can cause physical damage to roots as well as 
create points of entry for soilborne pathogens such 
as Fusarium. Fusarium wilt caused by the fungus 
Fusarium oxysporum f. sp. lycopersici (Fol) is one of the 
major tomato diseases in Florida.

Mi-tomatoes are not commonly used by growers 
in Florida, due to the limited availability of accept-
able varieties with Mi, the heat sensitivity of Mi, 
and mostly because of reliance on soil fumigation to 
control other soilborne pests and diseases than root-
knot nematodes. Also, the use of additional nemati-
cides (fumigant and non-fumigant) has been shown 
to improve plant growth and increase yields in 
Mi-tomatoes. It is not clear why this is the case, but 
possibly it is related to the mechanism of resistance. 
The following experiments were done to evaluate 
different Mi tomato cv’s for their response to root-
knot nematode and overall growth and i) to test 
whether maintaining lower nematode populations 
will boost the overall performance of Mi tomatoes, 
and ii) to see if lower nematode populations would 
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aid in alleviating the infection of soilborne patho-
gens like Fusarium wilt in tomato.

METHODOLOGY
Experiment 1

This experiment was conducted to evaluate the 
effect of initial nematode soil populations on nema-
tode infection and growth of three commercial 
Mi-resistant tomato cv’s (Skyway, Sanibel, Dixie Red) 
and 1 susceptible tomato cv. (FL 47).
• 5” greenhouse pots were filled with pasteurized 

soil (24 pots per cultivar)
• 8 pots were inoculated with high level of root-

knot nematode eggs (RKN) (approx. 10,000 eggs/
pot), 8 pots with low level of root-knot nematode 
eggs (approx. 2200 eggs/pot), and 8 pots did not 
receive any nematodes. The root-knot nematode 
species was identified as Meloidogyne arenaria) and 
was obtained from a commercial tomato field in 
Immokalee. Nematode eggs were extracted from 
infected roots using diluted bleach.

• 6-week-old tomato seedlings were planted and 
inoculated by pipetting nematode eggs in three 
holes (1” deep) surrounding the seedling.

• There were 8 replicates per treatment (96 pots to-
tal) and fertilizer and water was provided to each 
plant as needed.

• Data collection:
 › Plant height was recorded weekly for 5 weeks, 

and shoot and root dry weights were recorded 
following final nematode evaluation (after 5 
weeks).

 › At 7 days after planting, 4 plants per treatment 
were sampled and nematodes inside roots were 
stained using the acid fuchsin method (Byrd et 
al., 1983) to count number of root-knot juveniles 
that entered the roots; probably due to low tem-
perature in the greenhouse at the time, very few 
or no nematodes were found inside roots; there-
fore, three extra seedlings per cv. were planted, 
inoculated and stained with acid fuchsin after 
14 days.

 › After 5 weeks, the remaining 4 plants were 
evaluated for root galls (gall rating on 0-10 scale, 
whereby 0 = no galls, and 10 = 100% of roots 
galled; the roots were then extracted for root-
knot nematode eggs using the same diluted 
bleach method as mentioned earlier.

 › After egg extraction, the whole plant was oven 
dried at 60°C for 2 days and dry weight was 
recorded. Data was recorded two more times 

after drying them in oven each time to get the 
constant dry weight.

Experiment 2
This experiment was conducted to evaluate the 

effect of different soil nematode levels on nematode 
infection, Fusarium severity (Fusarium oxysporum 
f. sp. lycopersici race 3, Fol) and growth of four Tasti 
Lee tomato isolines (-I-3, +Mi = no Fusarium (Fol 
race 3) resistance, with nematode resistance, +I-3 
-Mi = with Fusarium resistance but lacking nema-
tode resistance, - I-3-Mi = lacking both Fusarium 
and nematode resistance and +Mi+I-3 = having both 
nematode and Fusarium resistance).
• 5” greenhouse pots were filled with pasteurized 

soil (30 pots/isoline)
• Half of the pots for each isoline were inoculated 

with a pure culture of Fol (methodology used by 
G. Vallad’s lab). Cornmeal-sand medium (Tuite, 
1969) was used to grow a pure culture of Fol; the 
pathogen concentration was calculated using 
Hemacytometer (Hansen, 2007). Sterile soil was 
prepared with Fol @ 1000 cfu/gm soil, by mixing 
it in a mini cement mixture.

• Nematode inoculation rate was increased as com-
pared to test 1 (high level of root-knot nematode 
eggs (RKN) = approx. 21,000 eggs/pot, low level of 
root-knot nematode eggs = approx. 5,000 eggs/pot, 
and control pots with no nematodes); the same 
nematode species and procedure was used as in 
experiment 1.

• There were 5 replicates per treatment (120 pots to-
tal) and fertilizer and water was provided to each 
plant as needed.

• 6-week-old tomato seedlings were planted follow-
ing Fusarium and nematode inoculation

• Data collection:
 › Plant height was recorded weekly for 6 weeks 

and shoot and root dry weights were recorded 
following final nematode evaluation (after 6 
weeks); in addition total number of fruits was 
counted at the end of the experiment.

 › Plant roots were evaluated for nematodes galls 
(gall rating on 0-10 scale) and individual roots 
were also extracted for root-knot nematode 
eggs using the same diluted bleach method as 
mentioned earlier; reproduction factor (RF) was 
calculated as the ratio of number eggs per plant 
after 6 weeks (Pf) over the number of eggs that 
was inoculated at planting (Pi).

 › Plants that had been inoculated with Fusarium 
were evaluated after 6 weeks. The crown part 
of each plant was sampled and used for DNA 
extraction to evaluate the progress of Fusarium 
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from root zone to shoot zone. CTAB method 
was used to extract tomato genomic DNA from 
each sample. Approximately 0.2 gm of ground-
up tissue powder from each sample was used 
for DNA extraction. DNA quality and quantity 
was measured by nano-vue spectrophotometer. 
DNA has been further diluted (120 ng/µl) to be 
used as working samples.

Experiment 3
A third experiment was started late June 2017 to 

evaluate the performance of Mi cv’s from the previ-
ous tests in a microplot setting. The experiment was 
set up as a split-plot with nematodes as the main 
treatment (half of the microplots were inoculated 
with nematode-infected cucumber roots, the other 
half was not inoculated). The following cv’s were 
planted: Sanibel, Dixie Red, SkyWay 687, FL 47, and 
three Tasti Lee (TL) isolines i.e. TL (-I-3, +Mi), TL (+I-
3, +Mi) and TL (+I-3, -Mi). This experiment is ongo-
ing and will be finished by mid-September.

RESULTS AND DISCUSSION
Experiment 1

Nematode pressure was low in this test, probably 
due to cool temperatures (60°F for several days) in 
the greenhouse early in the test. The height differ-
ence among the different cultivars under different 
nematode population was not statistically signifi-
cant though SkyWay 687, Sanibel and FL 47 showed 
greatest plant heights under low nematode infec-
tion (statistically greater for Skyway 687 under low 
nematode population, Figure 1). Very few galls were 
found in all varieties, with FL 47 having compara-
tively higher gall ratings (Table 1). Eggs were not 
found in the roots of any of the Mi-resistant culti-
vars, but they were found in the susceptible cv. FL 
47 at high nematode population level (2731 eggs 
per plant). Plant dry weight was higher, though not 
statistically significant, in nematode infested plants 
as compared to non-infested plants, except in Dixie 
Red where plant dry weight was higher in non-
inoculated plants (Figure 2). Root staining 14 days 
after nematode inoculation showed that root-knot 
juveniles invaded roots of both susceptible and Mi- 
tomato cv’s, but in general more nematodes were 
found at the high nematode inoculum level and in-
side roots of the susceptible FL 47 cultivar (Table 1).

Experiment 2
All four Tasti Lee (TL) isolines showed similar 

plant height throughout the duration of the test, 
except for the final plant height after 6 weeks (Figure 

3). After 6 weeks, TL with both I-3 and Mi resistance 
had greatest plant height (without Fusarium inocu-
lum, and for low nematode inoculum levels).

Similar plant heights, except for the final plant 
heights, is not surprising, as all four tomato culti-
vars used in this experiment are genetically identi-
cal with the only difference being the presence or 
absence of the Fusarium resistance gene I-3 and the 
root-knot nematode resistance gene Mi. However, 
plant dry weights and fruit count were significantly 
lower in Fusarium (Fol)-inoculated soil as compared 
to soil that had no Fol (Table 2). Presence of the Fol 
resistance gene I-3 resulted in greater plant dry 
weight in Fusarium-inoculated soil, indicating a 
positive effect of this gene when Fusarium is pres-
ent. Also, the TL isoline with both resistance genes 
performed better than the other 3 isolines, having 
greater dry shoot weight and more fruits in presence 
of Fol under high and low nematode population 
(Table 2). Root-knot nematode also reduced tomato 
plant weight at the high inoculum level, but not at 
the low inoculum level. Fruit count also showed a 
negative effect of nematode inoculum. Root weights 
showed an opposite trend than shoot weights, as 
root galls, caused by nematode infection, tend to 
increase root weights (Table 2).

The root-knot nematode resistance gene Mi gene 
worked very well, and significantly lower gall index, 
egg counts, and reproduction factors were found in 
TL isolines with Mi as compared to isolines without 
the gene (Table 2). No effect was noted of the Fol 
resistance gene I-3 on nematode infection and repro-
duction. Nematode inoculum level also significantly 
affected nematode infection, except for the repro-
duction factor, which was similar for low and high 
inoculum levels. Fusarium inoculum did not have 
any effect on nematode infection levels (Table 2).

Additional quantification of Fol inside tomato 
plants using qPCR is planned to be done in the next 
few months.

Experiment 3
This experiment was initiated late June and 

is still ongoing. End date is expected around 
mid-September.

CONCLUSIONS AND FUTURE 
WORK

Our tests indicate that commercially available 
root-knot nematode resistant (Mi) tomato cv’s have 
good nematode resistance against Meloidogyne are-
naria. Root-knot juveniles did enter roots of Mi cv’s 
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and, at higher greenhouse temperature, also were 
able to reproduce, but reproduction was 5-fold less 
than in cv’s without Mi gene. Presence or absence 
of Fol 3 resistance (I-3 gene) did not affect nematode 
reproduction rates, but did improve tomato growth 
in Fusarium-inoculated soil. New Mi isolines of the 
tomato cv. Tasti Lee were evaluated for the first time 
and showed good root-knot nematode and FoL 3 
resistance, as well as good growth, both under low 
and high nematode pressure conditions.

Mi, I3 tomato cv’s, including new Mi isolines of cv. 
Tasti Lee showed good promise in greenhouse tri-
als in Florida. More work is ongoing and additional 
field work is planned. A microplot experiment with 
7 different tomato cv’s (3Tasti Lee isolines, Sanibel, 
Skyway, Dixie Red and the nematode susceptible 
FL47) was installed in nematode-inoculated and 
nematode-free soil, and is still underway. Two field 
trials, evaluating different Mi tomatoes (commer-
cial cv’s and isolines of Tasti Lee) with and without 
fumigant, and with and without nematicide, will be 
set-up in fall 2017 and spring of 2018 at the UF/IFAS 
GCREC farm. In the future, we plan to introduce Mi 
also into other tomato cv’s adapted to Florida and as 
such offer new options to tomato growers for man-
agement of root-knot nematodes (and Fusarium race 
3).
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Figure 1. Plant height (cm) of different tomato cultivars at one week intervals (H0 = height at 
planting, H1 = height after 1 week, …H5 = height after 5 weeks) for different nematode inocu-
lum levels (high= 10 eggs/cc soil, low = 2 eggs/cc soil, none = no nematodes).
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Figure 2. Plant dry weight after 5 weeks of different tomato cultivars for different nematode 
inoculum levels (high= 10 eggs/cc soil, low = 2 eggs/cc soil, none = no nematodes).

Figure 3. Plant height (cm) of different tomato Tasti Lee isolines at one week intervals (H0 = 
height at planting, H1 = height after 1 week , …H6 = height after 6 weeks) for different root-knot 
nematode inoculum levels (high= 20 eggs/cc soil, low = 5 eggs/cc soil, none = no nematodes) in 
Fusarium-free soil (A) and Fusarium-inoculated soil (B).
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Table 1. Root-knot nematode infection (gall index (0–10) at 5 weeks and number of nematode juveniles inside 
roots (Juv./root) after 2 weeks) of 4 tomato cultivars with high, low and no nematode pressure.

Cultivar Nematode inoculum
High Low None

Gall Index Juv./root Gall Index Juv./root Gall Index Juv./root

Sanibel 0.0 b 20.3 0 3.3 ab 0 0
Skyway 687 0.3 ab 26.7 0.5 2.3 b 0 0
Dixie Red 0.7 ab 12.3 0 4.0 ab 0 0

FL 47 1.0 a 42.7 0.5 10.3 a 0 0
Gall Index on 0–10 scale, whereby 0 = no galls, and 10 = 100% of roots galled; means followed by same letter are not significantly 
different (P<0.1) using Tukey-Kramer method; no letters indicate no significant difference.

Table 2. Root-knot nematode infection (gall index, number of nematode eggs and reproduction factor RF) 
and growth of 4 different Tasti Lee isolines (with and without Fol and Mi resistance) with high, low and no 
nematode pressure, and with and without Fusarium (Fol) inoculum.

Factor Nematode infection Plant growth
Gall Index Eggs per 

plant
RF Shoot dry 

wgt
Root dry 

wgt
# fruits /

plant

Nematode level (eggs)

0 - none 0 0 0 14.62 a 1.66 b 1.17
5,000 - low 2.5 b 87,825 b 17.0 14.73 a 1.62 b 0.87

20,000 - high 5.7 a 315,684 a 14.7 13.13 b 2.20 a 0.73
F probability <0.001 <0.001 ns <0.001 <0.001 0.07

Isoline/Resistance gene

I3-,Mi- 3.9 a 206,647 a 16.8 a 13.04 b 1.94 ab 0.80 ab
I3+,Mi- 4.3 a 213,639 a 17.7 a 14.88 a 2.14 a 0.70 b
I3-,Mi+ 1.1 b 49,527 b 3.1 b 13.64 ab 1.51 c 1.36 a
I3+,Mi+ 1.4 b 59,702 b 4.8 b 15.04 a 1.73 bc 0.83 ab

F probability <0.001 <0.001 <0.001 <0.001 <0.001 0.02
Fusarium inoculum

No 2.8 10,266 10.5 15.69 a 2.04 1.15 a
Yes 2.6 10,370 10.9 12.61 b 1.62 0.67 b

F probability 0.15 ns ns <0.001 <0.001 0.01
F probability interaction

Nematode x isoline <0.001 <0.001 <0.001 0.001 0.01 0.03
Nematode x Fusarium 0.001 ns ns ns 0.001 ns

Fusarium x isoline 0.04 0.09 ns ns 0.05 0.05
Nematode x isoline x Fusarium 0.10 0.03 ns 0.001 ns 0.09

RF= reproduction factor (Pf/Pi); ns = no significant difference; means followed by same letter are not significantly different (P<0.1) 
using Tukey-Kramer method; no letters indicate no significant difference
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Fumigant Placement for 
Improved Weed Control
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ABSTRACT
Weed management with registered fumigants 

remains a significant challenge for many growers. 
Experiments were conducted in the spring of 2017 
at the Gulf Coast Research and Education Center 
to determine if supplemental fumigants applied in 
conjunction with a primary fumigant (Pic-Clor 60) 
could be used to improve weed control. Shallow ap-
plications (4 inch depth) of Telone II or chloropicrin 
tended to reduce nutsedge control but not broadleaf 
weed density when compared to Dual Magnum. 
Banded applications of metam potassium signifi-
cantly reduced broadleaf weeds and the number 
of weeds that emerged reduced exponentially with 
application rate. None of the treatments significantly 
reduced crop yield. Further research is needed and 
all experiments will be repeated in the fall 2017.

INTRODUCTION
Most of the fumigant programs used by tomato 

growers in the state of Florida provide moderate 
to weak levels of weed control. Chloropicrin and 
1,3-dichloropropene will kill emerged weeds and 
kill a portion of the seedbank but both products are 
considered weak weed management tools. Metam 
potassium tends to be more effective especially on 
broadleaf weeds and grasses but it has not been 
widely adopted by tomato growers. The Weed Sci-
ence Program at the UF/IFAS GCREC has evalu-
ated a wide range of weed management options in 
Florida with an emphasis on fumigant distribution 
as well as fumigant and herbicide combinations. 
Several commercially available fumigants will re-
duce nutsedge density but control levels are erratic, 
vary seasonally, and vary with distribution and ap-
plication technique. Broadleaf and grass weeds also 
are problematic and most fumigants do not provide 
adequate control. We hypothesize that shallow fumi-
gant injections in bands located where the plastic 
will be punctured for crop transplant should control 
broadleaf weeds and grasses. The proper placement 
of supplemental fumigants during the fumigation 
may remove the need for herbicide applications for 

control of broadleaf weeds and grasses. The objec-
tives of this research are to: 1) evaluate supplemen-
tal fumigant applications for weed control, and 2) 
identify the optimal metam potassium rate needed 
for broadleaf and grass control in tomato fields

MATERIALS AND METHODS
Experiment 1

An experiment was conducted in the spring of 
2017 at the Gulf Coast Research and Education Cen-
ter in Balm, FL (27ºN, 82ºW) to evaluate weed control 
with supplemental shallow injections of 60 GPA 
of metam potassium (K-Pam), 122 lbs/acre 1,3-di-
chloropropene (Telone), 300 lbs/acre of chloropicrin 
(Pic 100) and a bed top application of 1.33 pints/
acre of the herbicide S-metolachlor (Dual Magnum). 
All fumigants were applied with three shanks at 
4” depths. All plots except the non-treated control 
received 250 lbs/acre of 1,3-dichoropropene plus 
chloropicrin (Pic-Clor 60) prior to the application of 
the supplemental fumigants. Soil type at the re-
search center is a Myakka fine sand. The experiment 
was set up as a randomized complete block design 
with four blocks. After fumigation, all beds were 
covered with VIF mulch. Plot size was 22.9 m of a 
single raised bed. Beds were spaced 1.5 m apart and 
were 81.3 cm wide at the base, 71 cm wide at the top, 
and 20.3 cm tall. Beds were shaped, and fumigated 
on February 8, 2017. Two rows of drip tape were bur-
ied 2.5 cm beneath the soil surface and centered 20 
to 23 cm apart down the center of each bed. Toma-
toes were transplanted in the center of the bed with 
61 cm spacing between plants on March 15 (cv HM 
1823). Tomatoes were irrigated, fertilized, and man-
aged for foliar pests as per industry standards in the 
region.

The height of five tomato plants from the center of 
each plot was measured monthly. Tomato damage 
ratings were taken 2, 4, and 8 weeks after transplant 
using a 0 (no damage) to 100 (complete top kill). 
The number of purple nutsedge shoots emerging 
through the TIF mulch and in the planting hole was 
counted over the entire bed at transplant, midsea-
son, and at the final harvest. The number of weeds 
in the planting holes were also counted at the final 
harvest. A 3 foot section of plastic was removed 
from each plot and the total number of weeds that 
emerged in that area counted at harvest. Ten tomato 
plants per plot were harvested and graded prior to 
weighing as small (<5.5 cm diameter), medium (5.5 
cm < diameter <6.5 cm), large (6.5 cm < diameter <7 
cm) or extra large (>7 cm).
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Data were analyzed in SAS (version 9.2, SAS In-
stitute Inc.) using the mixed procedure with block 
as the random factor. Means were compared using 
the least squares means statement in SAS. Data were 
checked for normality and constant variance prior 
to analysis. Data that were collected over time were 
analyzed using the repeated statement in SAS.

Experiment 2
An experiment organized as a randomized 

complete block design was conducted at UF/IFAS 
GCREC to evaluate multiple rates of metam potassi-
um applied at 2 and 4 inch depths for broadleaf and 
grass control. Rates applied were 0, 20, 40, 80 and 160 
GPA. Metam potassium was banded with shanks 
at 2 and 4 inch depths set directly under the area 
where the plastic was punched for the transplant. 
The experiment management was identical to that 
described in Experiment 1.

Data collection consisted of crop yields, crop dam-
age, and weed counts in all treatments. The experi-
ment was analyzed as described in Experiment 1.

RESULTS
Experiment 1

None of the treatments damaged the tomatoes. No 
stunting was observed in any treatment and there 
were no consistent differences in yield but treat-
ments that were not fumigated, had no supplemen-
tal fumigant, or where 300 lbs/acre of supplemental 
chloropicrin was applied tended to have 47–53% 
lower total tomato yields compared to the treat-
ments where Dual Magnum was applied. Weed con-
trol was highly variable and as a result there were 
no statistically significant differences between plots. 
However, there were some trends. For example, the 
addition of supplemental Telone or Chloropicrin ap-
plied at 4 inch depths reduced nutsedge density by 
up to 97% compared to Pic-Clor 60 applied alone at 
8 inch depths. None of the supplemental fumigants 
controlled broadleaf weeds as effectively as Dual 
Magnum. Our results for experiment 1 are inconclu-
sive due largely to variability in weed populations 
across the field. To address this issue we will re-
peat the experiment in the fall of 2017 at a different 
location.

Experiment 2
Banded applications of K-Pam significantly re-

duced broadleaf weed emergence in the transplant 
holes and the number of weeds that emerged de-
creased exponentially with application rate (Figure 
1). Weed control with applications at 2 inch depths 

tended to be slightly better than control at 4 inch 
depths. The use of banded applications may reduce 
application costs without negatively affecting weed 
control. This experiment will be repeated in the fall 
to verify the results observed.

RECOMMENDATIONS
Preliminary results suggest that:

• Supplemental fumigants applications applied at 4 
inch depths may improve nutsedge but not broad-
leaf and grass control.

• Banded K-Pam applications can significantly 
reduce broadleaf weed control in the transplant 
holes but high application rates are needed. 
However, it is important to note that the applica-
tion rate is based on the rate within a single 4 inch 
band per bed. The actual rate on a per acre basis is 
much lower.

Additional research is needed prior to adoption of 
any of the application techniques.

Figure 1. Effect of multiple rates of banded metam potas-
sium on broadleaf weed emergence in the planting holes.
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ABSTRACT
Hybrid Fla. 8970, which combines resistance to 

Tomato yellow leaf curl virus (TYLCV) and Fusarium 
crown rot (FCR), was approved for release in Janu-
ary, 2017; seed is available for large-plot trialing. A 
number of experimental hybrids have shown com-
mercial potential and are being further evaluated. 
Fla. 8982 is a high-yielding heat-tolerant hybrid with 
resistance to Fusarium wilt race 3 (F3) and Tomato 
spotted wilt virus (TSWV). Fla. 8983 (F3, TSWV) and 
15x1079 (TYLCV, F3) are being considered as pre-
mium quality hybrids. Several late blight resistant 
hybrids have shown good performance and may be 
suitable for the winter production window.

INTRODUCTION
Improved cultivars are essential for the Florida 

tomato industry to be sustainable and competitive. 
The UF/IFAS tomato breeding program focuses on 
a number of research objectives that aim to improve 
the yield, quality and disease resistance of locally-
adapted cultivars. Because the materials developed 
in this program can be utilized by breeders in the 
private sector, the program’s goals include both 
germplasm improvement and cultivar development.

A number of the traits utilized in commercial 
varieties today resulted from early work done at UF/
IFAS GCREC. Much of the groundwork for the de-
velopment of heat-tolerant varieties was done by Jay 
Scott (Scott et al., 1986; Scott et al., 1989; Scott et al., 
2006), and heat-tolerance continues to be a major ob-
jective in the program. Resistance to Fusarium wilt 
races 2 and 3 were originally introduced here (Scott 
and Jones, 1989; Stall and Walter, 1965). Fusarium 
wilt race 3 is a growing problem in Florida, particu-
larly since the phase-out of methyl bromide. Yet I-3 

was found to be associated with bacterial spot sen-
sitivity (Hutton et al., 2014), and it is also associated 
with smaller fruit size. We have recently reduced the 
I-3 introgression, and testing is underway to verify 
that these negative effects have been removed. The 
widely-used TYLCV resistance genes, Ty-3 and Ty-6 
were also identified here (Hutton et al., 2015; Ji et al., 
2007; Scott et al., 2015).

There are multiple private companies that have 
tomato breeding programs in Florida, and these do 
a good job at variety development. Some of the goals 
of the UF/IFAS breeding program are very similar 
to those in private companies (high yield, improved 
marketability, combined disease resistances). Other 
goals of the program focus on projects that are long-
term or high-risk, such as compact growth habit to-
matoes for mechanical harvest. This project aims to 
combine a compact vine that needs no staking and 
tying (br gene) with jointless-pedicels (j2 gene) for a 
stem-free harvest. The br gene also results in concen-
trated fruit setting, which makes once-over harvest 
possible. If successful, this project could be a boon 
to the industry, as it would relieve much of the labor 
requirements for producing and harvesting a crop.

OBJECTIVES AND METHODS
1. Development of hybrids and breeding lines 

with improved disease resistance
Resistance to TYLCV and other begomoviruses 

relies predominately on the Ty-1/Ty-3 and on Ty-6 
resistances genes. Tospovirus resistance is based on 
selection for Sw-5 and/or Sw-7. Selection for the I-3 
gene from Solanum pennellii is currently the sole basis 
for Fusarium wilt race 3 resistance in the program. 
Late blight resistance is based on the Ph-2 and Ph-3 
genes. The Frl gene confers FCR resistance. Bacte-
rial wilt resistance is a relatively minor aspect of the 
program; continued goals include the identification 
of QTLs controlling resistance, and the advancement 
of resistance into large-fruited backgrounds with 
acceptable horticultural characteristics. Tolerance to 
bacterial spot is selected throughout the program; 
a specific project to advance “non-blighting” resis-
tance into elite backgrounds is continuing. Resis-
tance to Fusarium wilt race 2 and Verticillium wilt is 
confirmed using seedling inoculations.

Evaluations and selections are done primarily 
at UF/IFAS GCREC during two major cropping 
seasons: spring and fall. A winter nursery in Dade 
County is also used for evaluating breeding lines 
and hybrids adapted to production in South Florida. 
Selections made during one season are advanced 
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for evaluation and selection in the next. Promising 
hybrids and inbreds are evaluated in replicated yield 
trials each season to better ascertain commercial 
or parental value, and to collect data for varietal 
release.
2. Development of heat-tolerant tomato inbreds 

and hybrids
Heat-tolerant fruit setting ability is assessed us-

ing early fall trials. Breeding lines and hybrids are 
planted in late July/early August and evaluated at 
maturity for early fruit set that occurred during 
periods of high temperature stress. Selections are 
then tested in the spring to better assess and select 
for horticultural traits, then evaluated again in the 
fall for heat-tolerance. The goals of this project are 
to combine improved heat tolerance in lines with 
good vine strength, greater fruit size, and improved 
flavor. Emphasis is also being placed on combin-
ing heat-tolerance with various disease resistances 
described in the first Objective and on developing 
jointless-pedicel, heat-tolerant breeding lines and 
hybrids.
3. Improvement of fruit quality, postharvest char-

acteristics, and plant type
Selection throughout the program continues to 

emphasize a number of quality-related characteris-
tics, including: graywall resistance, even ripening 
without ripening defects (such as blotchiness or 
yellow top), high external fruit color, high internal 
fruit color and high lycopene (in large part conferred 
by the crimson gene), and superior flavor. For plant 
type, selection for jointless-pedicels (j2 gene) which 
results in stem-less harvest is a major focus for hy-
brids adapted to the Homestead and South Florida 
areas for the winter production. Compact growth 
habit (CGH) tomatoes with jointless-pedicels and 
concentrated fruit set will continue to be selected 
with the goal of developing mechanical harvest 
tomatoes.
4. Trait Integration
A large parallel backcrossing project to incorpo-

rate multiple disease resistances into a panel of elite 
inbred lines has been continuing for several years. 
Traits include: TYLCV resistance genes Ty-1, Ty-3, 
ty-5 and Ty-6; Frl (FCR resistance), Sw-5 and Sw-7 
(TSWV resistance). The backcrossing has now been 
completed for the majority of the lines. The project 
will continue for one additional year in order to 
advance each of the selected genes to the homozy-
gous state. The final BCF1s will be self-pollinated in 
fall 2016; homozygosity will be selected in spring 
2017, and seed will be increased for each parent x 

trait combination. These lines will then be avail-
able for use in hybrid development/breeding line 
improvement within the UF program or by private 
companies.
5. Understanding of genomic variation in tomato
Many useful plant traits have now been mapped 

to variable DNA sequences (copy number variation 
(CNV); presence/absence variation (PAV); single 
nucleotide polymorphism (SNP)). This is particularly 
true of the rapidly evolving genes that mediate resis-
tance to pests and pathogens. Therefore, identifica-
tion of sequence variation by sequence comparisons 
between the reference genome and diverse germ-
plasm accessions will contribute to the discovery 
of new traits and genetic resources. To determine 
sequence variations within tomato germplasm, next 
generation whole-genome sequencing (WGS) reads 
will be aligned to reference tomato genome assem-
blies. To obtain genome-wide sequence information 
of a large number of tomato samples, publicly avail-
able data sets will be utilized. Additional sequenc-
ing of tomato germplasms and top regional breed-
ing lines will be performed as necessary. Sequence 
variants will be predicted from aligned read data. 
Using sequence data in combination with pheno-
typic information (e.g. resistance locus Ty-6, joint-
less-pedicels) will enable us to develop models that 
can predict tomato traits. In addition, identification 
of the sequence of such loci is important for under-
standing the mechanism of resistance to a pathogen 
and will provide 100% linked markers for MAS. This 
will make tomato breeding faster, more efficient and 
cheaper.

RESULTS AND DISCUSSION
1. Development of hybrids and breeding lines 

with improved disease resistance
Hybrid evaluations in fall 2016 and spring 2017 

identified a number of hybrids demonstrating com-
mercial potential relative to commercial checks 
(Tables 1 and 2). Fla. 8970 continues to show high 
yield potential and excellent fruit marketability. This 
TYLCV and FCR resistant hybrid was approved for 
release in January, 2017, and an exclusive license 
with a private company is being sought. Seed is 
available for large (1 acre+) on-farm trials. Three 
other TYLCV, FCR hybrids, 15x1089, 16x1084 and 
16x1083, also performed well in these trials. The 
latter two have done well previously and are being 
considered for license by a private company. Last 
year’s report highlighted Fla. 8982 as a top yielding 
hybrid for two consecutive trials; it again ranked at 
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or among the top for both trials in this report. This 
heat-tolerant hybrid carries resistance to Fusarium 
wilt race 3 (F3) and TSWV; it has the crimson gene 
for high lycopene and is resistant to graywall. Ex-
panded trialing of Fla. 8982 is underway. Fla 8983 
has a similar disease resistance package as Fla. 8982. 
It was the second best performer in the spring 2017 
trial for total marketable yields, although fruit size 
was low. Several TSWV resistant hybrids that contin-
ue to perform well (Fla. 8942, Fla. 8969, and 15x1152) 
are also being evaluated for performance in Home-
stead and in N. Florida. Two “first-look” hybrids 
that performed well in spring 2017 were 16x0101 and 
16x0100. Both have strong disease resistance pack-
ages and are being evaluated in ongoing trials.

As part of a previous USDA grant, the late blight 
(LB) resistance genes, Ph-2 and Ph-3 were intro-
duced into a number of elite UF/IFAS breeding lines. 
Crosses have been made with these, and several late-
blight resistant hybrids were trialed in fall 2016 and/
or spring 2017. Results of top performers are shown 
in Table 3. Several of these combine TSWV resistance 
with LB resistance, and may be attractive hybrids for 
the Homestead and South Florida production areas. 
Hybrid 15x1365 combines LB and TYLCV resistance. 
Hybrids 15x1221 and 16x1284 (also in Table 1) each 
have combined resistance to LB, FCR and TYLCV, 
and could serve as useful cultivar options for winter 
production in the Immokalee-Naples production 
area.
2. Development of heat-tolerant tomato inbreds 

and hybrids
Fla. 8982 was described above as a new hybrid 

with consistently high yield. Heat tolerant fruit 
setting ability is likewise demonstrated by its high 
early-season yield—it ranked 2nd in fall 2015 (report-
ed last year), and it was the top early-yielder in fall 
2016 (Table 1). The experimental hybrids 15x1152 and 
15x1153 performed well in both trials covered by this 
report. Heat tolerance in these hybrids comes from 
the new inbred line, Fla. 8984—which these hybrids 
have in common. Fla. 8984 has demonstrated high 
yield potential both in hot-set and main season tri-
als, and further hybrid testing with this parent is 
underway.
3. Improvement of fruit quality, postharvest char-

acteristics, and plant type
Hybrid Fla. 8983 was described in section 1, above. 

In the spring 2017 trial, it had the 2nd highest yield 
out of 61 hybrids evaluated. Although fruit size was 
low, flavor was considered excellent. Fla. 8983 fruit 
are crimson and resistant to graywall. The superior 

flavor in this hybrid likely comes from Fla. 8297. 
Flavor in that parent has been consistent over many 
seasons and years—even when environmental con-
ditions are poor for flavor. Hybrid 15x1079 was also 
among the top performing F1s described in Tables 1 
and 2. Notably, this hybrid was also discussed in last 
year’s report, as it performed very well in fall 2015 
and spring 2016 yield trials. Fruit size in 15x1079 is 
comparable to that of Fla. 8983, and it likewise pro-
duces crimson, graywall-resistant fruit. The disease 
package of 15x1079 is TYLCV and F3. Both Fla. 8983 
and 15x1079 are being evaluated further for potential 
as premium, fresh-market tomatoes.

Compact growth habit (CGH) hybrid trials were 
conducted at UF/IFAS GCREC in fall 2016 and 
spring 2017, and also on a grower field in Homestead 
in winter 2016-17. A number hybrids performed 
well in one or more of these trials. More than 20 of 
these have been advanced for further testing in fall 
2017. To improve heat setting ability in CGH materi-
als, crosses were previously made between several 
CGH parents and Fla. 7771—a HT, jointless pedicel 
inbred line. In fall 2016, F2 populations were evalu-
ated and a number of selections advanced. F3 lines 
corresponding to two of these selections (170088 
and 170089) showed outstanding performance in 
spring 2017, which heavy set of defect-free fruit. F4 
selections that were made from these lines will be 
evaluated in early fall 2017 for verification of heat-
tolerance. If performance is consistent with prior 
observations, this line may prove to be a useful 
parent for improving early-season fruit set in CGH 
materials.
4. Trait Integration
The parallel backcrossing project has been com-

pleted. For the inbreds listed below, near-isogenic 
lines are available for most of the following traits: 
Ty-1, Ty-3, ty-5, Ty-6; Frl, Sw-5 and Sw-7. These lines 
are currently being used throughout the breeding 
program, and some of hybrids described in section 1 
involve some of these “traited” parents.

7770 7946 8083 8293 8877
7776 8000 8111B 8297 8878
7781 8021 8124C 8653B 8916
7804 8044 8208 8834 8923D

7907B 8059 8249 8872B 8924

5. Understanding of genomic variation in tomato
This effort is focused on identification of sequence 

variation in tomato that can support the discovery of 
new traits and genetic resources.
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To identify sequence variation within tomato ge-
nomes, it is first necessary to obtain sequence data to 
use in comparisons. To accomplish this, we obtained 
next-generation sequence data of 116 accessions. This 
data includes diverse relatives of modern tomato to 
maximize coverage of the genetic diversity. Align-
ment program Bowtie2 was used to align the reads 
to the reference tomato genome assembly SL2.50. 
The alignment analysis was completed using in-
house scripts executed on the University of Florida’s 
research computing system during running period 
Aug. 2016 to Jun. 2017. From the analysis against 
the tomato genome assembly, we found numerous 
complex sequence polymorphisms in genic regions 
(Figure 1). This sequence information can now be 
used to:
a. Locate the presence of sequence variations in 

tomato genomes.
b. Identify variations between UF breeding lines 

and the accessions sequenced will then be used to 
determine the presence of potential new genetic 
resources.

c. Design molecular markers to identify such poly-
morphisms derived from novel genetic sources.

Because evidence suggests that sequence polymor-
phisms are particularly abundant in resistance gene 
clusters encoding proteins in the canonical plant 
resistance gene family, it is possible that such poly-
morphisms could exist within a resistance locus. 
Those polymorphisms could result in the discovery 
of novel resistance alleles with either greater resis-
tance than current alleles or new resistance profiles. 
The polymorphisms are currently being surveyed on 
UF tomato breeding lines to validate such variations. 
Once validated, the polymorphisms will be used to 
select for potential genetic resources.
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Figure 1. Examples of structural variations in the tomato genome.
(a) Deletion of a gene (red arrow) in the wild tomato’s chromosome 1. Block icons (dark blue) below the alignment track refer to 
tomato genes.
(b) Duplication (red arrow) of sequence region in the cultivated tomato genome.
(c) Sequence polymorphisms (vertical color) in the tomato and its wild relatives.
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Table 1. Marketable yield and fruit size of experimental hybrids relative to commercial controls for fruit 
harvested at breaker and beyond at UF/IFAS GCREC in fall 2016.

Marketable Yield2 (25-lb boxes/A)
Early yield Total yield

Hybrid Source Traits1 Total Extra-
large

Total Extra-
large

Marketability 
(%)

Fruit 
wt. 
(oz)

Fla. 8982 UF/IFAS HT, F3, TSWV 847 a 663 a 1834 a 1285 a 81 a-c 6.4 a-c
Grand 

Marshall
Sakata TYLCV 588 a-c 528 ab 1541 ab 1099 ab 72 a-d 6.6 ab

Fla. 8970 UF/IFAS TYLCV, FCR 619 a-c 467 a-c 1503 a-c 785 b-e 86 a 5.8 b-e
HM 1823 H.M. Clause FCR, TYLCV-tol 681 ab 551 ab 1489 a-c 1027 ab 78 a-d 6.3 a-c
15x1089 UF/IFAS TYLCV, FCR 318 cd 287 cd 1424 a-c 982 a-c 84 ab 6.5 a-c
16x1284 UF/IFAS LB, FCR, TYLCV-tol 461 b-d 358 b-d 1365 a-c 743 b-e 73 a-d 5.8 b-e
Fla. 8969 UF/IFAS HT, TSWV 705 ab 556 ab 1359 a-c 933 a-d 64 c-e 6.2 a-c
15x1153 UF/IFAS HT, FCR 535 b-d 410 b-d 1243 a-c 688 b-e 65 c-e 5.7 c-e
16x1084 UF/IFAS TYLCV, FCR 336 cd 242 d 1198 a-c 785 b-e 54 e 6.1 a-d
15x1152 UF/IFAS HT, TSWV 412 b-d 248 cd 1168 a-c 515 de 72 a-d 5.3 de

Fla. 8942 UF/IFAS F3, TSWV 411 b-d 360 b-d 1157 a-c 756 b-e 73 a-d 6.3 a-c
15x1079 UF/IFAS TYLCV, F3 320 cd 209 d 1097 a-c 546 c-e 69 a-e 6.1 a-d

Florida 91 Seminis HT 252 d 234 d 1070 a-c 724 b-e 67 a-e 6.5 a-c
Soraya Syngenta F3, FCR 315 cd 263 cd 941 a-c 540 c-e 62 de 6.1 a-d

Everglade Seminis TYLCV, FCR, F3 294 cd 263 cd 878 bc 687 b-e 62 de 6.7 a
Solar Fire H.M. Clause HT, F3 436 b-d 259 cd 858 c 376 e 60 de 5.2 e

1 HT = Heat tolerance; Resistances: LB = late blight; TSWV = Tomato Spotted Wilt Virus; TYLCV = Tomato Yellow Leaf Curl Virus 
(tol = tolerance); FCR = Fusarium crown and root rot; F3 = Fusarium wilt race 3.
2 Mean separation within columns by Duncan’s multiple range test at P ≤ 0.05 based on a larger number of hybrids. Means within 
colums followed by the same letter are not significantly different. Design was RCBD with 3 replications and 8-plant plots.
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Table 2. Marketable yield and fruit size of experimental hybrids relative to commercial controls for fruit 
harvested at breaker and beyond at UF/IFAS GCREC in spring 2017.

Marketable Yield2 (25-lb boxes/A)
Early yield Total yield

Hybrid Source Traits1 Total Extra-
large

Total Extra-
large

Marketability 
(%)

Fruit wt. 
(oz)

HM 1823 H.M. 
Clause

FCR, TYLCV-tol 450 a-d 439 ab 3250 a 2832 a 90 n.s. 7.8 ab

Fla. 8983 UF/IFAS F3, TSWV 607 a 430 a-c 3190 a 1597 cd 91 5.5 f
15x1153 UF/IFAS HT, FCR 501 a-c 458 a 3164 a 2258 a-c 86 6.4 c-e
16x0101 UF/IFAS TYLCV, FCR, TSWV 443 a-d 353 a-f 3113 a 1881 bc 89 5.8 ef
Fla. 8982 UF/IFAS HT, F3, TSWV 362 a-f 293 a-h 3067 a 1737 cd 87 5.8 ef
Fla. 8969 UF/IFAS HT, TSWV 422 a-e 378 a-d 3040 a 2018 bc 92 6.2 c-e
Fla. 8942 UF/IFAS F3, TSWV 196 c-g 168 c-i 3040 a 1942 bc 94 6.1 c-e
16x0100 UF/IFAS F3, FCR, TYLCV-tol 131 e-g 111 e-i 3026 a 2300 a-c 90 6.6 cd
16x1083 UF/IFAS TYLCV, FCR 103 fg 98 f-i 2976 ab 2521 ab 87 7.6 ab
Fla. 8970 UF/IFAS TYLCV, FCR 384 a-f 301 a-h 2833 ab 1866 bc 93 6.1 de
15x1152 UF/IFAS HT, TSWV 442 a-d 364 a-e 2716 ab 1869 bc 84 6.4 c-e

Solar Fire H.M. 
Clause

HT, TSWV 506 ab 446 ab 2603 ab 1820 cd 89 6.4 c-e

Soraya Syngenta F3, FCR 88 fg 80 g-i 2533 ab 2066 bc 88 7.3 b
16x1084 UF/IFAS TYLCV, FCR 161 d-g 150 d-i 2386 ab 2117 bc 87 7.7 ab
15x1089 UF/IFAS TYLCV, FCR 350 a-g 314 a-g 2362 ab 1766 cd 80 6.7 c
15x1079 UF/IFAS TYLCV, F3 279 b-g 150 d-i 2303 ab 1075 d 90 5.5 f

Everglade Seminis TYLCV, FCR, F3 37 g 37 hi 2286 ab 2038 bc 90 8.0 a
Florida 91 Seminis HT 15 g 15 i 2017 b 1730 cd 94 7.7 ab

1 HT = Heat tolerance; Resistances: TSWV = Tomato Spotted Wilt Virus; TYLCV = Tomato Yellow Leaf Curl Virus (tol = tolerance); 
FCR = Fusarium crown and root rot; F3 = Fusarium wilt race 3.
2 Mean separation within columns by Duncan’s multiple range test at P ≤ 0.05 based on a larger number of hybrids. Means within 
colums followed by the same letter are not significantly different. n.s. = not significant. Design was RCBD with 3 replications and 
8-plant plots.
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Table 3. Marketable yield and fruit size of experimental late blight resistant hybrids relative to commercial 
controls for fruit harvested at breaker and beyond over two seasons at GCREC.

Marketable Yield2 (25-lb boxes/A)
Fall 2016 Spring 2017

Hybrid Source Traits1 Total Extra-
Large

Fruit wt. 
(oz)

Total Extra-
Large

Fruit wt. 
(oz)

16x1043 UF/IFAS LB, F3 3038 a 1913 a-c 6.0 g
15x1221 UF/IFAS LB, TYLCV, FCR 2174 n.s. 1536 n.s. 6.6 cd 2973 ab 2437 a 7.4 ab
15x1346 UF/IFAS LB, TSWV 2362 1791 6.9 bc 2964 ab 2220 ab 6.7 c-f
16x1042 UF/IFAS LB, F3 2765 a-c 1919 a-c 6.3 e-g
16x1284 UF/IFAS LB, FCR, TYLCV-tol 2656 a-c 1821 a-c 6.3 e-g

Solar Fire HM Clause F3 2603 a-c 1820 a-c 6.4 d-g
Florida 47 Seminis 1770 1263 6.5 cd 2432 a-c 1924 a-c 6.9 b-d

15x1323 UF/IFAS LB, F3, TSWV 1849 1570 7.7 a 2332 a-c 1853 a-c 7.1 bc
15x1285 UF/IFAS LB 2245 1519 6.3 c-e 2325 a-c 1786 a 6.7 c-e
15x1315 UF/IFAS LB, TSWV 2302 1446 6.0 de 2324 a-c 1489 c 6.1 fg
15x1331 UF/IFAS LB, F3 1857 1570 7.4 ab 2209 a-c 1644 bc 6.6 c-g

Florida 91 Seminis 1644 1345 7.5 ab 2017 bc 1730 bc 7.7 a
Skyway 687 Enza Zaden LB, TYLCV, F3, TSWV 1971 c 1720 bc 7.7 a

15x1365 UF/IFAS LB, TYLCV 2187 1197 5.7 e
Seventy III Syngenta TYLCV, F3 1933 1520 6.8 bc

1 Resistances to: LB = Late Blight; TSWV = Tomato Spotted Wilt Virus; TYLCV = Tomato Yellow Leaf Curl Virus (tol = tolerance); 
FCR = Fusarium crown and root rot; F3 = Fusarium wilt race 3.
2 Mean separation within columns by Duncan’s multiple range test at P ≤ 0.05 based on a larger number of hybrids. Means followed 
by the same letter are not significantly different. n.s. = not significant. Design was RCBD with 2 replications and 8-plant plots.
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