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About the FNGLA Endowment

The Florida Nursery, Growers and Landscape Association (FNGLA) created an endowment in 2005 to
address problems and questions that are important to the Florida nursery industry.
The FNGLA Endowed Research Fund (#F003129/30) provides awards up to $5,000 each to
supplement and extend existing research projects. The principal balance of the endowment is more
than $1.35 million, and nine projects were funded for a total of $43,895.
The following priorities were determined for the selection of the 2016-17 projects:
1. Improving Environmental and Resource Management
2. Improving Pest Management Practices and Strategies
3. Improving Production Systems, Practices and Strategies
4. Genetics and Breeding to Enhance Quantities and Diversity of Plant Material
5. Enhancing Floridians' Quality of Life
The selection process includes a review by an FNGLA committee at the FNGLA Landscape Show each
year.

A MESSAGE OF THANKS
To the Florida Nursery, Growers and Landscape Association:
We want to thank you for your support of the research being conducted at UF/IFAS. The funding your
great organization provided, and the time given by the selection committee, are truly appreciated.
Our faculty members will continue the important research and discovery needed by Florida's nursery
industries, and we are thrilled to continue this collaboration for many years to come.
Sincerely,

Jackie K. Burns

Sherry L. Larkin

UF/IFAS Dean for Research
Director of the Florida Agricultural Experiment Station

UF/IFAS Associate Dean for Research
Associate Director of the Florida Agricultural Experiment Station
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Genetics and Breeding to
Enhance Quantities and
Diversity of Plant Material
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Breeding Sterile Dwarf Mexican Petunia (Ruellia
simplex) at The University of Florida
Rosanna Freyre, UF/IFAS Environmental Horticulture, rfreyre@ufl.edu
Victor Zayas, UF/IFAS Environmental Horticulture, vzayas@ufl.edu

ABSTRACT
Breeding sterile dwarf Ruellia has been
conducted along four fronts, and considerable
progress has been made this past year. First,
tetraploid dwarf plants were obtained with
oryzalin treatment and identified by flow
cytometry. Hybridizations between 4X x 2X
plants yielded 66 surviving progenies, which
will be evaluated for flower color, fertility
and performance in 2018. Second, an F1
generation of 36 progenies was obtained from
hybridizations between tall plants with bicolored
flowers (white/purple and white/pink), and dwarf
plants. The F2 consisted of 162 progenies. Only

13 of them were dwarf, and so far six of them
have flowered and have either purple of pink
flowers. The F3 will be grown in 2018, and more
flower color segregation is expected. Third,
variegated dwarf plants in the three solid flower
colors have been obtained. These progenies
will be evaluated for performance and fertility,
and further breeding cycles will be conducted as
needed. Fourth, hybridizations between natural
4X Ruellia and tetraploidized dwarf plants were
not successful, but the reciprocal hybridizations
will be attempted.

OBJECTIVES
Since 2012, the UF Ruellia breeding program has released
three tall and one medium-sized cultivar in the Mayan
series, with purple, white and pink flower colors (three
patented, one patent pending). Over 300,000 plants
have been produced in the US, most of them by Florida
wholesale growers Costa Farms, Riverview Flower Farms,
American Farms and Nature’s Way. These growers
also produce dwarf Ruellia ‘Katies’ and ‘Southern Star’
cultivars that are fertile and potentially invasive. The
‘Katies’ were bred in Texas, are not patented and are
propagated vegetatively, while the ‘Southern Stars’ are
sold by seed by PanAmerican Seed. Both cultivars are
available in three flower colors: purple, white and pink.

Fig. 1. ‘Katie Blue’ dwarf plant

The objective of this research project is to breed new dwarf and sterile cultivars of Ruellia in the three
flower colors, which would be adopted in the market and would not be invasive by seed dispersal.
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METHODS
At UF in Gainesville we currently have a population of approximately 300 dwarf Ruellia simplex plants.
We targeted the breeding projects along four fronts:
1. Tetraploid x diploid hybridizations (4X x 2X): In 2015 we performed an oryzalin treatment to
induce polyploidization on 75 dwarf seedlings (25 in each flower color). We performed a preliminary
ploidy determination by counting chloroplasts in the guard cells of leaf stomata on all these plants.
Potential polyploids were then confirmed by flow cytometry performed at the Interdisciplinary Center
for Biotechnology Research (ICBR) at UF (Fig. 1).

Fig. 2. Flow cytometry curve of 2X dwarf plant (left) and of a 4X plant obtained by oryzalin treatment (right)

We determined that 25 dwarf plants were tetraploid.
Approximately 100 4X x 2X were performed in the summer
of 2016, aiming to obtain triploid sterile progenies. A
total of 85 F1 seedlings were obtained from these crosses.
During the winter these progenies suffered extremely
high mealybug (Phenacoccus sp.) infestation, even after
repeated pesticide treatments. Plants had to be discarded
and propagated vegetatively in an effort to get rid of the
pests. Currently 66 F1 seedlings remain, which have more
Fig. 3. Flower of a 2X dwarf plant (right)
and of a 4X plant (left)
tolerance to mealybug infestation. These plants are being
maintained in 1 Q containers outdoors. They have started to
flower, and will be evaluated for ploidy level, fertility and performance. Selections will be evaluated
both in the field and in outdoor containers in the summer of 2018.
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2. Breeding of dwarf Ruellia with bicolor flower colors:
In 2013, we discovered a tall R. simplex plant which had a
mutation in flower color, which was white flower with purple
throat. Through two years of breeding, we also obtained
another mutant with bicolor white and pink throat flower.
We have continued the breeding process and are attempting
to introduce these bicolor flower traits into plants with
dwarf growth habit. We selected plants with white/purple
and white/pink flowers that had good growth habit traits
and performance, and hybridized them with white or pinkflowered 2X dwarf plants. A total of 50 crosses were made in
2015 and a total of 36 F1 seedlings were obtained, all of which
had the tall growth habit. These plants flowered in 2016, and
seeds obtained from selfing were collected. The F2 was sown
and grown in 2017. There were a total of 162 progenies, and
only 13 dwarf plants were obtained. So far, only six of these
plants have flowered, five of which have purple flowers, and
one has pink flowers. We will continue to monitor flower
color in this generation, and if no bicolor flowered plants are
obtained, we will collect seed from selfing, aiming to obtain
a larger F3 generation in 2018 where we expect to see more
flower color segregation in the dwarf plant habit.

Fig. 4. Bicolor white/purple flower (top) and white/
pink flower (bottom)

3. Breeding of dwarf variegated Ruellia: A dwarf Ruellia with variegated leaves and purple flowers
with white margins is available commercially, called ‘Strawberries and Cream’. This plant is nonpatented, fertile, and propagated vegetatively. In 2016 we performed a total of 15 hybridizations
using this plant as female parent, and other 2X dwarfs in the three different colors as male parents.
In the segregating progenies we have identified seven variegated plants: four with purple flowers,
two with white flowers and one with pink flowers, and they exhibit varying degrees of variegation.
The fertility of these plants is currently being evaluated. We are collecting seeds from selfing as
well as making additional 2X x 2X hybridizations aiming to obtain larger populations where we can
select plants with good habit and uniform variegation in the three flower colors. If these plants have
high fertility and are not acceptable for cultivar release, we will continue the breeding process by
polyploidizing plants, and then performing 4X x 2X hybridizations aiming to obtain sterile triploids.

Fig. 5. Dwarf and variegated plants with purple (left), pink (center) and white (right) flowers
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4. Breeding at the tetraploid level: In the UF germplasm collection we have a few tall Ruellia plants
that are naturally 4X, have wide leaves and either purple or white flower color. Sterile hybrids are
obtained when these plants are hybridized with the tetraploidized R. simplex plants. In 2016 we
performed 20 hybridizations using tall, white-flowered 4X as the maternal parent, and tetraploidized
dwarfs with the three different flower colors as male parents. We obtained 65 F1 progenies, but
all of them resembled the maternal parent and were fertile, so they were probably the result from
accidental self-pollination. We are currently performing additional hybridizations using the dwarf
plants as maternal parents, and expect to evaluate more progenies in 2018.

CONCLUSIONS
Considerable progress in breeding sterile dwarf Ruellia has been made this past year in three of
four fronts attempted. Hybridizations between 4X x 2X plants resulted in 66 surviving progenies,
which will be evaluated for flower color, fertility and performance in 2018. The F2 from hybridizations
between tall plants with bicolored flowers (white/purple and white/pink), and dwarf plants yielded 13
dwarf plants out of 162 progenies. Only six of them have flowered so far. The F3 will be grown in 2018,
and more flower color segregation is expected. Breeding cycles will continue, aiming to release new
sterile dwarf cultivars in 2018 or 2019.
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Improve Environmental and
Resource Management
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A Mobile Web Application for Geolocating
Fertilizer Ordinance Jurisdictions
J. Bryan Unruh, UF/IFAS Environmental Horticulture, jbu@ufl.edu
Esen Momol, UF/IFAS Center for Landscape Conservation & Ecology, eam@ufl.edu
Don Rainey, UF/IFAS Extension Sarasota County, drainey@ufl.edu

ABSTRACT
The Florida-Friendly Landscaping™ (FFL) model
fertilizer ordinance offers a valuable tool for
statewide promotion of a practical waterquality protection program that decreases the
potential for contaminated stormwater runoff
and leaching. However, since this is a model
ordinance, Florida’s counties and municipalities
are free to adopt the ordinance or not, and may
amend the ordinance to reflect their local needs
and priorities. As of August 2017, 105 ordinances
have been enacted. These amendments
often include restricted seasons or restricted
application periods, often called blackout
periods, which prohibit application of nitrogen
and phosphorus fertilizers. At present, there are
54 ordinances containing blackout languages, 86
with stated prohibitions, and five with compete
fertilizer sales bans in place.
Although generally targeted to the rainy summer
months, blackout periods may also cover winter
months or have different durations, all depending
on the instituting jurisdiction. Based on these

variables, adjacent municipalities, and the
counties in which they lie, may or may not have
a fertilizer ordinance at all, but for those that do,
these ordinances may or may not have blackout
periods, and any blackout periods may have
differing start and end dates. To landscaping
professionals who may work across a wide
geographic area within a given day, Florida
county and municipal fertilizer ordinances,
or the lack thereof, offer a confusing matrix
of applicability and timeframes as they move
across jurisdictions.
To mitigate jurisdictional confusion regarding
local fertilizer ordinances we proposed
to develop a mobile web application that
landscapers (and landscape enthusiasts) could
consult to determine what fertilizer ordinance
may be applicable to any of their work locations.
There are thousands of landscaping firms
statewide that would benefit from such an app.
We proposed to offer a yearly subscription to the
app for $4.99.

OBJECTIVES
We propose to develop a mobile web application that will allow anyone to determine what fertilizer
ordinance may be applicable to any location. The intended audience is landscaping professionals who
may use the app to determine which, if any, fertilizer ordinance applies to their work site. Interested
landscape enthusiasts may also find this app useful. We anticipate users will access the app through
their smart phones or other mobile device. Location information will be determined through the
smart phone’s internal GPS, but a simple listing of counties and municipalities will also provide access
to ordinance information without regard to location. Once a site’s location is determined, the app
will return the associated county and municipality, whether a fertilizer ordinance is in force, and any
associated blackout dates.
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RESULTS
Dr. J. Bryan Unruh and his graduate student, Christopher
Ryan, worked with UF/IFAS Center for Landscape
Conservation faculty and staff and UF/IFAS Information
Technology staff to develop the mobile website.
The fertilizer ordinance data were originally compiled
by Christopher Ryan as part of his Master of Science
thesis research project. His starting point was a MS Excel
spreadsheet containing ordinance information that was
originally developed by Dr. Michael Thomas (retired) of
the Florida Department of Environmental Protection. As
part of a class assignment, Mr. Ryan compiled ordinance
information and input the data into ArcGIS that was
used to develop geospatial maps (Fig 1). This data has
subsequently been updated and now resides in a database
that the mobile website queries to generate the ordinance
maps.
Fig 1. Florida fertilizer ordinance ArcGIS map from 2016.

Fig 2 shows the landing screen of the newly developed
website when accessed from a desktop computer. The
color coding of the map delineates areas with municipal
ordinances, county ordinances, and areas with no ordinances in place.

Fig 2. Screen shot of the UF/IFAS Florida Fertilizer Ordinance Mobile Website accessed via a desktop computer.
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Fig 3 shows the same landing screen
when accessed using a mobile phone. It
is important to note that counties and
municipalities can both have ordinances
resulting in overlapping regions on the map
tool.
Website features currently active include
“Find My Current Location,” “Query a Map
Location,” “Search a Place (Geocoding),”
“Browse all Counties,” and “Browse all
Municipalities.” The “Find My Current
Location” accesses a mobile device’s
internal GPS coordinates and returns useful
information pertaining to the ordinance that
may or may not be in place. The user simply
presses or clicks the icon/button (round icon
with red “bulls-eye”) to center the map to the
current location. The county/municipality of
the current location is then highlighted and
related information of fertilizer ordinance will
pop up if any (Fig 4). Information pertaining
to weather/soil restrictions, exemptions,
fertilizer source and rate restrictions, etc. is
then provide (Fig 5). Additional information
about the ordinance adoption date and
source of information is also readily available
to the user. The merging of the ArcGIS data
with Google Maps is a particularly involved
effort that required significant effort by the
UF/IFAS IT staff.
Beta-Testing – The link to the website
(https://ffl.ifas.ufl.edu/Fertilizer/) was made
Fig 3. Screen shot of the UF/IFAS Florida Fertilizer Ordinance Mobile Website
available to UF/IFAS County Extension
accessed via a smartphone.
Faculty (Agents) in 51 of the 67 Florida
counties. The 16 counties that were not
provided an opportunity to evaluate do not
have fertilizer ordinances in place. Excellent feedback was provided.
Next Steps – The website will be made available to key stakeholders to further evaluate and provide
feedback. Once this is complete, the “subscription payment” feature will be activated. We are also
developing a “news feed” feature which can be used to “push” electronic notices to subscribers.
These notices may include marketing upcoming workshops, new Extension publications, or updates
to an ordinance within the subscriber’s jurisdiction. Finally, the development team is working on a
user feedback feature that will allow subscribers to submit comments or upload information about a
fertilizer ordinance.
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Fig 4. “Find My Current Location” showing Polk County pinned. Menu on the right side lists ordinance information pertinent to that county.

Fig 5. Information displayed upon clicking
“Weather/soil saturation restriction.”

15 | FNGLA Endowment 2016 Funding Report

Investigating Potential Alternative Vectors and
Reservoirs of Rose Rosette Virus in the Florida
Panhandle
Xavier Martini, UF/IFAS Entomology & Nematology, xmartini@ufl.edu

ABSTRACT
Presence of the eriophyid mite Phyllocoptes
fructiphilus rose rosette virus vector was
assessed in Florida and Georgia. P. fructiphilus
was not found in Florida, but only in central
and north Georgia. P. fructiphilus was found in
symptomatic plants infected with rose rosette
disease (RRD) but also on uninfected plants. P.
fructiphilus was found on both cultivated roses
and wild roses. Multiflora roses was confirmed
to be a host for P. fructiphilus in the wild, and
mites were found on asymptomatic roses. It

indicates that multiflora rose is a reservoir for
rose rosette virus vector in Georgia. No other
eriophyid mite was found in the roses sampled.
We also evaluated the potential of a predatory
mite Amblyseius swirskii as a potential biological
control for P. fructiphilus, we found that this
predatory mite was significantly attracted
toward RRD infected rose a behavior that could
potentially facilitate the control of P. fructiphilus
by predatory mites.

OBJECTIVES
Florida is the largest producer of roses in the U.S with a value of >$30 million. Rose rosette disease
(RRD) is the most economically important disease of rose production in the U.S. Rose rosette disease
is caused by the rose rosette virus (RRV), which is transmitted by the eriophyid mite, Phyllocoptes
fructiphilus.
When we started this project, rose rosette disease was reported in the Florida panhandle in three
counties; however, the vector P. fructiphilus has not been identified in any of these cases. Therefore,
the first objective of this research was to determine if other eriophyid mites were present in Florida
roses. Additionally, there was a possibility that wild roses such as multiflora roses, or Cherokee roses
could be a host for P. fructiphilus. Wild roses are very abundant in North Florida and could BE a
reservoir for RRD and P. fructiphilus.
The objectives of this proposal were:
1. Inventory eriophyid mites found on RRD infected plants in Florida
2. Investigate if invasive multiflora roses, are a potential reservoir for P. fructiphilus and RRV.
In addition to these initial objectives we also investigated the potential use of predatory mites (Acari:
Phytoseiidae) Amblyseius swirskii as biocontrol agent for P. fructiphilus. The use of predatory mites as
a biological control has been previously documented. However, no biocontrol agents has been tested
on the eriophyid mite vector P. fructiphilus, and evaluated for the potential in reducing spread of rose
rosette disease. Therefore it was highly relevant to study commercially available predatory mites,
which could potentially be used against P. fructiphilus.
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METHODS
Rose survey: From March to June 2013, 90 sites were sampled in 9 different sites across North
Florida and Georgia (Fig. 1). We sampled sites in central Georgia as RRD were reported in nursery,
and we wanted to see if we were able to capture Eriophyid mites. As part of this sampling effort,
cultivated roses, as well as wild roses (including Cherokee roses and multiflora roses) were collected.
Some roses showed symptoms of RRD, and are currently tested for RRV by rt-PCR by Dr. Paret at
the NFREC. Rose samples were placed in centrifuge tubes with 95% ethanol and brought to the
lab for inspection. After sample sat in vials for over 24 hours, vials were inverted twice to activate
suspension. A pipet was inserted into the screw top vial and a sample of suspended ethanol was
taken up. A total of 3 pipet samples were taken from each vial and placed in a petri dish. A grid
system was drawn on the petri dish and the sample was be inspected by each quadrant.
Predatory mite behavior: Amblyseius swirskii predatory mites were purchased to Bioline. They were
keep at 10 °C until the beginning of the experiment. A Y-tube olfactometer was used to evaluate the
behavioral response of A. swirskii. Each arm of the olfactometer was connected to the odor source
that consisted of Reynolds oven bag positioned on leaves. The bag were connected to a clean air
delivery system pushing air filtered by a charcoal filter (0.1 L/min). We compared A. swirskii response
to RRD infected rose volatiles vs uninfected rose plant. A. swirskii were gently deposited at the base
of the olfactometer in horizontal position and were given 5 min to make a choice between the two
odor fields. We considered a positive response when predatory mites move 1 cm within an odor arm.
Predatory mites that did not select any odor arm after 5 min were considered as non-responder and
were excluded from further analysis.

RESULTS
Rose survey: The survey conducted in Florida showed that no Eriophyid mites were found in samples
from Florida, neither from the cultivated roses or wild roses (Cherokee roses) (Fig. 1). Interestingly,
in the database from the Division of Plant Industry – Entomology of the Florida Department of
Agriculture and Consumer Services, there are no record of Eriophyid mites found in roses in
Florida (Dr. Cal Welbourn, personal communication). Therefore, there are no evidence so far that P.
fructiphilus have been introduced in the state and is responsible of the case reported in 2013 and
2017. P. fructiphilus mites were found in central and north Georgia, in cultivated roses (Knock out and
drift roses), as well as in wild multiflora roses. P. fructiphilus were found in RRD rose plants but also on
non-infected plant. Oppositely, some RRD symptomatic plants found in Central Florida were clear of
P. fructiphilus (Table 1).

17 | FNGLA Endowment 2016 Funding Report

Fig. 1: location of sampling location. Blue: Negative for rose rosette disease, negative for P. fructiphilus. Yellow; positive for
RRD, negative for P. fructiphilus. Purple: negative for RRD, positive for P. fructiphilus. Red: RRD symptomatic, positive for P.
fructiphilus.

Table 1: Location and variety of the roses sampled for rose rosette disease and for P.
fructiphilus infestation in spring 2017.
Location

Rose variety

Infection status

Presence of mites

Central Florida
(Orange county)
North Florida (Leon
& Wakulla county)
South Georgia
(Thomas, Decatur &
Grady county)
Central Georgia
(Spalding county)
North Georgia
(Clarke County)
North Georgia
(Clarke County)

Knock out roses

RRD symptomatic1

0%2

Cherokee & Carolina
roses
Cherokee roses

RRD negative

0%

RRD negative

0%

Drift & Knock out
roses
Multiflora roses

RRD positive

28.6%

RRD negative

15.4%

Knock out roses

RRD positive

100%

1 Currently tested to confirm RRD
2 Indicate the percent of samples infested with P. fructiphilus.
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Predatory mites behavior: A. swirskii were significantly attracted toward RRD-infected roses (Fig. 2).
This behavior indicate that predatory mites would forage preferentially for prey on infected roses
rather than uninfected roses, a behavior that could potentially facilitate the control of P. fructiphilus
by predatory mites.

Fig. 2: Percentage of predatory mite Amblyseius swirskii responding to volatile odors of
knockout rose leaves within a Y-tube oflactometer following infection with Rose rosette virus.
N=total number of predatory mite used during experiments, NR: percent of non-responders.
(* = P<0.05).

CONCLUSION
So far, P. fructiphilus was only found in Georgia, none of the rose sampled in Florida, even those
positive for RRD were positive for P. fructiphilus. This indicates that the plant were imported from
outer state and that the infection occurred either mechanically or that the mite did not survive to
Florida abiotic condition. Limit of distribution of P. fructiphilus probably occurs in central Florida
nearby the change between 8a and 8b USDA hardiness zones. Survey on several years will be needed
to determine if the distribution of P. fructiphilus changes over time. No other eriophyid mites were
found in roses. Therefore, there are no evidence that other eriophyid mite could transmit the virus.
Finally preliminary tests conducted with the predatory mite A. swirskii indicate that this biological
agent might prefer RRD infected rose rather than uninfected rose, a behavior that could contribute to
a better control of P. fructiphilus.
To prevent spread of RRD, we recommend to remove multiflora roses nearby nurseries and to avoid
movement of roses from Georgia to Florida.
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Remediating Agrichemicals from Irrigation
Water Using An Activated Carbon Filter
Paul Fisher, UF/IFAS Environmental Horticulture, pfisher@ufl.edu
George Grant, UF/IFAS Environmental Horticulture, gagrant@ufl.edu

ABSTRACT
The objective of this study was to compare
N,N’-bis (hydroxy phenyl acetic acid) (ironremoval efficacy of various agrichemicals using
EDDHA) chelated micronutrient fertilizer, soracid
a small-scale activated carbon system. In two
blue dye, and sodium hypochlorite sanitizer)]
experiments, chemical solutions were exposed
were also tested with 0, 12, 38, or 64s of GAC
to various contact times of granular activated
contact time.
carbon (GAC) filtration and analyzed for
Carbon filtration was very effective at reducing
residual concentration. In Experiment 1, eleven
agrichemical concentration, and pesticide
pesticides (acephate, bifenthrin, chlorpyrifos,
removal increased as GAC contact time
flurprimidol, glyphosate, hydrogen peroxide
increased. Bifenthrin concentration was 71%
+ peracetic acid, imidacloprid, paclobutrazol,
reduced after 64s of GAC contact time, irondidecyldimethylammonium chloride (DDAC),
EDDHA fertilizer was 48% reduced, and other
triclopyr, and uniconazole) used in greenhouse
agrichemicals were reduced by 86 to 100%.
and nursery production were exposed to 0,
Chemicals reduced below their minimum
12, or 64 seconds (s) of GAC contact time.
detection limits with 64s GAC included
Chemical concentrations
acephate, flurprimidol,
were prepared at a
uniconazole, peracetic
1:10 dilution of the
acid, DDAC, and chlorine
recommended label rate
(free and total).
for ornamental crops
Results indicate
to represent a possible
GAC filtration can
residual concentration
remove a wide range
found in irrigation or
of agrichemical
surface water systems.
contaminants from
In Experiment 2, three
irrigation water, which
other chemicals that
reduces both the risk
could potentially be
of environmental
measured onsite in a
contamination and
commercial greenhouse
phytotoxicity when
Fig. 1: Granular activated carbon system used at UF.
[iron ethylene diaminerecirculating water.

OBJECTIVES
Within ornamental plant production, various pesticide groups such as insecticides, herbicides, and
sanitizers are routinely used. Pesticide contamination of irrigation sources may originate from spray
drift, runoff, wash off from foliage or containers, and when irrigation water containing residual
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pesticides is recycled. Pesticide accumulation in irrigation water can negatively influence crop quality
or cause crop loss if not removed before an irrigation event. Filtration or treatment of contaminated
water is therefore required before reapplication to crops or release into the environment. Several
methods have been successful for removal or inactivation of pesticides from municipal water
including oxidation (for example using ozone), ultra-violet radiation, membrane filtration, and
granular activated carbon filtration (GAC). Filtration with GAC is a recommended technology to
remediate many pesticides in order to satisfy drinking water standards. Small-scale GAC systems
(Figure 1) can be a low-cost method of determining what contaminants found in recaptured irrigation
water may be removed using GAC. There are limited data on the use of GAC filtration for treating
greenhouse or nursery irrigation water. The objective was to determine the relative effectiveness of
GAC to remove various common agrichemicals from irrigation water as well as evaluate potential
indicator chemicals for managing the service-life of a GAC system.

METHODS
A small-scale GAC system consisting of filter
canisters filled with 8x30 US mesh (595 to
2380µm) bituminous coal GAC (Figure 2) was used
in two experiments to evaluate the removal efficacy
with various agrichemicals. Bituminous coal GAC is
a commonly-used source material for GAC water
treatment. In Experiment 1, eleven pesticides used
in greenhouse and nursery production were treated,
including insecticides, herbicides, sanitizers, and
plant growth regulators (Table 1). In Experiment 2
solutions of iron-EDDHA, soracid dye, and sodium
hypochlorite were filtered with GAC. A sump pump
Fig. 2: 8x30 US mesh bituminous coal GAC
was used to feed each chemical solution through
the GAC filtration system at a constant flow rate of 6L•min-1, maintained by a flow meter and
pressure regulator. The filtration system used in both experiments was made up of three filter housing
compartments placed in series, with one small 12.7cm
x 27.9cm (3.5L), and two large 12.7cm x 53.1cm (6.5L)
housings. Filter housings contained a corresponding
filter canister containing GAC for the small 10.9cm
x 22.6cm (1.9L) and large 10.9cm x 48.8cm (4.1L)
canisters (Figure 3). Filters were connected together
using polyvinyl chloride tubing, with two-way and
three-way valves installed to allow chemical solution
to feed through the GAC filters individually or multiple
in series in order to vary contact time. Each chemical
tested included a non-filtered control treatment of 0s
of GAC contact time. Fresh GAC material was used for
each chemical tested in these experiments. In both
experiments, chemicals were passed through the GAC
system, with randomized complete block designs where
replication of contact time was blocked over time. The
GAC canisters were flushed with chemical solution for
two min before beginning each time block.
Fig. 3: Small and Large GAC filters
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For each contact time treatment, chemical solution was passed through the corresponding number
of filters for long enough to ensure that filters completely cycled through with fresh chemical solution
before a 1-L (Experiment 1) or 250-mL (Experiment 2) sample was collected. Control samples that
received no GAC filtration were included in chemical analyses for both experiments.
Experiment 1. Removal of Pesticides
Eleven agrichemical solutions were passed through the GAC system, where solutions were prepared
with deionized water at a 1:10 dilution of the recommended label rate for ornamental crops or
greenhouse and nursery irrigation systems. Average electrical conductivity values ranged from 0.9
(bifenthrin) to 56.0 (glyphosate) uS•cm-1, and pH from 4.2 (hydrogen peroxide) to 6.4 (paclobutrazol).
A randomized complete block design was used per chemical, with GAC contact time at three levels (0,
12, and 64s) in random order, with one replicate of filtration level for each of four run times (blocks).
This resulted in twelve samples per chemical, and three treated solutions within each block. A 500-mL
sub-sample from each 1-L sample collected was sent to a commercial pesticide analysis laboratory
(Waters Agricultural Laboratories, GA) where residual concentrations of each agrichemical were
determined using various methods. Treated hydrogen peroxide and peracetic acid samples were
analyzed using a CHEMets visual testing kit (CHEMetrics, VA).
Experiment 2. Removal of Indicator Chemicals
Chelated iron fertilizer (iron-EDDHA, 6% Fe, Greencare Fertilizers, IL) was used to prepare a 2mg•L-1 Fe
solution, which is a typical fertilizer concentration in greenhouse nutrient solutions. A 76mg•L-1 soracid
blue fertilizer dye solution was prepared using triphenylmethane pigment (Blackmore Company, MI). A
2mg•L-1 chlorine solution was prepared using CloroxTM sodium hypochlorite bleach, which is a typical
concentration used when chlorinating irrigation water. Solution electrical conductivity ranged from
7.9 (iron-EDDHA) to 210.8 (iron-EDDHA) uS•cm-1, and pH from 5.0 (soracid blue fertilizer dye) to 7.9
(sodium hypochlorite). This experiment used a randomized complete block design per chemical with
four levels of GAC contact time (0, 12, 38, and 64s) and blocked over time. For each of the three blocks
(run times), chemical solution was randomly passed through GAC filters to generate three replicate
solutions per contact time treatment, producing a total of 36 samples over three blocks per chemical.
A SPECTRAmax PLUS 384 spectrophotometer (Figure 4A) was used to analyze iron-EDDHA and
soracid blue fertilizer dye samples at 480 and 631nm wavelengths, respectively. Optimal wavelengths
were determined by testing laboratory mixed standards for the highest absorbance values with each
chemical. Chemical concentrations were calculated by plotting measured absorbance values on a
standard curve created prior to analyzing each set of samples (R2 = 0.9978 for soracid dye, R2 = 0.9997
for iron-EDDHA). Free and total chlorine concentrations were determined using AQUAfast reagent test
kits and an Orion AQ4000 colorimeter (Figure 4B).

Fig. 4A: Spectrophotometer
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Fig. 4B: Colorimeter

RESULTS
1. Removal of Pesticides
The GAC filtration affected active ingredient concentration for all eleven pesticides (P<0.0001, Table
2). All pesticides had a lower concentration with 12s and 64s of contact time with GAC compared with
0s GAC. Percent reduction for each chemical was greater with 64s of contact time than 12s in most
cases. Acephate was the only insecticide reduced below its method detection limit (MDL) of
2.0µg•L-1 with 64s contact time (Table 1). After 12s of contact time, there was an approximate
decrease of 94% (acephate), 82% (imidacloprid), 28% (bifenthrin), or 28% (chlorpyrifos). Filtration
with 12 and 64s of GAC was very effective at reducing both herbicides, glyphosate and triclopyr.
After 64s of GAC filtration, glyphosate and triclopyr were reduced to approximately 99% (to levels
near the MDL for the laboratory analysis procedure). The PGR chemical group showed 95% or higher
reduction in active ingredient after 12s of contact time. Concentration of sanitizers was reduced by at
least 99% with 64s GAC compared with the control.
Table 1. Pesticides tested in Experiment 1 by chemical category with laboratory MDL and relative
removal effectiveness.
Chemical Category

Active Ingredient Tested

Method Detection Limit
(mg.L-1)

Relative Removal
Efficacy with Highest
Level of GAC Filtration

Acephate

2.0

****

Befenthrin

250

*

Chlorpyrifos

500

**

Imidacloprid

250

**

Glyphosate

500

***

Triclopyr

350

***

Flurprimidol

1.0

****

Paclobutrazol

0.025

***

Uniconazole

2.0

****

Quaternary ammonium

10

****

Hydrogen Peroxide

100

***

Peracetic acid

100

****

Insecticides

Herbicides

Plant Growth Regulators

Sanitizers & Disinfectants

Relative removal efficacy with 64 seconds of GAC contact time key: 100% removal, reduced below method detection limit
(****), 90-99% removal (***), 80-89% removal (**), below 80% removal (*).
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2. Removal of Indicator Chemicals
Iron-EDDHA, soracid fertilizer dye, and sodium hypochlorite could potentially be measured onsite in
irrigation water and therefore be used as an indicator of GAC effectiveness. All three agrichemicals
decreased in concentration as contact time with GAC increased from 0 to 64s (Table 2). With 64s of
GAC treatment, there was a 0.3mg•L-1 (48%) reduction in iron-EDDHA, which was the lowest percent
reduction of all chemicals in Experiments 1 and 2. In contrast, fertilizer dye was reduced by 95% with
64s GAC, and free and total chlorine concentrations was reduced below the MDL after 12s of GAC
contact time. A visual representation of removing fertilizer dye and iron chelate can be seen in Figure 5.
Removal of chelated iron from recycled nutrient solutions could have a negative influence on plant
fertilization, increasing fertilizer cost and the risk of iron deficiency. An advantage of recycling
irrigation water is the ability to recapture excess fertilizer nutrients leached from containers or
not taken up by the plant, however the results from our study indicate the need to supplement
iron as nutrient solution is repeatedly passed through a GAC filter during irrigation cycles. Results
also indicated that removal of iron EDDHA may require a greater level of GAC filtration or used in
combination with other technologies such as ozone.
Table 2. Indicator chemical concentration with various levels of GAC filtration.
Contact Time with
GAC (sec)

Iron-EDDHA
(mg.L-1)

Fertilizer Dye
(mg.L-1)

Free Chlorine
(mg.L-1)

Total Chlorine
(mg.L-1)

0

2.1 a

77.4 a

1.81 a

1.96 a

12

1.8 b

58.4 b

0.05 b

0.08 b

38

1.4 c

10.3 c

0b

0c

64

1.1 d

4.2 d

0b

0c

Significance Level

***

***

***

***

Different letters represent significant differences between treatments
*** = Level of Significance (P<0.0001)

CONCLUSION
Key findings of Experiment 1 Removal of Pesticides:
• All agrichemicals tested were reduced in concentration by GAC.
• Pesticides that were reduced below their minimum detection limits with 64s GAC included
acephate, flurprimidol, uniconazole, peracetic acid, and DDAC.
• Increasing contact time from 12s to 64s generally increased chemical removal.
Key findings of Experiment 2 Removal of Indicator Chemicals:
• Iron-EDDHA and soracid blue dye have potential to be used as indicator chemicals for
monitoring effective functioning of GAC filters.
• Chlorine was reduced below its minimum detection limit after 12s GAC.
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Fertilizer Dye

0s

12s

38s

64s

Iron-EDDHA

0s

12s

38s

Fig. 5: Picture of visual difference of fertilizer dye and iron chelate with various levels of GAC filtration.
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64s
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Improve Pest Management
Practices and Strategies
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Evaluation of Insects in Areas Impacted by
Texas Phoenix Palm Decline for Their Potential
as Vectors
Brian Bahder, UF/IFAS Entomology & Nematology, bbahder@ufl.edu

ABSTRACT
Texas Phoenix Palm Decline is a lethal disease
of the native cabbage palm (Sabal palmetto)
and date palms (Phoenix spp.) which are
economically important due to their high
ornamental value in Florida. This disease is
caused by a phytoplasma belonging to the 16SrIV
taxonomic group and is classified as subgroup-D.
One of the most critical aspects to managing
plant diseases is identifying the mechanism
of spread which in all known phytoplasmas, is
accomplished via an insect vector within the
order Hemiptera. Due to the recent introduction
of this disease to the state of Florida, the vector
has not been identified to date. The objective
of this study was to begin screening common

Hemipteran insects found on or near infected
palms to evaluate likely vector candidate. In this
study four species of Hemiptera were commonly
found on infected palms. These species include
Cedusa inflata, Dysmicoccus brevipes, Haplaxius
crudus, and Ormenaria rufifascia. One other
species was found on palms near infected palms
only once, Idioderma virescens. Screening
of individuals by qPCR and nested PCR gave
positive reactions for three of the five species
listed. Cedusa inflata, Haplaxius crudus, and
Oremenaria rufifascia had individuals testing
positive. However, only few individuals tested
positive. Sequences from these individuals
confirmed the identity of the phytoplasma.

OBJECTIVES
To screen Hemipteran insects commonly found on palms infected with TPPD for the presence of
phytoplasma.
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METHODS
Three study locations were identified in this study, the first being the Fort Lauderdale Research and
Education Center in Davie, FL (Site 1) where the disease has been active since 2014, the second
is an anonymous nursery near Fort Pierce (Site 2) that allowed access to sample insects and had
TPPD present. The third site was Volunteer Park in Sunrise, FL (Site 3) where many cabbage palms
were present, the property is maintained in a somewhat natural environment and no TPPD has been
recorded there or was apparent during the time of the study. Yellow sticky traps were placed on
10 different palms at each site and were monitored bi-weekly. Sweeping was done on palms and
surrounding vegetation at each site. All insects had total DNA extracted from the bodies and tested
for TPPD and were also barcoded to aid in identification.

RESULTS
At all sites, no adult hemipterans in the sternorrhynchan or auchenorhyncahn suborders were found
on yellow-sticky traps. At site one, five species of Hemiptera were collected on diseased palms (Table
1), at site two there were three species collected on diseased palms (Table 1) and at site 3, there were
three species collected on healthy palms (Table 1). The three species collected at sites two and three
were also found at site one, however, two of the species found at site one were not found at the other
two sites (Table 1). All five species were photographed (Figure 1) and had the 5’ region of the COI gene
amplified. Dysmicoccus brevipes, Idoderma virescens, Ormenaria rufifascia, and Haplaxius crudus
were all confirmed by having >99% identity to their respective GenBank accessions. Cedusa inflata
was identified using morphology and we created this first barcode for this species.
Table 1. Species of insect found on diseased cabbage palms or nearby healthy cabbage palms
during study period.
Insect Species

Site 1

Site 2

Site 3

Cedusa inflata

Yes

Yes

Yes

Dysmicoccus brevipes

Yes

No

No

Haplaxius crudus

Yes

Yes

Yes

Idioderma virescens

Yes

No

No

Ormenaria refifascia

Yes

Yes

Yes

The total number of individuals for each species from each site is presented in Table 2 along with
the number of individuals testing positive by qPCR. Additionally, no salivary glands from any species
tested positive. Salivary glands were only screened from individuals that tested positive.
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A

B

C

D

E

Fig. 1. Insect species collected on TPPD infected palms: Idioderma virescens (A) Dysmicoccus brevipes (B), Haplaxius crudus (C), Cedusa inflata (D)
Ormenaria rufifascia (E)

Table 2. Number of individuals testing positive out of the total number of individuals found for
each species at each site that were associated with symptomatic cabbage palms
Site

C. inflata

D. brevipes

H.crudus

I. virescens

O. rufifascia

1

1/5

0/16

1/43

0/1

5/14

2

1/3

n/a

0/22

n/a

2/8

3

0/3

n/a

0/7

n/a

0/26

All positive samples presented in Table 2 were subsequently amplified by nest PCR and sequenced
and the identity of TPPD was confirmed when compared to isolates present in GenBank. Aside
from the five species identified and tested in this study, many different species of Hemipteran were
collected from weeds and grasses at the base of infected palms. The number species collected in total
was approximately 30 (not including the five listed in Table 1 and 2.)
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CONCLUSION
These results provide baseline data as to which species may be more likely to be vectors of TPPD.
With the detection of the phytoplasma in some species, we can be sure that certain species are
feeding on infected host plants which is the first stage in spreading the disease. However, detection
solely in the body only indicates the insect was feeding on infected plants, not whether it is a vector.
Not detecting phytoplasma in the salivary glands could be an indicator that the insects screened are
not the actual vector because no phytoplasma was present, however it is also possible that the tools
used were not sensitive enough to detect the expected low amount of phytoplasma that would be
present in a vectors salivary glands. This data also provides insight into the diversity of insects present
in different habitats in south Florida and as research continues, the database will expand allow for
a more comprehensive evaluation of candidate vectors. Future research efforts need to focus on
developing a more sensitive molecular assay that can reliably screen salivary glands of insects that
have fed on infected plant and further investigate the species that have tested positive in this study
by establishing colonies and conducting controlled transmission experiments to determine if they are
vectors. Additionally, other Hemipterans encountered in grasses and weeds need to be screened for
the presence of TPPD.
In conclusion, H. crudus, C. inflata, and O. rufifascia have potential as vectors and need to be
investigated more closely. While no definitive, these results are an essential first step into the
direction of vector discovery.
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Influence of Application Volume on
Preemergence Herbicide Efficacy in the Absence
of Activation Moisture
S. Chris Marble, UF/IFAS Environmental Horticulture, marblesc@ufl.edu
Crystal J. Conner, c.conner@ufl.edu

ABSTRACT
Preemergence herbicides must be “activated”
or incorporated into the soil through rainfall or
irrigation after application soon after application
or erratic/poor weed control can result. Florida
growers often experience prolonged periods
of dry weather in the spring and fall months.
Large portions of nurseries are often comprised
on non-irrigated non-crop areas (walkways,
aisles, roads, etc.). It is critical to control weeds
in these areas as part of an overall sanitation
and prevention program. The objective of
this study was to determine if weed control
could be increased in these non-crop areas
by increasing the application carrier volume
at which herbicides were applied. Indaziflam
(Marengo SC, Bayer CropScience) and SureGuard
SC (Nufarm, Inc., Alsip, IL) were applied at two
rates (7.5 and 15 fl. oz. per acre and 8 and 12
fl. oz. per acre for Marengo and SureGuard,
respectively) using 7 different application carrier

volumes (5, 10, 20, 40, 60, 80, and 100 gallons
per acre). Following treatment, pots were placed
in a rainout shelter and did not receive rainfall
or irrigation for 28 days. At 28 days, pots were
moved to a greenhouse, irrigated 0.25 inches
per day via overhead irrigation, and seeded with
equal amounts of eclipta (Eclipta prostrata)
and spotted spurge (Chamaesyce maculata).
Results showed that in general, few differences
were noted when herbicides were applied with
an application volume of at least 10 gallons
per acre (gpa), the minimum recommended
application volume for Marengo (SureGuard
label allows for application volumes as low as
5 gpa). It is recommended for growers to apply
herbicides using application volumes as high as
or higher than the minimum required application
volume and focus efforts on properly calibrating
equipment and selecting the most effective
herbicide for the weed species present.

INTRODUCTION
Florida experiences unexpected weather patterns as evidenced by weather observed in central Florida
in 2016; by the end of July, the greater Orlando area had only received 42% of its annual expected
rainfall to that date. Preemergence herbicides must be activated within a certain time-frame (typically
1 to 3 weeks) in order to be activated. In areas that are not irrigated, erratic weed control may result
when rainfall does increase if preemergence herbicides were not activated within that narrow window
after application (while certain preemergence herbicides can be incorporated or activated through
tillage, most herbicides used in nurseries recommend activation via rainfall/irrigation). Florida growers
have asked if control can be increased during dry weather by increasing the application carrier
volume (e.g. 15 to 20 gallons of water per acre to 50 or 60). This method is uncommon because it
is less efficient (requiring filling up the tank more often) but if preemergence weed control could be
improved, postemergence applications and sequential preemergence applications can be reduced,
significantly lowering the annual cost and environmental impacts of herbicides.
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OBJECTIVES AND METHODS
The objective of this research was to evaluate
weed control efficacy from two herbicides
(flumioxazin and indaziflam) at two of the most
used labeled rates of herbicide active ingredient
applied using 7 different application carrier
(water) volumes [5, 10, 20, 40, 60, 80, and 100
gallons per acre (gpa)]. Nursery pots (1.3 L) were
filled with standard growing media (pinebark,
peat, fertilizer, lime, and micronutrient package)
and treated with either flumioxazin (SureGuard®
SC) at 8 or 12 oz. per acre or indaziflam
(Marengo®) at 7.5 or 15 fl. oz. per acre using a
CO2 backpack sprayer. After treatment, pots
were placed inside a rainout shelter and were
Fig 1. Large areas of nurseries (walkways, aisles, etc.) are often not
not irrigated/did not receive rainfall for 28 days,
irrigated. When preemergence herbicides are applied, erratic control may
exceeding the activation timeframe listed on
result if the herbicide is not properly activated by rainfall.
product labels (21 days). At 28 days, pots were
moved to a covered greenhouse and overseeded
with equal amounts of Eclipta prostrata (Eclipta) and spotted spurge (Chamaesyce maculata) seed.
After seeding, pots were irrigated 0.25 in. each day throughout the remainder of the trial. Data
collected included visual percent control ratings in comparison with nontreated pots (0 to 100, 0 =
0% control; 100 = 100% control) at 2, 4, 6, and 8 weeks after seeding (WAS) and shoot dry weight
data was collected at 8 WAS. Data was analyzed using the Proc GLM procedure in SAS and treatment
means separated using Fisher’s LSD test (p=0.05).

RESULTS
Shoot dry weight data collected at trial conclusion showed that across both rates (low and high) and
across all application volumes (5, 10, 20, 40, 60, 80, and 100 gpa) there was no significant difference
in herbicide with indaziflam and flumioxazin providing 81 and 80% control, respectively, at 8 WAS
(or 12 weeks after treatments were applied) (Table 1). Herbicide rate was a significant effect with the
high rate providing 89% control compared to the low rate providing 72% control across all application
volumes and both herbicides. Across both herbicides and both rates, few differences were noted
when herbicides were applied with an application volume of at least 10 gpa. Application volumes
ranging from 10 to 100 gpa all resulted in 79 to 89% weed control while an application volume of 5
gpa resulted in only 64% control (Table 1). Visual ratings showed a similar trend, few differences were
noted on individual evaluation dates other than the fact that application volumes of 10 gpa or higher
generally outperformed an application volume of 5 gpa (Table 2).
There was no clear trend when examining individual herbicides and rates at each application
volume. At application volumes of 5, 20, 40, 60 and 80 gpa, Marengo applied at 15 fl. oz. per acre
outperformed all other herbicide treatments (Figure 2; Table 3). No differences were noted in the
different rates of SureGuard at application volumes of 20 gpa or higher. The low Marengo rate was
similar to both rates of SureGuard at most application volumes.
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CONCLUSION
The high rate of Marengo provided the most consistent control, with percent control values (based on
shoot dry weight reduction) ranging from 91 to 100% (Figure 3). SureGuard applied at the high rate
also provided consistent control with percent control ratings ranging from 68 to 91%. More variability
was observed when either herbicide was applied at the low rate, specifically with Marengo. Marengo
percent control when applied at 7.5 fl. oz. ranged from 20 to 87% while SureGuard applied at 8 fl. oz.
only varied from 61 to 84%, providing greater weed control than Marengo at 5 and 60 gpa, and was
similar to Marengo at other application volumes. Based upon results from this study, there does not
seem to be an added benefit of increasing application volume significantly above the manufacturer’s
minimum application volume recommendation (10 gpa for Marengo and 5 gpa for SureGuard SC) in
non-irrigated areas when rainfall is not expected. It is important to note that this trial did not include
irrigated or “activated” treatments (treatments that were irrigated to activate the herbicide soon
after application) for comparison. This trial is currently being repeated to determine the difference
in control in activated (irrigated) vs. non-activated herbicide applications. To accomplish this, we are
using the same methodology but included additional treatments that received activation moisture
immediately after herbicide application and are comparing these treatments with treatments that
received no rainfall/irrigation for 28 days. This will allow us to further determine the impact of
application volume on weed control in these non-crop areas. We will provide data to FNGLA and other
stakeholders upon completion.
It is also important to note that this trial was conducted on a small-scale and utilized soilless growing
media (pinebark, peat, and sand + amendments). It may be difficult for growers to replicate certain
application volumes in real-world scenarios based upon available equipment, and results could
vary based upon soil type and other environmental factors. It is recommended that growers use
application volumes at least as high as or higher than suggested on herbicide product labels and
still attempt to time applications when some rainfall is expected in the coming days if possible, also
as recommended on product labels. Differences may also exist based upon weed species present
at a particular nursery. The authors have been assisting several nursery operations with weed
management in non-crop areas. The most significant improvements have been made by selecting
effective herbicides based upon weed species present and properly by calibrating equipment.
Table 1. Main effect of herbicide, rate, and application volume
on percent controlz (biomass reduction) of spotted spurge and
eclipta in absence of activation moisture.

Table 2. Impact of application volume on efficacy of two
herbicidesz applied at labeled rates without application
activation moisture for control of spotted spurge and eclipta.
y

Herbicidey Marengo®
81 av
Applicationx
5
SureGuard®
80 a
Volume		
10
						20
Ratew
Low		
72 b			
40
High		
89 a			
60
						80
					
100

64 b
86 a
79 a
84 a
82 a
85 a
84 a

zPercent control was calculated by using the formula ((dry wt. of nontreated - dry

Ratings

Application
Volume
5
10
20
40
60
80
100

2 WASv
95 cu
100 a
97 bc
99 ab
99 ab
99 ab
99 ab

Shoot F.W.

4 WAS

6 WAS

8 WAS

Percent
Control

77 c
92 a
83 bc
90 ab
89 ab
89 ab
90 ab

64 b
83 a
73 ab
79 a
75 ab
78 a
80 a

60 b
77 a
66 ab
71 ab
68 ab
74 a
72 ab

64 b
87 a
79 a
84 a
82 a
85 a
84 a

x

weight of treated)/dry weight of nontreated)*100.
yMarengo® SC (indaziflam) herbicide appllied at rates of 8 and 12 fl. oz. per acre for

zData shows means of SureGuard® (flumioxazin) and Marengo® (indaziflam)

SureGuard® and 7.5 and 15 fl. oz. for Marengo®.
xApplication volume is shown in gallons per acre.
wRates applied included 7.5 and 15 fl. oz. formulated product per acre for Marengo
and 8 and 12 fl. oz. formulated product per acre for SureGuard for the low and high
rates, respectively.
vMeans followed by the same letter in each category are not significantly different
according to Fisher's LSD (p=0.05)

fl. oz. for Marengo®.
yRatings were taken on a scale of 0 to 100 (0=0% control, 100=100% control) based
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herbicide applied at rates of 8 and 12 fl. oz. per acre for SureGuard® and 7.5 and 15

upon percent coverage of non-treated pots.
xShoot F.W. = shoot fresh weights collected at 8 weeks after seeding. Shoot dry
weight data were converted to percent control ratings using the formula ((weight
nontreated - weight of treated)/weight of nontreated)*100.
vWAS = weeks after seeding. Pots were treated and were not seeded or irrigated for
28 days after herbicides were applied.

Table 3. Effect of herbicide and rate on efficacy of indaziflam (Marengo® and flumioxazin (SureGuard®) when applied at 7 different
application volumes in the absence of activation moisture for control of spotted spurge and eclipta.

Application Volume (GPA)
5
Herbicide

Rate

Marengo
		
SureGuard
		

7.5 fl. oz.
15 fl. oz.
8 fl. oz.
12 fl. oz

20 dy
96 a
61 c
79 b

10

85 ab
96 a
76 b
93 a

20
40
60
Percent Controlz
55 b
99 a
55 b
68 b

80 b
99 a
72 b
80 b

68 b
91 a
84 a
91 a

80

100

79 b
100 a
77 b
84 b

87 ab
97 a
79 b
75 b

zPercent control calculated using the formula ((shoot dry weight nontreated - dry weight treated)/dry weight of nontreated)*100.
yMeans within a column followed by the same letter are not significantly different according to Fisher's LSD (p=0.05).

Fig 2. Influence of application
volume on preemergence
herbicide efficacy in absence of
activation moisture.

Fig 3. Growth of eclipta and spurge at 8 weeks after treatment of
Marengo and SureGuard applied at two rates and at 7 different
application volumes.
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Managing Ficus Whitefly with Pesticides
Catherine Mannion, UF/IFAS Entomology & Nematology, cmannion@ufl.edu
William Schall, UF/IFAS Palm Beach County Extension, wls@ufl.edu

ABSTRACT
Since 2007, thousands of miles of the dominant
hedge material in southern Florida, Ficus
benjamina, has continued to be plagued by poor
health and recovery. There are likely multiple
stress factors involved, but ficus whitefly,
Singhiella simplex, appears to be a major culprit
for severe defoliation, branch dieback and
ultimately poor recovery. In a previous study,
several cultural factors were examined for their
impact on whitefly infestation and damage.
One of the most promising factors was the
introduction of an alternate plant species into the
hedge. In this study, ficus plants were alternated
with Clusia guttifera to form the hedge. Ficus
interspersed with clusia had little to no whitefly,
and was comparable, or even better than ficus
treated with the standard neonicotinoid whitefly

insecticide. The overall goal of the proposed
studies was to expand this research to determine
if including alternate plant species into or
alongside a ficus hedge can reduce whitefly
infestation and damage, and if the response is
truly dependent on the type and spacing of the
alternate plant. Overall, the trend of reduced
whitefly on ficus when in the close proximity of
a non-host plant was seen in all tests. At this
time, it is too early for complete evaluation, in
that we are just now beginning the peak period
of whitefly. These data in combination with data
from previous tests demonstrate a strong case
for using non-host plants in close proximity of
ficus to reduce ficus whitefly populations and
damage.

OBJECTIVES
1. Repeat a previous study using two additional plant species commonly used as hedges to determine
if we get the same response as clusia;
2. Using clusia again as the alternate plant, but with alternating sections of ficus and clusia to
determine if the response is the same as individual alternating plants;
3. Plant a hedge of clusia parallel to ficus that will be maintained at a reduced height relative to the ficus.

METHODS
Three field sites were established at the Tropical Research and Education Center. Rows had 10
foot centers with 2.5 foot plant spacing. A ground irrigation system was put into place to provide
necessary irrigation. All plants were fertilized shortly after planting and two times per year at a rate of
1 lb Nitrogen per 1000 sq ft. Plants were purchased in 3-gal containers from local growers.
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Study 1 – Alternate ficus with non-ficus plants (Clusia
guttifera, Scheffelera arboricola ‘Trinette’, Podocarpus
macrophyllus)
• Planted July, 2016
• 11 plants per row
• 4 replications per treatment
• Leaf samples – Total 6 leaves per plant; 2 plants per
treatment; counted number of live whitefly immatures
• Sampling started late Sep. 2017, sampled every 2 weeks
• Two yellow sticky traps were placed in each row every 2
weeks for 24 hours and adult whiteflies were counted
• Treatments:
1. Ficus benjamina
2. Ficus benjamina alternated with Clusia guttifera
3. Ficus benjamina alternated with Podocarpus macrophyllus
4. Ficus benjamina alternated with Scheffelera arboricola ‘Trinette’
Study 2 – Alternate ficus with 1, 2, or 4 clusia plants
• Planted September, 2016
• 16 plants per row
• 4 replications per treatment
• Leaf samples – Total 8 leaves per plant; 4 		
plants per treatment; number of live whitefly immatures
• Sampling started March 2017, sampled every 2 weeks
• Treatments:
1. Ficus benjamina
2. One Ficus benjamina alternated with one Clusia guttifera
3. Two Ficus benjamina alternated with two Clusia guttifera
4. Four Ficus benjamina alternated with four Clusia guttifera
Study 3 – Compare parallel ficus and clusia rows to ficus
alternated with clusia within the same row
• Planted September, 2016
• 16 plants per row
• 4 replications per treatment
• Leaf samples – Total 8 leaves per plant; 4 plants per treatment;
counted number of live whitefly immatures
• Sampling started March 2017 and were sampled every 2 weeks
• Treatments:
1. Ficus benjamina
2. One Ficus benjamina alternated with one Clusia guttifera
3. Ficus benjamina planted in parallel rows with Clusia guttifera
4. Ficus benjamina alternated with ficus replaced with Clusia guttifera (not yet done)
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RESULTS
Study 1 – Alternate with non-ficus plants
Similar to previous studies, the number
of whitefly nymphs on leaves was
reduced when a non-ficus plant was
alternated with ficus within a row
(Figure 1). Whitefly populations will
begin to increase in mid to late summer
and peak in the fall. The differences
among the treatments is evident during
this period. In contrast to previous tests the current test reduced the whitefly by approximately half
during the peak time but did not reduce it completely as in previous tests. The key difference between
the current test and previous tests is when the test was started. In the current test, plants were placed
in the ground while the whitefly were building and in the previous test, it was planted during February
when the whitefly was at its lowest. Timing relative to the whitefly population may impact the overall
effect of including a non-host plant. The upcoming fall will provide additional information to answer
that question. However, the whitefly is increasing more in the ficus row compared to the rows with
non-host plants (Figure 1). In December 2016 after peak whitefly populations, ficus were yellowing
and defoliating more in the ficus row compared to the rows with non-ficus plants (Figure 2). A similar
trend was seen with adults captured on sticky cards. Numbers remained relatively low until late
summer and began to increase and peaked in the late fall (Figure 3). The highest numbers of adults
were found on traps in the ficus rows and the least number were found in traps with ficus alternated
with scheffelera. All rows with non-host plants were less than the ficus row.
Fig. 2

Ficus

Photos taken December 2016

Ficus - Clusia

Fig. 3
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Ficus - Podocarpus

Ficus - Schefferlera

Study 2 – Ficus and Clusia
Spacing
Overall the numbers of whitefly
are very low (less than one
nymph per leaf) but we are just
beginning the buildup period.
Although the numbers are low,
the trend is similar to that seen
in Study 1, in which the number
of whitefly nymphs on the leaves
from ficus alternated with a nonhost plant was reduced (Figure
4). The period of whitefly buildup
is just beginning as the whitefly
numbers are increasing. The
number of whiteflies in all the rows with clusia are reduced but not significantly different from each
other. At this point, the number of clusia alternated with ficus does not seem to have an impact but
it is too early to tell if there will be some differences as we reach the peak whitefly period this fall. It is
too early to see any differences in damage/defoliation of ficus (Figure 5).
Fig. 5

Ficus

2 Ficus - 2 Clusia
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1 Ficus - 1 Clusia

4 Ficus - 4 Clusia

Study 3 – Parallel Ficus and
Clusia hedges
Overall the number of
whitefly nymphs is low (less
than 1) but are beginning
to increase. The results are
mixed when comparing
treatments from earlier
sampling but are beginning
to break apart with the
least number of whitefly
on the ficus alternated with
clusia (Figure 6). Currently
the ficus row and the ficusclusia replacement row are the same because the replacement with clusia has not happened yet.
That is scheduled to happen during low whitefly time (next winter). Looking at the last couple sample
dates, the highest whitefly are seen in the ficus and the ficus replacement rows which is what would
be expected. As we enter into the peak period of whitefly, treatment differences will be more evident.
It is too early to see any differences in damage/defoliation of ficus (Figure 7).
Fig. 7

Ficus

Ficus - Clusia parallel
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Ficus - Clusia alternated

Ficus - Clusia replacement (no clusia yet)

CONCLUSION
Overall, the trend of reduced whitefly on ficus when in the close proximity of a non-host plant was
seen in all tests. At this time, it is too early for complete evaluation, in that we are just now beginning
the peak period of whitefly. These data in combination with data from previous tests demonstrate a
strong case for using non-host plants in close proximity of ficus to reduce ficus whitefly populations
and damage.
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Novel Cultural Strategies for Managing Insect
Pests of St. Augustinegrass
Adam G. Dale, UF/IFAS Entomology & Nematology, agdale@ufl.edu

ABSTRACT
Turfgrasses cover approximately 164,000 km2 in
the continental United States, an area three times
larger than any irrigated crop. Florida has the
largest turfgrass industry in the US, generating
$8 billion in annual revenue and regionally
supplying lawn plant materials. Over 80% of
turfgrass harvested from Florida sod farms is
planted in urban landscapes where it provides
a wide range of cultural and environmental
services. Unfortunately, insect pests are
ubiquitous to these landscapes, which increases
pesticide use and replacement costs, and
reduces turfgrass services. Maintenance of these
plants from sod production to lawns relies on
the use of insecticides. Agro-ecological evidence
suggests that the negative effects of pests are
compounded by warm season turfgrasses being
produced and planted as concentrated swaths
of genotypic monocultures. Our hypothesis is

that increasing genotypic diversity within warm
season turfgrass species will enhance the quality
and resilience of turfgrass stands, reducing
production and maintenance costs. We propose
that increased St. Augustinegrass cultivar
diversity will reduce insect pest pressure through
top-down and bottom-up regulation. We tested
this hypothesis using tropical sod webworm,
fall armyworm, and southern chinch bug as our
model insect pests. Thus far, we have found that
increasing St. Augustinegrass cultivar diversity
reduces caterpillar fitness and does not influence
the aesthetic quality of turfgrass stands.
Ongoing research efforts are collecting more
comprehensive data to determine the direct
effects on caterpillar and chinch bug fitness
and turfgrass quality (density, color, consumer
acceptance).

OBJECTIVES
Objective 1. Determine the effect of genotypic mixtures on the fitness and control of tropical sod
webworm and fall armyworm
Objective 2. Determine the effect of genotypic mixtures on the fitness and control of southern chinch bug
Objective 3. Determine the effect of genotypic mixtures on industry acceptability and turfgrass quality

METHODS
In the fall of 2016, we planted St. Augustinegrass cultivars in 3 x 3 m plots at three different levels of
cultivar diversity: low, medium, and high at the University of Florida Research and Education Centers
in Citra, FL. Each diversity level was randomly assigned to 15 individual plots, resulting in 45 plots (N
= 45). Low diversity plots are single cultivars planted in monoculture, medium diversity plots are a
mixture of two cultivars, and high diversity plots are a mixture of four cultivars.
We did not include a level of diversity containing all six cultivars to limit the potential for what has
been termed “sampling effects” in experiments assessing the effects of biodiversity. This is when
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a treatment contains all possible candidate cultivars, and by default includes effects of the most
influential cultivar, or cultivars, which can be misinterpreted as diversity effects.
To ensure that we detect the effects of diversity rather than of any cultivar or grouping of
cultivars, we selected cultivars for each plot at random from a pool of six different cultivars of St.
Augustinegrass grown in FL (Floratam, Bitterblue, Palmetto, Seville, Captiva, and Classic). Mixture
treatments contain 15 unique combinations of genotypes selected from the pool of six, while the
monoculture treatment contain two or three plots of each randomly assigned genotype. Therefore,
plots assigned to the same level of diversity vary in their cultivar composition. Each cultivar within a
plot was planted as 15 cm plugs, 30 cm apart and randomly assigned a location per 0.4 m2 to ensure
equal and unbiased distribution within a plot. Each plot is separated by a 1 m alleyway of bare soil
that is maintained with glyphosate and manual trimming. Plots are fertilized and mowed following
practices that mimic the maintenance that would occur during sod production. However, we have not
applied any insecticides so that we can observe true treatment effects on beneficial and pest species.
To address our objectives under more controlled conditions, we replicated this experimental design in
the greenhouse and laboratory using potted plants and turfgrass clippings, respectively.
Objective 1. Determine the effect of genotypic mixtures on the fitness and control of tropical sod
webworm and fall armyworm
Tropical sod webworms (Herpetogramma phaeopteralis Guenee) were reared in a climate-controlled
room kept at 25°C, 60% RH, and 14:10 (L/D). Larvae were reared on ‘Tifway’ bermudagrass clippings
in tubs (25x40x14cm) lined with moist paper towels and a plastic grate (20x28cm, 1x1 cm holes). Fall
armyworms (Spodoptera frugiperda Smith) were reared on artificial diet from a colony maintained at
the USDA-ARS facility in Gainesville, FL.
Herbivore fitness may increase from feeding on multiple host plants. However, associational
resistance posits that herbivore fitness will decrease as plant diversity increases. We tested these
hypotheses by tracking the development of larvae as a function of turfgrass cultivar mixtures. All
development experiments were done in growth chambers maintained at 27°C, 70% RH, and 14:10
(L/D). Caterpillars were placed, one per 4x4x1 cm cell, into 44x22x3 cm rearing trays and fed
turfgrass clippings from one of three treatments (M1, M2, M4).
The grass fed to each caterpillar was changed every two days. Caterpillars in M2 and M4 treatments
received cultivars in random order such that each caterpillar in the mixture of four treatment fed
on four different cultivars over an eight-day period, and each caterpillar in the mixture of two fed
on two different cultivars every four days. Caterpillars in the monoculture treatment had their diet
replenished every other day, although they only fed on one of the six cultivars. This experiment was
repeated four times.
To determine the effect of increasing St. Augustinegrass genotypic diversity in tropical sod webworm
and fall armyworm diets, we recorded larval body weight, days to pupation, pupal weight, days to
eclosion, and population sex ratio. We measured body size (mg) after 11 days of feeding because it
can be an important indicator of fecundity. Development rate is important because it may affect the
timing and application of management techniques as well as population growth.
Therefore, we recorded development time from first instar larva to adult for each caterpillar.
Alterations to sex ratios may have similar effects, altering population compositions, and a species’
ability to reproduce. Therefore, we also tracked the sex ratios of each treatment.
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Objective 2. Determine the effect of genotypic mixtures on the fitness and control of southern
chinch bug
To determine the effects of increasing genotypic diversity in St. Augustinegrass on southern chinch
bug, we are conducting field and laboratory experiments. Using the field plots described above, we
are collecting insect surveys from within each field plot monthly. This field survey will tell us if there
is an effect of diversity on arthropod abundance or diversity, and if there is an effect on southern
chinch bug abundance. We are also replicating the field experiment in potted plants in the greenhouse
to determine the effects of cultivar diversity on southern chinch bugs under more controlled
conditions. In this experiment, we planted St. Augustinegrass stolons in 8 inch pots as monocultures
(M1), mixtures of two (M2), and mixtures of four cultivars (M4). Once stolons established and filled in
the pot, we infested each pot with 20 southern chinch bugs (10 male, 10 female). We are currently
tracking these infested pots to quantify population growth within each treatment as well as the effect
of the insects on turfgrass quality.
Objective 3. Determine the effect of genotypic mixtures on industry acceptability and turfgrass
quality
To determine the effect of mixing St. Augustinegrass cultivars on turfgrass quality and industry
acceptability, we are conducting a series of evaluations on our field plots at the PSREU in Citra, FL.
At a monthly rate, we quantify turfgrass density, color, and quality within each plot (15 replicates
of each diversity treatment). Using these data, we can determine if there is an effect of cultivar
diversity on turfgrass density, color, and quality, which are all indicators of industry acceptability and
performance.
In the fall of 2016, we conducted a preliminary survey of Florida turfgrass producers and managers
to determine if they could differentiate cultivar mixtures from monocultures planted in small trays.
In the fall of 2017, we will conduct a second, more comprehensive survey where Florida turfgrass
producers rank their favorite turfgrass plots (1-3) within each of six selected blocks. From these data,
we can determine if industry professionals prefer cultivar mixtures over monocultures or if there is no
preference.
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RESULTS
Objective 1. Determine the effect of genotypic mixtures on the fitness and control of tropical sod
webworm and fall armyworm
We are currently investigating the effects of manipulating St. Augustinegrass cultivar diversity on
caterpillar pest (tropical sod webworm and fall armyworm) fitness and abundance. Thus far, our
preliminary evidence suggests that fall armyworm body size is reduced when fed cultivar mixtures
compared to monocultures (F2,24 = 4.83, P = 0.0356) (Figure 1) and sex ratio is male-biased when
fed cultivar mixtures compared to monocultures, suggesting diversity reduces fitness. Preliminary
evidence also suggests that increasing cultivar diversity reduces tropical sod webworm fitness by
increasing mortality during development from larva to adult (F2,24 = 3.84, P = 0.0324) (Figure 2). These
preliminary and ongoing investigations justify determining if similar effects of cultivar diversity exist
for other, more economically important and damaging, insect pests.

Objective 2. Determine the effect of genotypic mixtures on the fitness and control of southern
chinch bug
We currently do not have any preliminary results for the effect of cultivar diversity on southern
chinch bug. However, we have conducted field plot surveys of arthropod and chinch bug abundance
at a monthly rate from June through August 2017. We also have greenhouse experiments currently
underway to determine the direct effects of mixing cultivars on southern chinch bug fitness.

45 | FNGLA Endowment 2016 Funding Report

Objective 3. Determine the effect of genotypic mixtures on industry acceptability and turfgrass
quality
For IPM tactics to successfully transition from research to application, they must be simple and
effective, but also meet industry standards. The turfgrass industry is strongly reliant on aesthetic
acceptability, which is based on uniform growth, color, and texture. We surveyed Florida turfgrass
sod growers and landscape managers to determine their ability to visually differentiate monocultures
from stands of mixed St. Augustinegrass cultivars. A survey of 60 industry professionals found that
only 33% of participants could successfully differentiate monoculture plantings from plantings
containing mixtures of two or four cultivars – a rate expected by random chance, suggesting that St.
Augustinegrass cultivars planted in mixture could meet the industry’s aesthetic standards. Next, we
will conduct a more comprehensive survey of turfgrass industry professionals using our field plots in
Citra, FL (Figure 3) at the turfgrass field day in October 2017.

We currently do not have any preliminary results evaluating the quality of turfgrass stands planted
in monoculture, mixtures of two cultivars, or mixtures of four cultivars. However, visual comparisons
and ratings suggests that there is no difference between mixed plantings and monoculture plantings.
We have taken quantitative measurements at a monthly rate from April through August of 2017,
which will provide a thorough quantitative analysis of the establishment and quality of each turfgrass
stand in the field. We will continue to track the development and quality of these plots over the next
year to quantify the effects of diversity on turfgrass quality and industry suitability.
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CONCLUSION
Thus far, our results suggest that mixing cultivars of St. Augustinegrass may create lawns that are
more resilient to pests than the long-standing status quo of monoculture stands of genetically
identical plants. Our results suggest that caterpillar pests will not survive as well when developing
in diverse lawns. It also appears that turfgrass producers and managers are unable to differentiate
diverse lawns from monoculture lawns, which indicates that this may be a tractable pest management
approach. This research is ongoing and our results are preliminary, however, this funding from the
FNGLA has allowed us to establish several ongoing experiments to further investigate this system.
Each of the objectives described above are being pursued in multiple directions to develop more
definitive results and management recommendations. Several experiments are currently underway
that will shed light on a more complete summary of the effects of turfgrass cultivar mixtures on
caterpillar and southern chinch bug success as well as the cultural management effects of mixing
cultivars. The results developed from this work led to the submission of a $500,000 USDA-AFRI
proposal this year, which would facilitate a much more comprehensive investigation of this project if
funded.
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Preemergence Herbicides for Weed Control
in Allamanda, Bird of Paradise, Firebush and
Hibiscus
Nathan S. Boyd, UF/IFAS Horticultural Sciences, nsboyd@ufl.edu
Shawn Steed, UF/IFAS Environmental Horticulture, ststeed@ufl.edu

ABSTRACT
Experiments were conducted at the Gulf Coast
Research and Education Center to evaluate
Spect(i)cle® G, Broadstar™, Tower®, OH2®,
Freehand® 1.75G, Showcase®, Snapshot 2.5
TG, and GeminiTM3.7 SC for use on Allamanda
schottii (allamanda), Strelitzia reginae (Orange
Bird of Paradise), Hamelia patens (firebush)
and Hibiscus rosa-sinensis ‘Painted Lady’.

Spect(i)cle G, Broadstar, Showcase, and
Snapshot were safe for use on Allamanda.
Spect(i)cle G, Tower, OH2, Showcase, Snapshot
and Gemine were safe for use on bird of
paradise. Spect(i)le G, OH2, Showcase, and
Snapshot were safe for use on firebush. All
herbicides evaluated were safe for use on
hibiscus.

OBJECTIVE
Evaluate multiple preemergence herbicides for use in potted tropical ornamentals in terms of crop
safety and efficacy.

METHODS
Experiments were conducted at the Gulf Coast Research and Education Center in 2017 to evaluate
efficacy and crop safety of multiple preemergence herbicides on allamanda, bird of paradise,
firebush and hibiscus. Herbicide treatments are listed in table 1. The experiment was set up as a
randomized complete block design in five blocks and then repeated. Each replicate was a single
potted ornamental. All ornamentals were potted in one gallon pots filled with 25% Florida Peat and
75% 3/4” bark (Reliable Peat Inc.). The potting soil also contained minor nutrients and 1 lb dolomite
per yd3. Plants were fertilized with slow release fertilizer (Nutricote 18-6-8 as needed (Florikan ESA,
LLC, Sarasota, FL)). Each herbicide treatment was applied twice with the first application on March
14, 2017 followed by the second application on May 17, 2017. Granular herbicides were applied with
a hand held shaker. Leaves were lightly shaken following application to remove granules. Liquid
herbicides were applied using a hand held CO2 pressurized sprayer equipped with Teejet 8002EVS
nozzles. The herbicides were applied in 20 gallons per acre at 35 PSI.
Data collection consisted of damage ratings 4 weeks after the first herbicide application and damage
ratings 2, 4, and 8 weeks after the second herbicide application. Damage ratings were based on a 0 to
100 scale where zero was no damage and 100 was complete shoot death. Plant heights, plant widths,
and the number of weeds in each pot were measured eight weeks after the first and second herbicide
application.
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The data were analyzed in SAS using
Proc Mixed with block as the random
factor. Damage ratings, heights, and plant
widths were analyzed using the repeated
statement and means are compared using
LSD mean comparisons. Data were tested
for normality and constant variance prior
to analysis.

RESULTS
Levels of weed control were similar in all
pots.
Allamanda. Tower at 62 oz/acre caused
46% shoot damage which was higher than
all other herbicides evaluated (Table 2). The
low rate of Tower, Freehand, and Gemini
also caused unacceptable levels of damage. Based on the damage observed following Tower and
Freehand applications we can assume that the active ingredient dimethenamid-P is not safe for use
on allamanda. In addition, based on the fact that similar levels of isoxaben mixed in other herbicide
products did not cause damage, we assume that the active ingredient prodiamine is not safe for use
on allamanda. All other herbicides evaluated did not cause damage.
Bird of Paradise. Low levels of damage were observed across treatments. The plants were stressed
and some of the leaves damage following transplant and as a result some of the damage observed
may not be due to herbicides. Broadstar at the highest rate was the only product that caused
unacceptable levels of damage.
Firebush. Broadstar, Tower, Freehand, and Gemini damaged firebush and the damage increased with
application rate. All other herbicides were safe for use on firebush.
Hibiscus. None of the evaluated herbicides damaged hibiscus.

CONCLUSION
Spect(i)cle G, Broadstar, Showcase,
and Snapshot were safe for use on
Allamanda. Spect(i)cle G, Tower, OH2,
Showcase, Snapshot and Gemine were
safe for use on bird of paradise. Spect(i)
le G, OH2, Showcase, and Snapshot were
safe for use on firebush. All herbicides
evaluated were safe for use on hibiscus.
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List of Past FNGLA Winners
2005
PI NAME
Thomas Yeager
William Crow
Forrest Howard

Zhanao Deng
David Clark

James Gibson

HOME UNIT

LOCATION

Environmental
Horticulture
Entomology &
Nematology
Environmental

Gainesville
Campus
Gainesville
Campus
Ft. Lauderdale

Statewide Expansion of South Florida BMP
Effort
Biological Control of Root-Knot
Nematodes on Woody Ornamentals
Biology and Management of West Indies

Horticulture

REC

Environmental
Horticulture
Environmental
Horticulture

Gulf Coast REC

Mahogany Scale, Conchaspis cordiae
(Hemiptera: Conchaspididae)
Genetic Sterilization of Lantana

Environmental
Horticulture

West Florida
REC
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Gainesville
Campus

TITLE

Development of New Coleus Cultivars for
Better Foliage Color Stabiliy and Use as
Groundcovers
Consumer Purchase Patterns in Florida
(3-year study) Study 1 (completed): The
Impact of in-house displays on impulse
buying behavior; Study 2 (ongoing
project): The impact of display gardens
on identifying consumer needs, trends,
and preferences; Study 3: (proposed):
Developing employee plant knowledge
to effectively educate consumers and
increase sales

2006
PI NAME

HOME UNIT

James Barrett

Environmental
Horticulture

Gainesville
Campus

Monica Elliott

Plant Pathology

Ft. Lauderdale
REC

Kati Migliaccio

Agricultural &
Biological
Engineering

Tropical REC

Kimberly Moore

Environmental
Horticulture

Ft. Lauderdale
REC

Wagner
Vendrame

Environmental
Horticulture

Tropical REC

Tom Yeager

Environmental
Horticulture

Gainesville
Campus
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LOCATION

TITLE
Evaluating Flowering Annuals and
Herbaceous Perennials for the Florida
Climate
Determine the etiological agent for a new
disease affecting Syagrus romanzoffiana
(queen palm) in landscapes and nurseries
Designing Irrigation BMPs Considering
Capillary Rise for Production Cost Savings
Fertilization Effects on Water
Requirements of Container Grown
Ornamentals during Establishment in the
Landscape
Potential Horticultural and Disease
Management Benefits of Silicon
Fertilization of Potted Orchids
Expanded BMP Education

2007
PI NAME
Kimberly Moore
Tom Yeager
Michael Dukes

Gurpal Toor
Monica Elliot

HOME UNIT

LOCATION

TITLE

Environmental
Horticulture
Environmental
Horticulture
Agricultural &

Ft. Lauderdale
REC
Gainesville
Campus
Gainesville

Organic Matter and Irrigation Frequency
Effects During Shrub Establishment
BMP Workshops for Field-Grown Plant
Producers
Development of Programming

Biological
Engineering
Soil & Water
Sciences
Plant Pathology

Campus

Recommendations for Smart Irrigation
Controllers
Characterization of Organic Compounds in
Nursery Reclaimed Water
Fusarium Decline of Palms: Pathogen,
Hosts, Diagnosis and Control
Toward Sterilizing Nandina: Inducing
Tetraploids for Development of Sterile,
Non-Invasive Triploid Nandina
The Benefits of Florida’s Urban Forests on
Environmental Quality

Zhanao Deng

Environmental
Horticulture

Francisco
Escobedo

School of Forest
Resources &
Conservation
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Gulf Coast REC
Ft. Lauderdale
REC
Gulf Coast REC

Gainesville
Campus

2008
PI NAME

HOME UNIT

LOCATION

Richard Beeson

Environmental
Horticulture

Mid-Florida REC

Geoffrey Denny

Environmental
Horticulture

Gulf Coast REC

Michael Dukes

Agricultural &
Biological
Engineering
Environmental
Horticulture

Gainesville
Campus

Paul Fisher

Paul Monaghan

Brian Pearson
Amy Shober

Thomas Yeager

Agricultural &
Biological
Engineering
Environmental
Horticulture
Soil & Water
Sciences
Environmental
Horticulture

Gainesville
Campus
Gainesville
Campus
Mid-Florida REC
Gulf Coast REC

Gainesville
Campus
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TITLE
Commercial Evaluation of Automated
Irrigation Control for Overhead Irrigation
Based on Daily Weather
Validation of Nitrogen Fertilizer
Recommendations for Florida Landscape
Plants
Irrigation Controller Programming
Guidelines by Multimedia Methods
Onsite Monitoring of Water Treatment
Technologies in Recycled Irrigation Water
for Florida Nurseries
Using Community Based Social Marketing
to Evaluate Homeowner Attitudes Towards
Florida Friendly Waterfront Landscapes
Quantification of Stormwater Nutrient
Runoff in the Environment
Effects of Organic Matter and Tillage on
Plant Establishment and Nutrient Losses
in an Residential Landscape
Production Strategies for Water Savings in
the Landscape

2009
PI NAME

HOME UNIT

Jianjun Chen

Environmental
Horticulture

Mid-Florida
REC

Geoffrey Denny

Environmental
Horticulture

Gulf Coast REC

Rosanna Freyre

LOCATION

Environmental
Horticulture
Jason Keith Kruse Environmental
Horticulture

Gainesville
Campus
Gainesville
Campus

Amy Shober

Soil & Water
Sciences

Gulf Coast REC

Tom Yeager

Environmental
Horticulture
Environmental
Horticulture

Gainesville
Campus
Gainesville
Campus

Tom Yeager
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TITLE
Improving the Quality of Recycled-Irrigation
Water by Minimizing Algal Density Using
Plant-Friendly Chemicals
Validation of Nitrogen Fertilizer
Recommendations for Florida Landscape
Plants
Breeding of Sterile and Non-Invasive Ruellia
Cultivars
Determining Required Width of Unfertilized
Buffer Strips to Limit Fertilizer Movement
Into SurfaceWater Bodies
Evaluation of Soil Physical and Chemical
Properties at Newly Constructed Residential
Home Sites to Improve Plant Growth and
Environmental Quality
Developing a BMP Manual for Field-Grown
Plant Producers
Automatic Irrigation Control Based Upon
Plant Need

2010
PI NAME
David Clark
Catharine
Mannion
Kimberly Moore
Kati Migliaccio

Robert Stamps

HOME UNIT

LOCATION

Environmental
Horticulture
Entomology &
Nematology

Gainesville
Campus
Tropical REC

Environmental
Horticulture
Agricultural &
Biological
Engineering
Environmental
Horticulture

Ft. Lauderdale
REC
Tropical REC

Mid-Florida REC

Tom Yeager

Environmental
Horticulture

Gainesville
Campus

Tom Yeager

Environmental
Horticulture

Gainesville
Campus
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TITLE
The University of Florida Sensory Gardens
Impact of Insecticides and Method of
Application on Natural Enemies in the
Landscape
Use of Reclaimed Waste Water to Grow
Greenhouse Ornamental Plants
Interactive Tool for Improving Water
Management in Landscapes
Evaluation and Identification of
Effective and Safe Herbicides, Herbicide
Formulations and Application Rates for
Landscape and Nursery Use
Development of an Economic Decision
Support Tool for Container Nursery
Management
Enhanced Decision Capabilities for
Irrigation of Container Plants

2011
PI NAME

HOME UNIT

Gul Shad Ali

Plant Pathology

Erin Alvarez

Environmental
Horticulture
Entomology &
Nematology
Plant Pathology

Eileen Buss
Aaron Palmateer
Amy Shober
Tom Yeager

Soil & Water
Sciences
Environmental
Horticulture
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LOCATION

TITLE

Mid-Florida REC Development of a Rapid and Sensitive
Diagnostic Kit for Ornamental Plant
Pathogens Using Loop-Mediated
Isothermal Amplification and Recombinase
Polymerase Amplification
Gainesville
The University of Florida Sensory Gardens
Campus
Gainesville
Gall-Maker Management in Live Oak
Campus
Nurseries
Tropical REC
Management of High Consequence
Bacterial
Gulf Coast REC Evaluation of Nutrient Leaching From
Mixed Landscapes
Gainesville
Continued Development of an Economic
Campus
Decision Support Tool for Container
Nursery Management

2012
PI NAME

HOME UNIT

Tom Yeager

Environmental
Horticulture

James P. Cuda

Entomology &
Nematology

Gary Knox

Environmental
Horticulture

Tesfamariam
Mengistu

Entomology &
Nematology

Gul Shad Ali

Plant Pathology

Monica Elliott

Plant Pathology

Robert Stamps

Environmental
Horticulture

Zhanao Deng

Environmental
Horticulture

LOCATION
Gainesville
Campus

TITLE

Evaluating the Effect of Plant Species on
Water Usage to Improve Container Nursery
Irrigation BMPs
Gainesville
Mass Rearing of the South American
Campus
Psyllid Calophya terebinthifolii (Hemiptera:
Calophyidae), a Candidate Biological
Control Agent for Brazilian Peppertree
North Florida REC New Crapemrytle Cultivars for the
Southeastern U.S. An Extensive Evaluation
of Field Resistances to Fungal, Bacterial
and Abiotic Disorders and Plant and Flower
Characteristics
Gainesville
Development of a New Molecular Method
Campus
to Detect Major Root-Knot Nematodes
(Meloidogyne spp.) Occurring in Florida
Nurseries
Mid-Florida REC Implementation and Field Testing of
a Rapid and Sensitive Diaignostic Kit
for Ornamental Plant Pathogens Using
Loop-Mediated Isothermal Amplification
Integrated with Lateral Flow Devices
Ft. Lauderdale
Fungicide Movement, Distribution and
REC
Persistence in Palms
Mid-Florida REC Development of Control and Eradication
Methods for a Weed Posing a Nursery
Quarantine Risk and a Weed Posing Human
Health and Environmental Risks
Gulf Coast REC
Developing Superior Native Plant Varieties
for the Florida Nursery and Landscape
Industry
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2013
PI NAME
Steven Arthurs
Jianjun Chen
Huangjun Lu
Paul Monaghan

Kimberly Moore
Quisto Settle

Thomas Yeager
Thomas Yeager

HOME UNIT
Entomology &
Nematology
Environmental
Horticulture
Horticultural
Sciences
Agricultural &
Biological
Engineering
Environmental
Horticulture
Agricultural &
Biological
Engineering
Environmental
Horticulture
Environmental
Horticulture
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LOCATION

TITLE

Mid-Florida REC Processed Coffee Grounds to Manage
Cycad Aulacaspis Scale in Landscapes
Mid-Florida REC Developing Color-Leaved Ficus Plants
Through Biotechnology Approaches
Everglades REC Enhancing St. Augustinegrass for Drought
Gainesville
Campus
Ft. Lauderdale
REC

Gainesville
Campus
Gainesville
Campus

Tolerance
Increasing Tree Sales and Survivability in
Urban Areas Community Tree Stewardship
Programs
Determination of Salt Tolerance of
Container Grown Ornamental Shrubs
Understanding Public Opinion of Issues
Facing the Nursery and Landscape
Industry in Florida
Enhancing Irrigation in Container Nurseries
Using Mobile Device App
Develop Video to Promote BMPs

2014
PI NAME

HOME UNIT

Bala
Horticultural
Rathinasabapathi Sciences
Tom Yeager
Environmental
Horticulture
Aaron Palmateer Plant Pathology

Ronald Cave
Stephen Marble

Entomology &
Nematology
Environmental
Horticulture

LOCATION
Gainesville
Campus
Gainesville
Campus
Tropical REC

Indian River REC
Mid-Florida REC

Mathews Paret

Plant Pathology

North Florida
REC

Nathan Boyd

Gulf Coast REC

Erica Goss

Horticultural
Sciences
Plant Pathology

Catharine
Mannion

Entomology &
Nematology
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Gainesville
Campus
Tropical REC

TITLE
Toward a Novel Biopesticide to Control Fall
Armyworms: Beebalm Phytochemicals
A Mobile Device App for Enhancing
Irrigation in Container Nurseries
Using Plant Diagnoistic Reports as a Tool
for Preventative Disease Management in
Florida Nurseries and Landscapes
Biological Control of Green Croton Scale
on Ornamental Plants
Increasing the Accuracy and Effectiveness
of Herbicide Applications in Florida
Nurseries
Rose Mosaic: Management of Destructive
Rose Virus Complex Using Early Detection
and Novel IPM Strategies
Weed Management Options for Tropical
Ornamentals
New Method to Detect Hybrid
Phytophthora in Nursery Production
Contributing Factors in Ficus benjamina
Decline

2015
PI NAME
Mace Bauer
Nathan Boyd
Paul Fisher
Paul Fisher

HOME UNIT

LOCATION

Horticultural
Sciences
Horticultural
Sciences
Environmental

Gainesville
Campus
Gulf Coast REC

Horticulture
Environmental
Horticulture

Campus
Gainesville
Campus

Stephen Marble

Environmental
Horticulture

Kimberly Moore

Environmental
Horticulture

Bart Schutzman

Environmental
Horticulture

Tripti Vashisth

Horticultural
Sciences

Tom Yeager

Environmental
Horticulture
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Gainesville

TITLE
Improve Environment and Resource
Management
Weed Management Options for Tropical
Ornamentals
Delivering Adequate Oxygen for Rooting of

Plant Cuttings
Lowcost and Automated Sensorbased
Technology for Improving Irrigation
Strategies
Mid-Florida REC Determining the Impact of Metsulfuron
a Turf Herbicide on Growth and
Establishment of Ornamental Trees and
Shrubs in Florida’s Landscapes
Ft. Lauderdale
Varying Leaching Fractions and Waste
REC
Water Blends to Grow Containerized
Foliage Plants
Gainesville
Expansion andqw Enhancement of the
Campus
Gardens at Fifield for Research, Teaching
and Extension
Citrus REC
Evaluate the Use of Plant Growth
Regulators and Different Growing Media
to Accelerate the Rate of Germination and
Growth in Citrus Rootstock Seedlings and
Budded Trees
Gainesville
Using Leaching Fraction to Achieve
Campus
Appropriate Irrigation Application
Amounts

2016
PI NAME

HOME UNIT

Rosanna Freyre

Environmental
Horticulture

Bryan Unruh

Environmental
Horticulture
Entomology &
Nematology

Xavier Martini

Paul Fisher
Brian Bahder

Environmental
Horticulture
Entomology &
Nematology

S. Chris Marble

Environmental
Horticulture

Catharine
Mannion
Adam Dale

Entomology &
Nematology
Entomology &
Nematology
Horticultural
Sciences

Nathan Boyd
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LOCATION
Gainesville
Campus

TITLE

Breeding Sterile Dwarf Mexican Petunia
(Ruellia Simplex) at the University of
Florida
West Florida REC A Mobile Web Application for Geolocating
Fertilizer Ordinance Jurisdictions
North Florida
Investigating Potential Alternative Vectors
REC
and Reservoirs of Rose Rosette Virus in
the Florida Panhandle
Gainesville
Remediating Agrichemicals from Irrigation
Campus
Water Using an Activated Carbon Filter
Ft. Lauderdale
Evaluation of Insects in Areas Impacted
REC
by Texas Phoenix Palm Decline for Their
Potential as Vectors
Gainesville
Impact of Herbicide Application Carrier
Campus
Volume on Weed Control in the Absence
of Rainfall or Irrigation for Activiation
Tropical REC
Managing Ficus Whitefly Without
Pesticides
Gainesville
Novel Cultural Strategies for Managing
Campus
Insect Pests of St. Agustinegrass
Gulf Coast REC
Preemergence Herbicides for Weed
Control in Allamanda,Bird of Paradise,
Firebush and Hibiscus
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