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SUMMARY
The purpose of this report is to compile and update the yearly progress made by research
directed by the Floral and Nursery Initiative funds located at USDA-ARS headquarters.
History of USDA-ARS Floriculture and Nursery Research Initiative (FNRI)
The ARS Floriculture and Nursery Research Initiative (FNRI) was presented to congress in
1998 by the American Nursery Landscape Association and Society of American Florists
(SAF). The initiative was the culmination of five years of surveys and discussion among the
green industry, academic researchers, and USDA Agricultural Research Service (ARS) to
identify priority research goals and key projects in environmental horticulture. FNRI was first
funded in FY 1999 with $1 million in congressional appropriated funding to ARS. Since that
time there have been six additional funding increases for more than $6 million, although actual
appropriated dollars have been adjusted for rescissions, sequestration, and other changes to
federal base funding. FNRI uses a model of tripartite coordination between ARS Office of
National Programs, commodity groups (AmericanHort and SAF), and university cooperators
to set research priorities each year. Over the years, some FNRI funds have been moved to ARS
base funds in order to hire permanent ARS scientists for FNRI objectives, mostly at the U.S.
National Arboretum (USNA). The remaining funds are distributed to floral and nursery
researchers on a yearly basis as determined by ARS Office of National Programs in
consultation with AmericanHort and SAF. ARS leads floriculture and nursery research
projects at 22 locations in the U.S. representing more than $37 million in ongoing research
efforts. FNRI funding represents a substantial portion of the overall ARS efforts and a unique
public-private partnership funded through ARS. FNRI plays a critical role in generating
scientific research on high-priority issues that affect all segments of the floral and nursery
industries including post-harvest technology, water quality and pest and disease management.
In FY2019, the total amount allocated for FNRI at ARS headquarters was $2,862,590. This
amount does not include FNRI funding that has been converted in ARS base funds.
FNRI-funded researchers presented their results in FY 2019 at:





Scientific Conferences and Workshops 85 times (78 times in FY 2018)
Grower Expos, Training, and Educational Workshops 48 times (47 times in FY 2018)
Master Gardeners and Garden Clubs 4 times (6 times in FY 2018)
Of these presentations, 9 were made outside the U.S. (17 in FY 2018)

FNRI-funded researchers published their results in FY 2019 in:
 Peer-reviews journals 89 times (42 times in FY 2018)
 10 additional manuscripts were submitted for publication
 6 peer-reviewed Proceedings and Abstracts (7 in FY 2018)
 20 Popular Press articles, Newsletters, Blogs, and Reference Guides (15 in FY 2018)
 5 Books (4 in FY 2018)
 2 Dissertations (1 in FY 2018)
 1 online extension course for professional development
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o FNRI funding was used to train 28 graduate students and postdocs, as well as fund 44
undergraduate and technical help in FY 2019. Five (5) international visiting scientists
were funded in part by FNRI and an additional four international experts participating in FNRI
research without FNRI funding. Sixteen (16) undergraduate students and 9 graduate students
and postdocs participated in FNRI research without receiving funding.
o FNRI funding is currently being leveraged for $2.534 million competitive grants and
unrestricted funding ($2.375 million in FY 2018).
o FNRI research is being conducted with a network of 121 growers, researchers, and
companies not listed in these reports (102 in FY 2018)
FY 2019 FNRI Funding went to ARS and university scientists for research on the projects
summarized below.
Germplasm Collections and Evaluations, $340,000
1. Pablo Jourdan, Department of Horticulture and Crop Science, at The Ohio State
University, Columbus, OH and James Altland, ARS at Wooster, OH. The project is
titled “Germplasm resources for the floriculture and nursery industry at the Ornamental
Plant Germplasm Center (OPGC)” and the goals are to acquire, document, maintain,
characterize, and distribute herbaceous ornamental genetic resources and associated
information for conservation and scientific research.
Biotechnology, $283,798
1. David Clark and Thomas Colquhoun from the University of Florida and Bob Shatters,
ARS, Ft. Pierce, FL. The project is titled “Basic Mechanisms of Plant Metabolism:
Biotechnology Approaches for Manipulating Plant Biochemistry”. The project focuses
on Lilium and Caladium to understand plant metabolism and the production of
fragrance, and to manipulate plant metabolism through environmental effects or gene
editing. This project was evaluated in FY2020 and will transition to a new ARS PI,
Joe Patt, in order to focus on the scent research with Thomas Colquhoun.
2. Wusheng Liu, Thomas Ranney, Hamid Ashrafi, and Darren Touchell at North Carolina
State University, and Fred Gouker, ARS, Beltsville, MD. The project it titled
“Development of transgene-free approaches for gene editing in landscape plants”. The
projects focuses on developing DNA- free genome editing techniques to avoid the
presence of transgenes. New in FY 2019
3. Anna Whitfield, North Carolina State University; Thomas L. German, University of
Wisconsin; and Scott Adkins, ARS, Fort Pierce, FL. The project is titled "Development
of a Novel Control Strategy for Thrips and Tospoviruses in Floral Crops". The goal of
this project is to develop new and effective technologies for management of tomato
spotted wilt virus, including altered Bt toxins that are effective against the western
flower thrips insect, which moves the virus around, and dsRNA technologies. This
project was evaluated in FY2020.
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Greenhouse and Nursery Production Technology, $787,000
1. Christian Nansen, University of California, Davis and Dan Kluepfel, ARS, Davis, CA.
The project is titled “Advancing Pest Management in Floriculture Crops Through
Applications of Innovative Technologies”. The project improves monitoring for
detection and diagnosis of emerging arthropod pest outbreaks using images, machine
learning, and robotics. It also tests novel chemistries and best practices in floral and
nursery production.
2. Heping Zhu, ARS, Wooster, OH. The project is titled “Improved Pest Control
Application Technologies for Sustainable Crop Protection”. The goal of this project is
optimize an intelligent-decision air-assisted spraying system to increase pesticide
application efficiency and minimize environmental impact for ornamental nursery
crops.
3. Erik Runkle and Roberto Lopez, Michigan State University, and James Altland, ARS,
Wooster, OH. The project is titled “Using Lighting Technologies and Genetics to
Improve Growth and Flowering of Floriculture Crops”. The goal of this project is to
understand the impact of blue light and far-red radiation on growth attributes and
subsequent flowering of common annual bedding plant seedlings grown indoors and
determine LED supplemental lighting.
4. James Faust, Clemson University and James Altland, ARS, Wooster, OH. The project
is titled “Optimizing Water Use in Floriculture Crops”. The goal of this project is to
reduce water use in propagation of vegetative annuals for the purpose of improved
environmental stewardship and improved production efficiency.
5. Paul Fisher, University of Florida and James Altland, ARS, Wooster, OH. The project
is titled “Resource Efficiency in the Floriculture Production and Value Chain”. The
goal of this project is produce grower decision support tools that improve resource use
efficiency at each step of production and distribution of floriculture crops from
propagation of the seed or unrooted cutting to a finished plant at retail.
6. John Erwin, University of Minnesota and James Altland, ARS, Wooster, OH. The
applied focus of the work is to reduce energy inputs, reduce labor inputs, improve crop
yield via environmental manipulation, and reduce chemical inputs by combining
chemicals to produce synergistic responses.
7. Jim Owen, Virginia Polytechnic Institute and State University, and James Altland,
ARS, Wooster, OH. The project is titled “Development of Technologies and Strategies
for Sustainable Crop Production in Containerized and Protected Horticulture Systems”.
Research supports new pine-based substrates for container nursery production that are
engineered to reduce water use, lower agrochemical inputs, and minimize crops stress
and time to market. New in FY 2019
8. Ariana Torres, Purdue University; Rosa Raudales, University of Connecticut; Dewayne
Ingram, University of Kentucky; and Jennifer Boldt, ARS Toledo, OH. The project is
titled “Strategies and technologies to optimize resources in controlled environment
agriculture”. This project proposes to measure energy, water, carbon, and nutrient
benchmarks for growers to compare resource efficiency at their operations with that of
the industry and competitors using data collected from commercial greenhouses.
Benchmarks will help growers evaluate their internal use of resources and
3

environmental impact (using the Water Footprint model and Life Cycle Assessment).
New in FY 2019
9. Chris Wilson, University of Florida; and Joseph Albano, ARS, Fort Pierce, FL. The
project is titled “Using Degraded Water Resources for Irrigation in the Production of
Horticultural Crops”. The goal of this project is to support ongoing specialty crops
research focused on plant nutrition and fertilizers, irrigation method and water quality,
substrate composition and chemistry, and runoff water remediation. This project was
evaluated in FY2020 and, given the other funding that is now available, will not be
funded by FNRI in FY 2020.
10. Brian E Jackson, North Carolina State University, Raleigh, NC; and Joseph P. Albano,
ARS, Fort Pierce, FL. The project is titled “Improving the Efficiency of Container
Substrates: Developing Water and Nutrient Profiles”. The goal of this research is to
identify the optimal pulse regimen for sub-irrigation practices on horticultural
substrates as well as determine how height of water and moisture content affect a
substrates hydration efficiency. This project was evaluated in FY2020 and, given the
other funding that is now available, will not be funded by FNRI in FY2020.
11. Raul Cabrera, Rutgers University; Genhua Niu, Texas A&M AgriLife Research; and
James Altland, ARS, Wooster, OH. The project is titled “Alternative Irrigation Water
Sources for Sustainable Nursery Production and Urban Landscapes”. The goal of this
project is to evaluate the effects of using reclaimed water and graywater for nursery &
greenhouse crop irrigation as compared to municipal potable or high-quality water
sources. . This project was evaluated in FY2020 and, given the other funding that is
now available, will not be funded by FNRI in FY 2020.
Economics and Impacts, $205,792
1. Nick Gawel, Tennessee State University, McMinnville, TN, and Lisa Alexander, ARS,
McMinnville, TN. The project is titled “Evaluation of native and underutilized
germplasm for nursery and landscape use”. Research includes replicated trials to
develop, and evaluate improved germplasm of species native to the Southeastern US to
expand market opportunities and decrease the environmental footprint of nursery
production. Evaluations will emphasize disease incidence and tolerance, production
value, ornamental merit, and potential for breeding improvement. New in FY 2019
2. Charlie Hall, Texas A&M University, and James Altland, ARS, Wooster, OH. The
project is titled “Measuring Economic Efficiency in the Floriculture Production Value
Chain”. Research goals are to determine the morphological, physiological, quality, and
economic responses of four bedding plant species to reduced substrate moisture
content.
3. Stephen Prior, Brett Runion, and Allen Torbert, ARS, Auburn, AL, Anna-Marie
Murphy and Dave Williams, Auburn University. The project is titled "Strategies for
Carbon Sequestration and Reducing Greenhouse Gas Emissions from Nursery
Production Systems". The goal of this project is to determine baseline greenhouse gas
emissions for nursery systems, develop strategies to reduce emissions, and develop
strategies to increase soil carbon storage. No Report
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Pests and Weeds, $427,000
1. Peter Schultz, Virginia Tech, Jason Oliver and Karla Addesso, Tennessee State
University with Chris Ranger and Mike Redding, ARS, Wooster, OH. The project is
titled “New Strategies for Management of Invasive Ambrosia Beetles in Horticultural
and Nursery Crops”. The goal of this project is to adjust production practices to
maximize tree health and minimize the risk of ambrosia beetle attacks by using
repellents to push beetles away from vulnerable trees and attractants to pull beetles into
annihilative traps.
2. Lance Osborne, University of Florida and Cindy McKenzie, ARS, Fort Pierce, FL. The
project is titled “Evolving and Integration of Management Plans for Major Taxonomic
Groups and Potential New Invasive Pests of Ornamental and Floriculture Production”.
The goal of this project to evaluate alternatives to neonicotinoid class of insecticides by
working closely with the chemical industry to identify registered pesticides and those
near registration that could fill the void created if the neonicotinoid class is banned.
3. Jason Oliver and Karla Addesso, Tennessee State University, and Lisa Alexander,
ARS, National Arboretum, McMinnville, TN. The project is titled “Identification of
Methods for Quarantine Certification of Imported Fire Ant in Nursery Production
Systems and Establishment of Biological Control Agents to Reduce Fire Ant
Populations”. The goal of this project is to develop new treatment options for the
control of red imported fire ants that have lower cost, longer certification periods, rapid
application potential, and less worker exposure.
4. James Altland, ARS, Wooster, OH. The project is titled “Weed Management Strategies
to Reduce Costs, Improve Control, and Mitigate Injury to Sensitive Crops”. The goal
of this project is to develop new strategies for growers to deal with the declining
efficacy of traditional herbicides for weed control. In FY2019 this project expanded to
include Chris Marble, University of Florida.
Disease, $819,000
1. Gary Chastagner, Washington State University, and Dilip Laksham, ARS, Beltsville,
MD. The project is titled “Improved Pathogen Detection and Management of Bulb
Diseases”. The goal of this project is to provide growers with the necessary tools to
manage gray mold. Researhc is focused on a better understanding of the diversity of
Botrytis species, their pathogenicity and biology, source of inoculum, and sensitivity to
fungicides to improve Botrytis disease management programs. This project was
evaluated in FY2020. No Report
2. Margery Daughtrey, Cornell University, Riverhead, NY; and Melanie Filiatrault, ARS,
Ithaca, NY. The project is titled “Discovery and Management of Diseases of
Floriculture Crops”. This project is focused on molecular population analyses to
identify, monitor, and describe new, emerging bacterial pathogens in commercial
greenhouses.
3. Nik Grunwald, Jerry Weiland, and Carolyn Scagel, ARS, Corvallis, OR. The project is
titled “Improving plant health for nursery production in the Pacific Northwest”. The
Pacific Northwest nursery industry produces stock in both containers, and field
operations. The goal of this project is to prevent Phytophthora and Pythium infection
through an integrated approach to plant pathology, genomics and marker development,
5

4.

5.

6.

7.

and soil health and nutrient management.
Steven Jeffers, Clemson University; Carla Garzon, Oklahoma State University; and
Stewart Gray, ARS Ithaca, NY. The project is titled “Tracking and Managing Diseases
of Floriculture Crops Caused by Oomycetes and Fungi”. In collaboration with the US
Lavender Growers Association, the project focuses on phytophthora root and crown rot
on lavender and root knot nematodes impacting field-grown lavender, and Pythium
root rot in chrysanthemums and poinsettias. This project will transition to new ARS
PIs (Weiland and Grunwald) in FY 2020 due to the retirement of Stewart Gray
(ARS, Ithaca, NY).
Carla D. Garzon, Oklahoma State University, OK. The project it titled “Monitoring and
Molecular Characterization of Pythium species in Floricultural Greenhouses of NY and
OK”. The goal of this research is to assess the incidence and diversity of pathogenic
Pythium species in floricultural crops grown outdoor (chrysanthemum) and indoor
(poinsettia, dahlia) on the same season; and monitor the movement of inoculum
between outdoor and indoor crops grown simultaneously in the same floricultural
operations. This project will transition to new ARS PIs (Weiland and Grunwald) in
FY 2020 due to the retirement of Stewart Gray (ARS, Ithaca, NY).
Mary Hausbeck, Michigan State University and Stewart Gray, ARS Ithaca, NY. The
project is titled “Employing New Tools to Detect and Limit Phytophthora Root Rot,
Downy Mildew, and Other Key Pathogens of Floral Crops”. The goal of this project is
to determine disease susceptibility among cultivars of seed-geraniums and snapdragons
to Pythium, determine the host range and virulence of Pythium species that may infect
greenhouse floral crops, and characterize the efficacy of new active ingredients,
including reduced-risk fungicides, biocontrol agents or biopesticides. This project will
transition to new ARS PIs (Weiland and Grunwald) in FY 2020 due to the retirement
of Stewart Gray (ARS, Ithaca, NY).
Jo Anne Crouch, ARS, Beltsville, MD; Nina Shishkoff, ARS, Frederick, MD; Jerry
Weiland, ARS, Corvallis, OR; and Marc Cubeta, North Carolina State University. The
project is titled "Minimizing the Impact of Boxwood Blight Disease". The goal of this
project is to understand the causal agent for boxwood blight and develop control
strategies. In FY2019 this project expanded to include Jerry Weiland, ARS,
Corvallis, OR.

Projects not included in the FY2019 FNRI Report





The Commercial Floriculture Survey was conducted by the National Agricultural Statistics
Service (NASS) and provides the number of growers, area of production, quantity sold,
percent of sales at wholesale, wholesale prices, wholesale value of production for
floriculture commodities, and average number of agricultural workers per farm or ranch.
FY 2018 was the only year of funding for this project.
David Norman, University of Florida, Apopka and Qi Huang, ARS, Beltsville, MD. The
project is titled “Host Pathogen Interaction of Cool Tolerant Bacterial Wilt Strains”. FY
2018 was the last year of funding for this project.
Caitilyn Allen, University of Wisconsin and Qi Huang, ARS, Beltsville, MD. The project
is titled “Biology & Pathogenesis of Ralstonia solanacearum Race 3 on Geraniums &
Other Hosts”. FY 2018 was the last year of funding for this project.
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Germplasm resources for the floriculture and nursery industry at the Ornamental Plant
Germplasm Center (OPGC)
Pablo Jourdan, Department of Horticulture and Crop Science, The Ohio State University,
Columbus, OH
Background: Genetic resources are fundamental for continued development of ornamental
crops. Availability of such resources is critical for the success of the industry. The project is
designed to provide genetic resources for the Floriculture and Nursery industry through
support of the Ornamental Plant Germplasm Center, whose mission is to acquire, document,
maintain, characterize, and distribute herbaceous ornamental genetic resources and associated
information for conservation, enhancing scientific research and the industry. The objectives
that permit us to fulfil our mission include:
1. Acquisition of appropriate germplasm of priority genera. Our goal is to have
comprehensive collections of the current priority genera, especially the North
American native species (in Coreopsis, Lilium, Phlox and Rudbeckia), by regular
exploration/collection expeditions to obtain wild material with the greatest possible
diversity.
2. Maintenance of current collections through appropriate seed increases of the most
critical accessions. Establishment of virus-free material of our clonal collections,
especially in Begonia and Pelargonium, for back-up purposes and to ensure that we
only distribute clean material.
3. Comprehensive characterization of our collections in the priority genera to provide
users of our germplasm with information that could benefit breeding programs
4. Expand collaboration with industry representatives in identifying desirable and
accessible public- domain germplasm and in promoting the use of our current
germplasm.
Progress and Accomplishments in FY 2019
Clonal collection: We are continuing to establish clonal accessions in tissue culture and
research on strategies to increase time interval between in vitro subcultures continues,
including cold storage, osmoticum adjustment (addition of sorbitol, higher levels of sucrose),
light quality, and vessel sealing methods. These have been a major focus of our efforts over
the past year. The table below shows the number of accessions currently in tissue culture; 20C
is the base collection, and some accessions are being replicated in 4/10C in an attempt to slow
growth:
Genus
20C 10C 4C
Begonia
23
14
Pelargonium
166
23
Phlox
140
124
Miscellaneous 10
10
7

Distribution of germplasm continues to be an important activity; 81 germplasm requests and
591 order items were distributed the past year. Since the OPGC began distributing germplasm
in 2002, 1,421 orders and 9,705 germplasm items have been distributed. An additional 61
non-research requests were received within the last year, representing 43% of all germplasm
requests.
Acquisitions: 1,291 accessions were acquired in the past year, including 1,286 accessions
collected through the Seeds of Success program of the Bureau of Land Management.
Accessions: Currently 6,779 accessions are maintained at the OPGC. Approximately 35% of
the collection is available for distribution; 4,394 accessions are backed up off-site (65% of the
collection). Seed viability of 80 accessions was tested last year. Seed of 52 begonia
accessions were grown for confirmation of consistent taxonomy of the progeny (no accidental
contaminations.

FY 2019 Publications
Jourdan, P. (2018). Short- and medium-term in vitro conservation and management of
germplasm within the USDA's National Plant Germplasm System. Acta Hortic. 1224, 3138DOI: 10.17660/ActaHortic.2018.1224.5
https://doi.org/10.17660/ActaHortic.2018.1224.5
Ji Hee Kim and Jeung Keun Suh, Seong-Tak Yoon, Pablo Jourdan, Mark S. Roh (2018)
Germination of Fully Developed Corylopsis Seeds Influenced by Harvest Date and Cold
Stratification HORTSCIENCE 53(9):1360–1363. 2018.
https://doi.org/10.21273/HORTSCI13032-18
Jourdan P (2019) Herbaceous Ornamentals. In: Green S, Williams K, Marek L, Kantar M,
Khoury C. eds. North American Crop Wild Relatives: Conservation and Use. Volulme 2:
607-643 Springer. https://doi.org/10.1007/978-3-319-97121-6_18
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Basic Mechanisms of Plant Metabolism: Biotechnology Approaches for Manipulating
Plant Biochemistry
Thomas A. Colquhoun, Associate Professor, UF/IFAS, Gainesville, FL
Robert Shatters, Research Molecular Biologist, USDA-ARS, Ft. Pierce, FL
Background: Floral fragrance is lacking in many floriculture crops, but industry and
consumers alike desire elevated levels and quality of floral fragrance. Our research has a
strong foundation in biochemistry and molecular biology with two principal concentrations:
elucidation/manipulation of plant metabolism and genetic engineering of plants. The long-term
goal is to intimately understand the complex mechanisms plants use to change the
biochemicals they produce under different environments. This research spans the basic and
applied nature of floriculture from elucidating biochemical mechanisms in flower tissue to
aiding plant breeders in generating flowers with fragrances consumers like. Graduate and
undergraduate student mentoring is a high priority in our scientific program.
We currently have four research projects with potential high impact:
1.
2.
3.
4.

Lilium flower differential RNA-seq/volatilome.
Caladium floral biosynthesis of the volatile molecule 4-methyl-5-vinylthiazole.
Manipulation of plant metabolism/physiology with narrow-bandwidth lighting.
Development of CRISPR/Cas systems for modifying important horticultural plants.

Progress and Accomplishments in FY 2019:




Lilium flower differential RNA-seq/volatilome - We chose to perform a differential
transcriptomic sequencing (RNA-seq) study with floral tissue from the same five
cultivars used in Johnson et al., 2016 and in collaboration with the UF Interdisciplinary
Center for Biotechnology Research. A reference transcriptomic sequence (RefSeq) was
generated and annotated. Approximately 150,000 unique sequences were identified.
The RefSeq was then used as a scaffold for the assembly of quantitative Lilium floral
transcriptomes. After data quality control, assembly, annotation, and analyses a total of
approximately 45,000 unique transcripts were quantitatively identified. Weighed gene
co-expression network analysis using the differential transcriptomics data identified 30
transcript accumulation trends between cultivars. Correlation of these transcriptomic
trends with volatile metabolomics data is enabling the identification of genotype
specific transcripts associated with cultivar specific fragrance production in Lilium.
Leveraging the dual dimensionality of our data set (cultivar by transcript and
metabolomics) provides a path to construct our initial understanding of the biochemical
steps underlying volatile biosynthesis in Lilium.
Caladium floral biosynthesis of the volatile molecule 4-methyl-5-vinylthiazole Through a collaboration with Dr. Andrew Hanson we have been investigating a
specific floral volatile molecule emitted by caladium flowers, 4-methyl-5-vinylthiazole
(MVT). It appears that this volatile may be synthesized from the thiamine biosynthesis
pathway (vitamin B1; however, the thiamine pathway in plants is required for cellular
survival and is extremely regulated at the biochemical/metabolic/transcriptomic level.
9





The amount of MVT far exceeds what could be produced from the thiamine pathway
de novo. We have been able to collect, identify, and quantitate this volatile from
caladium flowers both emitted and internal levels. This volatile is emitted almost solely
from the male flower tissue of the spadex, for one night on the first full day of flower
opening, and is variable per cultivar. Additionally, MVT may be synthesized and
stored as the spadex is developing to then be emitted in a highly controlled manner. We
may have stumbled upon a new synthesis and storage mechanism in plants for
precursors to thiamine. This project has the potential for synthetic biology efforts to
reconstruct vitamin B1 pathway in plants to save energy and boost crop yield across
plant species.
Manipulation of plant metabolism/physiology with narrow-bandwidth lighting – We
have been conducting a large number of experiments with different narrow-bandwidths
of light treatments and have been able to manipulate plant metabolism, physiology, and
biochemistry. Experiments have included stages of germination, seedling growth,
flower time, postharvest, propagation of cuttings, and tissue culture. Plants or products
from plants used include petunia, coleus, lettuce, Arabidopsis, tomato, strawberry,
blueberry, pothos, Lilium, gerbera daisy, basil, and ferns. Specific narrow-bandwidths
of light can produce petunia flowers that smell more like a rose, influence growth
habits of petunia cuttings to produce a great production plant in less time, and roots can
be generated with more advantageous root hairs, along with higher overall root mass.
We are currently using molecular techniques to identify these light specific
mechanisms of plant metabolism and physiology.
Development of CRISPR/Cas systems for modifying important horticultural plants –
We have just started work focused on developing systems to use CRISPR/Cas to
manipulate genes in many of the model systems we utilize for research. We have vast
experience with Agrobacterium mediated transformation in several crops, so we will be
utilizing that expertise in collaboration with Dr. Alfred Huo at the UF-MFREC in
Apopka, FL to develop new CRISPR/Cas systems for gene manipulation. We will
begin with pilot experiments to knock out genes involved in floral volatile synthesis
since we have a good understanding of that field of research. As we perfect our
techniques we will expand our efforts to attempt to edit genes to change their function
rather than knock out their functions.

FY 2019 Presentations
1. Sigler, C.L., Sun, J., Weintraub, S.J., Hanson, A.D., and Colquhoun, T.A.
Characterization of candidate genes in the inflorescence transcriptome of Caladium
bicolor involved in a unique thiamin thiazole synthase-mediated pathway.
American Society of Plant Biologists-Plant Synthetic Biology 2019 Conference.
San Jose, CA, 7-9 Aug. 2019.
2. Soubeyrand, E., Johnson, T.S., Latimer, S., Bernert, A., Kelly, M., Kim, J.,
Colquhoun, T.A., Block, A., and Basset, G.J. Recent advances in plant ubiquinone
(Coenzyme Q) biosynthesis and engineering. Plant Canada Conference. Guelph,
Ontario. July 2019.
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3. Garner, D., and Colquhoun, T.A. Red Light Effect on the Floral Volatile
Benzenoid/Phenylpropanoid Pathway. 32nd Annual PMCB Workshop Conference.
Daytona, FL, May 2019.
4. Keene, S.A., T.S. Johnson, C.L. Sigler, T.N. Kalk, P. Genho, and Colquhoun, T.A.
A survey of the volatile profiles of daylily species and hybrids. Combined
Proceedings International Plant Propagators’ Society. Proc. LXVIII Annual Mtg.,
Chattanooga, TN, 21-24 October 2018.
5. Johnson, T.S., Ferrao, L.F., Munoz, P.R., and Colquhoun, T.A. Does that berry
vary? 2018 International Metabolomics Society Conference, Seattle, Washington.
June 2018.
FY 2019 Publications
Kim, J.Y., Cho, K.H., Alvarez, M.I., Laux, V.Y., Valad, L.K., Tester, J.M., Colquhoun,
T.A., and Clark, D.G. (2019). Strong fluorescence expression of ZsGreen1 in flowers
of Petunia x hybrida ‘Mitchell Diploid’ by agrobacterium-mediated transformation.
HortScience. In Press.
Cho, K.H., Laux, V.Y., Wallace-Springer, N., Clark, D.G., Folta, K.M., and Colquhoun,
T.A. (2019). Effects of different light quality on vegetative cuttings and in vitro
propagation of coleus. HortScience. 54(5):926-935.
Kim, J.Y., Jones, C., Hunter, T., Swanson, R.T., Alvarez, M.I., Johnson, T.S., Cho, K.H.,
Clark, D.G., and Colquhoun, T.A. (2019). Down regulation of a coumarate-3hydroxylase-like transcript in petunia uniquely alters the profile of emitted floral
volatile benzenoids/phenylpropanoids. Scientific Reports. 9(1):8852-8863.
Sun, J., Sigler, C.L., Beaudoin, G.A.W., Joshi, J., Paterson, J.A., Cho, K.H., Ralat, M.A.,
Gregory, J.F., Clark, D.G., Deng, Z., Colquhoun, T.A., and Hanson A.D. (2019). Partsprospecting for a high-efficiency thiamin thiazole biosynthesis pathway. Plant
Physiology. 179:958-968.
Soubeyrand, E., Johnson, T.S., Latimer, S., Block, A., Kim, J.I., Colquhoun, T.A., Butelli,
E., Martin, C., Chapple, C., Wilson, M.A., and Basset, G.J. (2018). The peroxidative
cleavage of kaempferol contributes to the biosynthesis of the benzenoid moiety of
ubiquinone in plants. Plant Cell. 30(12):2910-2921.
Campbell, S.M., Sims, C.A., Bartoshuk, L.M., Colquhoun, T.A., Schwieterman, M.L., and
Folta, K.M. (20XX). Manipulation of Sensory Characteristics and Volatile Compounds
in Strawberry Fruit Through the use of Isolated Wavelengths of Light. Food Science
(Conditionally Accepted - Revision Submitted).
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Development of transgene-free approaches for gene editing in landscape plants
Wusheng Liu, Horticultural Science Department, North Carolina State University, Raleigh,
NC
Thomas Ranney, Horticultural Science Department, North Carolina State University, Mills
River, NC
Hamid Ashrafi, Horticultural Science Department, North Carolina State University, Raleigh,
NC
Darren Touchell, Horticultural Science Department, North Carolina State University, Mills
River, NC
Background: The nursery and floricultural industries are facing pressing problems such as
disease resistance and management, invasiveness, and the need to develop advanced breeding
methods to modify or edit gene expression, which are both threats and opportunities for
future growth, profitability and sustainability of nursery/floriculture crops. As many of these
crops are highly heterozygous and propagated asexually, in many cases it would be desirable
to develop DNA- free genome editing techniques to avoid the presence of transgenes. To
address these issues, we propose to develop bioengineering pipelines for specific landscape
crops with high economic value in order to provide the most immediate impacts for crop
improvement. To achieve that goal, our objective is to develop bioengineering pipelines for
Rosa, Rudbeckia, and Tripidium as model crops. We will focus on transgene-free approaches
for gene editing using Agrobacterium-mediated plant transformation and subsequent breeding
and/or other approaches. These systems will have broad utility and provide a foundation for
developing improved crops with enhanced disease and insect resistance, non-invasiveness,
unique phenotypes, and greater commercial potential. Transgene-free end products will be
realized by segregating out transgenes with selective breeding or with the use of DNA-free
delivery systems.
Progress and Accomplishments in FY2019


We are developing the tissue culture system for Rosa. We currently have five
cultivars initiated in tissue culture and successfully developed somatic
embryogenesis in one of those.



We are developing the tissue culture and transformation methods for Tripidium.
We are completing a flowering transcriptome analysis for Tripidium.
We are developing a transgene-free approach for gene editing by using tomato
as a model.
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Development of a Novel Control Strategy for Thrips and Tospoviruses in Floral Crops
Anna E. Whitfield, North Carolina State University, Raleigh, NC.
Thomas L. German, University of Wisconsin, Madison, WI.
Scott Adkins, USDA-ARS, Fort Pierce, FL.
Background: Our goal is to develop novel and effective technologies for management of tomato
spotted wilt virus (TSWV) and its most efficient insect vector, the western flower thrips,
Frankliniella occidentalis. Interactions between TSWV and F. occidentalis, specifically the
interaction between TSWV glycoprotein (GN) and thrips midgut proteins is the first step for virus
entry, and subsequently allows replication, dissemination, and transmission to occur. Hence,
discovery of viral attachment proteins or insect receptors enables design of new transmissionblocking technologies. In addition, identification of the interaction motif/peptide of TSWV GN
and using this peptide for directed modification of Bt toxins will be another novel strategy to
manage this thysanopteran pest. Ideally, such management strategies will be useful for not only
TSWV but also other thrips-transmitted tospoviruses like impatiens necrotic spot virus, tomato
chlorotic spot virus and chrysanthemum stem necrosis virus that are economically important to
the ornamental industry.
Consistent with the objective of this research program to develop new methods to control thrips
and virus spread that do not rely upon the use of conventional insecticides, we are developing
methods to deliver double-stranded RNA ( dsRNA) known to produce toxic effects specific to
the host insects by direct feeding, using modified delivery systems involving membrane
encapsidation or using endosymbiotic bacteria recovered from the thrips gut that are transformed
with plasmids to produce the dsRNA and fed back to the insects by spraying on plant surfaces.
Progress and Accomplishments in FY2019






The TSWV GN peptide library was made and used in biopanning experiments to identify
GN peptides that bind to thrips vectors in the Whitfield lab. This library was screened by
feeding to thrips and we have identified several candidate GN attachment domains that
will now be tested for transmission inhibition. These peptides are candidates for insertion
into toxins for binding to thrips vectors and insecticidal activity.
We validated the interactions between TSWV GN and endocuticle structural glycoprotein
GN (endoCP-GN) from Frankliniella occidentalis using membrane-based, yeast two
hybrid assays (MbY2H), specifically the interaction between TSWV GN and the nonconserved region of endoCP-GN in the Whitfield lab. To understand whether this TSWV
GN-endoCP-GN interaction is conserved among different tospoviruses – thrips vectors, we
have identified the homologous endoCP-GN from another thrips vector species for
TSWV, Frankliniella fusca. The non-conserved region of F. fusca endoCP-GN also
interacted with TSWV GN suggesting that this viral-thrips protein interaction is
conserved. We are continuing to explore the role of this protein in virus transmission by
thrips and as an insecticidal or anti-virus target.
The glycoprotein sequences of three tospoviruses were synthesized in the Whitfield lab:
capsicum chlorosis virus (CaCV), chrysanthemum stem necrosis tospovirus (CSNV) and
groundnut ringspot virus (GRSV). In addition, we have received the viral RNA of two
additional tospoviruses, tomato chlorotic spot virus (TCSV) and impatiens necrotic spot
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virus (INSV) from the Adkins lab. The coding sequences of these tospoviral
glycoproteins will be cloned to MbY2H vectors for testing the interactions between
endoCP-GN from different thrips species.
We have synthesized dsRNA in vitro from vATPase, SNF7 (Endosomal Sorting Complex
Required for Transport) and eGFP in the German lab. We confirmed by Western blot that
the first two are expressed in both adult and larval thrips whereas eGFP is used as a
comparative control. We cloned these genes from F. occidentalis into pGEM T easy
vectors and transcribed them using SP6 and T7 promoters supplied in the Megascript
RNAi kit (Invitrogen) and purified the resulting dsRNA products. Thrips adults or 1st
instar larvae were fed on a 20% sucrose solution through a membrane or by exposure to
leaves of jimsonweed or soybean that had been sprayed with dsRNA. After 48 hours
RNA was extracted from thrips and used for cDNA synthesis using primers designed to
avoid the regions of the dsRNA that had been fed. This was followed by qPCR (SYBR
green) using gene specific primers. The efficiencies of these primers were determined by
qPCR of serial dilutions of known plasmids having the vATPase gene or SNF7. Results
were normalized to housekeeping genes Actin, Tubulin, and RP 49 (ribosomal protein
gene). Data showed linearity with dilutions and a CT value above 32 confirmed the
absence of genomic DNA in the preparation after digestion with turbo DNAse
(Invitrogen). Unfortunately, while we observed some small knock down of these genes
we did not see a significant effect on thrips mortality or fecundity.
In an attempt to improve the efficiency of delivery we used vATPase supplied by
our commercial collaborator (Agrospheres, Inc) to deliver membrane encapsulated dsvATPase RNAusing the same procedures as described above. Again, we did not see
significant effects. In the next phase of work we will try this same approach with other
genes that have been shown to be effective in a different but related species of thrips.

FY 2019 Presentations
1. Whitfield, A.E. Recent progress in the search for the elusive tospovirus receptor in
thrips. Entomological Society of America Annual Meeting, St. Louis, MO, November
17-20, 2019.
2. Whitfield, A.E. Dissecting the molecular interactions between tospoviruses and their
thrips vectors. XIth International Symposium on Thysanoptera and Tospoviruses,
Kunming, China, September 21-25, 2019.
3. German, T.L., and Ullman, D.E. The long and winding road: A century of discovery.
XIth International Symposium on Thysanoptera and Tospoviruses, Kunming, China,
September 21-25, 2019.
4. Adkins, S. What’s in a name? XIth International Symposium on Thysanoptera and
Tospoviruses, Kunming, China, September 21-25, 2019.
5. Whitfield, A.E. Exploiting the specificity of virus-vector interactions for new disease
control strategies. Genetic Engineering and Society Colloquium, Raleigh, NC, March
26, 2019.
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6. Whitfield, A.E. Emerging Plant Disease Threatens Food Security and National
Security. Dwight D. Eisenhower School for National Security and Resource Strategy
2019 Agribusiness Industry Study. Raleigh, NC, March 14, 2019.
7. Chen, Y., Badillo-Vargas, I.E., Martin, K.M, Rotenberg, D., and Whitfield A.E.
Characterization of novel thrips vector proteins that bind to tomato spotted wilt virus
The American Phytopathological Society Meeting, Cleveland OH, August 3-7, 2019.
FY 2019 Publications
German, T.L, Lorenzen, M., Grubbs, N., Whitfield., A.E. 2019. New technologies for studying
negative-strand RNA viruses in plant and arthropod hosts. Molec. Plant Microbe Interact. In
press.
Badillo-Vargas, I.E., Chen, Y., Martin, K.M., Rotenberg, D., and Whitfield, A.E. 2019.
Discovery of novel thrips vector proteins that bind to the viral attachment protein of the plant
bunyavirus tomato spotted wilt virus. J. Virol. 93:10.1128/JVI.00699-19.
Chen, Y., Dessau, M., Rotenberg, D., Rasmussen, D.A., and Whitfield, A.E. 2019. Chapter Two
- Entry of bunyaviruses into plants and vectors. Adv. Virus Res. 104:65-96.
Rotenberg, D. and Whitfield, A.E. 2018. Molecular interactions between tospoviruses and thrips
vectors. Curr. Opin. Virol. 33:191-197.
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Advancing Pest Management in Floriculture Crops Through Applications of Innovative
Technologies
Christian Nansen (website: http://chrnansen.wixsite.com/nansen2)
Associate Professor, Department of Entomology and Nematology, University of California,
Davis
Background: Crop monitoring for detection and diagnosis of emerging pest outbreaks is being
revolutionized by developments in machine vision, data processing, and robotics. In the
foreseeable future, we will see more and more examples of automated systems being deployed to
monitor crops and being used to precision-apply inputs when and where they are needed. The
overall project goal is to conduct research that can lead to development of commercially viable
solutions. Thus, the project will be based on research and student training/supervision, but all
activities will be conducted with a long-term vision of leading to actual solutions within three
areas: 1) hyperspectral remote sensing - detection and diagnosis of emerging pest outbreaks in
growing plants, 2) actuation – use of drones and other autonomous vehicles to deliver natural
enemies to hotspots with emerging pest outbreaks, and 3) use of proximal sensing to automate
insect identification and detection of plant pathogenic vector-status of individual insects.
Concurrently with the abovementioned applied and solution-driven lines of research, I
conducting basic research of different aspects of remote sensing. More specifically, I am
investigating fundamental aspects, such a penetration depth of radiometric energy and optical
scattering – as these optical phenomena have profound impact on our ability to use reflectance
signals as indicators of crop stress or to classify objects. As a result of my profound interest in
these basic aspects of remote sensing, I recently published the article below.

Finally, I would like to express my sincere interest in
engaging directly with nursery and floriculture
stakeholders. That is in addition to contributing to
academic communities (scientific publications and
oral presentations at scientific conferences), I am
hoping through this project to become better
connected with both individual growers and nursery
managers and with key institutions and research groups. I am therefore kindly requesting your
assistance, as I would very appreciate invitations to attend meetings and workshops in which
strategic priorities of research investments and priorities for the nursery and floral industries are
being discussed. I would also very much appreciate if you could facilitate contacts to other
research, with whom you think I should align my research activities to maximize synergy and
complementarity. Finally, as demonstrated by my track-record (see below: FY 19 Presentations
with relevance to this project), I am keenly interested in presenting the research findings from
my research group to growers and other stakeholders. I view these presentations as a very
important way for me to “pay back” to the community that supports my research and also as an
opportunity for me to get new research ideas/priorities – so that my program stays “relevant”.
Progress and Accomplishments in FY 2019
As this is the first project year, I have provided a brief description of the three project parts.
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Hyperspectral remote sensing of plant stress. We have developed a customized lighting and
imaging system that can be used for experimental data collections under controlled conditions.
The imaging system is being used to study stress responses by strawberry, chrysanthemum, and
gerbera plants to a wide range of economically important arthropod pests. As part of these
efforts, we are also examining the potential of possibly acquiring crop reflectance data at night
under controlled lighting conditions and when nobody is working in greenhouses. The key
objective with this research is to provide research-based insight into the potential and limitations
of stress detection in growing crops.
Drone actuation. Through a collaboration with Prof
Zhaodan Kong (Mechanical and Aerospace
Engineering, UC Davis) and his students, we are
developing drone control systems and other software
to optimize drone-based dispensing of natural
enemies to crops. The main challenge being
investigated is how to correct real-time the altitude
and path trajectory of a flying drone in response to
wind speed and direction, so that natural enemies are
precision-delivered to emerging pest hot spots.
Natural enemies are very light (low density) and can
readily be carried by even light wind, so that a given
drone application drifts far away from the targeted
area. Natural enemies are far more effective, if
precision-delivered to crops with emerging pest
outbreaks, so currently natural enemies are
predominantly delivered by workers spreading them
by hand. This is extremely time-consuming and
inconsistent and therefore poses a major limitation to
the adoption of biological control by the nursery and
floriculture industries. We are addressing this critically important limitation by developing a
drone-based solution. Here, we have included the title and one of the figures in our first
(additional articles are in the pipeline) research article on this topic.
Proximal sensing of plant pathogenic vector-status of individual insects. We are keenly
interested in researching ways to automate and drive down costs of determine whether certain
insects carry plant pathogenic diseases or not. The technology and data classification methods
used are similar to the one use when studying plant stress responses, but in these applications we
examine hyperspectral reflectance features acquired from individual insect specimens. And
ultimately, the goal is to automate the diagnostic process through integration of robotics. As an
example, I have included description
of an article recently published in
which we describe the potential of
using proximal sensing to
distinguish non-viruleferous and
viruliferous beet leafhoppers
(with/without beet curly top virus).
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FY 2019 Presentations
1. Nansen C, de Lange E, Stewart A, Edsall M. 2019. Quality control of insecticide spray
applications and possible consequences of poor spray coverage. 9th North American
Strawberry Symposium (NASS) (https://nasga.org/n-american-strawberry-growersconference.htm), Orlando, Florida, Feb 3-6, 2019.
2. Nansen C, Bick E N. 2019. Use of alfalfa in landscape engineering to manage Lygus in
strawberry. 9th North American Strawberry Symposium (NASS) (https://nasga.org/namerican-strawberry-growers-conference.htm), Orlando, Florida, Feb 3-6, 2019.
3. Nansen C, Teske A L, de Lange E, Chen G, Kong Z. 2019. Aerial remote sensing and its
potential regarding detection of spider mite outbreaks in strawberry fields and delivery of
beneficials. 9th North American Strawberry Symposium (NASS) (https://nasga.org/namerican-strawberry-growers-conference.htm), Orlando, Florida, Feb 3-6, 2019.
4. Nansen C, Stewart A, Teske A L, de Lange E, Kong Z. 2018. Machine vision, drones,
and natural enemies: the next step in protecting your crop. Biocontrols USA East
(https://www.biocontrolsconference.com/usa-east/), Rochester, New York, USA, Oct 1112, 2018.
5. Nansen C, de Lange E, Bala S, Stewart A. 2018. Quality control of insecticide spray
applications. Canadian Greenhouse Conference
(www.CanadianGreenhouseConference.com), Niagara Falls, Ontario, Canada, Oct 3-4,
2018.
6. Nansen C, Stewart A, Lynn A T, de Lange E, Kong Z. 2018. Use of imaging technologies
to detect & diagnose insect stressors. Canadian Greenhouse Conference
(www.CanadianGreenhouseConference.com), Niagara Falls, Ontario, Canada, Oct 3-4,
2018.
7. Nansen C, A Recalde. 2019. Predictions of spray coverage and vacuuming of Lygus.
CAPCA meeting (https://capca.com/events/august-22-atascadero-central-coast-chapter/),
August 22, 2019.
8. Nansen C, Lange de E, Purington R. 2019. Model predictions of spray coverage and
vacuuming of Lygus in strawberry. Ventura CAPCA CE Seminar, February 13, 2018.
9. Nansen C, Lange de E, Stuart A N. 2018. Using a phone app to perform quality control of
insecticide spray applications. 2018 Salinas Valley Entomology Seminar, December 4th,
2018.
Trade journal publications with relevance to this project
1. Nansen C, Nguyen H D, Lange S, Marshal S, Purington R. 2019. Distinction of
Arthropod-Induced Stressors of Chrysanthemum Using Hyperspectral Imaging
Technologies. American Floral Endowment Newsletter – July 2019.
2. Nansen C, Stewart A, Hise A van, Lange E de, Nguyen H D, Kong Z. 2018. Precision
ornamental production in the 21st century – development of machine vision to automate
stress detection. American Floral Endowment Newsletter – June 2018.
FY 2019 Research Publications
Teske AL, Chen G, Nansen C, Kong Z. 2019. Optimized dispensing by multirotor UAVs in
wind: A distribution pattern modelling approach for precision pest management. Biosystems
Engineering 187: 226-238. https://doi.org/10.1016/j.biosystemseng.2019.09.009
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Nansen C, Stewart AN, Melgarejo T, Wintermantel WM, McRoberts N, Gilbertson RL. 2019.
Proximal remote sensing to differentiate non-viruliferous and viruliferous insect vectors –
proof of concept and importance of input data robustness. Plant Pathology. Doi:
10.1111/ppa.12984
Nansen C, Strand MR. 2018. Body reflectance features used as non-destructive indicators of
physiological responses by host insect to parasitism. Frontiers in Physiology-Invertebrate
Physiology. 9: 1716. https://doi.org/10.3389/fphys.2018.01716
Nansen C. 2018. Penetration and scattering – two optical phenomena to consider when applying
proximal remote sensing technologies to object classifications. Plos One 13(10): e0204579
(https://doi.org/10.1371/journal.pone.0204579)
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Improved Pest Control Application Technologies for Sustainable Crop Protection
Heping Zhu, ARS, Application Technology Research, Wooster, OH

Background: This project envisions that research on intelligent spray technologies, efficient
applications of bio-products as alternative pesticides, and coordinated strategies can enhance
pesticide application efficiency for efficacious and affordable control of insects, diseases and
weeds. Selective approaches to achieve the objectives will be to: (1) innovate advanced
intelligent-decision spraying systems to increase spray application efficiency; investigate spray
deposition uniformity, spray drift, off-target losses and pesticide savings for ornamental
nurseries, orchards and other specialty crops with intelligent-decision controlled sprayers; (2)
develop drift reduction technologies with intelligent decision systems to aid in enabling
development of sustainable production programs.
Progress and Accomplishments in FY 2019
A universal intelligent spray control system was developed as a retrofit kit mounted on different
types of conventional air-assisted sprayers. The control system was tested with nursery growers’
sprayers in in Ohio, Oregon, and Tennessee. With the retrofit, these conventional sprayers were
upgraded to perform intelligent functions in controlling spray outputs to match canopy presence,
size and leaf density in real time. These on-farm tests included evaluations of their pest control
effectiveness, spray application efficiency, chemical savings and operation reliability. Numerous
demonstrations of the new spray technology were presented in workshops, trade shows and other
educational programs.
Field tests were conducted in a nursery, an apple orchard and a vineyard to evaluate spray
deposition quality and off-target loss discharged from two air-assisted sprayers retrofitted with a
newly developed laser-guided intelligent spray control system. The sprayers were used under
two different spray operational modes for comparisons: automatic variable rate mode
representing the new spray technology, and conventional constant rate mode representing the
conventional spraying practice. Targets were placed at different locations inside canopies, on the
ground and in the air to measure foliar spray deposition and off-target losses. Tests followed
identical procedures at three different growth stages.
Efficacy tests for two different grower sprayers retrofitted with the laser-guided intelligent spray
control system to control pests were conducted at two different commercial nurseries in Ohio.
The same sprayers with conventional constant-rate mode were also used for comparison.
Crabapple, apple, red maple, birch, sycamore and dogwood were used as the host plants. Insect
and disease control effectiveness and chemical savings were documented.
The accuracy of an inexpensive indoor-use radial laser sensor and a sophisticated algorithm were
evaluated in detecting surface edge profiles of plants before their integration into the intelligent
spray system development for greenhouse applications. Evaluations included four objects of
different regular geometrical shapes and surface textures, and two artificial plants of different
canopy structures. Three-dimensional images for the object surfaces were reconstructed with the
data acquired from the laser sensor at four different detection heights above each object, five
sensor travel speeds, and 15 horizontal distances to the sensor. Edge profiles of the six objects
detected with the laser sensor were compared with images taken with a digital camera. The edge
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similarity score was used to define the differences in surface edge profiles between images
obtained from the laser sensor and the camera.
A preliminary intelligent spray system was designed for real-time control of individual nozzle
outputs for greenhouse applications. The system mainly consisted of the laser scanning sensor,
12 individual variable-rate nozzles, an embedded computer, a spray control unit, and a 3.6 m
long mobile spray boom. Each nozzle was coupled with a pulse width modulated solenoid valve
to discharge variable rates based on object presence and plant canopy structures. Laboratory tests
were conducted to evaluate the intelligent spray control system accuracy in terms of the spray
delay time, nozzle activation, and spray volume using the four different regular-shaped objects
and two artificial plants. Other experimental variables included three laser detection heights from
0.5 to1.0 m and five constant travel speeds from 1.6 to 4.8 km/h. A high-speed video camera was
used to determine delay time and nozzle activation in discharging sprays on target objects. After
the laboratory tests, this experimental laser-guided spray system was implemented into a waterboom system in a commercial greenhouse for future investigations in its accuracy for
discharging variable-rate sprays to save pesticides, water, and nutrients.
An experimental automatic premixing in-line injection system was improved to reduce the tank
mixture leftover problem associated with variable-rate orchard sprayers. This system primarily
consisted of a precision fluid metering pump, a water pump, a static mixer, a premixing tank and
a buffer tank. Accuracy of the metering pump was tested with simulated pesticides (tap water,
turpentine oil, prime oil, and four concentrations of sucrose solutions) with various viscosities.
Test results were analyzed for the mixture concentration uniformity and for relative errors
between measured and desired volumes for the system.
FY 2019 Presentations
1. Zhang, Z., & Zhu, H. Assessments of premixing in-line injection system retrofitting on
variable-rate orchard sprayers. At the Annual ASABE meeting in Boston. July 7-10, 2019.
2. Guler, H., Zhu, H., You, K., Zhang, Z., Abbott, JP., Cui, S., & Ozkan, E. Evaluation of
spray deposition and off-target loss in apple orchard with an air-blast sprayer retrofitted with
intelligent spray control system. At the Annual ASABE meeting in Boston. July 7-10, 2019.
3. You, K., Zhu, H., Guler, H., Zhang, Z., Abbott, JP., & Cui, S. “Spray deposition and
coverage on nursery trees with laser-guided variable-rate spray application” at the Annual
ASABE meeting in Boston. July 7-10, 2019.
4. Zhang, Z., & Zhu, H. Integration of premixing in-line injection system into variable-rate
orchard spraying systems. At the Annual ASABE meeting in Boston. July 7-10, 2019.
5. Chen, L., Zhu, H., & Fulcher, A. Control of insects and diseases with intelligent variablerate sprayers in ornamental nurseries. At the Annual ASABE meeting in Boston. July 7-10,
2019.
6. You, K., Zhu, H., Guler, H., Zhang, Z., Chen, L. & Yan, T. Evaluation of airborne spray
drift and ground loss from laser-guided variable-rate spray applications. At the Annual
ASABE meeting in Boston. July 7-10, 2019.
7. Yan, T., Zhu, H., Wang, X., & Ling, P. Development of a laser-guided boom spray system
for greenhouse applications. At the Annual ASABE meeting in Boston. July 7-10, 2019.
8. Guler, H., Zhu, H., You, K., Zhang, Z., Chen, L., Yan, T., & Ozkan, E. “Spray performance
comparisons between retrofitted intelligent sprayers and conventional constant-rate sprayers
in vineyard applications” at the Annual ASABE meeting in Boston. July 7-10, 2019.
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9.

Chen, L., Zhu, H., Wallhead, M., Reding, M., & Horst, L. Evaluation of laser-guided
intelligent sprayer to control insects and diseases in fruit plants. At the Annual ASABE
meeting in Boston. July 7-10, 2019.
10. Abbott, JP., & Zhu, H. Interactions of hairy trichomes with sprayed droplet adhesion and
spreading on leaves. At the Annual ASABE meeting in Boston. July 7-10, 2019.
FY 2019 Publications
Silva, J.E., Zhu, H., Cunha, J. 2018. Spray outputs from a variable-rate sprayer manipulated with
PWM solenoid valves. Applied Engineering in Agriculture. 34(3): 527-534.
Yan, T., Zhu, H., Sun, L., Wang, X., Ling, P. 2018. Detection of 3-D objects with a 2-D laser
scanning sensor for greenhouse spray applications. Computers and Electronics in
Agriculture. 152: 363-374.
Sudduth, K.A., Franzen, A.J., Zhu, H., Drummond, S.T. 2018. Variable-rate application
technologies in precision agriculture. In: Stafford, J.V., editor. Precision Agriculture for
Sustainability. Cambridge, United Kingdom: Burleigh Dodds Science Publishing Limited.
p. 171-194.
Yan, T., Wang, X., Zhu, H., Ling, P. 2019. Evaluation of object surface edge profiles detected
with a 2-D laser scanning sensor. Sensors. 18(11): 1-17.
Zhang, Z., Zhu, H., Guler, H., Shen, Y. 2019. Improved premixing in-line injection system for
variable-rate orchard sprayers with Arduino Platform. Computers and Electronics in
Agriculture. 162: 389-396.
You, K., Zhu, H., and Abbott, J. 2019. Assessment of fluorescent dye Brilliant Sulfaflavine
deposition on stainless steel screens as spray droplet collectors. Transactions of the ASABE.
62(2): 495-503.
Yan, T., Zhu, H., Sun, L., Wang, X., and Ling, P. 2019. Investigation of an experimental laser
sensor-guided spray control system for greenhouse variable-rate applications. Transactions
of the ASABE. 62(4): 899-911.
Chen, L., Wallhead, M., Zhu, H., and Fulcher, A. 2019. Control of insects and diseases with
intelligent variable-rate sprayers in ornamental nurseries. Accepted for publication in
Journal of Environmental Horticulture.
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Development of Technologies and Strategies for Sustainable Crop Production in
Containerized and Protected Horticulture Systems
Erik Runkle and Roberto Lopez, Michigan State University
Background: Resilient plants are those capable of withstanding a variety of stresses and thus,
are less susceptible to production and postharvest losses. Plant resilience of floriculture crops
can be increased during production using a range of techniques. Examples include calcium and
silicon sprays to reduce susceptibility to botrytis and powdery mildew; using LED lighting,
managed drought and nutrient stress, and plant growth regulators to make plants more compact,
toned, and less susceptible to tissue break-down during shipping; activating plant defense
mechanisms and introducing biological control agents prior to pest pressure to reduce infection;
and charging the substrate with fertilizer to increase plant performance during the consumer
phase.
At Michigan State University, we are performing research to improve resilience of
commercial floriculture crops using environmental strategies and plant growth regulator
application. We are investigating how temperature and lighting treatments for short periods, and
application of plant growth regulators (PGRs), can be used to improve the performance of
floriculture and greenhouse crops. This year, our focus was on the use of silver thiosulfate (STS),
which is a chemical that blocks ethylene receptors and thus, can improve stress tolerance. STS
recently became commercially available and labeled on floriculture crops in several states
including Michigan.
Progress and Accomplishments in FY 2019
We grew six popular species and cultivars of annual bedding plants in a greenhouse
following usual production practices. When the plants were deemed marketable (with several
flowers per plant open), plants were sprayed with the label rate of STS or with water, which
served as a control. After 24 hours, a compound that releases ethylene was applied at a very low
rate, which served to simulate a stressful shipping condition. A third treatment was no
application of STS or exposure to ethylene.
Plants were then transferred to a growth chamber and placed in darkness for three days to
simulate shipping. Plants were then kept in the growth chamber with low-intensity lighting to
simulate a retail condition. Data was collected on plants to document flower retention, and
quality ratings were assigned to each plant.
Results are still being synthesized, but preliminary results indicate that the application of
a compound that released ethylene caused significant flower bud drop, as expected.
Unfortunately, a previous application of STS had little to no effect at increasing plant resilience,
or tolerance to the presence of ethylene. An exception was calibrachoa, in which flower
retention was improved in plants treated with STS compared to those that did not.
No Presentations or Publications recorded in FY 2019
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Interactive effects of temperature and photoperiod on flower initiation and development
James E. Faust, Clemson University
Background: The wholesale market demands highly accurate delivery of flowering plants for
specific market dates regardless of the changing variables that occur from crop to crop. High
temperature delay of flowering in poinsettia (heat delay) is a common problem for commercial
growers. Poinsettia naturally initiates flowers in mid to late September when temperatures can
still be very high. Any delay in flowering can cause growers to miss established shipping dates
leading to economic losses. During the last two poinsettia seasons (2018 and 2019), record
temperatures in the southeastern U.S. in September and early October have resulted in delayed
flowering of some heat-sensitive poinsettia varieties. (The most popular variety grown is Prestige
Red which is heat sensitive).
There are two competing theories on the environment that causes heat delay of poinsettia
flowering. Berghage reported that night temperatures >23 °C inhibit flowering of ‘Annette Hegg’
poinsettias. Schnelle reported that average daily temperatures >24 °C inhibit flowering of
poinsettias. Our objective is to clarify this topic so that growers more clearly understand the
environmental conditions that lead to heat delay of poinsettias, then appropriate solutions can be
proposed and tested. More specifically, the objectives of our experimentation are:
1. To determine the effect of temperature and photoperiod on flowering of a heatsensitive and heat-insensitive cultivars.
2. To identify the sensitivity of heat stress during different stages of floral development.
Progress and Accomplishments in FY 2019
Two experiments were conducted that examined the interaction of photoperiod and
temperature. Three day temperatures (20, 24, 28 °C), four night temperatures (16, 20, 24, 28 °C),
and five night lengths (10, 11, 12, 13, 14 h) were provided to Orion Red (heat tolerant) and
Prestige Red (heat sensitive) poinsettias for a total of 60 treatment combinations. Treatments
were applied for 17 d, and then all plants were consolidated to one greenhouse. Data were
collected at the appearance of first color, visible bud, and anthesis. The reciprocal of days to
anthesis was used to calculate progress to flower made during the 17 d of treatments and these
data were plotted on a relative scale, e.g., 0-1.
The results showed that no progress to flower occurred for Prestige Red at 10 h. Orion
Red showed some benefit of 20 °C day temperature at 10 and 11 h. Progress to flower for both
cultivars showed an inverse relationship with day temperature at 12 h. Under 13-14 h, progress
to flower for Prestige Red decreased as night temperatures increased from 20 to 28°C, while
Orion showed only a slight delay at high night temperatures.
The previous work conducted by Schnelle at the University of Florida and Berghage at
the Michigan State University yielded seemingly contradictory results. Schnelle’s experiments
were conducted at 12 h night lengths and reported an increase in time to flower at high ADT.
Our data in the 12 h night length treatments are in agreement. Berghage’s experiment was
conducted at 14 h night lengths and reported an increase in time to flower at high NT, not DT or
ADT. Our data in the 14 h night length treatments are also in agreement. Therefore, the
conclusions of these previous studies are not actually in conflict. For example, when poinsettias
are grown under natural days, they begin to initiate flowers when the night length is 11-12 h.
Under these conditions, high DT and ADT will delay flowering. When poinsettias are forced into
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flowering under black cloth (14 h night lengths), high NT will delay flowering. We hypothesize
that high ADT changes the date of flower initiation by altering the plant response to night length,
i.e., the critical night length for flower initiation increases as ADT increases. Therefore, high
ADT in September (11-12 h night length) will delay initiation and the subsequent flowering date.
Both cultivars responded similarly to temperatures at 12 h night lengths. Additionally, high NT
inhibits flower development. So, black cloth crops (14 h night length) will initiate flowers
despite the ADT because the critical night length has been far exceeded; however, delayed
flowering will still occur with sensitive cultivars in response high NT, i.e., Prestige experienced
delayed flowering at 14 h night lengths when NT was high, while Orion did not.
An experiment has been completed to identify the amount of floral development that
occurs after a varying number inductive days. The data has not yet been processed. Results will
be available in the next report.
Currently, we are executing an experiment to identify the sensitivity to heat stress during
different stages of floral development. Results will be available in the next report.
FY 2019 Presentations
1. ASHS Poster (Las Vegas, NV): Evaluating the Interaction of Temperature and
Photoperiod on Poinsettia Flowering
2. FRA Oral Presentation (Denver, CO): Evaluating the Interaction of Temperature and
Photoperiod on Poinsettia Flowering
3. FRA Poster Presentation (Denver, CO): Floral Evocation in Poinsettia
4. Presentation at Metrolina Greenhouses, (Huntersville, NC): Evaluating the Interaction of
Temperature and Photoperiod on Poinsettia Flowering
5. Presentation to Youngs Plant Farm, (Clemson, SC): Evaluating the Interaction of
Temperature and Photoperiod on Poinsettia Flowering
No publications recorded for FY 2019
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Resilient Plants: Production, Shipping and Postharvest Techniques to
Maximize Sales and Sell-Through While Minimizing Inputs (including labor)
Paul Fisher, University of Florida, Gainesville FL 32611-0670
Background:
Objectives
1.
Develop innovative root zone management strategies for improved consumer
performance, including newly available polymer-coated fertilizers, modeling and 3D imaging of
root systems and substrates to analyze substrate types and irrigation strategies, and managing the
balance between water and air for vigorous root growth.
2.
Evaluate the effect of (a) the indoor growing environment, especially light quality and
quantity, and (b) plant material (cultivars and plant development stages) on performance of
transplants and finished plants for both commercial and homeowner situations.
Approach:
Greenhouse and simulated homeowner environments at the University of Florida are being used
to evaluate options for providing improved post-production performance for commercial
horticulture and urban homeowner markets from:
•
Providing residual fertilizer in the container or hydroponics
•
Varying root substrate components and air/water characteristics, container types, and
irrigation practices
•
Varying light quality and quantity using light emitting diodes with different spectral
outputs and intensity
Progress and Accomplishments in FY 2019
Controlled release fertilizers (CRFs) were tested against conventional water-soluble fertilizers
(WSF) in small-scale hydroponic systems. Nutrient release curves were developed for multiple
CRFs. A single application of a custom blend of CRF products plus water-soluble micronutrients
provided adequate plant nutrition for a 6-week hydroponic basil crop, with similar growth to a
commercial WSF blend.
In-depth controlled research was undertaken to quantify effects of air and water balance on root
growth and root health, including use of CT scanning to visualize root growth and water/air
distribution. Physical properties of 32 commercial blended substrates and substrate components
were tested, and video summaries were developed to communicate these results to stakeholders.
A vertical farming environment with sole-source LED lighting, carbon dioxide, fog humidity
control, and temperature control for producing transplants was constructed at University of
Florida. Prototype vertical farming systems were installed in five commercial operations for
onsite grower trials of indoor propagation. Trials were run at UF and a commercial greenhouse
with tissue culture blueberries, showing improved plant performance in a vertical farm compared
with greenhouse production. Unrooted cuttings are being propagated in the vertical farm, and
economic profitability and plant quality will be compared against standard greenhouse
production. Additional trials were conducted on light requirements to grow container and
hydroponic plants in a simulated homeowner indoor environment.
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Deliverables included presentations at state and national trade shows and international scientific
conferences, article series in trade press, refereed publications, decision-support tools provided
online and as smartphone apps, and online professional development courses.
FY 2019 Publications
Journals
Dickson, R.W. and P.R. Fisher. 2019. Quantifying the acidic and basic effects of vegetable and
herb species in peat-based substrate and hydroponics. HortScience 54(6):1093–1100. 2019.
https://doi.org/10.21273/HORTSCI13959-19.
Paz, M., P.R. Fisher, and C. Gómez. 2019. Minimum light requirements for lettuce growth and
quality for indoor urban gardening. Urban Forestry and Urban Greening 4:190001.
doi.org/10.2134/urbanag2019.03.0001.
Yafuso, E.J., P.R. Fisher, and A.C. Bohórquez. 2019. Quantification of poinsettia root growth by
image scans or x-ray computed tomography scans in three propagation substrates at varied
moisture levels. Communications in Soil Science and Plant Analysis 50(18):2354-2367.
https://doi.org/10.1080/00103624.2019.1659305.
Huang, J. and P.R. Fisher. 2019. Survey of Suspended Solids in Irrigation Water and Filtration
for Plant Nurseries. Journal of Irrigation and Drainage Engineering 145(6):
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001391.
Grant, G.A., P.R. Fisher, J.E. Barrett, and P.C. Wilson. 2019. Removal of Agrichemicals from
Water Using Granular Activated Carbon Filtration. Water, Air, & Soil Pollution 230: 7.
https://doi.org/10.1007/s11270-018-4056-y.
Adegbola, Y.U., P.R. Fisher, and A.W. Hodges. 2019. Economic Evaluation of Transplant
Robots for Plant Cuttings. Scientia Horticulturae 246:237-243.
Industry publications
Fisher, P.R., C. Gómez, M. Poudel, and E. Runkle. 2019. Economics of lighting young plants
indoors. GrowerTalks June 2019 50-52.
Fisher, P.R., J. Faust, and M. Tierney. 2019. Heat delay in poinsettia. Greenhouse Product News
Aug 2019 26-29.
Runkle, E., Y. Park, M. Zhang & P. Fisher. Lighting Young Plants Indoors. GrowerTalks Feb
2019.
Yafuso, E. and P. Fisher. 2019. Balancing air and water in propagation cells. Greenhouse Grower
Jan 2019: 58, 61. https://www.greenhousegrower.com/production/tips-to-balance-air-andwater-in-plant-propagation-cells/
Warner, L., A. Lamm, S. White, P. Fisher, and P. Beattie. 2019. Meeting U.S. nursery and
greenhouse growers’ needs with water conservation extension programs. UF IFAS EDIS
AEC664.
Gómez, C., P. Fisher, and M. Paz. 2019. Getting a piece of the indoor food gardening market.
Greenhouse Product News Jan 2019: https://gpnmag.com/article/getting-a-piece-of-theindoor-food-gardening-market/.
Vallejo, J.C., P.R. Fisher, and A.W. Hodges. 2018. Economics of direct transplant versus liners,
and unrooted versus callused cuttings. GPN Nov 018:26-28.
Vallejo, J.C., P.R. Fisher, and A.W. Hodges. 2018. Waste of Space: Is your greenhouse emptier
than you think? GrowerTalks Nov 2018:54-57.
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Vallejo, J.C., P.R. Fisher, and A.W. Hodges. 2018. Cutting Types and Transplanting Strategies.
GPN Oct 2018:20-24.
Vallejo, J.C., P.R. Fisher, and A.W. Hodges. 2018. Making the most of your space: Don’t let
your greenhouse space go to waste. GrowerTalks Oct 2018:58-61.
Flores, S., R. Freyre, and P. Fisher. 2018. Growing Superfoods in Containers: Ginger and
Turmeric. Greenhouse Grower Oct. 2018:40, 42, 44.
Online extension courses
•
Four-week-long English/Spanish professional development courses on Greenhouse 101,
Introductory Nutrient Management, Advanced Nutrient Management, Disease Management,
Weed Management, Costing and Profitability, Irrigation Water Quality and Treatment (673
industry participants 2019, 79% graduation, approx. 20% Spanish language and 20%
international).
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Resilient Plants: Production, Shipping and Postharvest Techniques to Maximize Sales and
Sell-Through while Minimizing Inputs (including labor)
John Erwin (Department of Horticultural Science, University of Minnesota, ST. Paul, MN)
Background: Resilient plants, plants capable of withstanding a variety of stresses, are less
susceptible to production and postharvest losses. Plant resilience can be increased during
production using a range of techniques. Examples include calcium and silicon sprays to reduce
susceptibility to botrytis and powdery mildew; using LED lighting, managed drought and
nutrient stress, and plant growth regulators to make plants more compact, toned, and less
susceptible to tissue break-down during shipping; activating plant defense mechanisms and
introducing biological control agents prior to pest pressure to reduce infection; and charging the
substrate with fertilizer to increase plant performance during the consumer phase. In each case,
production losses can be reduced. Proactive treatments that increase plant resilience can also
reduce crop losses after production during the transport, retail, and consumer phases. Decreasing
postharvest losses to increase sell-through of crops in the retail environment is important to
small-scale growers producing plants for their own retail, and large-scale growers marketing
plants to big-box retailers with pay-by-scan. Aside from the direct sales impact, producers have
losses associated with transportation costs to the retail facility and disposal costs. Cutting and
young plant producers also experience losses when plants reach a grower facility in poor
condition resulting in a credit (reimbursement) for that product. The overarching research
objective during the next five years is to increase plant resilience in floriculture products to
reduce crop losses at production, retail, and consumer phases. Our project will identify
production techniques, pre-shipping treatments, and postharvest handling guidelines to maximize
plant resilience to decrease losses and increase profitability. Grower feedback will be provided
annually during a stakeholder meeting to ensure research projects are commercially relevant and
feasible.
Progress and Accomplishments in FY 2019
In 2019, research at the University of Minnesota focused on 1) determining how hot root/media
temperatures impact root survival, 2) whether heating of roots impacts photosynthesis and yield,
and 3) whether application of beneficial biological organisms can increase root heat tolerance.
We are working in this area because nearly all ornamentals crops are produced in containers
(often black) for sales to the consumer, it is very common that root temperatures reach 50-65oC
during the spring/summer, and that there are annual significant root losses during these times
which may limit yield and require significant fungicide applications. We also evaluated whether
the growth hormone abscisic acid (ABA) is associated with heat tolerance in plants in a
continuing effort to help develop more heat tolerant crops. Specific research findings include:






Root respiration differs among commercial ornamental bedding plants species and that
respiration is associated with plant shipability,
Root respiration decreases when media temperatures exceed 52oC,
Root electrolyte leakage increases between 52 and 62oC depending on the variety,
Tomato varieties differ in electrolyte leakage at different temperatures,
High root temperatures can limit above ground photosynthesis,
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Inoculation with 5 beneficial organisms does not impact root heat tolerance, but does impact
mass and stem elongation.
ABA is associated with plant heat tolerance based on studies using Arabidopsis and tomato
wildtype and ABA-mutants as model plants. Our data demonstrates root death in
containerized ornamental/vegetable production is common, can decrease yield
(photosynthesis) and probably plant resilience during shipping and in the retail environment.

FY 2019 Presentations
1. Erwin, J.E., ‘The Nuts and Bolts of Keeping Your Roots’, Cultivate ’19, Columbus, OH.
2. Erwin, J.E., ‘Flowering Annuals and Perennials When you Want’, Cultivate ’19, Columbus,
OH.
3. Erwin, J.E., ‘University of Minnesota Research Update’, Cultivate ’19, Columbus, OH.
4. Erwin, J.E., ‘The Nuts and Bolts of Keeping Your Roots’, Hemp Focus Group Meeting,
Frazer, CO.
5. Erwin, J.E., ‘FNRI Research Update’, FRA Annual Conference, Minneapolis, MN.
FY 2019 Publications
Erwin, J. 2019. Environmental physiology of ornamental crops. In: M. Reid, ed., Advances in
Ornamental Horticulture. Cambridge Press. UK. (in press).
Erwin, J., Hussein, T. & D.J. Baumler. 2019. Pepper photosynthesis, stomatal conductance,
transpiration and water use efficiency differ with variety, indigenous habitat and species of
origin. Hortscience 54(?): (in press).
Erwin, J., & J. Hensley. 2019. Evaluation of species with horticultural attributes foe green roofs
in a cool, dry climate. Hortscience. 54(?):. (in press).
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Re-engineering Growing Media to Reduce Water, Agrochemical Inputs, & Crop Stress to
Minimize Time to Market
James S. Owen Jr. Virginia Tech, School of Plant and Environmental Sciences, Virginia Beach,
VA
James Altland, ARS, Application Technology Research, Wooster, OH
Background: In the last decade, the nursery and floriculture industry has been investing in new
technologies to solve labor and resource issues surrounding container production that include in
situ sensors and water treatment technologies. These technologies have yet to be adopted due to
complexity, capital costs, land loss, commercial availability, and lack of robustness for industry
applications. However, re-engineering growing media to have ideal physical and chemical
characteristics may hold a lasting, easily adoptable, low-cost solution. This is in part made
possible by a relatively new development in which growing media suppliers screen and separate
bark into particle size fractions that can be used individually or thoughtfully recombined to attain
the desired growing media water and air capacity. Additionally, fibrous amendments now
include coir and specially processed wood as an equal or lower cost alternative to peat. Mixtures
of these readily available components with customized chemical amendments, used to fill the
container in stratified layers, could provide unique opportunities to enhance crop growth,
stabilize pH over time, increase water and nutrient availability, reduce water use, suppress weed
germination and establishment, and reduce water use and treatment of runoff. Additionally, rethinking and -engineering the growing media to reduce water application provides a solution to
minimize resource waste regardless of production system, large container open-air nursery or
small container protected culture, that is either overhead or micro-irrigated, in which water is
also lost not only by leaching, but also between the plants being produced.
Progress and Accomplishments in FY2019
 Completed and published a comprehensive review of physical properties and hydrology
of pine bark used for container production in the eastern US comparing aged and fresh
bark amended with or without sand. This data will provide a benchmark for expected
parameters and acceptable deviation from the reported norm.
 We are in the process of conducting laboratory and field research to determine the effect
of substrate chemical amendments and controlled-release fertilizer, varying in
formulation and longevity, on pH and mineral nutrient availability of substrate porewater.
 We initiated an experiment at two nurseries in Oregon to examine substrate stratification
and how it affects weed establishment and growth and crop mineral nutrition, growth,
and development under two conventional scenarios.
 We initiated an experiment in the soil-plant-air continuum lab to determine the effect of
substrate stratification techniques on the water use and growth and development of
gardenia.
FY 2019 Presentations
1. Owen, J.S., Jr. 2019. Mastering the nexus of irrigation, soilless substrates, and fertility.
Harrell's sponsored workshop at Bailey Nurseries Inc., St. Paul, MN.

31

2. Owen, J.S., Jr. 2019. Substrate science.. Cultivate’19 presented by AmericanHort,
Columbus, OH.
3. Owen, J.S., Jr. 2019. Mastering the nexus of irrigation, soilless substrates, and fertility.
Cultivate’19 presented by AmericanHort, Columbus, OH.
4. Owen, J.S., Jr. 2018. Finessing the fertility of your containerized crop. J.R. Simplot
Galaxy Release, Lathrop, CA.
FY 2019 Publications
Shreckhise, J.H.*, J.S. Owen, Jr., M.J. Eick, A.X.Niemiera, J.E. Altland, & S.A White. 2019.
Dolomite and micronutrient fertilizer effect on phosphorus fate in pine bark. Soil Sci. Soc.
Amer. J. 83:1410-1420 doi:10.2136/sssaj2018.12.0493
Costello, R.C.*, D.M. Sullivan, D.R. Bryla, B.C. Strik, & J.S. Owen, Jr. 2019. Compost
feedstock and compost acidification impact growth and mineral nutrition in northern
highbush blueberry. HortScience 54:1067-1076 doi.org/10.21273/HORTSCI13599-18
Shreckhise, J.H.*, J.S. Owen, Jr., & A.X. Niemiera. 2019. Growth response of Hydrangea
macrophylla and Ilex crenata cultivars to low-phosphorus controlled-release fertilizers.
Scientia Horticulturae 246:578-588..
Altland, J.E., J.S. Owen, Jr., B.E. Jackson & J.S. Fields. 2018. Physical and hydraulic properties
of commercial pine-bark substrate products used in production of containerized crops.
HortScience 53:1883-1890.
Owen, J.S., Jr., A.V. LeBude, A. Fulcher, J. Stanley, & L. Oki. 2019. Leaching fraction: A tool
to schedule irrigation for container-grown nursery crops. Virginia Coop. Ext. Ser. Publ.
SPES-128P.
Fisher, P., S.A. White, J.S. Owen, Jr., R.T. Fernandez, D. Hitchcock, J. Parke, C. Hall, A. Lamm,
L. Oki, P.C. Wilson, J. Lea-Cox, D. Ingram, B. Cregg, P. Fisher, D. Sample, L. Sanagorski,
S. Tjosvold, & D. Haver. Clean WateR3 - Reduce, Remediate and Recycle / Water
Education Alliance for Horticulture: http://www.cleanwater3.org/ (contributor)
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Strategies and technologies to optimize resources in controlled environment agriculture
Jennifer Boldt, ARS, Application Technology Research Unit, Toledo, OH
Dewayne Ingram, University of Kentucky, Lexington, KY
Rosa Raudales, University of Connecticut, Storrs, CT
Ariana Torres, Purdue University, W. Lafayette, IN
Background: Resource optimization is essential to increase profit margins in commercial
greenhouse operations. Water, energy, carbon, substrate, and nutrients are essential inputs in
controlled-environment production for which there are also environmental concern. Higher
efficiency of these inputs has the potential to reduce production costs, increase control of crop
quality and timing, lower negative environmental impacts, and provide access to price premiums.
We propose to 1) quantify energy, water, and carbon used to grow greenhouse crops in largecommercial greenhouses, 2) validate the impact of existing crop production models and expand
life cycle assessment models for selected model crops with an emphasis on energy, water and
carbon inputs, 3) evaluate silicon application on plant sensitivity to biotic and abiotic stresses in
soilless substrates and hydroponic production systems, and 4) evaluate the economic feasibility
of adopting water, energy, carbon, substrate, and nutrient-efficient growing practices and
consumer preferences for those practices.
Progress and Accomplishments in FY 2019



Recruited one Ph.D. student (Gasselle Cordova) to conduct research associated with this
project. She will join our team as a Research Assistant October 15, 2019 and begin
graduate school in January 2020 (Raudales).
A visiting Professor (Dr. Luiz Henrique Vilas de Boas Barrios) was invited to participate
in the survey to consumers regarding cost-efficient technologies. He has arrived and we
have started a review of the literature. An online questionnaire will be developed to
conduct a survey of consumers in Spring 2020 (Torres).

No FY 2019 presentations to report.
No FY 2019 publications to report.
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Using Degraded Water Resources for Irrigation in the Production of Horticultural Crops
Patrick Christopher (P. Chris) Wilson, University of Florida/IFAS, Soil and Water Sciences
Department, Gainesville, FL
Joseph P. Albano, USDA-ARS-U.S. Horticultural Research Laboratory, Fort Pierce, Florida
Background: Water quality can be degraded through normal nursery production practices as
nutrients and pesticides used for plant production dissolve and leach/runoff from plants and areas
where they are applied. If the water is reused on the nursery, then nutrients can be recycled.
However, some uncertainty exists regarding the potential impacts of pesticides and growth
regulators dissolved in recycled water on plant health and quality. If the drainage water is
discharged off-site from the nursery and into natural waterbodies, significant impacts may occur
due to eutrophication of toxicity. Nursery managers need options for removing nutrients and
pesticides from drainage water that may be recycled or discharged off-site. This project
evaluated several strategies for removing nutrients and pesticides from water, as well as the
potential for enhancing retention of pesticides within the pots of plants. Remediation strategies
include anaerobic bioreactors for removal of nitrate followed in sequence by aerobic
precipitation using iron sulfate injections. The use of floating wetlands was evaluated as a
potential remediation method for pesticides. In addition to remediation of contaminated
surface/drainage water, we have also investigated opportunities for improving retention of
pesticides within treated pots without sacrificing their efficacy.
Progress and Accomplishments in FY 2019
During FY 2019, we conducted two sets of studies using mesocosms located on the University of
Florida campus. These studies used the plant Canna hybrida ‘Orange King Humbert’ grown on
Beemats provided by Beeman’s Nursery. The Beemats are floating mats with holes cut into
them. Plants were placed into aerator baskets that were inserted into each hole in the mat. The
underlying water was dosed with several pesticides and samples were collected over the
following 9-10 weeks for analysis of pesticide concentrations. Data are currently being
analyzed. We also published journal articles detaining the phosphorus precipitation and pesticide
sorption studies.
FY 2019 Publications
Ordonez-Hinz F, Albano JP, Wilson PC. 2019. Phosphate removal from nursery runoff water
using an iron-based remediation system. Water, 11,795; doi:10.3390/w11040795.
Leiva JA, P. Wilson PC, Albano JP, Nkedi-Kizza P, O’Connor GA. 2019. Pesticide Sorption to
Soilless Media Components Used for Ornamental Plant Production and to Aluminum-Water
Treatment Residuals. ACS Omega 4:17782-17790; doi:10.1021/acsomega.9b02296.

34

Improving the Efficiency of Container Substrates: Developing Water and Nutrient Profiles
Brian E Jackson, North Carolina State University, Raleigh, NC; and
Joseph P. Albano, USDA-ARS-U.S. Horticultural Research Laboratory, Fort Pierce, Florida
Background: The usage and role of substrates in container production of horticultural crops has
never been more important across all aspects of horticulture and the place sciences. Due to the
increased demand for container-grown crop production, the global demand for substrates is
projected to more than double by 2050. Substrate composition and architecture are underlying
variables in the water use efficiency of greenhouse substrates. These variables can play a pivotal
role in the efficacy of the irrigation method used as the industry continues to move into new,
more cost effective materials. Our goal is to identify the optimal pulse regimen for sub-irrigation
practices on horticultural substrates as well as determine how height of water and moisture
content affect a substrates hydration efficiency.
Progress and Accomplishments in FY 2019
● Created a new method and componentry to test the efficiency of substrates through subirrigation as well as innovating an existing method used for assessing substrate hydration
efficiency with overhead irrigation.
● We then deployed a large scale substrate irrigation test using mix compositions with peat,
perlite, wood chip, wood fiber, pine bark, coir and sand. In various moisture contents and
combinations to better understand the characteristics of each and identify idealistic
combinations.
● Pulsing techniques were then implemented to test how height and irrigation event
duration enhance the substrates ability to take up water through capillary action. Pulsing
event time ranged from 5 minutes (12 events) up to 60 minutes (1 event) with a total time
set to 60 minutes. Flow rate and saturated hydraulic conductivity were calculated, in
which both depended heavily on substrate composition. Regardless of irrigation event
amount, substrates uptake 90% of water within the first 3 pulses, which is confirmed by
water flow rate over time. A similar study will next be conducted to identify the benefits
of wetting agents.
● Nutrient movement testing through fertigation will be conducted following wetting agent
experimentation.
No presentations or publications recorded for FY 2019.
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Alternative Irrigation Water Sources for Sustainable Nursery Production
and Urban Landscapes
Raul I. Cabrera (PI), Rutgers University, 121 Northville Road, Bridgeton, NJ 08302
James Altland USDA-ARS, Agricultural Engr. Bldg., 1680 Madison Ave., Wooster, OH 44691
Background: The availability of good-quality irrigation water for the green industries (nurserygreenhouse growing operations and landscape maintenance activities) is rapidly dwindling due to
climate change and competition from priority/more sensitive agriculture/food production and
urban activities. The use of alternative irrigation water sources is thus becoming an imperative
premise to green industry activities. Results from the proposed studies should help
nursery/greenhouse growers and landscape managers, along with municipal and regional water
managers and stakeholders, appraise the potential water reuse/conservation benefits and risks
associated with intensive and extensive use of alternative irrigation water sources. The goals of
our studies are to evaluate the short- and long-term effects of irrigation with reclaimed water and
graywater on nursery & greenhouse crops and landscape plants as compared to municipal
potable or high-quality water sources.
Progress and Accomplishments in FY 2019











We are conducting a series of greenhouse studies on graywater irrigation. In this round
we are comparing the effects of laundry graywater made-up with newer organic and/or
bio-degradable products with conventional detergents and bleaching agents.
Results to date indicate that within a couple of weeks from the start of the treatments, the
foliage of some plant species (herbaceous perennials) irrigated with conventional laundry
graywater show undesirable aesthetic and growth effects, likely associated with high
alkalinity/pH, Na, Cl and B concentrations. These symptoms are both osmotic and ionspecific (toxicity) in nature.
The chemical nature of both conventional and biodegradable detergents & softeners
determined the response observed in some species, particularly in those having high
concentrations of alkalinity, hydrogen peroxide (bleaching agent), and Na, Cl and B (ions
in surfactant and builder components). Some plant species (both herbaceous and woody)
responded undesirably (growth and aesthetics) to high concentrations of these ingredients
within a couple of weeks from the start of the treatments.
Graywater effluents from plant-based detergents were found to have reduced (by almost
50%) concentrations of surfactants compared to the conventional detergents, and rarely
affected the growth and aesthetic responses of plants, being similar control plants
irrigated with good quality well-water.
A remarkable observation was that regardless of the graywater treatments used, and their
effects on various crops, a significant rhizosphere microbiological biomass values
(categorized as excellent) and diversity indices (categorized as good to very good) was
observed, similar, or even superior, to those found in the rhizosphere of the control (well
water) treatment.
A study has been initiated to evaluate the effects of supplemental silicate applications in
irrigation waters and organic substrates used to grow ornamental grasses. There is a
widespread problem of yellowing in several species of overwintered ornamental grasses
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(mostly bunch type, like Miscanthus, Panicum, Pennisetum) reported by nursery growers
in several states (like NJ, PA, NY, CT and OH). As grasses have high requirements for
silicate uptake and deposition in their cell walls, it is hypothesized that their production in
organic soilless substrates might be involved in the reported yellowing disorder.
Results from these project and activities are presented at grower/landscape meetings (NJ
Plants Trade Show; Texas Nursery & Landscape Association- Region II; nursery and
extension meetings in NJ, NY, CT, as well as scientific/professional conferences
(American Society for Horticultural Sciences and International Society of Arboriculture).

FY 2019 Publications
Cabrera, R.I., E. Petit and B. Moran. 2019. Diagnosing aesthetic and growth disorders in
hydrangea plants under commercial nursery production. Proceedings of the Southern
Nursery Association Research Conference. 63: 29-36.
Cabrera, R.I., J. Altland and G. Niu. 2018. Considerations on alternative water sources for urban
irrigation. HortTechnology 28(4): 436-444.
FY 2019 Presentations
Local/regional:
1. Cabrera, R.I. 2018. Mineral Nutrition of Nursery Crops and Landscape Plants. Chinese
Delegation from Guizhou Botanical Garden (hosted by Triway International Group).
Newark, NJ. September 24, 2018.
2. Cabrera, R.I. 2018. Evaluating Water Quality & BMPs for Landscape Irrigation. 9th
Annual NJ Plants Trade & Educational Show – NJ Nursery & Landscape Association,
Edison, NJ. Jan. 30, 2019.
3. Cabrera, R.I. 2019. Good Landscape Soil Management Practices (In Spanish). 9th Annual
NJ Plants Trade & Educational Show – NJ Nursery & Landscape Association. Edison,
NJ. Jan. 30, 2019.
4. Cabrera, R.I. 2019. Plant Biology and Its Applications in Landscape Management (In
Spanish). 9th Annual NJ Plants Trade & Educational Show – NJ Nursery & Landscape
Association. Edison, NJ. Jan30, 2019.
5. Cabrera, R.I. 2019. Basic Principles and Considerations for Substrate Management in
Container Crops. 2019 South Jersey Nursery Meeting. RCE of Cumberland Co.,
Millville, NJ. March 11, 2019.
National
1. Cabrera, R.I. 2018. Alternative Water Sources for City Trees. 2018 Texas Tree
Conference – International Society of Arboriculture-Texas Chapter. Waco, TX.
September 28, 2018.
2. Cabrera, R.I. 2018. BMPs for Irrigation & Fertilization in Trees (In Spanish). 2018 Texas
Tree Conference – International Society of Arboriculture-Texas Chapter. Waco, TX.
September 28, 2018.
International
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1. Cabrera, R.I. 2018. Fertigation in Cut Flower Crops: An Emphasis on Micronutrients (In
Spanish). Cuarto Seminario Internacional de Nutrición Vegetal en Flores. Bogotá,
Colombia. August 16, 2018.
2. Cabrera, R.I. 2019. Nitrogen Nutrition Management in Soil- and Hydroponics-grown
Crops (In Spanish). I Seminario de Nutrición en el Cultivo de Rosas. Bogotá, Colombia.
May 29-31, 2019.
3. Cabrera, R.I. 2019. Efficient Fertigation Management in Soil and Hydroponics According
to Crop Phenology (In Spanish). I Seminario de Nutrición en el Cultivo de Rosas.
Bogotá, Colombia. May 29-31, 2019
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Evaluation of native and underutilized germplasm for nursery and landscape use
Lisa Alexander, ARS, Floral and Nursery Plants Research Unit, McMinnville, TN
Nick Gawel, Tennessee State University, McMinnville, TN
Background: Maintaining the growth and profitability of the U.S. nursery industry is dependent
on developing new and novel woody ornamental cultivars while protecting natural resources and
worker health. Establishment of long-term experimental populations, coupled with the
development of database-centered information management systems are essential to full
utilization of existing genetic and genomic information for nursery crop improvement. Genomic
information and new phenotyping methods applied to current breeding lines and experimental
populations are needed to accelerate the production of high-value nursery crop cultivars. Native
and underrepresented woody landscape species improved for product quality and disease
resistance will stimulate consumer interest in landscape plants, provide producers with expanded
marketing opportunities, and reduce the environmental footprint of nursery production by
reducing the need for pesticides.
Funding for this project supports research on replicated trials to develop, evaluate, and release
improved germplasm of species native to the Southeastern US to expand market opportunities
and decrease the environmental footprint of nursery production. Trials will include but are not
limited to Callicarpa, Chionanthus, Cornus, Fothergilla, Hamamelis, Hydrangea, and Viburnum.
Evaluations will emphasize disease incidence and tolerance, production value, ornamental merit,
and potential for breeding improvement. Disease incidence and tolerance will be evaluated both
in situ and in replicated laboratory assays designed to identify and screen for diseases in juvenile
stages and propagation. Methods of controlling fungal and bacterial diseases including biocontrol
methods and biorational pesticides will be investigated. Evaluation for production merit will
include investigations into propagation methods and substrates, insect and weed pests, and
correct siting. Ornamental merit and potential for breeding improvement will be evaluated based
on comparisons to industry standard cultivars, ability of plants to mate successfully within and
between species, and genetic inheritance of ornamental traits.
The potential benefits expected from this project from the new and improved nursery crop
cultivars will stimulate consumer interest in landscape plants, provide producers with expanded
marketing opportunities, and improve the environment by reducing the need for pesticides. This
research will impact other scientists, the agricultural community, the general public, nursery
producers, retail garden center operators, landscapers, and public and private gardeners

Progress and Accomplishments in FY 2019





We collected and germinated seed from oakleaf hydrangeas collected across the native
range of the species. We determined that seed germination and early growth rates are
population-specific.
We established a field plot of oakleaf hydrangeas consisting of seedlings from 17
populations across the six-state native range of the species. Seedlings were evaluated for
growth, disease incidence, and ornamental traits in May and October of 2019.
We completed the third and final year of evaluation of Callicarpa species.
We completed the fourth and final year of evaluation of grafted magnolia cultivars.
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We provided stakeholders with recommendations for Osmanthus cultivars for the midsouth based on a three-year evaluation of growth and flowering.
We provided stakeholders with recommendations for witchhazel cultivars for the
southeast based on a three-year evaluation of growth, flowering, and disease incidence.
We initiated an experiment to determine best practices for rooting and finishing
American witchhazel in container production.
We assembled and propagated sourwood germplasm for establishing a field plot next
growing season.

FY 2019 Presentations
1. Sherwood, A., McNamara, S., Alexander, L., Clark, M. and S. Hokanson. Genetic and
Horticultural Diversity of Oakleaf Hydrangea (Hydrangea quercifolia Bartr.) Across its
Native Range. Independent Plant Breeders Conference 2018 Biennial Meeting, Mobile,
AL, 08-10 November 2018.
2. Alexander, L. Breeding for drought resistance in bigleaf hydrangea. Ornamental
Landscape Plant Symposium, College Station, TX, 26 June 2019.
3. Whitlock, M., Saunders, M., Wu, X., and L. Alexander. Drought tolerance of diploid and
triploid bigleaf hydrangea. Tennessee State University Otis L. Floyd Nursery Research
Center Field Day, McMinnville, TN, 25 July 2019.
4. Sherwood, A., Alexander, L., McNamara, S., Clark, M. and S. Hokanson. Diversity in
First Year Phenotypic Traits of Wild Collected Oakleaf Hydrangea (Hydrangea
quercifolia Bartr.) Seedlings. American Society for Horticultural Sciences Annual
Meeting, Las Vegas, NV, 21-25 July 2019.
5. Alexander, L. Breeding hydrangeas: techniques and tips for cultivar development. A – Z
of Producing Excellent Hydrangeas, Knoxville, TN, 01 August 2019.
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Alexander, L. 2019. Growth, cold-hardiness, and flowering of sweet olive, Fortune’s osmanthus,
fragrant tea olive, and holly tea olive in Tennessee. HortTechnology 29(1):78-84.
Alexander, L., Witcher, A., and F. Baysal-Gurel. 2019. Growth, flowering, and powdery mildew
related responses of witchhazels in Tennessee. HortTechnology 29(4):507-515.
Baysal-Gurel, F. and T. Simmons. 2019. Management of Cercospora leaf spot of hydrangea with
fungicides and biorational products. Proceedings of the 63rd Southern Nursery Association
Research Conference 63:118-121.
Wu, X. and L. Alexander. 2019. Genetic diversity of cultivated hydrangea using genotyping-bysequencing. Proceedings of the 63rd Southern Nursery Association Research Conference
63:18-27.
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Resilient Plants: Production, Shipping and Postharvest Techniques to Maximize Sales and
Sell-Through while Minimizing Inputs
Charles R. Hall, Texas A&M University
Background: Retail environments are rarely optimum for ornamental plants, and wilting caused
by water stress is a main cause of postproduction shrinkage. There have been insufficient studies
to determine if reducing irrigation during greenhouse production may serve to acclimate
floriculture crops to water stress during marketing. The objective was to determine the effect of
two levels of substrate moisture content (SMC) applied during greenhouse production. We are
also interested in simultaneously identifying carbon footprint and variable costs for ornamental
crop production.
Progress and Accomplishments in FY 2019:
This project targeted key issues in that supply chain that have been identified by industry
partners in surveys, grower site visits, and stakeholder meetings. These specific projects
included:
1. Tracking current crop losses, key performance indicators, and sell-through in young plant
and finished plant production, and retail. Survey methodology will be used to collect
these data, tools will be generated for grower benchmarking, and the economic value on
improved resilience will be quantified.
2. Developing an Index of Prices Paid by Growers that will supply information regarding
the increased costs of all inputs used by growers during young and finished plant
production. Yearly forecasts of economic performance of the green industry will also be
developed for growers to gauge the effectiveness of resilience-related production
methods.
3. Investigating the carbon footprint and economic tradeoffs when producing resilient young
plants, bedding plants, and potted flowering crops.
4. Investigating consumer preferences of resilient floriculture crops, along with retail
messaging regarding plant benefits. This research will use a combination of research
tools including eye tracking, biometrics measurements, and other tools in choice
experiments.

Project 1. Key Performance Indicators of Young and Finished Plant Producers
This Your MarketMetrics Insights Report summarizes major findings from the first round of
benchmarking data collection for the project. The purpose of the Your MarketMetrics
benchmarking program is to enable you to easily see how growers are compared to peers on
several key performance indicators (KPI’s) and identify critical industry trends (direction of
movement) relative to those KPI’s.
It is anticipated that growers will use this report in conjunction with the online dashboard to help
support (or justify) meaningful business decisions to drive improved profitability and financial
stability. Having said this, I feel it is vitally important to emphasize that growers should use these
comparison data as one source of input to their decision-making but never as the sole input in
making said decisions.
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The online dashboard is comprised of several sections including a Historic View, a Company
View, a Comparison View, and an Index of Prices section. Each of these sections is discussed in
detail in this report.
The initial launch of the Your MarketMetrics (YMM) benchmarking program was based on the
financial variables included in the Strategic Profit Model including profit margin, asset turnover,
return on assets, financial leverage, and return on equity.

The data collected during the first round of YMM was specifically targeted in order to provide
the necessary information to calculate these parameters in the strategic profit model. There are 3
main levers or drivers of profitability in this model, including profit margin, asset turnover,
and financial leverage. Each of these will be addressed in subsequent sections.
A total of 41 firms are participating in the launch of Your MarketMetrics (YMM) this year, with
27 of them being primarily nursery firms and 17 being primarily greenhouse firms. Obviously,
there are some growers who grow both types of crops but are classified in this database by their
primary function. The size distribution is seen below.
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A total of 9 firms were below $5 million (M) in gross sales, 6 firms are in the $5-10M size
category, 10 in the $10-25M group, and 16 are in the >$25M category.

Project 2. Index of Prices Paid by Growers
The green industry is currently in the mature stage of the industry life cycle. As such, there are
numerous pressures on existing firms in the industry, particularly one that is often referred to as
the price-cost squeeze (or margin compression), where the prices obtained for products offered
by green industry firms are held constant from real and perceived competitive forces while, at the
same time, the costs of the inputs used to produce these products are increasing. Thus, margins
for green industry firms are being “squeezed” relative to what they used to be during other stages
of the life cycle.
In an age of tight margins, it is essential for growers to have full and accurate information about
inflationary trends so that they can better understand the cost of operating their business for
managerial decision-making such as SKU rationalization, customer profitability analyses, and
determining the need for price increases. The use of the standard Producers Price Index (PPI) and
Consumer Price Index (CPI) for this purpose is insufficient because wholesale growers purchase
different goods and services from those used for calculating these indexes. The National
Agricultural Statistics Service (within USDA) also calculates an Index of Prices Received by
Farmers for their crops and livestock and an Index of Prices Paid by Farmers for the inputs they
use during production. However, these indices also fall short in that they contain (or exclude)
many items that are not applicable to nursery and greenhouse growers.
To overcome this issue, an Index of Prices Paid by Growers was developed that reflects
inflationary pressures on the most important inputs used by green industry growers. This index
reflects the differences in the prices of goods and services purchased by growers during the last
several years. Each cost-related line item is weighted by its relative share of the total of the
typical assortment of goods and services purchased by growers for producing, marketing, and
shipping plants. Using this methodology, a weighted average rate of inflation in the prices of
these grower inputs is estimated, where the weights used to aggregate these individual inputs are
the average proportions of grower budgets allocated to each input category.
The purpose of this white paper is to document the costs of inputs used to produce plants. Armed
with such information, growers will be in a much better position to understand the inflationary
pressures on their relative costs of production and use these data in making more informed
pricing decisions (since total costs represent the price floor and willingness-to-pay on the part of
the customer represents the price ceiling).
Results from this analysis indicate that the summary weighted Index of Prices Paid by Growers
ranges from 100 in 2007 to a high of 126.8 in 2018. This means that the overall cost of
producing nursery and greenhouse crops is almost 27% higher in 2017 than it was in 2007, with
labor experiencing the largest increase (33.3% higher in 2018). The year-over-year (YOY)
increases are also presented, reflecting the inflationary pressures of costs over time. YOY costs
associated with the tracked expenses in 2018 increased about 3.5% over what they were in 2017.
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Project 3. Carbon Footprint and Economic Tradeoffs
A model production system for a 15.2-cm poinsettia (Euphorbia pulcherrima) in the north
Atlantic region of the US was analyzed using life cycle assessment. The carbon footprint for the
plant was 0.47 kilogram carbon dioxide equivalent with variable costs of $1.03. Substrate and
filling pots, fertilization, the container, irrigation, and overhead electricity contributed most to
GWP. The unrooted cutting and labor to prepare and stick it were major contributors to variable
costs ($0.47) while the substrate and filling containers and irrigation were notable contributors.
Material inputs accounted for 64% of total GWP while equipment use contributed 36% and
$0.66 (65%) of variable costs while labor would be 20%. Water use would be 77 L (20 gal) with
boom irrigation for the 9 weeks at production spacing (32.8 plant/m2) and represent 64% of total
water use.

Project 4. Consumer behavior study
The active-passive experience continuum posited by Pine and Gilmore (1998) was a useful
framework to describe the two segments that emerged in this study. For plant producers,
wholesalers, and retailers, the knowledge ascertained from this study can be used to market
plants more effectively to consumers actively involved and enjoying landscape activities. This
segment may be a better target for messaging. To motivate the Obligatory Passive group would
likely take significant marketing effort to increase their spending. Future research might
investigate effective marketing messages for this group. The Active segment had positive
attitudes about water conservation, making them ideal targets for marketing messages which
include planting and maintaining a landscape during drought situations. They also espouse other
landscape ideals such as pride in landscape and desire a low water input landscape. These
individuals also are younger, more affluent, and purchase a greater amount of plants in all plant
categories due to their enjoyment in plant activities. This also includes higher purchasing
behavior of indoor plants. Messaging efforts could be spent on the obligatory landscape users to
communicate why gardening is important. Though unlikely due to differences in attitudes,
marketing efforts aimed at active landscape users could potentially appeal to passive landscape
users, as well.
Our goal was to better understand consumer attitudes for active versus passive landscape
enjoyment. We expected to observe multiple clusters but found binary active and obligatory
landscape participation, especially in terms of the landscape purchases and water conservation
and other plant importance attitudes. We provided evidence to support our hypothesis that
homeowners were not homogeneous in their attitudes about landscape activities, as seen with the
differences between the two clusters. We also hypothesized that their purchasing behavior and
demographical background would also be heterogeneous. Findings from this study confirm these
hypotheses.
Findings can be readily incorporated into marketing messages to better connect with consumers
who have diverse, if not opposite, motivations for purchasing and enjoying horticultural plants.
Messages could focus on the active landscape users desire for diverse plant types in their
landscape or capitalize on the fact that they find immense pride in their landscape and find water
conservation important. With the Active Engagement cluster comprising of a more diverse
population, messages should represent the wide breadth of individuals purchasing plants and
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enjoying their landscape. Such messages would be instrumental in positively influencing the
value proposition (and thereby elasticity of demand) for ornamental plants, affecting likelihood
of purchase as well as willingness-to-pay (Hall and Dickson, 2011).
FY 2019 Publications
Knuth, Melinda, Bridget Behe, Charles Hall, Patricia Huddleston, and R. Fernandez. 2019. Sit
back or dig in: The role of activity level in landscape market segmentation. HortScience.
Accepted for publication, May 22, 2019.
Ingram, Dewayne, Charles Hall, and Joshua Knight. 2019. Understanding irrigation water
applied, consumptive water use, and water footprint using case studies for container
nursery production and greenhouse crops. HortTechnology. Accepted for publication,
April 4, 2019.
Guo, Yanjun, Terri Starman, and Charles Hall. 2019. Bedding plant responses to reduced
substrate moisture content (SMC) during greenhouse production regarding growth,
development, postproduction quality and economic value. HortScience. Accepted for
publication, March 8, 2019.
Kassas, Bachir, Marco Palma, and Charles Hall. 2019. Self-Serving motivations of high- and
low-income individuals in voluntary contributions mechanisms. Submitted to Economic
Inequality, January 29, 2019.
Ingram, Dewayne, Charles Hall, and Joshua Knight. 2019. Modeling container-grown Euphorbia
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costs using life cycle assessment. HortScience. 54(2):1–5. 2019.
Doi.org/10.21273/HORTSCI13641-18.
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production and use of landscape plants. HortTechnology.
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Guo, Yanjun, Terri Starman, and Charles Hall. 2018. Reducing substrate moisture content during
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HortScience 53(11):1618-1628.
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Khachatryan, H., A. Rihn, B. Campbell, B. Behe, and C. Hall. 2018. How do consumer
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New Strategies for Management of Invasive Ambrosia Beetles in Horticultural and
Nursery Crops
Christopher M. Ranger, Ph.D., USDA-ARS, Application Technology Research Unit,
Horticultural Insects Research Lab, Wooster, Ohio
Michael E. Reding, Ph.D., USDA-ARS, Application Technology Research Unit, Horticultural
Insects Research Lab, Wooster, Ohio
Peter B. Schultz, Ph.D., Virginia Tech, Hampton Roads Agricultural Research and Extension
Center, Virginia Beach, VA
Jason Oliver, Ph.D., Tennessee State University, Otis Floyd Nursery Research Center,
McMinnville, TN
Karla Addesso, Ph.D., Tennessee State University, Otis Floyd Nursery Research Center,
McMinnville, TN
Background: Exotic ambrosia beetles are highly destructive pests of trees grown in ornamental
nurseries and tree fruit orchards. Adult females tunnel into the heartwood of host trees, whereby
they cultivate gardens of their fungal symbiont, which serves as the only source of nourishment
for the larvae and adults. A broad range of 100-200 tree species are attacked, with symptoms
including rapid branch dieback and tree death. Field and laboratory-based experiments will
address a variety of topics related to ambrosia beetle biology, behavior, and management. For
instance, research will be conducted to predict the timing of ambrosia beetle spring flight.
Optimum trapping tactics will be determined, including attractants, lure dispensers, and trap
types. Since ambrosia beetles preferentially attack stressed trees, research will assess the impact
of physiological stressors on predisposing trees to attack, namely, freeze-stress and overwintering stress. The efficacy of conventional insecticides, botanically-based insecticides,
repellents, and/or ethanol-masking treatments for preventing ambrosia beetle attacks on healthy
and physiologically-stressed trees will also be assessed. Results from the aforementioned studies
will be used to develop a ‘push-pull’ management strategy, whereby repellents are used to push
beetles away from vulnerable trees and attractants will be used to pull them into annihilative
traps. These results will also help growers to adjust production practices to maximize tree health
and minimize the risk of ambrosia beetle attacks.
Progress and Accomplishments in FY 2019




A non-insecticidal, proprietary compound was tested in Ohio and Virginia for promoting
the metabolism of ethanol within stressed trees in an attempt to disrupt the establishment
of ambrosia beetle colonization success. Initial experiments indicated the proprietary
compound reduced colonization success and could be useful for improving tree health. •
Collaborative research with Dr. Raul Villanueva and Dr. Zenaida Viloria (UKY)
evaluated a proprietary blend of volatiles for attracting ambrosia beetles. Trap data are
being processed, but the blend of host volatiles was attractive under field conditions to
ambrosia beetles. Subsequent studies will characterize the most behaviorally active
compounds within the blend.
Collaborative research was conducted in Ohio, Virginia, and Italy (Dr. Davide Rassati) to
identify the optimal release rate of ethanol from lures in order to improve mass trapping
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tactics of ambrosia beetles. Data are being processed, but different species of ambrosia
beetles responded differently to ethanol release rates ranging from 0.1 g/day to 15 g/day.
Collaborative research is being conducted with Dr. Peter Biedermann (Univ. Würzburg)
to identify compounds secreted into ambrosia beetle mycangia that promote spore
division of their nutritional fungal symbiont but suppresses growth of antagonistic
microorganisms. Understanding the physiology of the mycangia will assist in developing
novel control strategies targeting this structure.
Collaborative research was conducted with Dr. Peter Zach and Dr. Marek Dzurenko
(Slovak Academy of Sciences) to characterize the electrophysiological response of
ambrosia beetles to denatured vs. absolute ethanol. Previous studies have demonstrated
denatured ethanol is an inexpensive alternative to absolute ethanol that growers can use
for monitoring flight activity.
Seasonal flight activity of native and exotic ambrosia beetles were monitored for a fifth
year to understand differences in activity among species, along with the impact of winter
and spring climatic conditions on beetle activity. Data are indicating that beetle activity is
temporarily suppressed during cool and wet springs, but beetles will increase their
dispersal activity if precipitation decreases and temperatures increase. Seasonal flight
activity of a newly established exotic species, Anisandrus maiche, is also being
documented for comparing with other exotic destructive species, particularly
Xylosandrus germanus. The flight activity of A. maiche follows that of X. germanus and
therefore increases the length of time trees in nurseries are vulnerable to attack.
We continued research using ethanol infused bolts to monitor seasonal colonization
activity of Xylosandrus germanus, Xylosandrus crassiusculus and Anisandrus maiche.
Once again, almost all attacking beetles formed colonies even in bolts deployed in early
September.
We continued and expanded experiments examining the relationship between duration of
stress on trees and colonization success of ambrosia beetles. Fruiting apple (‘Golden
Delicious’) and flowering dogwood (Cornus florida) were tested in 2019. Trees were
flood-stressed for 3, 5, 7, or 10 days. Ambrosia beetles, primarily Xylosandrus germanus,
attacked trees in all flood treatments, and colonization success (offspring present) and
survival of foundresses increased as flood duration increased. The combination of flood
duration and beetle attacks did not affect health of apple trees. However, health of
dogwood trees declined as flood duration increased. The decline in health appeared to be
more related to flooding than ambrosia beetle attack in dogwoods, as there was no
interaction between numbers of attacks and flood duration in relation to tree health.
In a 2018 experiment, 20 dogwood trees (C. florida ‘Rubra’) were flooded for 3 days and
attacked (range 0 to 14 attacks) by ambrosia beetles. Ten of those trees were dissected in
2018 and no offspring were detected in any of the attack sites indicating colonization was
not successful. Furthermore, all but 1 tunnel entrance was filled with callus tissue
indicating attack sites were healing. The remaining 10 trees were maintained through
spring 2019, at which time
all bloomed and appeared healthy. This indicates trees can tolerate short-term flooding
and attacks if colonization is not successful and numbers of attacks are not
overwhelming. • Field trials evaluated the potential of using trunk applications and
drenches of taurine at a low (1gm/2l) and high (10gms/2l) rate to container-grown
redbuds. The control treatment was a drench or spray with water. The objective was to
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reduce ethanol emissions from the trees and thereby reduce attacks from ambrosia beetle
species, X. germanus, X crassiusculus, and Cnestus mutilatus. Data will be pooled with
other states to determine if the results were significant, and if there is potential for this
compound to be a pest management tool in specialized situation, e.g. high value trees.
Field trials compared the effects of 5 different flooding periods using container-grown
redbuds. The treatments ranged from 0 (unflooded) to10 days. Trees whose roots were
flooded all had attacks, and they were mostly in the lower portions of the trunk. Trees
flooded for 10 days were nearly dead and would not be marketable. Intensive rainfall
events are expected to increase in frequency and this study simulates such a scenario.
Proper cultural and species selection will be needed to mitigate injury and mortality from
such events.
Field trials compared red maple bolts soaked in 35% ethanol for 72hrs and treated with
permethrin (Perm-Up), pyraclostrobin and boscalid (Pageant), permethrin plus
pyraclostrobin and boscalid and a water control. The number of attacks were counted
every 7 days. Data have not as yet been analyzed but it appears that the fungicide had no
effect on the number of attacks.
Field trials compared ambrosia beetle attraction to different release rates of ethanol using
Falcon tubes into which different number of holes of and dimensions were drilled. Tube
holes were 1/16 inch holes of 1 and 3 holes; ¼ inch holes of 4, 12, and 20 holes per tube.
Falcon tubes filled with 30ml of 200 proof ethanol were hung inside a vented 2-liter
bottle trap with antifreeze in the collection bottle. Data were collected for a 2-week
period with ethanol added as needed. The release rates of these dimensions will be
determined in an environmental chamber.
Additional surveys for species composition and emergence times was conducted at three
locations in Virginia, City of Virginia Beach, Isle of Wight, and Henrico counties. The
species Cnestus mutilatus is increasing in several locations, and may become a significant
portion of the ambrosia beetle complex damaging trees in commercial nurseries.
Two trials were conducted at Rock Island State Park using hollowed bolts filled with
70% ethanol and ISCA experimental repellents from 24 May to 4 June 2019. Treatments
included untreated bolts and bolts with plastic dispensers containing 3 g each of repellent
(coded product C & D). Bolts were spaced at 30-m increments to prevent treatment
interactions. Both repellent products had significantly fewer attacks by ambrosia beetles
compared to the check. The repellent compounds were also tested using flooded trees.
Beetle attacks were low, but more attacks occurred in blank control trees compared to
trees treated with the repellents. There was no difference between the two repellent
treatments.
Containerized 3-gal dogwoods were treated with two fungicide pre-treatments or a water
control and then flood stressed to induce attacks. In trial 1, more attacks were observed in
untreated trees than Tartan treated trees and more attacks were on Tartan-treated trees
than Pageant-treated trees. In trial 2, there was no difference between untreated and
Tartan-treated trees, but there were fewer attacks on Pageant-treated trees.
Redbud trees were drenched with 100 ml of 50% ethanol to induce attraction of ambrosia
beetles. A blend of two repellent compounds (E1 & E2) were mixed with water at 2.5%
by volume each (5% repellent total). The repellent treatment was applied to trees alone or
in combination with kaolin clay. The kaolin clay was added to evaluate effect on field
residual of repellents or possible improvement of the repellent effect. Two controls
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treatments included untreated trees and kaolin-treated trees. Two trials were conducted.
High ambrosia beetle pressure was observed in both trials as well as high variation within
treatments. Significant differences were detected between repellent treatments and the
untreated checks and the repellent combination treatment had the lowest total number of
attacks in both trials. The addition of kaolin clay did not improve the repellent effect. •
Redbud trees were drenched with six different systemic fungicides (Segovis, Subdue
Maxx, Orkestra, Paegent, Tartan and Empress) at label recommended rates 1 or 3 weeks
before simulated flood conditions. Half of the fungicide treated trees also were inoculated
with Phytophthora cinnamomi (Basel-Gurel lab) by rice grain method. Two untreated
controls received no fungicide treatment, but one received Phytophthora. A total of 964
ambrosia beetle attacks occurred among test trees. Trees treated with fungicides at 3weeks before flooding generally had fewer attacks than trees treated 1-week before
flooding. Segovis, Subdue Maxx, and Orkestra were the most effective fungicides; depth
of attack data are still being analyzed. A fall repeat of the test has been initiated with
treatments applied.
Redbud trees were drenched with 3 different systemic fungicides (Segovis, Subdue
Maxx, and Orkestra) at label recommended rates with some treatments receiving PermUp 3.2EC (permethrin) combination treatments. Fungicides were applied 3-weeks before
and permethrin 2-days before simulated flooding. Half of the treated trees were
inoculated with Phytophthora cinnamomi (Basel-Gurel lab) by rice grain method. A total
of 447 ambrosia beetle attacks occurred with Subdue Maxx and Orkestra having
significantly less attacks than the untreated trees. Permethrin results were atypical and the
test will be repeated in spring 2020. The trees for this study are currently being dissected
for species and depth of attack assessments.
Eight redbud trees were watered with 10% ethanol and monitored for ambrosia beetle
attacks. Date of attack, cardinal direction of attack, and height of attack were recorded.
Data are still being analyzed from this test.
First catch of granulate ambrosia beetle occurred on 8 April 2019 at 285 growing degree
days (base 50oF) (GDD). For the past five years, first catch has occurred on 3 Apr 2018
(337 GDD), 29 Mar. 2017 (444 GDD), 11 Mar. 2016 (163 GDD), and 8 Apr. 2015 (263
GDD). A recalculation of the GDD at base 67.5oF appeared to give a much closer
approximation of adult emergence times with GDD 67.5oF first emergence values of
10.5, 3, 5, 9, and 2 GDD for 2015 to 2019, respectively. Since there is no larval
developmental period for ambrosia beetles overwintering as adults, 67.5oF may be a
better predictor of adult activity. With the exception of 2006, we have first granulate trap
capture data for all years since 2004.
Chinese chestnuts were treated with Perm-Up, Pagent, Perm-Up/Pagent, or control to
access the impact of these pesticides on ambrosia beetle attack over time. Four reps were
rated for beetle attacks and bark samples harvested at 3 and 7 days after treatment.
Samples and data are still being processed for this test.

FY 2019 Presentations
1. Addesso, K., J. Oliver, and F. Baysal-Gurel. 2019. Managing Hard to Manage Nursery
and Landscape Pests: Ambrosia Beetles, Japanese Maple Scale, and Phytophthora. 30
Sept. 2019. 19th Annual Nursery Crop Field Day, Caldwell County Nurserymen's
Association, Lenoir, NC. (Invited Presentation).
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2. Basham, J., J. Oliver, D. Eskandarnia, N. Youssef, and J. Grant. 2018. Influence of height
of ethanol-baited traps on Scolytinae collected within a mixed planting of red maple
cultivars. Joint Annual Meeting of Entomological Society of America, Entomological
Society of Canada, and the Entomological Society of British Columbia. 11-14 Nov. 2018.
Vancouver, British Columbia, Canada.
3. Baysal-Gurel, F., M. Brown, J. Oliver, and K. Addesso. 2019. Control of Phytophthora
root rot and ambrosia beetles on flowering dogwood trees during simulated flood events.
96th Southern division APS meeting. Feb 7-9, 2019. Gainesville, FL.
4. Baysal-Gurel, F., M. Brown, J. Oliver, and K. Addesso. 2018. Comparative performance
of fungicides, biofungicides, and host plant defense inducers in suppression of
Phytophthora root rot in flowering dogwood during simulated flood events. International
Soilborne Oomycete Conference. 4-6 Dec. 2018. Islomorada, FL.
5. Ranger, C. M. 2018. Case Study: A Decade of IPM Research and Development for
Exotic Ambrosia Beetles. ECOIPM Ornamental Workshop. Hendersonville, NC. (Invited
plenary address)
6. Ranger, C. M. 2018. Applied Chemical Ecology for Managing Ambrosia Beetles in
Ornamental Nurseries and Urban Landscapes. Joint meeting of the Entomological
Society of America, the Entomological Society of Canada, and the Entomological
Society of British Columbia, Vancouver, B.C., Canada. (Invited Presentation).
7. Ranger, C. M. 2019. Biology, ecology, and management of exotic ambrosia beetles.
Bartlett Tree Experts Annual Horticultural Forum. Westbury, NY. (Invited Presentation).
8. Ranger, C. M. 2019. Applied chemical ecology of exotic ambrosia beetles. University of
Würzburg, Würzburg, Germany. (Invited Presentation).
9. Ranger, C. M. and P. B. Schultz. 2019. Biology, ecology, and management of exotic
ambrosia beetles (and a new Scale). Virginia Nursery and Landscape Association Field
Day, Keller, VA. (Invited Presentation).
10. Reding, M., and C. M. Ranger. 2018. Duration of stress on hosts and colonization success
by ambrosia beetles. Joint meeting of the Entomological Society of America, the
Entomological Society of Canada, and the Entomological Society of British Columbia,
Vancouver, B.C., Canada.
11. Schultz, P. B. 2019. Invasive insects, ambrosia beetles and crape myrtle bark scale.
Northern Neck Master Gardener Training Course, Kilmarnock, VA.
12. Schultz, P. B. 2019. Novel management of Invasive insects, ambrosia beetles and crape
myrtle bark scale. Virginia Master Gardener College, Norfolk, VA.
13. Schultz, P. B. 2019. Invasive insects, ambrosia beetles and crape myrtle bark scale. MidAtlantic Horticultural Short Course, Virginia Beach, VA.
14. Werle, C., K. Addesso (presenter), J. Oliver, P. Schultz, C. Ranger, M. Reding, J.C.
Chong and B. Sampson. 2018. Effect of mesh size on preventing ambrosia beetle
(Curculionidae: Scolytinae) attacks on ornamental trees using insecticidal netting. Joint
Annual Meeting of Entomological Society of America, Entomological Society of Canada,
and the Entomological Society of British Columbia.
15. Viloria, Z., R. T. Villanueva, R. Bessin, W. Dunwell, G. Travis, and C. Ranger. 2018.
Invasive ambrosia beetle populations in central and western Kentucky: Some strategies to
deter their attack. Joint Annual Meeting of Entomological Society of America,
Entomological Society of Canada, and the Entomological Society of British Columbia.
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Brown, M. 2018. Prevention of ambrosia beetles (Coleoptera: Scolytinae) and Phytophthora root
rot with stress mitigating fungicides. Tenn. State Univ. Master’s Thesis. 153 pages.
Brown, M., F. Baysal-Gurel, J. Oliver, and K Addesso. 2019. Management of Phytophthora root
rot (Phytophthora cinnamomi Rands) and ambrosia beetles (Curculionidae: Scolytinae) on
flowering dogwoods exposed to simulated flood events. Crop Protection. (In press)
(https://doi.org/10.1016/j.cropro.2019.05.028)
Brown, M., F. Baysal-Gurel, J. Oliver and K. M. Addesso. 2018. Evaluation of fungicides and
biofungicides for control of Phytophthora cinnamomi on flood-stressed flowering
dogwoods, pp. 45-51. Proceedings of the 62th Southern Nursery Association Research
Conf. Baltimore, MD.
Galko, J., M. Dzurenko, C. M. Ranger, J. Kulfan, E. Kula, C. Nikolov, M. Zubrik, P. Zach. 2018.
Distribution, habitat preference, and management of the invasive ambrosia beetle
Xylosandrus germanus (Coleoptera: Curculionidae, Scolytinae) in European forests with
emphasis on the West Carpathians. Forests. 10. DOI: 10.3390/f10010010.
Ranger, C. M., C. T. Werle, P. B. Schultz, K. Addesso, J. B. Oliver, and M. E. Reding. 2019.
Long-lasting insecticide netting for protecting tree stems from attack by ambrosia beetles
(Coleoptera: Scolytinae: Curculionidae). Insects. (Accepted pending revision)
Ranger, C. M. 2019. Pest management tactics for exotic ambrosia beetles attacking ornamental
trees. Branching Out. An Integrated Pest Management Newsletter for Trees and Shrubs. 26.
(Invited review article).
Rassati, D., M. Contarini, C. M. Ranger, G. Cavaletto, L. Rossini, S. Speranza, M. Faccoli, and
L. Marini. 2019. Fungal pathogen and ethanol affect host selection and colonization success
in ambrosia beetles. Agricultural and Forest Entomology. DOI: 10.1111/afe.12351
Reding, M. E. and C. M. Ranger. 2019. Attraction of invasive ambrosia beetles (Coleoptera:
Curculionidae: Scolytinae) to ethanol-treated tree bolts (in press). doi: 10.1093/jee/toz282.
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Evolving and Integration of Management Plans for Major Taxonomic Groups and
Potential New Invasive Pests of Ornamental and Floriculture Production
Cindy McKenzie, ARS, Subtropical Insects and Horticultural Research, Fort Pierce, FL
Lance Osborne, University of Florida, MREC, Apopka, FL
Background: The neonicotinoid class of insecticides is widely used for controlling whiteflies in
many cropping systems including ornamental and floriculture crops and are in very grave danger
of being removed from the market place in the United States due to concerns over toxicity to
pollinators. This class of insecticides has already been banned from use in the European Union
and the state of Oregon has recently taken measures to do the same. Environmental groups want
the entire neonicotinoid class removed which would be catastrophic not only to the ornamental
and floriculture industry but also to cotton, field, and vegetable production as they all rely
heavily on this class to manage many economically important plant sucking pests. We will
evaluate alternatives to this class of insecticides by working closely with the chemical industry to
identify registered pesticides and those near registration that could fill the void created if the
neonicotinoid class was banned. We will focus on whitefly control since this is the primary pest
affected and will cause the greatest amount of damage/cost to the ornamental and floriculture
industry if neonicotinoids are lost. We will continue to evaluate commercially available
predatory mites (Amblyseius swirskii, Amblyseius cucumeris and Amblyseius andersonii) for
development and integration into BMPs including their susceptibility to alternative insecticides
and their utility in banker plant systems currently under development. We have developed
BMPs for whitefly targeted at propagated ornamentals and plants for planting intended for export
as well as BMPs for thrips targeted at plants for planting. Whitefly management is impacted by
control tactics used on other significant pests such as mites, aphids, mealybugs and many others.
We are always looking at how these other controls affects our thrips and whitefly management
plans. We also look at how we might use what we have developed for thrips and whiteflies to
implement programs for these other pests.
Progress and Accomplishments in FY 2019







Processed 199 whitefly samples representing 2,512 individual whitefly that have been
molecularly biotyped for growers/researchers free of charge so that management
programs could be tailored to an individual nursery or greenhouse grower’s whitefly
population (MEAM1 vs MED / B vs Q); MED was detected in OR (Q1/Q2), TX (Q1),
MI (Q1) and Canada (Q1) this cycle.
Management plans for thrips (https://edis.ifas.ufl.edu/pdffiles/IN/IN114500.pdf) and
whiteflies http://edis.ifas.ufl.edu/pdffiles/IN/IN117100.pdf are continually
updated/available online.
Continued neonic stewardship research and conducted two low rate rotation GH trails
testing management programs w/non-neonics against MED. Drenches do not perform
well at the low rate. Three foliar trts (Rycar, Altus, Ventigra) provided good control and
will be evaluated at different rotations w/in the regime to determine if order of sequence
can improve performance.
Two yr GA WF field survey sequences submitted to GENBANK, paper
submitted/accepted which will provide an excellent baseline of data should MED be
detected in GA fields in the future.
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MED was detected for the first time in the Dominican Republic from two different
Provinces (Santo Domingo/Santiago), host plants (tomato/tobacco) and environments
(greenhouse/open field). Survey results submitted/accepted for publication and serve as a
baseline for MED distribution and potential spread in the DR.
Scirtothrips dorsalis (chilli thrips) national survey is underway; FY19 thrips samples
were processed from two TN counties (Davidson, Rutherford), one RI county (Newport)
and interception by DPI in FL from NC on hemp. RI was collected on Vincetoxicum
nigrum in close proximity to hydrangea, but determined to be Thrips tabaci. All samples
from TN and FL/NC were S. dorsalis, South Asia 1.
S. dorsalis East Asia 1 is established in NY and MA and overwintering exclusively on
hydrangea. In FL, 7 hydrangea species representing 60 different varieties to S. dorsalis
South Asia 1 were evaluated so that we may compare susceptibility to insecticides, etc.
on the same host plants between the two cryptic species. Only six hydrangea varieties
(~10%) had thrips damage ratings greater than 1 (no damage) and 5 were rated 1.2 to 1.4.
Hydrangea aspera ‘Robusta’ had a 2.8 rating and was by far the only susceptible var.
evaluated. Future FL work will focus on Robusta.
Amblyseius swirskii and Amblydormalus limonicus predatory mites were compared by
examining predation and oviposition rates on different chilli thrips life stages under lab
conditions. Both A. swiskii and A. limonicus consumed first and second instar S. dorsalis,
and to a lesser extent adults. Oviposition was higher for both mites when fed immatures
vs adults. Preliminary GH findings suggest that both A. swirskii and A. limonicus work
with the pepper banker plant system and move onto roses to consume S. dorsalis, but A.
limonicus appears to have lower establishment success/lower numbers on pepper plants.
Libraries for 23 populations of predatory mites (9 spp.) were sequenced, data assembled
into contigs and aligned for bioinformatics analysis to identify genes for barcoding.
Preliminary phylogeny created for publication FY20. Benefits to stakeholders include
new tools to identify/validate current and new predator populations and association of
traceable genetic markers w/effective predator populations being used in commercial
settings.

FY 2019 Presentations
1. Colmar, Serra, McKenzie, Cindy L., Osborne, Lance. 2019. Update on cryptic species or
biotypes of Bemisia tabaci (Gennedius) whitefly complex in the Dominican Republic.
55th Annual Meeting of the Caribbean Food Crops Society, Bávaro, La Altagracia,
Dominican Republic, July 8-12, 2019.
2. Diepenbrock, Lauren, McKenzie, Cindy L., Osborne, Lance, Ahmed, Muhammad. 2019.
Nipaecoccus viridis (Newstead), Lebbeck Mealybug, (Coccoidea: Pseudococcidae), a
New Pest of Citrus and Ornamentals. Florida Entomological Society, Jupiter, FL July 2124, 2019.
3. McKenzie, Cindy L., Osborne, Lance, Polston, Jane. 2018. Ability of Aleurotrachelus
trachoides Back to acquire and transmit tomato yellow leaf curl virus. Entomological
Society of America, Vancouver, Canada Nov 11-14, 2018.
4. McKenzie, Cindy, Colmar, Serra, Osborne, Lance. 2019. First report of Bemisia tabaci
MED (Q biotype) (Hemiptera: Aleyrodidae) in the Dominican Republic. Florida
Entomological Society, Jupiter, FL July 21-24, 2019.
5. Osborne L.S. and C. L. McKenzie. 2018. Pest Management 2018. SePro Pest
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Management Symposium. UF/IFAS-MREC Apopka, FL Oct 17, 2018.
6. Osborne L.S. and C. L. McKenzie. 2018. Pest Management 2018. SePro Pest
Management Symposium. Homestead, FL Oct 19, 2018.
7. Osborne, L.S. 2018. Scouting for Insects & Beneficials. Nursery Scout Training 2018.
UF/IFAS-MREC Apopka, FL Nov 1, 2018.
8. Osborne, L.S. 2018. Entomology Program at the Mid-Florida Research and Education
Center (9 times). Mid-Florida Research and Education Center 50th Anniversary
Celebration. UF/IFAS-MREC Apopka, FL Nov 7, 2018.
9. Osborne L.S. and C. L. McKenzie. 2019. Pest Management in the Interior Landscape.
Interiorscape Tech Workshop. Florida Nursery Grower Landscape Association
(FNGLA), Tropical Plant Industry Expo (TPIE) Conference. Fort Lauderdale, FL. Jan 16,
2019.
10. Osborne L.S. and C. L. McKenzie. 2019. Managing Chilli Thrips on Roses. South
District Meeting of the American Rose Society. Gainesville, FL Jan 19, 2019.
11. Osborne L.S. and C. L. McKenzie. 2019. Using Banker Plants for STEM Courses in High
School. Seminole County School Administrators. UF/IFAS-MREC Apopka, FL Jan 30,
2019.
12. Osborne L.S. and C. L. McKenzie. 2019. Using Banker Plants for STEM Courses in High
School. Tour and lecture. A group of California High School Teachers attending a
conference at the Land Pavilion in EPCOT. UF/IFAS-MREC Apopka, FL Jan 30, 2019.
13. Osborne L.S. and C. L. McKenzie. 2019. Research on Biological Control in Protected
Agriculture. Tour and lecture. Valencia College Ag Production course. UF/IFAS-MREC
Apopka, FL March 5, 2019.
14. Osborne L.S. and C.L. McKenzie. 2019. Biological and Chemical Control of Arthropod
Pest Attacking Vegetables in Greenhouses. Ocoee High School AG Tech Class, Ocoee,
FL March 7, 2019.
15. Osborne L.S. and C.L. McKenzie. 2019. Biological and Chemical Control of Mites.
Arthropod Pests. CEU Day at the UF/IFAS-Lee County Extension Office, FL May 3,
2019.
16. Osborne L.S. and C.L. McKenzie. 2019. Biological Control of Arthropod Pests. CEU
Day at the UF/IFAS-Lake County Extension Office, FL May 15, 2019.
17. Osborne L.S. and C.L. McKenzie. 2019. Use of Biologicals and Banker Plants in Citrus
Nurseries. Citrus Nursery Workshop. UF/IFAS MREC-Apopka, FL, June 5, 2019.
18. Osborne L.S. and C.L. McKenzie. 2019. Programs for Using Banker Plants and
Biological Control for Landscape Ornamentals - How Master Gardeners Grow Their
Own. Master Gardener Lunch and Learn Meeting at UF/IFAS-Orange County Extension
Office, FL June 12, 2019.
19. Osborne L.S. and C.L. McKenzie. 2019. Biological Control for Landscape Ornamentals.
Master Gardener Meeting at UF/IFAS-Sumter County Extension Office, FL June 13,
2019.
20. Osborne L.S. and C.L. McKenzie. 2019. Arthropod Pest Management for Landscape
Ornamentals – Hands on Banker Plants. Tour and Lecture for UF/IFAS-Sumter County
Extension Master Gardeners, FL July 9, 2019.
21. Osborne L.S. 2019. Introduction to IPM and using Banker Plants to Grow Your Own.
4H Summer program. UF/IFAS-Seminole County Extension Office, FL July 11, 2019.
22. Osborne L.S. 2019. Introduction to IPM. TEAM Green tour and Lecture (junior and
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senior high school students with plans to major in agriculture in college). UF/IFASMREC Apopka, FL July 12, 2019.
23. Osborne L.S., V. Kumar, and C.L. McKenzie. 2019. Problems with Chili Thrips and
Mealybugs? Cultivate’19. AmericanHort Conference. Columbus, OH July 15, 2019.
24. Osborne L.S., V. Kumar, and C.L. McKenzie. 2019. Whitefly Update 2019. Cultivate’19.
AmericanHort Conference. Columbus, OH July 16, 2019.
25. Osborne L.S. and C.L. McKenzie. 2019. Arthropod Pest Management in Industrial
Hemp-Outlook for the Future. UF/IFAS Industrial Hemp Pilot Project Workshops.
Gainesville, FL July 30, 2019.
26. Osborne L.S. and C.L. McKenzie. 2019. Industrial Hemp Research Update: Adapting
IPM for Ornamentals to Industrial Hemp Production in Protected Agriculture. Hemp
Industry Open House (repeated 4 times) UF/IFAS-MREC Apopka, FL Aug 16, 2019.
27. Osborne L.S. and C.L. McKenzie. 2019. Arthropod Pest Management in Industrial
Hemp-Outlook for the Future. UF/IFAS Industrial Hemp Pilot Project Workshops.
UF/IFAS-MREC Apopka, FL Aug 16, 2019
28. Roda, Amy, McKenzie, Cindy L., Rohrig Eric, Osborne, Lance, Ahmed, Muhammad Z.
2019. Developing Strategies to Manage a New Invasive Pest Species, the Phantasma
Scale (Fiorinia phantasma Hemiptera: Diaspididae). Florida Entomological Society,
Jupiter, FL July 21-24, 2019.
FY 2019 Publications
Ahmed, M.Z., Diepenbrock, L.M., Hodges, G., Whilby, L. Miller, D., Burrow, J.D, McKenzie,
C., Osborne, L. 2019. Field guide of lebbeck mealybug. FDACS—P-02117, Division of
Plant Industry, Florida Department of Agriculture and Consumer Services, Florida.
Avery, Pasco B., Kumar, Vivek, Skvarch, Edward A., Mannion, Catharine M., Powell, Charles
A., McKenzie, Cindy L., Osborne, Lance S. An ecological assessment of Isaria
fumosorosea compared to a neonicotinoid treatment for regulating invasive ficus
whitefly. Journal of Fungi 5, 36. 2019. http://dx.doi.org/10.3390/jof5020036
Colmar, Serra, McKenzie, Cindy L., Luo, Weiqi, Osborne, Lance S. First report of Bemisia
tabaci Mediterranean (Q biotype) (Hemiptera: Aleyrodidae) in the Dominican Republic.
Florida Entomol (Accepted, In press). 2019.
Kumar, V., McKenzie, Cindy L., Osborne, Lance S. Control of Bemisia tabaci (MED) on salvia,
2018. Arthropod Management Tests. 43(1): G tsy107, 2 pp. 2018. (Report).
Kumar, Vivek, Kakkar, Garima, Palmer, Cristi, Myers, Wayne, McKenzie, Cindy, L., Osborne,
Lance, S. Chilli thrips, Scirtothrips dorsalis – small player with big damage. Acta
Horticulturae 1232:247-251. 2019. https://doi.org/10.17660/ActaHortic.2019.1232.36
McKenzie, Cindy L., Sparks, Jr., Alton N., Roberts, Phillip, Oetting, Ronald, Osborne, Lance S.
Survey of Bemisia tabaci (Hemiptera: Aleyrodidae) in agricultural ecosystems in
Georgia. J Entomol Science (Accepted, In press).
McKenzie, Cindy L., Osborne Lance. 2018. 2018 Whitefly Control Update. American Floral
Endowment (AFE) December 2018 Newsletter.
Taravati, Siavash, Mannion, Catherine, Osborne, Lance and McKenzie, Cindy. Lethal and
sublethal effects of selected systemic and contact insecticides on the whitefly predator,
Nephaspis oculata (Coleoptera: Coccinellidae), in a tri-trophic system. Journal of
Economic Entomology 112(2): 543-548. 2019. https://doi.org/10.1093/jee/toy364
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Identification of Methods for Quarantine Certification of Imported Fire Ant in Nursery
Production Systems and Establishment of Biological Control Agents to Reduce Fire Ant
Populations
Dr. Jason Oliver and Dr. Karla Addesso, Tennessee State University, McMinnville, TN
Dr. Lisa Alexander, USDA-ARS National Arboretum, ADODR

Background: Imported fire ants (IFA) infest over 325 million acres in North America and their
presence affects shipments of nursery stock from infested to non-infested areas via requirements
of the Federal Imported Fire Ant Quarantine (FIFAQ). Currently, only three IFA quarantine
treatments are approved for field-grown nurseries: 1) a pre-harvest broadcast bait (e.g., Amdro,
Award II, Distance, Extinguish, or Siesta) followed 3-5 days later with granular chlorpyrifos, 2)
a post-harvest root ball dip in chlorpyrifos or bifenthrin, or 3) a post-harvest drench, plant
rotation, and drench in chlorpyrifos. The broadcast pre-harvest granular option is the most
practical treatment method, but is very expensive (>$200/acre/year applied multiple times in a
typical 5-year growing cycle) and is limited by only one current label registration. The postharvest dip or drench methods are labor intensive and difficult with large numbers of plants,
potentially damaging to the environment, and hazardous to labor due to large volumes of
insecticide and worker reentries into pesticide treated areas. A heavy FIFAQ reliance on one
primary active ingredient, chlorpyrifos, further increases uncertainty about the availability of
certification options, especially since cancellation decisions are still pending between the Ninth
Circuit Federal Court and the U.S. Environmental Protection Agency. With the exception of
bifenthrin plant dips, most FIFAQ options for field-grown plants have relatively short
certification periods (30 to 84 days), which do not fit well with current production practices.
New treatment options are needed that have lower cost, longer certification, potential for rapid
field application, and less worker exposure.

Progress and Accomplishments in FY 2019


A fire ant band treatment test was established at Magness Nursery in Fall 2018 through May
2019. Various combinations of bifenthrin (OnyxPro Insecticide, UpStar SC Lawn &
Nursery) and lambda-cyhalothrin (Lambda-Cy EC RUP Insecticide) were evaluated with fall
and spring application timings at labeled rates of 0.2 (bifenthrin) or 0.035 (lambdacyhalothrin) lb active ingredient [AI] / acre, respectively. Lambda-Cy also was assessed as a
mound drench substitute for OnyxPro. Onyx and Lambda-Cy treated plots achieved 100%
fire ant control by 4 weeks post-treatment and remained fire ant free through May (with
February or March sprays). UpStar plots were not consistently fire ant free until 20 weeks
post-treatment, indicating flowable formulations were not as consistent as emulsifiable
concentrate formulations. At the end of the test in May, in previously treated plots that were
still 100% fire ant free, we continued making OnyxPro applications at 3 month intervals to
one group of plots and left other previously treated plots untreated. So far, the treated plots
have remained largely fire ant free, but plots left untreated began to fail at 4.5 months posttreatment.
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A second fire ant band treatment test was established at Hidden Valley and LanTenn
Nurseries in February and March 2019. At Hidden Valley, Scimitar GC was applied at 5
(labeled ornamental rate), 10 (labeled turf rate), or 15 (experimental banded rate) fl oz / acre
during February. The treatment was tank mixed with pre-emergent herbicides and applied
using traditional flat fan nozzles to a 4 feet wide band (2 feet on each row side). At
LanTenn, due to fewer test sites, only the 10 and 15 fl oz rates were applied using a
Boominator 1404 floodjet nozzle, which treated both sides of the nursery row in a single
pass. At both nurseries, 10 and 15 fl oz treatments have remained largely fire ant free, but
the 5 fl oz rate has not been consistent. In addition, at both sites, the 10 and 15 fl oz rates
applied in the spring achieved rapid fire ant colony elimination in 6 weeks post-treatment
without the necessity of applying mound drenches that are normally required with fall
applications. Herbicide tank mixes did not appear to interfere with insecticide efficacy and
floodjet treatments were as effective as traditional flatfan nozzles. This test is continuing
indefinitely until we ascertain that treatments are consistently remaining fire ant free.
Another outcome of this test was we were able to observe peak ant activity periods in control
plots that may have bearing on timing of treatments. Reproductive flight cages and weather
data also were collected during the study to compare with infestation patterns.
Fire ant mound drenches were performed with various combinations of Scimitar GC (10,
35.5, or 61 fl oz/acre), Flagship 25WG (17 or 104 oz/acre), Sevin SL (1 or 6 qt / acre),
Evergreen Pro 60-6 (6% pyrethris and 60% piperonyl butoxide; 37.7 fl oz / acre), and LescoWet Plus (80% non-ionic surfactant; 69.7 fl oz / acre). Treatments were applied in 44 inch
diameter circles with 3 gallons of drench solution. None of the treatment combinations
provided complete fire ant elimination before 5 days after treatment (DAT) and percent
colony control in treatments receiving Scimitar was near 99% by 5 DAT regardless of
Scimitar rate. No treatment achieved 100% fire ant control in 24-48 hours, which was a
specific nursery grower request to facilitate rapid shipments of plants. An issue with all
treatments and rates was the presence of enough live fire ants to pose a quarantine issue.
Laboratory assays with Scimitar GC and several biopesticides were performed by Dr.
Addesso to address the issue of complete elimination of ants with field mound drenches.
Individual ants were dipped in Scimitar GC (5 fl oz / 100 gal [labeled ornamental rate]) or
Scimitar GC plus either Essentria IC3 (octopamine blocker containing 10% rosemary oil, 5%
geraniol, and 2% peppermint oil), Nootka oil (essential oil of Alaskan yellow cedar),
horticultural oil, EcoVia EC (8% rosemary oil, 20% thyme oil, 14% 2-phenethyl propionate,
and inerts with wintergreen oil), and Orange Guard (5.8% d-limonene). Essentria (3%),
Nootka oil (1%) or horticultural oil (3%) were the most effective additives. Ants dipped in
the effective oils with Scimitar had complete mortality in 24 hours, whereas some ants were
still alive in the Scimitar-only treatment. Field combination bioassays are planned with these
oils, but we are also still assessing the oils in the laboratory.
Laboratory bioassays were initiated with a labeled and experimental formulation of fipronil
to provide bifenthrin alternatives for container nursery treatments. Current bioassay methods
of counting live ants (a time-consuming process) were simultaneously compared with a new
method of baiting live ants to coconut oil treated filter paper. We have completed 1 and 2
month post-treatments, but have more post-treatment containers aging in the field
environment.
Several OnyxPro drench and injection combination treatments were evaluated using 24 inch
diameter balled and burlapped plants harvested with whole fire ant colonies in the root balls.
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Drench treatments alone (including the currently approved FIFAQ chlorpryifos treatment)
were ineffective at eliminated all live fire ants from root balls. The only two effective
treatments were 1) five injections from the root ball top two exterior drenches, or 2) three
lateral root ball injections on one side with an exterior drench followed by three lateral
injections on the other lateral side with an exterior drench. However, these two effective
treatments were highly labor intensive. Soil samples were harvested at various locations and
depths and chemical assays were performed for bifenthrin residues. A separate set of soil
samples were sent to USDA-ARS Center for Medical, Agricultural, and Veterinary
Entomology (CMAVE) for bioassay with red imported fire ant alates by Dr. David Oi. One
outcome of this testing is that we learned colonies are concentrated near the top part of the
root balls and around the root mass near the center of the root ball, providing future targets
for injection treatments. We also suspect the addition of oils under evaluation in the
laboratory may provide additive treatment effects in the future.
Fire ant colonies were collected in Henderson Co., TN from predominantly black imported
fire ant areas and were shipped to Dr. Steven Valles (CMAVE) to facilitate development of
the fire ant rapid detection ELISA kits. The majority of colonies from this site tested positive
for SINV-4 virus.
Several trap designs were evaluated for phorid fly collecting to facilitate reassessment of past
release sites (and potentially also allow redistribution of live flies to new areas). Some of the
trap designs evaluated were capturing up to 50 Pseudacteon curvatus flies per trap, but we
plan to continue to refine the traps before performing additonal experiments and testing. We
have not captured other Pseudacteon fly species released in Tennessee at this time.

FY 2019 Presentations
1. Oliver, J., K. Addesso, N. Youssef, and P. O'Neal. 2019. Fire ant management in
pastures. Ag in the Foothills Field Day. Little River Unit of the East Tennessee Research
and Education Center. 3 Oct. 2019. Maryville, TN. (Oral Field Day Presentation).
2. Oliver, J., K. Addesso, A. Witcher, N. Youssef, P. O'Neal, A. Dismukes, R. Weeks, L.
Alexander, D. Oi, S. Valles, and M. Halcomb. Fire ant treatment updates. Tennessee
State University Nursery Field Day. 25 July 2019. McMinnville, TN. (~50 participants)
(Oral Field Day Presentation which also included an open house for public).
3. Oliver, J., K. Addesso, A. Dismukes, and N. Youssef. 2019. Imported fire ants.
Tennessee State University Otis L. Floyd Nursery Research Center Nursery Advisory
Group Town Hall Meeting to obtain grower feedback on research directions provided. 19
June 2019. (Oral Presentation).
4. Oliver, J., K. Addesso, A. Witcher, N. Youssef, P. O'Neal, A. Dismukes, R. Weeks, L.
Alexander, D. Oi, S. Valles, and M. Halcomb. 2019. New fire ant treatments. Southern
Plant Board Meeting, 22-25 April 2019. Nashville, TN. (Invited Oral Presentation).
5. Oliver, J., K. Addesso, N. Youssef, P. O'Neal, A. Dismukes, R.D. Weeks, L. Alexander,
D. Oi, and M. Halcomb. 2019. Development of pre-harvest treatments for certifying
field-grown nursery stock against imported fire ants. 93rd Annual meeting of the
Southeastern Branch of the Entomological Society of America. 3-6 Mar. 2019. Mobile,
AL. (Oral Conference Presentation).
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6. Oliver, J., K. Addesso, F. Baysal-Gurel, N. Youssef, and P. O'Neal. 2019. Fire ant
biology and management in landscapes. OneSite Nashville University Workshop. 20 Feb.
2019. Lebanon, TN.
7. Scott, M., K. Addesso, and J. Oliver. 2018. Cedarwood oil as a barrier product to exclude
imported fire ant. 45th Annual Meeting of the Tenn. Entomological Society, Knoxville,
TN, 4-5 Oct 2018. (Oral Student Conference Presentation and Abstract).

FY 2019 Publications
Oliver, J., K. Addesso, N. Youssef, K. Vail, P. Parkman, J. Basham, and S. Powell. 2019. Off
with their heads - phorid decapitating flies to the rescue. Winter Green Times Issue. In
Press.
Pandey, M., K.M. Addesso, R.S. Archer, S.M. Valles, F. Baysal-Gurel, P.F. Ganter, N.N.
Youssef, and J.B. Oliver. 2019. Worker size, geographic distribution, and introgressive
hybridization of invasive Solenopsis invicta and Solenopsis richteri (Hymenoptera:
Formicidae) in Tennessee. Environ. Entomol. 48(3): 727-732 (DOI: 10.1093/ee/nvz023).
(Submitted 1 Aug. 2018; Accepted 19 Feb. 2019; Published 27 Mar. 2019). (J. Oliver is
Corresponding Author).
Nester, P.R., R.T. Puckett, M. Keck, M.E. Merchant, K. Flanders, K. Palmer, F. Graham, T.
Davis, K. Vail, J. Oliver, J. Hopkins, K. Loftin, D. Ring, V. Bertagnolli-Heller, and F. Oi.
2018. Managing imported fire ants in agriculture. eXtension web publication.
http://articles.extension.org/pages/74530/managing-imported-fire-ants-in-agriculture.
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Maximizing weed control in container nurseries: The next 30 years
James Altland, USDA-ARS, Wooster, OH
Chris Marble, University of Florida/IFAS, Apopka, FL
Background: Weed control in container crops continues to be a primary cost and management
issue for nursery growers. A recent and exhaustive analysis of variable costs in nursery
production found that weed control costs approximately $11,000 per acre (Ingram et al.,
HortScience 2016). An ideal weed management program currently involves a focus on
sanitation concurrent with repeated preemergence herbicide applications. Innovations are
needed for weed management to simultaneously lower weed management costs and improve
crop quality. These innovations should include better management of existing preemergence
herbicide tools, in conjunction with new and innovative container management ideas that deter or
inhibit weed establishment in containers while promoting crop growth.
Two relatively new changes in nursery substrate management have occurred in the past 10 years
that offer new opportunities for managing weeds through cultural practices. First, bark suppliers
have begun to separate their bark inventory by particle size. For example, a supplier will screen
bark into two separate piles, one with particles less than 5/8 in and another pile with particles
greater than 5/8 in. The supplier will then recombine these two bark sizes in specific ratios so
that the bark sold to nurseries has more consistent porosity and physical properties. Second,
growers in southern states prone to hurricanes and other storms with high winds have begun
using a practice called ‘subdressing’. This involves filling the pot half-way, then applying the
entire allotment of a controlled release fertilizer (CRF, slowly releases nutrients over time), then
filling the remainder of the container with more potting mix. The purpose is to place the
fertilizer within the container so it is not lost if/when the containers blow over in a storm event.
These two emerging practices create new opportunities to drastically change how weeds are
managed. Specific project objectives will include assessing longevity of preemergence
herbicides under different production scenarios, determining critical weed-free thresholds for
nursery crops, helping nurseries respond to severe weather events which affect weed spread and
control procedures, and examining ways in which production practices can be altered to control
weeds solely through cultural means.
Progress and Accomplishments in FY 2019
Funds were released for this project on August 20, 2019. Since that time, we have developed
seven research protocols to find solutions to the aforementioned issues pertaining to weed
management in container production. These experiments will begin in fall 2019 and focus on
maximizing weed control via cultural means utilizing mulch and fertilizer placement, and will
also investigate the impacts of different production practices (irrigation and substrate physical
properties) on weed growth in establishment. In Florida, we will first determine the effects of
substrate particle size/mulch particle size and irrigation scheduling on weed establishment and
growth. Full gallon nursery containers will be filled with standard pine bark media but
topdressed with mulch screened to different sizes ranging from 2 mm to over 25 mm. Pots will
be subjected to different irrigation volumes applied over different time periods (once or three
times per day) and weed establishment data will be collected using qualitative and quantitative
methods.
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We will also begin conducting trials this fall to more closely examine weed competition and how
weed placement in a container affects crop growth and production time. Additionally, trials are
planned for spring 2020 to determine critical weed-free thresholds in container crops. These
trials will focus on production times when weed management is most critical to crop
establishment and growth based on container size and liner age with the goal of establishing
weed-free thresholds for containerized ornamentals similar to those that have been developed in
field crops.
We have already completed two projects with closely related goals. First, we examined
subdressing depth (0, 1, 2, or 3 inches) and its effects on crop growth (Ligustrum lucidum and
Buxus microphylla) as well as its effects on eclipta (Eclipta prostrata) germination and growth.
We also added other treatments in this trial to assess weed × crop dynamics based on these
different subdressing depths. Additionally, another study was carried out to determine the effects
of fertilizer placement (subdressing, dibbling, topdressing, or incorporation) on germination and
growth of eclipta, spotted spurge (Euphorbia maculata), and large crabgrass (Digitaria
sanguinalis). Our highlighted findings from these two pilot studies to date are as follows:







Subdressing depth had no effect on eclipta germination, but subdressing to a depth of at
least 2 inches reduced growth by over 50%.
Eclipta decreased growth of ligustrum by up to 23% over a four-month period.
Subdressing fertilizer to a depth of at least 2 inches resulted in eclipta decreasing growth
by only 18% while subdressing to a depth of 3 inches reduced the competitive effects of
eclipta to only 6%. Therefore, subdressing is likely to decrease the competitive effects of
weeds while having minimal effect on crop growth.
Subdressing reduced growth and seed production of eclipta, spotted spurge, and crabgrass
by 70 to 90% in comparison with grower standards of topdressing or incorporation.
Dibbling provided similar results but could result in phytotoxicity of some crops.
Subdressing to a depth of at least 2 inches has no influence on growth of ligustrum or
boxwood.
Weed growth in containers with subdressed fertilizer grew similarly and produced a
similar number of seeds as weeds grown in pots containing no fertilizer.

Projects planned for late 2019 and 2020 will help expound upon these results and provide
growers more weed management options.
FY 2019 Presentations
1. Marble, S.C. and Aaron Palmateer. 2019. Improving weed control in container nurseries.
Grower Talks/Ball publishing Webinar (streamed live to national audience).
2. Khamare, Y., S.C. Marble, and A. Chandler. 2019. Fertilizer placement effects on weed
growth and competition with container-grown ornamentals. International Plant
Propagator’s Society – Southern Region. Baton Rouge, LA.
3. Marble, S.C. 2019. Fertilizer placement affects growth and reproduction of container
nursery weed species. American Society of Horticultural Sciences. Las Vegas, NV.
FY 2019 Publications
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Marble, S.C., S. Steed, D. Saha, and Y. Khamare. 2019. On-farm evaluations of wood-derived,
waste paper, and plastic mulch materials for weed control in Florida container nurseries.
HortTechnology (In-press).
Saha, D., S.C. Marble, B.J. Pearson, H.E. Perez, G.E. MacDonald, and D.C. Odero. 2019. Weed
seed emergence and growth in response to different physical properties of common
landscape mulch materials. Weed Technology (In press).
Saha, D., S.C. Marble, N. Torres, and A. Chandler. 2019. Fertilizer placement affects growth and
reproduction of three common weed species in pine bark-based soilless nursery substrates.
Weed Science (In press).
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Discovery and Management of Diseases of Floriculture Crops
Margery Daughtrey, Section of Plant Pathology and Plant-Microbe Biol., Cornell
University LIHREC, Riverhead, NY
Melanie Filiatrault, USDA ARS, Ithaca, NY
Background: My research focuses on improving management of diseases that are currently
problematic in greenhouses and nurseries in New York. In recent years, I have been
concentrating attention on the foliar diseases powdery mildew and downy mildew, and the root
diseases caused by Pythium, Phytophthora and Thielaviopsis.
Progress and Accomplishments in FY 2019
 Samples of ornamentals from commercial greenhouses were processed in the
Daughtrey lab and bacterial isolates from new bacterial disease problems were
sent to the Filiatrault lab for identification using 16srRNA sequencing followed
by multilocus sequence typing (MLST) based on housekeeping genes. A
bacterium from a hibiscus leaf spot was identified as most probably
Pseudomonas savastanoi or P. syringae pv. actinidae using cts (or glt4), gapA,
gyrB, and rpoD. The agent of a calla soft rot was identified as Pectobacterium
aroidearum, using dnaX. An oregano leaf spot isolate was identified as
Xanthomonas gardneri using gyrB. Three impatiens isolates were identified as
probable saprophytes: Pseudomonas palleroniana, Pantoea vagans, and an
unidentified bacterium, none of which gave a hypersensitive response when
infiltrated into tobacco. An isolate from New Guinea impatiens ' Petticoat
White' with vascular wilt symptoms was identified as Dickeya dianthicola by
PCR, using dnaX, pelADE, Df/Dr and UPDDl primer sets; this species is
known to cause blackleg disease of potato. Cuttings of 'Petticoat White' New
Guineas were recently received and will be rooted and then used in an attempt
to demonstrate Koch's postulates for this Dickeya isolate.
 360 media samples were collected from 6 growers to check for Pythium pathogens
in FY2019. There were 320 poinsettia and 40 dahlias sampled. Thirty-four isolates
of Pythium spp. were recovered by potato bioassay and the mycelium was
forwarded to Carla Garzon's lab at OSU for molecular population analysis to
allow pathogen tr acking .
 Impatiens from the lmara XDR and Beacon series were tested in replicated trials
under conditions highly conducive to disease: plants highly resistant to
Plasmopara obducens downy mildew were found in multiple colors in both
series; these continued to flower after Impatiens 'Accent White' had collapsed.
 Broadform, a new Bayer fungicide, was found to be similarly effective to
industry standards for Botrytis contro l on geranium 'Pinto Whit e'.
 Verbenas of 29 cultivars were compared for their susceptibility to Podosphaera
xanthii, and many of these showed high resistance to the disease: Firehouse
Lavender, Lanai Deep Purple, and from the Superbena series Violet Ice,
Stormburst, Large Lilac Blue, Pink Shades, Royale Peachy Keen Raspberry,
Coral Red, Royale Plum Wine, Royale Iced Cherry, Royale Cherryburst, Red,
and Whiteout . These contrasted with Empress Imperial Blue, Lascar Dark
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Violet '15 and Lanai Blue Denim, which showed 33-43% infected leaves;
others were intermediate. Growers can now choose mildew-resistant verbena
cultivars .
An SAR-act ivator, Actigard, was tested for control of black rot caused by
Xanthomonas campestris pv. campestris on 'Redbor' ornamental kale and
performed better than copper spra ys. Plant safety and integration with
biocontrols should be considered in future studies.

FY 2019 Presentations
1. Daughtrey, M. Impatiens downy mildew and boxwood blight in New York. Kanuga
Ornamentals Workshop. Hendersonville, NC. October 10, 2018.
2. Daughtrey, M. Diseases of Ornamental Plants. Master Gardener Training. Cornell
Cooperative Extension of Nassau Co. Manhasset, NY. October 23, 2018
3. Daughtrey, M. Diseases of Ornamental Plants. Master Gardener Training. Cornell
Cooperative Extension of Suffolk Co. Yaphank, NY. December 8, 2018.
4. Daughtrey, M. leaf spots, rust and mildew. Greenhouse Disease Diagnosis
Workshop. Greenhouse Session, LI Agricultural Forum, Speonk, NY, January 9,
2019
5. Daughtrey, M. FUNdamentals of fungicides in the greenhouse. LI Greenhouse and
Floriculture Conference, January 22, 2019
6. Daughtrey, M. Avoiding and managing diseases of herbaceous perennials.
Connecticut Nursery &Landscape Conference Winter Symposium, Plantsville,
CT. January 23, 2019
7. Daughtrey, M. Diseases of ornamental plants. Certified Nursery and Landscape
Professionals Training, Dix Hills, NY January 31, 2019
8. Daughtrey, M. Downy mildews aren't powdery mildews. Plant Health Virtual
Conference. GIE Media, Valley View, OH. Webinar: February 13, 2019.
9. Daughtrey, M. Fusarium wilts of flower crops. Plant Health Virtual Conference, GIE
Media, Valley View, OH. Webinar: February 13, 2019.
10. Daughtrey, M. Control of root rots & Fusarium wilts. Cultivate '19.
Columbus, OH. July 13, 2019. Daughtrey, M. and A. R. Chase. Fungicides:
the tools for counteracting many plant diseases. Cultivate '19. Columbus, OH.
July 15, 2019.
11. Daughtrey, M. Diseases of crops grown hydroponically, Invited Guest Lecture,
PLHRT 3025, Cornell University, Ithaca, NY, Sept. 19, 2019.
12. Daughtrey, M. Xanthomonas nightmares and how to get a good night's sleep.
Plug and Cutting Conference, Charlotte NC, September 5, 2019.
13. Daughtrey, M. Seedborne problems-annuals. Plug and Cutting Conference, Charlotte NC,
September 6, 2019.
FY 2019 Publications
Chase, A. R., Daughtrey, M. L. and Cloyd, R. A. 2018. Compendium of Bedding Plant
Diseases and Pests. The American Phytopathological Society, St. Paul. 170 pp
Daughtrey, M. 2019. Boxwood blight: threat to ornamentals. Annual Review of Plant
Pathology 57:189-209. https:// doi.org/10.1146/annurev-phyto-082718-100156
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Daughtrey, M. and Buitenhuis, R. In press. Chapter 23. Ornamentals In: M. L. Gullino, R.
Albajes, P. Nicot, eds. Integrated Pest and Disease Management in Greenhouse Crops, 2nd
ed. Plant Pathology in the 21'1 Century Series, Springer.
Garrido PA, Proano MF, Flores FJ, Dfaz Benftez EA, Sanchez Torres IF, Sain L, Munoz
Penaloza YA, Koch Kaiser AR, Marek SM, Melouk H, Daughtrey M, Garzon CD.
Identification and characterization of Pythium and G/obisporangium species present
in floricultural crops from Long Island, New York. Phytopathology. In Press.
Wallace, E. C., Daughtrey, M. L., Rane, K. A., Salgado-Salazar, C. and Crouch, J. A. 2018. First
report of Peronospora sp. causing downy mildew disease on Geum sp. in Maryland and
New York. Plant Disease 102:1463
Daughtrey, M. 2019. Powdery Mildews Persist. American Floral Endowment
newsletter, March 2019. https://endowment. org/wp-content/uploads/2019
/03/Powdery-MiIdews-Persist fi nal-1. pdf
Daughtrey, M., ed. 2019-2020 Cornell Guide for the Integrated Management of Greenhouse
Crops and Herbaceous Ornamentals. Cornell Cooperative Extension. 332 pp. 2019-20
Daughtrey, M. 2019. Methods to mind mildew matters in the greenhouse. Greenhouse
Grower. htt ps:/ / www.greenhousegrower.com/p roduction/tip s-to-mind-mildew-matt ersin-the -greenhouse/
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Integrated Disease Management of Exotic and Emerging Plant Diseases of Horticultural
Crops
Niklaus Grunwald, Horticultural Crops Research Unit, USDA ARS, Corvallis, OR
Jerry Weiland, Horticultural Crops Research Unit, USDA ARS, Corvallis, OR
Carolyn Scagel, Horticultural Crops Research Unit, USDA ARS, Corvallis, OR
Background: The Pacific Northwest nursery industry produces stock in both containers, and
field operations. This industry faces complex challenges in terms of managing soil and root
health and has identified disease prevention and control as the top priority as is reflected in
surveys of growers. Our research addresses three of the top priorities of our industry in an
integrated fashion, including “disease prevention & control”, “cultural & production methods”,
and “nutrition”. Specifically, we will focus on the top two oomycete pathogens identified in this
survey, Phytophthora and Pythium. These two pathogens are difficult to control by traditional
means including host resistance and rotation, which are useful in other production systems. Soil
health is significantly affected by biotic components including mycorrhizae as well as soil
nutrient management. Our team is uniquely qualified to address the challenges posed by complex
diseases for container and soil production of nursery material in the Pacific Northwest and
integrates knowledge in plant pathology, genomics and marker development, and soil health and
nutrient management. Our overall objective is to improve disease management in US nursery
production. Our recently revised objectives include:
1. Determine the phylogeographic and evolutionary history of root fungal pathogens and
develop novel tools to characterize emerging pathogens affecting ornamental plant
production
2. Characterize fungal and oomycete microbiomes in nursery environments
3. Determine pathogenicity and fungicide sensitivity of root fungal pathogens
4. Characterize production practices that decrease disease risk.
Progress and Accomplishments in FY 2019





We characterized the diversity of soilborne oomycetes on roots of diseased rhododendron
nursery plants in propagation, container, and field production systems. We determined
that Pythium cryptoirregulare, Phytophthora plurivora, and Phytophthora cinnamomi are
the most prevalent oomycetes isolated from the roots of diseased rhododendron nursery
plants. We are currently characterizing populations of P. pluvialis causing red needle cast
and P. agathidicida causing Kauri dieback.
We characterized the pathogenicity of four Phytophthora species most frequently isolated
from roots of diseased rhododendron nursery plants: P. cambivora, P. cryptogea, P. pini,
P. plurivora, and P. cinnamomi. All four were capable of causing severe root rot.
We continued our research characterizing the effects of substrate moisture, irrigation
frequency and volume on root rot. We have determined that plants grown in media free of
Phytophthora can adapt to a broader range of irrigation regimes than plants grown in
infested media and that irrigation management can alter the incidence and severity of
Phytophthora on rhododendron. We determined that existing research methods for
inducing Phytophthora root rot (flooding) are more conducive to rapid disease
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development but result in a similar amount of mortality as normal nursery soil moisture
conditions.
We continued our research characterizing fungicide sensitivity of different Phytophthora
species isolated from diseased rhododendron nursery plants. We determined that neither
phosphorous acid nor mefenoxam fungicides decreased mortality or root rot on
rhododendron caused by a resistant isolate of P. plurivora, but soil drenches of either
fungicide decreased mortality and root rot caused by P. cinnamomi. We determined some
P. plurivora isolates are resistant to both fungicides and some P. cambivora and P.
cryptogea isolates are resistant to phosphorous acid fungicides.
We continued our research characterizing how plant nutrition alters the incidence or
severity of Phytophthora root rot on rhododendron. We determined that higher rates of
nitrogen fertilizer application can increase disease severity.
We started new experiments characterizing the effects of temperature on different
Phytophthora species and how temperature influences fungicide sensitivity.
We started new experiments to develop new ways of producing Phytophthora inoculum
for experiments.

FY 2019 Presentations
1. Freire, V. Calderon, P., Proano, F., Ward, C., Munoz, Y.S., Grünwald, N.J., Scagel, C.F.,
Weiland, J.E., Garzon, C. 2019. Population structure of Globisporangium
cryptoirregulare from Rhododendron nurseries in Oregon. Plant Health 2019, Cleveland
OH.
2. Viviana Freire-Zapata, Patricia Calderon, Maria Fernanda Proano, Carolyn Scagel,
Cassidy Ward, Yaneth Muñoz, Niklaus J Grunwald, Jerry E. Weiland and Carla D.
Garzon. 2019. Population structure of Globisporangium cryptoirregulare from
Rhododendron Nurseries in Oregon. Plant Health 2019, Cleveland OH.
3. Frank N. Martin, Felipe Albornoz, Zachary Foster, Valerie Fieland, Meredith Larson, F.
Andrew Jones, Brett M. Tyler, Hai Nguyen, Hermann Voglmayr, Treena I. Burgess, Jo
Anne Crouch and Niklaus J. Grunwald. 2019. The rps10 gene as a new barcode locus for
oomycetes and its utility in metagenomics studies of environmental samples. Plant Health
2019, Cleveland, OH.
4. NJ Grunwald. Keynote: “Research for Phytophthora biosecurity in the genomics era”,
National Phytophthora Preparedness Workshop, Melbourne, Australia, 2019;
5. NJ Grunwald. Keynote: “From genes to management: deploying the most appropriate
technology to inform Phytophthora biology and management”,
Phytophthora Symposium, Auckland, New Zealand, 2019;
6. NJ Grunwald. Keynote “Research for Phytophthora biosecurity in the genomics era”,
New Zealand Plant Protection Conference, Auckland, New Zealand, 2019;
7. Weiland, J.E. 2019. What's new in the lab? Research report update for Oregon nurseries.
Farwest Show, Portland, OR.
FY 2019 Publications
Dale, A. L., Feau, N., Everhart, S. E., Dhillon, B., Wong, B., Sheppard, J., Bilodeau, G. J., Brar,
A., Tabima, J. F., Brasier, C. M., Grünwald, N. J., and Hamelin, R. C. Mitotic
recombination and a two-speed genome shape the evolution of asexual lineages of the
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sudden oak death pathogen Phytophthora ramorum. mBio10:e02452-18.
https://doi.org/10.1128/mBio.02452-18. 2019.
Franić, I., Prospero, S., Allan, E., Auger-Rozenberg, M.-A., Grünwald, N. J., Hartmann, M.,
Kenis, M., Roques, A., Schneider, S., Sniezko, R., Williams, W., Eschen, R. Are traded
forest tree seeds a potential source of non-native pests? Ecol. Applic., in press.
https://doi.org/10.1002/eap.1971. 2019.
Keriö, S., Daniels, H. A., Gómez-Gallego, M., Lenz, R., Søndreli, K. L., Grünwald, N. J.,
Williams, N., McDougal, R., and LeBoldus, J. M. From genomes to forest management –
tackling invasive Phytophthora species in the era of genomics. Canadian Journal of Plant
Pathology, in press. https://doi.org/10.1080/07060661.2019.1626910. 2019.
Grünwald, N.J., LeBoldus, J.M., Hamelin, R.C. 2019. Ecology and evolution of the sudden oak
death pathogen Phytophthora ramorum. Annual Review of Phytopathology 57:301-321.
https://doi.org/10.1146/annurev-phyto-082718-100117.
Carleson, N. C., Fieland, V. J., Scagel, C. F., Weiland, J. E., and Grünwald, N. J. Population
structure of Phytophthora plurivora on Rhododendron in Oregon nurseries. Plant Disease
103:1923-1930. https://doi.org/10.1094/PDIS-12-18-2187-RE. 2019.
Pscheidt, J.W., Ocamb, C., Weiland, J.E., Scagel, C.F., Sacher, G., Mestas, A. 2019.
Rhododendron-Phytophthora root rot. Pages 4R-28 to 4R-30 in Pacific Northwest Plant
Disease Control Handbook. Oregon State University, Corvallis, OR.
https://pnwhandbooks.org/node/3437.
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Isolation, Identification, and Management of Phytophthora species in Nurseries and
Greenhouses
Steven N. Jeffers – Professor of Plant Pathology and Extension Specialist for Diseases of
Ornamental Crops in Nurseries, Greenhouses, and Landscapes; Dept. of Plant and Environmental
Sciences (PES), Clemson University, Clemson, SC
Background: Phytophthora root and crown rot on lavender (Lavandula spp.) is an emerging
disease of importance in the U.S. Lavender (Lavandula species) is an important crop grown in
nurseries and greenhouses, and the acreage of field-grown lavender is increasing in many states.
We continued to study the etiology and management of Phytophthora root and crown rot (PRCR)
on lavender, which has become a serious problem across the country in just a few years. We are
cooperating with the US Lavender Growers Association (USLGA) on this project.
Progress and Accomplishments in FY 2019












We have developed and compared several methods for isolating Phytophthora spp. from
lavender samples—in addition to the standard methods of soil baiting and tissue plating.
These methods have helped us recover Phytophthora spp. more efficiently from large
numbers of samples.
We have collected over 500 isolates from lavender growers in 26 states.
All isolates are being identified based on morphology characters—including colony type on
PARPH-V8 selective medium, mating type, oospore characters, and sporangium production;
then identities for a proportion of representative isolates will be confirmed by DNA
sequencing.
All isolates are being evaluated for mefenoxam sensitivity using a standard assay we
developed previously. From preliminary results, we have determined that at least one nursery
is distributing lavender plants infected with isolates of P. nicotianae that are insensitive to
mefenoxam.
We created an online survey of lavender production in the U.S., and this was distributed by
the USLGA. To date, we have received over 80 completed surveys. These data will allow us
to determine the distribution of lavender species and cultivars and Phytophthora spp. in the
various lavender producing regions of the U.S.
We completed 10 pathogenicity studies inoculating a single species of lavender with a single
species of Phytophthora. Eight of these experiments were successful, and we confirmed
pathogenicity using Koch’s Postulates.
We evaluated 12 fungicides registered to manage Phytophthora spp. for efficacy against
PRCR on English lavender in the greenhouse. The phosphonate/phosphorous acid products
were most effective.

Remediation of Phytophthora spp. in irrigation runoff water. We continue to collaborate
with my department colleague, Dr. Sarah White, to investigate non-chemical methods to remove
plant pathogens, primarily species of Phytophthora, from infested runoff water coming from
nursery beds.


We demonstrated the potential for denitrifying bioreactors to reduce the density of zoospores
of P. nicotianae in agricultural runoff using a small-scale model system.
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We demonstrated the potential of vegetated channels and floating treatment wetlands to
reduce the density of zoospores of P. nicotianae in nursery runoff water by using a smallscale pilot system.

Screening annual vinca germplasm for resistance to P. nicotianae, which causes
Phytophthora foliage blight. We continued our collaboration with Syngenta Flowers, Inc. to
evaluate genotypes of annual vinca coming from the Syngenta Flowers breeding program for
resistance to P. nicotianae. This collaboration has been ongoing since 2014.





We inoculated 472 genotypes and 7,552 annual vinca seedlings in the greenhouse using a
very effective system developed in our lab. Plants were evaluated and scored by the
Syngenta breeder.
We inoculated and evaluated foliage symptom severity weekly on 384 plants in 32 advanced
genotypes in a replicated field trial. Plants were inoculated with a mixture of 16 highly
virulent isolates of the pathogen. Plants in most of the genotypes survived with only minor
symptoms developing.
This collaboration resulted in the release of a new series of annual vinca cultivars, called
Cora® XDR—for extra disease resistance: https://www.syngentaflowersus.com/product/flower/70081609

Identify new host-pathogen associations for Phytophthora spp. on ornamental crops and
continue to maintain a permanent collection of Phytophthora spp. from ornamental plants.





Two previously undescribed species of Phytophthora were found associated with ornamental
plants: one on Lantana and one on Podocarpus.
Both were confirmed to be pathogenic on their respective host plants.
Efforts are underway to identify these genetically distinct species of Phytophthora.
We continue to curate and maintain a collection of isolates of Phytophthora species. Many of
these isolates have been entered in a searchable ACCESS database. New isolates are added
each year.

Fusarium root and crown rot (FRCR) on liriope. FRCR is becoming a serious disease on
liriope plants planted in southern landscapes. Currently, there are very few effective fungicides
for managing Fusarium diseases, so there is a need to identify products capable of managing
these diseases.


We conducted a fungicide trial in the greenhouse for efficacy against FRCR on liriope using
six products. Different rates of some products and two application methods for one product
were included. In all, we evaluated 14 treatments, including two controls, and identified the
most effective products.

FY 2019 Presentations
1. Dlugos, D. M, and Jeffers, S. N. 2019. Phytophthora palmivora: Another threat to English
lavender in the United States. (Abstract) Phytopathology 109 (Suppl. X): in press. Poster
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2.

3.

4.

5.

6.

7.

8.

presentation at the Annual Meeting of The American Phytopathological Society, Cleveland,
OH. Aug 2019.
Bell, N. L., Hitchcock, D. R., Jeffers, S. N., and White, S. A. 2019. Potential of denitrifying
bioreactors to manage Phytophthora species in agricultural runoff and drainage. American
Society of Agricultural and Biological Engineers (ASABE) Annual International Meeting.
Boston, MA. 07-10 July 2019. Oral presentation and written abstract.
White, S. A., Bell, N. L., Majsztrik, J. C., Jeffers, S. N., and Hitchcock, D. R. 2019.
Remediation of phytopathogen contaminants from irrigation runoff using floating treatment
wetlands. IX International Symposium on Irrigation of Horticultural Crops / International
Society for Horticultural Science. Matera, Italy. 17-20 June 2019. Oral presentation and
published abstract:
http://www.actahort.org/members/symposiaa?action=abstractforcoauthor&abstractforcoautho
rlink=zKXBEbktwXm-10074-SeKMmDrikX
Bell, N. L., Hitchcock, D. R., Jeffers, S. N., and White, S. A. 2019. Potential of floating
treatment wetlands to manage Phytophthora species in agricultural runoff and drainage. The
19th Annual Meeting of the American Ecological Engineering Society. Asheville, NC. 03-06
June 2019. Oral presentation and abstract published online:
https://www.bae.ncsu.edu/concurrent-session-2/#cc2.a25
Dlugos, D. M., and Jeffers, S. N. 2019. Phytophthora nicotianae and P. palmivora:
Emerging pathogens of hybrid lavender (Lavandula xintermedia). Graduate Research and
Discovery Symposium (GRADS). Presentation no. 252. Clemson University, Clemson, SC.
04 April 2019. Poster presentation and written abstract.
https://tigerprints.clemson.edu/grads_symposium/252
Dlugos, D. M, and Jeffers, S. N. 2018. A preliminary evaluation of fungicides for managing
Phytophthora root and crown rot of lavender (Lavandula angustifolia). 2nd International
Soilborne Oomycete Conference. Islamorada, FL. 04-06 Dec 2018. Poster presentation.
Dlugos, D. M, and Jeffers, S. N. 2018. Phytophthora root and crown rot of lavender: An
emerging disease. 21st Ornamental Workshop on Insects and Diseases. Kanuga Conference
Center, Hendersonville, NC. 08-11 Oct 2018. Oral presentation.
Williamson, M., Jeffers, S., and Colburn, C. 2018. Testing lavender plants and soil baits for
Phytophthora species using the PathSensors system. 21st Ornamental Workshop on Insects
and Diseases. Kanuga Conference Center, Hendersonville, NC. 08-11 Oct 2018. Oral
presentation.

FY 2019 Publications
Ridge, G. A., Bell, N. L., Gitto, A. J., Jeffers, S. N., and White, S. A. 2019. Workshop:
Phytophthora species associated with plants in constructed wetlands and vegetated channels
at a commercial ornamental plant nursery over time. HortTechnology 29: in press.
https://doi.org/10.21273/HORTTECH04300-19
FY 2019 News Release
Clemson researchers help develop new line of disease-resistant vinca – By Denise Attaway,
Clemson University:
https://newsstand.clemson.edu/mediarelations/clemson-researchers-help-develop-new-line-ofdisease-resistant-vinca/
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Monitoring and Molecular Characterization of Pythium species in Floricultural
Greenhouses of NY and OK
Carla D. Garzon, Professor, Department Entomology & Plant Pathology,
Oklahoma State University, OK
Background: The objectives of this research are to assess the incidence and diversity of
pathogenic Pythium species in floricultural crops grown outdoor (chrysanthemum) and indoor
(poinsettia, dahlia) on the same season; and monitor the movement of inoculum between outdoor
and indoor crops grown simultaneously in the same floricultural operations. Given a low
incidence of Pythium diseases in Poinsettia, sampling was expanded to include also samples
recovered from Dahlia.
Progress and Accomplishments in FY 2019
Objective 1. The diversity of oomycete species associated with Pythium diseases of three
ornamental crops in Long Island, NY ornamental greenhouse and nursery operations in 2017 was
completed. Twelve species were identified among the isolates recovered from symptomatic roots
and potting substrate. Most of the isolates recovered were Globisporangium irregulare sensu lato
(72.8%). Characterization of the isolates collected in 2018 is in progress.
Objective 2. Comparisons of the population structure of Pythium aphanidermatum populations
from an outdoor crop (Chrysanthemum) and indoor crops (Poinsettia) collected in New York and
Texas, and the population structure of Globisporangium irregulare sensu lato from
Chrysanthemum and Dahlia were completed and reported in two undergraduate theses.
Although many P. aphanidermatum isolates collected from Poinsettia and Chrysanthemum had
the same genotypes, there was significant differentiation between the populations from the two
hosts, from both NY and TX, mostly due to the occurrence of unique genotypes in each
location. These results suggest that P. aphanidermatum inoculum was introduced to the studied
operations both in propagative materials as well as from local sources.
The species diversity recovered from Chrysanthemum and Dahlia, grown outdoor and indoor
respectively, in the same operation were significantly different. While Chrysanthemum was
infected by eleven different species, Dahlia was infected by only three species. Genotypic
analysis of Globisporangium irregulare sensu lato demonstrated that the population from
Chrysanthemum was more diverse than the population from Dahlia, and these populations
were significantly different.

FY 2019 Presentations
1. Garzon CD. 2019. Challenges for the accurate diagnosis of pathogenic
Oomycetes. National Plant Diagnostic Network, 2019 NPDN National
Meeting. Apr. 15-18, 2019. Indianapolis, IN.
2. Garzon CD. 2018. Status of the taxonomy of Pythium, Phytopythium, Pythiogeton
and related genera. 6th International Oomycetes Workshop: Phytophthora, Pythium,
Downy Mildews and related genera. International Congress of Plant Pathology, July
28, 2018. Boston, USA.
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3. Proaño MF, Espindola AS, Garzón CD. 2018. Detection of multiple oomycetes in

metagenomic data by Using E-probe Detection of Nucleic Analysis (EDNA).
International Congress of Plant Pathology, Aug. 3. Boston, USA.
FY 2019 Publications
Almeida A, 2019. Population genetics of Pythium aphanidermatum from ornamental crops in
Texas and New York. Pontificia Universidad Catolica del Ecuador (Ecuador), Microbiology.
Undergraduate thesis.
Diaz-Benitez E, 2018. Characterization of population dynamics of Pythium in ornamental
greenhouses using SSR markers. Francisco de Paula Santander University (Colombia),
Biotechnology Engineering. Undergraduate thesis.
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New Technologies that Manage Profit-Limiting Diseases with a Focus on Botrytis

Mary Hausbeck, Michigan State University, Department of Plant, Soil and Microbial Sciences,
East Lansing, MI
Background: The production of top quality floral crops is the goal of this proposed research.
We propose to limit management costs by incorporating new technologies and strategies to
protect valuable floricultural crops from disease. Greenhouse floral crops are at risk from foliar
and root rot diseases causing poor plant quality, plant death, and increased production costs.
Botrytis cinerea is identified as a major problem during production, shipping and postharvest,
causing leaf spots, blighting, stem cankers and damping off. Controlling Botrytis is difficult
because it can infect crops at almost any stage of growth and damage all plant parts. Botrytis has
adapted to some fungicides rendering them ineffective, but the extent of this problem is not
known. Downy mildews have re-emerged on some greenhouse crops causing defoliation and
plant stunting on susceptible crops including impatiens. Root rot results from different soilinhabiting pathogens and can move among producers and greenhouses via plants and recirculated
irrigation water. Fungicide resistance affects recommendations and control success and available
biocontrols may offer relief. Reduced risk fungicides and biopesticides with novel/unique modes
of action are particularly needed for rotation schemes designed to manage and delay resistance
and reduce the release of harsh pesticides into the consumer's environment. The overall
objective of this cooperative research project is to develop new technologies and strategies to
manage costly diseases of greenhouse floriculture crops with a focus on Botrytis.
Progress and Accomplishments in FY 2019








Isolates of B. cinerea (339) were sampled from poinsettia, geranium and petunia in
commercial Michigan greenhouses; 88 have tested pathogenic on geranium leaf disks and 98
tested for resistance to fungicides thiophanate-methyl, iprodione, boscalid, fluopyram,
cyprodinil, pyraclostrobin, fludioxonil, fenhexamid. High resistance frequencies to
thiophanate-methyl and pyraclostrobin have been detected, whereas low resistance
frequencies to fluopyram and fludioxonil have been observed. Research is ongoing.
Geranium cultivars (10) were evaluated for susceptibility to Botrytis blight in replicated
inoculated greenhouse trials. Numbers of blighted leaves with sporulating pathogen, foliar
lesions were county and disease severity evaluated at 7, 13 and 20 days postinoculation.
Horizon Coral Spice and Pinto Premium Orange were more resistant to B. cinerea than
Ringo 2000 Violet and Maverick Scarlet Picotee.
Geranium and snapdragon cultivars (12 each) were evaluated for susceptibility to Pythium
irregulare in replicated inoculated greenhouse trials. Geraniums were evaluated after 3
weeks and snapdragons after 3.5 weeks for disease severity and height. Disease severity was
statistically similar regardless of cultivar or crop. Significant plant stunting occurred.
Heights of geranium Maverick White and Horizon White were reduced by 81% and 80%
compared to the uninoculated control, respectively; Tornado White was reduced by 17%.
Height of snapdragon Bells White was reduced by 47%; Floral Showers White was slightly
reduced (3%).
Basil cultivars (5) were evaluated for susceptibility to downy mildew in a replicated
inoculated greenhouse trial. Disease severity was rated and leaves with sporulation counted
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22 days postinoculation. New cultivars Thunderstruck, Devotion and Obsession were
completely resistant and disease-free, while Genova and Everleaf were diseased.
Efficacy testing: 16 trials tested dosages, application intervals and application methods (9
completed and 8 in progress) of 39 fungicides for control Botrytis on geranium (2 trials) and
New Guinea impatiens (1), DM on impatiens (2), Phytophthora on calibrachoa (3), powdery
mildew on zinnia (2), Pythium on snapdragon (3), Rhizoctonia on petunia (1), Thielaviopsis
on pansy (2). Products tested included 11 biopesticides (BPs), 5 reduced-risk (RR), 5
premixes (RR + other fungicide), 8 experimentals and 10 other fungicides. Especially
effective fungicides included Broadform SC (fluopyram+RR/trifloxystrobin), Decree
50WDG (RR/fenhexamid), Cease L (BP/Bacillus subtilis), Daconil WS (chlorothalonil),
Fame SC (fluoxastrobin), and Picatina Flora SC (pydiflumetofen+RR/fludioxonil) for
Botrytis; Segovis SC (RR/oxathiapiprolin) for Phytophthora; Segway SC (RR/cyazofamid),
SP2493 SC (experimental), and Subdue MAXX EC (RR/mefenoxam) for Pythium; and
33356 F (thiophanate-methyl) for Thielaviopsis.

FY 2019 Presentations
1. Lukasko, N., and Hausbeck, M. 2019. Managing Botrytis blight in greenhouse crops. Metro
Detroit Flower Growers Association Meeting, Macomb, MI, 2 Oct.
2. Shrestha, S., and Hausbeck, M.K. 2019. Susceptibility of geranium cultivars to Botrytis
cinerea in the greenhouse. Annual Meeting of the American Phytopathological Society,
Cleveland, OH, 3-7 Aug. Poster presentation. Poster presentation.
3. Lukasko, N., Harlan, B.R., and Hausbeck, M.K. 2019. Susceptibility of geranium and
snapdragon cultivars to Pythium irregulare. Annual Meeting of the American
Phytopathological Society, Cleveland, OH, 3-7 Aug. Poster presentation.
4. Hausbeck, M., and Harlan, B. 2019. Botrytis in the greenhouse. Cultivate’19, Columbus,
OH, 13-16 Jul.
5. Hausbeck, M., and Harlan, B. 2019. 2019 floriculture pathology research update.
Cultivate’19, Columbus, OH, 13-16 Jul.
6. Hausbeck, M., and Harlan, B. 2018. Winning against plant diseases. Greenhouse 2 Session,
Great Lakes Fruit, Vegetable and Farm Market Expo/Michigan Greenhouse Growers Expo,
Grand Rapids, Dec.
7. Hausbeck, M. 2018. Tips and tricks to limit disease. Greenhouse Vegetable Production
Session, Great Lakes Fruit, Vegetable and Farm Market Expo/Michigan Greenhouse
Growers Expo, Grand Rapids, Dec.
8. Hausbeck, M. 2018. What’s new with impatiens downy mildew. 2018 MSU Plant Trial
Field Day, E. Lansing, MI, 7 Aug.
FY 2019 Publications
Harlan, B.R., and Hausbeck, M.K. 2019. Residual control of downy mildew and Phytophthora
root rot on ornamental crops with the novel fungicide oxathiapiprolin. Acta Horticulturae
(submitted).
Jeon, S., Krasnow, C.S., Bhalsod, G.D., Harlan, B.R., Hausbeck, M.K., Safferman, S.I., and
Zhang, W. 2019. Rapid sand filtration of recycled irrigation water controlled Pythium root
rot of poinsettia in greenhouse. HortTechnology (publish ahead of issue).
https://doi.org/10.21273/HORTTECH04226-18
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Del Castillo Múnera, J., Quesada-Ocampo, L.M., Rojas, A., Chilvers, M.I., and Hausbeck, M.K.
2019. Population structure of Pythium ultimum from greenhouse floral crops in Michigan.
Plant Disease 103:859-867. https://doi.org/10/1094/PDIS-03-18-0394-RE
Shrestha, S., and Hausbeck, M.K. 2019. Susceptibility of geranium cultivars to Botrytis cinerea
in the greenhouse. Abstract. Annual Meeting of the American Phytopathological Society,
Cleveland, OH, 3-7 Aug.
Lukasko, N., Harlan, B.R., and Hausbeck, M.K. 2019. Susceptibility of geranium and
snapdragon cultivars to Pythium irregulare. Abstract. Annual Meeting of the American
Phytopathological Society, Cleveland, OH, 3-7 Aug.
Hausbeck, M.K., and Harlan, B.R. 2019. Evaluation of newly-released basil cultivars for
resistance to downy mildew in the greenhouse, 2018. Plant Disease Management Reports
13:OT021.
Hausbeck, M.K., and Harlan, B.R. 2019. Evaluation of newly-registered fungicides for the
control of Botrytis blight on geranium, 2019. Plant Disease Management Reports
13:OT020.
Hausbeck, M.K., and Harlan, B.R. 2019. Evaluation of experimental fungicides against Botrytis
blight on geranium, 2018. Plant Disease Management Reports 13:OT014.
Hausbeck, M. 2019. Managing Pythium on poinsettia. American Floral Endowment Growing
Further Newsletter: Jun. https://endowment.org/wp-content/uploads/2019/06/ManagingPythium-on-Poinsettia.pdf
Hausbeck, M., Linderman, S., and Harlan, B. 2018. Registered products for common
greenhouse diseases on vegetables and herbs. Extension publication online at
https://veggies.msu.edu/wp-content/uploads/2019/01/GH_veg-herbs_2019_FINAL.pdf.
Hausbeck, M., and Linderman, S. 2018. Tips and tricks to limit disease. Pages 3-7 in:
Greenhouse Vegetable Production Session Summaries, Great Lakes Fruit, Vegetable and
Farm Market Expo/Michigan Greenhouse Growers Expo, Grand Rapids, MI, Dec. Online.
Hausbeck, M., and Harlan, B. 2018. Winning against plant diseases. Pages 2-9 in: Greenhouse
2 Session Summaries, Great Lakes Fruit, Vegetable and Farm Market Expo/Michigan
Greenhouse Growers Expo, Grand Rapids, MI, Dec. Online.
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Filling the Gaps in Boxwood Blight Research
Jo Anne Crouch, USDA-ARS, Mycology & Nematology Genetic Diversity & Biology Lab,
Beltsville, MD;
Marc A. Cubeta, North Carolina State University, Center for Integrated Fungal Research,
Department of Entomology and Plant Pathology, Raleigh, NC 27606;
Nina Shishkoff, USDA-ARS, Foreign Disease-Weed Science Research Unit, Ft. Detrick, MD;
Jerry Weiland, USDA-ARS, Horticultural Crops Research Unit, Corvallis, OR.
Background: Natural and cultivated boxwood species around the world are threatened by
boxwood blight, a destructive disease caused by the fungal pathogens Calonectria
pseudonaviculata and C. henricotiae. Since 2012, boxwood blight has been identified from a total
of 19 states that together comprise 62% of the total boxwood production in the U.S.A. (>$125
million). The continued unintentional movement of the pathogen through the nursery trade
reduces our ability to effectively mitigate the impact of this disease. There is particular concern
about the risk of latent infections caused by the pathogens' ability to asymptomatically persist in
plant tissue, irrespective of cultivar or fungicide treatment. Latent infections allow movement of
the pathogen via asymptomatic plants to go undetected, and infection of additional plants in the
Buxaceae family and unintentional pathogen movement.
The trajectory of this work shifted in FY 2019 to address research priorities aimed at filling
knowledge gaps identified by scientists and stakeholders, with Nina Shishkoff (ARS Frederick)
and Marc Cubeta (NCSU) joining the group to focus on epidemiology, latent infections, and
standardization of resistance screening
Progress and Accomplishments in FY 2019
USDA-ARS-Frederick, MD:




After consultation with boxwood growers and horticulture experts, we developed a list of
cultivars to use in tests. The final list is of 18 cultivars (Table 1, located at the end of this
report). We included boxwood plants that were tolerant to boxwood leaf miner, a serious
pest of boxwood, since the breeding of new cultivars or the decision to grow already
existing tolerant cultivars would optimally need to include knowledge of the tolerance to
both boxwood blight and boxwood leaf miner. We included known susceptible cultivars
and known tolerant cultivars to serve as positive and negative controls.
We began work on an in vitro assay to assess cultivar susceptibility to Calonectria
pseudonaviculata (already known to be in the U.S.) and C. henricotiae (known to be
present in Europe). This test was designed to be performed in conjunction with tests of
the same cultivars until field conditions. We performed a number of tests using wounded
detached leaves and found results to be inconsistent. We have just performed two tests
using detached stem segments, measuring number of diseased leaves and percent leaf
drop.

North Carolina State University:
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Despite of the relatively late arrival of FNRI funds (FY19 NACA to NCSU finalized September
2019) and withdrawal of the graduate student Maxton Collins from his Master’s degree program
at NC State University, significant progress was made in completing research objectives during
FY19.











Twenty-one boxwood cultivars were planted in a field with a history of severe boxwood
blight disease located in Low Gap, North Carolina in March 2019; (Calgary, Cranberry
Creek, Dee Runk, English/Suffruticosa, Franklin’s Gem, Golden Dream, Grace
Hendricks Phillips, Green Mound, Green Mountain, Green Velvet, Jim Stauffer, John
Baldwin, Justin Brouwers, Little Missy, Richard, NewGen Freedom, NewGen
Independence, Sprinter, TM110, Varder Valley, and Winter Gem).
Boxwood cultivars were evaluated for percentage diseased leaf area, stem cankers and
defoliation at four time points from May to September. Data analysis is in progress to
compare the relative response of each cultivars and within groups of cultivars belonging
to the same species of Buxus.
Obtained the same cultivars of a similar age listed above from the same geographic
production location for artificial inoculation experiments with the boxwood blight
pathogen Calonectria pseudonaviculata (Cps) conducted at the Tidewater Research
Station in Plymouth NC, Beltsville, MD and Fredrick, MD.
Hot dry weather encountered in early May did not result in development of boxwood
blight disease at the Plymouth location. Boxwood plants were artificially inoculated again
in late September.
Experiments were conducted in the laboratory to determine whether mixing multiple
isolates of Cps inhibits conidial germination compared to individual isolates.
Cuttings from cultivar Arborescens 57593, which exhibited a high level of partial
resistance, were propagated for future resistance screening experiments.
Detached leaves and branches from Justin Brouwers (highly susceptible), Grace
Hendricks Phillips (moderately susceptible), New Gen Independence (moderately
resistant), and Arborescens 57593 (highly resistant) were artificially inoculated with Cps
to assess disease susceptibility in the laboratory at NC State University.

USDA-ARS-Corvalis, OR:
In FY 2019, the Weiland lab surveyed six Oregon nurseries for boxwood blight. Boxwood
production at each nursery ranged from 123,755 boxwood plants (40% of plant production at
Nursery 6) to 378,921 boxwood plants (10% of plant production at Nursery 2). Over 1,300
samples were taken (average 226 samples/nursery) and placed into moist chambers to determine
if the samples were positive for the boxwood blight pathogen, C. pseudonaviculata.




Boxwood blight was identified from four out of six Oregon nurseries surveyed, affecting
between 14 to 43% of the total boxwood plants.
Symptoms in Oregon nurseries were occasionally severe with abundant leaf spots, stem
lesions, and leaf drop.
At many Oregon locations, symptoms were very mild and difficult to detect with only 1
or 2 stems on a single cutting among thousands of other cuttings with apparently no
symptoms. Symptoms were typically affected low in the canopy where they were
difficult to detect. Photographs are provided at the end of this report, Figures 1-5.
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Nursery practices conducive for boxwood blight spread were identified, including pot-topot production, overwatering, and growing plants in large contiguous blocks that were
difficult to scout adequately.
The most frequently infected varieties among 31 sampled varieties included Common,
Green Gem, Green Velvet, Wintergreen, and Woodburn Select.
C. pseudonaviculata isolates were obtained from the four positive nurseries and shared
with the Crouch laboratory for population genetic analyses. Isolates are also being used to
begin environmental studies to determine how boxwood blight develops under
environmental conditions in western Oregon.

USDA-ARS-Beltsville, MD:
FY19 saw the publication of two papers from an international collaboration between ARS
Beltsville and Belgian scientists to survey global populations Calonectria pseudonaviculata
(Cps) and C. henricotiae (Che) between 1998-2014. Key findings included:








Fourteen multilocus SSR genotypes of Cps and two multilocus SSR genotypes of Ch
were identified.
14 different Cps multilocus genotypes identified, but only two have global distributions.
Only two multilocus genotypes present in the U.S. and Asia; all others limited to Europe.
All multilocus genotypes were very similar and closely related to one another. This
shows that these fungi have primarily multiplied by making clones of themselves that
have spread throughout the world.
Mating type was subdivided by species: all Che were MAT1-1, whereas all Cps were
MAT1-2. These results show that in North America and parts of Europe, where only Cps
resides, mating is constrained by the absence of MAT1-1, unless isolates can bypass the
MAT self-sterility system. In regions of Europe where Che and Cps share the same host
and geographic range, it remains to be determined whether or not these two recently
diverged species are able to overcome species barriers to mate.
Phylogenomic comparisons show that Cps and Che diverged approximately 2.1 Mya

As a follow-up to the international study, during FY19 >200 Cps collected 2014-2019 from the
U.S. were analyzed using SSR markers, with ARS-Beltsville leading a national collaboration of
researchers, including all members of this FNRI team, to determine how the pathogen has moved
around the country and whether or not population changes are observed in the eight years since
the first U.S. sighting in 2011. Findings to date include:







Similar characteristics to population prior to 2014, with SSR population G2 still the most
prevalent U.S. (86% of the isolates).
Expansion of Cps SSR genotype G1 (6% of the isolates) to seven states: CA, CT, OR,
NY, PA, VA, and WA.
Six new SSR genotypes emerged (SSR genotypes G15 to G20) detected, exclusive to
U.S.
Only mating type MAT1-2 present in the U.S.; no evidence of sexual recombination.
Lack of differentiation among Cps populations defined by year of collection.
Strong clonal structure (clonal fraction = 93%) and low genetic diversity.
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Absence of homoplasy in the SSR loci examined. No SNPs found inside the tandem
repeat elements or the flanking regions.

Our genotypic assessments with SSR markers can only provide coarse differentiation of Cps
isolates into populations and could not differentiate between Che. This is consistent with
expectations for clonally reproducing fungi that were recently introduced into new regions.
However, the low SSR resolution precludes fine-scale analyses of pathogen migration,
regulatory trace-backs, and our ability to monitor changes in pathogen genotypes. Therefore we
are using whole genome comparisons to identify a panel of single nucleotide polymorphisms
(SNPs) to generate more informative data. To date we have:






Completed genome sequencing: 67 Cps and 13 Che.
Identified 1,529 diallelic SNPs from Cps and 1,067 diallelic SNPs from Che.
SNP data shows (see Figure 6 at the end of the report):
o Significant population substructuring of Cps that is not found using the SSRs.
o SSR Groups 1 & 2 in the U.S. are not the same as SSR groups 1 & 2 in Europe.
This suggests that the European populations of Cps were not the origin of U.S.
outbreaks.
o Che is much more diverse than Cps, even with fewer isolates evaluated.
o Globally, Cps populations underwent a major population bottleneck.
Moving forward into FY2020, we are working to translate these SNPs from the genome
assemblies to a panel of core markers to simplify genotyping process to facilitate highthroughput screening and detection.

FY 2019 Presentations
1. Castroagudin, V., LeBlanc, N., Crouch, J.A. 2019. Genetic structure of contemporary
populations of the boxwood blight pathogen in the USA. 2019 Mycological Society of
America Meeting, Minneapolis, MN, August 10-14, 2019.
2. Crouch, J.A. 2019. What are they, where are they, & how do we diagnose them?
Boxwood blight webinar, hosted by AmericanHort. September 2019.
3. Cubeta, M. 2019. Update on boxwood blight research. Boxwood blight webinar, hosted
by AmericanHort. September 2019.
4. LaMondia, J.A., Cowles, R.S., & Shishkoff, N. 2019. The effects of sanitizers on
Calonectria pseudonaviculata and C. henricotiae conidia and microsclerotia viability.
Plant Health 2019, Cleveland, OH, Aug. 2-5, 2019.
5. LeBlanc, N., Salagado-Salazar, C., Castroagudin, V., Crouch, J.A. 2019. Leveraging
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Additional information: Figures and Table

Figure 1. Symptoms of
boxwood blight may be
mild and occur very
infrequently, with only 1 or
2 leaf spots on a single
cutting among thousands of
other cuttings with
apparently no symptoms.
This flat of Green
Mountain boxwood
cuttings has only one plant
with two leaf spots. There
were no other apparent
symptoms on the other
15,000 Green Mountain
cuttings in the vicinity of
the infected cutting.

Figure 2. Symptoms of
boxwood blight may also
be very common and
severe, with most of the
plants having leaf spots,
leaf drop, and stem lesions.
This flat of Green Velvet
cuttings was in an area of
approximately 30,000
cuttings, all of which had
symptoms of boxwood
blight
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Figure 3. Container
block of 1,500 Green
Velvet plants (Fig. 3)
where only a single
branch on a single
plant was discovered
with lesions (Fig. 4).

SSR Group 1
USA Group 1 isolates:
distinct from EU/UK/
NZ Group 1

SSR Group 4

SSR Group 2 &
etc (new USA
Groups 15-20)
USA Group 2 isolates:
distinct from EU/UK
Group 2
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Figure 6, showing
differentiation of
Calonectria
pseudonaviculata
isolates based on
1,529 diallelic SNPs.

Table 1. Plants identified by stakeholders and horticultural experts for use in evaluations of
techniques to rate susceptibility in the genus Buxus.

Cultivar

Taxonomic name

Franklin's Gem

Buxus sinica var. insularis

Green Mountain

Buxus sempervens x sinica var. insularis

Jim Stauffer

Buxus microphylla var. japonica

Justin Brouwer

Buxus sempervirens

NewGen Freedom SB300

Buxus microphylla var. japonica

Richard

Buxus harlandii

Sprinter

Buxus microphylla

Winter Gem

Buxus microphylla var. japonica

TM110

Buxus ???

Dee Runk

Buxus sempervirens

Golden Dream

Buxus microphylla 'Golden Dream'

little missy

Buxus microphylla

Vardar Valley

Buxus sempervirens

John Baldwin

Buxus microphylla

Green Velvet

Buxus sempervens x sinica var insularis

Suffruticosa

Buxus sempervirens

NewGen Independence SB108

Buxus microphylla

"Grace Hendrick Phillips'

Buxus microphylla
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