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Using Research Data
Safely and Effectively
Good research is conducted under an exact set of controlled conditions, varying
only the specific treatments which are to be evaluated. Results from the specific
treatments are directly applicable to your operations only if all the conditions in
your operation are controlled the same as in the research. Unfortunately, this
seldom happens. However, this does not mean that you cannot benefit from the
research. What it does mean is that you should use the research information on
a trial basis if your plant species, soil type, watering method, size and age of plant,
climatic region, etc. is different than that described by the researcher.
What an alert grower should expect to gain from these research reports is ideas –
ideas as to the best control for insects, disease, nematodes and weeds – labor
saving ideas such as chemical pruning and using growth regulators to minimize
maintenance. Also, ideas on water management, nutrition, alternative growing
media, new plants for landscaping and guides for improving profits and marketing
skills can also be found.
Should you desire additional information on any report, please contact the author.
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THE PORTER HENEGAR MEMORIAL AWARD
for
HORTICULTURAL RESEARCH
ROBERT GENEVE
The Southern Nursery Association honored
Dr. Robert Geneve with the Porter Henegar
Memorial Award during the 64th Annual SNA
Research Conference.
Originally known as the Research Award of Merit,
the recognition was created in 1968 to honor those
individuals who have made outstanding contributions
to ornamental horticulture research and specifically
to members of the association. In 1972, the award
was renamed the Porter Henegar Memorial Award in
honor of one of SNA’s former Executive Secretaries.
Nominations are made each year by the SNA’s
Director of Research and past award winners.
The recipient of the 2019 Porter Henegar Memorial Award is Dr. Robert Geneve,
Professor, University of Kentucky, Lexington, KY, where he teaches Woody Plant
Material, Plant Propagation and Topics in Plant and Soil Science. He also
coordinates the internship program for HPLS horticulture and science. In
addition, he is an Academic and Horticulture Club advisor.
Robert holds a Ph.D. in Horticulture from the University of Minnesota, 1982-1985.
He is editor for the International Plant Propagator’s Society (2018 to present),
associate editor for Seed Technology (2008 to present), science editor for the
North American - Scientia Horticulturae (2001 to 2009) and serves on the
Editorial Board for the Propagation of Ornamental Plants (2003 to present).
Dr. Geneve is also a Fellow of the American Society for Horticultural Sciences
(2005) and a Fellow of the International Plant Propagators’ Society (2003). He
has authored and published numerous papers, chapters and a book title
Hartmann and Kester’s Plant Propagation: Principles and Practices (2018). He
has given numerous presentations on nursery production, propagation, irrigation,
pollinators, pollination, and seeds throughout the world.
.
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The Bryson L. James
Student Research Competition
2020 Awards
This long-standing program was renamed in August 1989, in honor of Dr. Bryson L.
James, longtime Director of Horticultural Research for the Southern Nursery Association.
As Dr. James has been an active participant and leader in the annual Research
Conference for more than 50 years, the award, named in his honor, is a tribute to his
tireless efforts on behalf of the researchers, the association and the industry. Listed below
are guidelines for the Student Competition as well as this year's winners:
1. Any student of a university or a college
having researchers that participate in the
Southern Nursery Association Research
Conference, are not more than one (1)
academic year removed from graduation
and whose research was completed prior
to graduation are eligible to compete.
2. Research is to be that of the presenter
and a part of his/her educational studies.
Contract work, unless a part of a thesis or
classroom report (credit given), is not
acceptable, as it may provide unlimited
funding and an unfair advantage.

6. Student and advisor should be listed as
co-authors.
7. Oral presentation must be limited to
seven (7) minutes. An additional three (3)
minutes will be allotted for questions. A
penalty of two (2) points per minute or part
thereof for every minute over seven (7)
minutes will be assessed.
8. Judging shall be based on preparation of
the paper (50 points) and oral
presentation (100 points) for a total of 150
points.

3. The number of student papers from a
single university or college may be limited,
should time restraints dictate.
4. The student must have submitted a title to
the SNA Conference Editor by the
deadline specified in the Call For Titles.
The paper should then be submitted to the
Section Editor for the Student Competition
no later than the specified deadline.
5. The paper must follow the guidelines for
format and subject matter as stated in the
Call For Titles for the SNA Research
Conference.

2020 Bryson L. James Student Competition Award Winners
B.S. Candidates
1. Jake Hudgins
2. J. Skylar Baldwin

North Carolina State University
Mississippi State University

M.S. Candidates
1. Ravi Bika
2. Brian Schulker
3. Milan Panth

Tennessee State University
North Carolina State University
Tennessee State University

Ph.D. Candidates
1. Anthony Bowden
2. Mary Lewis
3. Paige Herring

Mississippi State University
University of Georgia
North Carolina State University
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Phosphorus and Nitrogen Loss from a Container Substrate Without Fertilizer
Tom Yeager
PO Box 110670, University of Florida, IFAS, Gainesville, FL 32611
yeagert@ufl.edu
Index Words Pine bark, leaching, best management practices
Significance to Industry An experiment was conducted for approximately seven
months to determine the loss of nutrients from substrate components when plants
received micro-irrigation. Data from the experiment revealed that 2.5 lb (1.1 kg) of total
phosphorus and 5 lb (2.3 kg) of total nitrogen would be lost from one acre of 6000 trade
7-gallon containers during a similar production time with similar conditions. The impact
of these nutrients on natural waters should be considered when developing Best
Management Practices (BMPs).
Nature of Work Loss of nutrients from nursery production areas has been documented
in past research (2,5,7). In addition, research has been conducted to mitigate nutrients
once discharged from the production fields (6). However, more attention needs to be
given to minimizing the opportunity for nutrients to exit the container. Therefore,
understanding the sources of nutrients that leave containers should be a priority when
developing fertilization strategies or BMPs. For instance, previous research by Yeager
and Wright (8) indicated that indigenous phosphorus leached from pine bark. Most
container plants are grown in pine bark-based substrates. Loss of phosphorus and
nitrogen from substrates composed of pine bark might result in disruption of the
biological systems of natural waters, and in Florida there is particular concern regarding
nitrogen in natural spring waters (1).
The objective of the following experiment was to investigate the loss of total phosphorus
(TP) and total nitrogen (TN) from a pine bark-based substrate in a production scenario
similar to that used in the nursery. The percentage of TP and TN losses from the
substrate without fertilizer relative to the loss when the substrate was amended with a
commonly used fertilizer was investigated.
Multiple branched liners of Ilex cornuta ˋBurfordii Naná́́́ were planted March 7, 2019 in a
substrate composed by volume of 70% pine bark, 20% Florida peat, and 10% leaf
compost in trade 7-gallon containers [14-inch (36 cm) top diameter]. The substrate was
amended with 7 lb (4.2 kg/m-3) of dolomitic limestone, 1.5 lb (0.9 kg/m-3) of Micromax®
micronutrients (ICL Specialty Fertilizers, Dublin, Ohio), and 1 lb (0.6 kg/m -3) of Talstar®
(FMC Corporation, Philadelphia Penn.) per cubic yard (0.76 m 3). The substrate for each
of 24 plants was amended with 0.35 lb (157g) of Nutricote® Total 18-6-8 (270-day
release for 80% of nitrogen at 77 °F, Florikan, Sarasota, Florida). The substrate of eight
additional plants did not receive Nutricote®. All plants were spaced in a triangular
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arrangement [36 inches (0.9 m) within row, 30 inches (0.8 m) between the rows] on
polypropylene ground cover with micro-irrigation previously described by Million and
Yeager (3).
The eight plants without fertilizer received micro-irrigation from a single irrigation pipe in
which irrigation application was controlled by solenoid valve. The 24 plants in the
Nutricote®-amended substrate were divided among three irrigation pipes (eight plants
per pipe) each of which was independently controlled by a solenoid valve. Three of the
eight plants were selected from each irrigation pipe for determination of the percentage
of leaching or leaching fraction (LF= leachate or drainage  water applied x 100) testing
as described by Million and Yeager (4). The irrigation application amount was adjusted
every 2-3 weeks to maintain a 20-30% LF. The average amount of irrigation applied to
the plants fertilized with Nutricote® was applied to plants grown in substrate without
Nutricote®.
Three plants from each of the three irrigation pipes with Nutricote® amended substrate
were used to collect composites of the container leachate. The composites were
collected by elevating each container slightly on a 13-inch diameter pizza pan with
drainage hole. Leachate flowed through the hole into drainage pipe that led to tub.
Leachate volumes of the composites were determined weekly and each volume
represented the leachate or drainage for the previous seven days. Samples were taken
from leachates and nitrate nitrogen, Kjeldahl nitrogen, and TP analyses were conducted
according to standard procedures of the Environmental Water Quality Laboratory at
University of Florida, IFAS. Nitrate nitrogen and Kjeldahl nitrogen were summed for TN.
Nutrient concentrations were multiplied by leachate volume (weight) to determine
quantities of nutrients lost for each of the 27 weekly samplings.
Three plants without Nutricote®-amended substrate were also elevated on pizza pans;
however, a lasagna pan was placed under each pizza pan and leachate was combined
for composite. Leachate volumes for composites were determined by weighing leachate
for weeks 2, 3, 7, 11, 15, 19, 23, and 27 (Sept. 9, 2019). Each week represented the
leachate or drainage for the previous seven days. Nutrient analyses and quantities of
nutrients lost were determined as previously described. The quantities of TP and TN
lost were summed for the eight weeks of samples and the percentages of TP and TN
lost from substrate without Nutricote® relative to substrate amended with Nutricote®
were determined.
Plants grown with Nutricote®-amended substrate were measured initially and on week
26. Height was determined from substrate surface to top of foliage. Two perpendicular
widths were recorded with one parallel to the irrigation pipe. These plants grew
approximately 12 inches (30 cm) in height and width. Plants in substrate without
Nutricote® did not grow, became chlorotic, and were not measured.
Results and Discussion For the eight leachate collections that occurred approximately
every four weeks from the containers without Nutricote®, there were 41 mg of TP and
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109 mg of TN lost in the leachate compared to the substrate with Nutricote® that lost
303 and 3475 mg of TP and TN, respectively, (Table 1) for the same sampling dates.
Based on these eight sample dates alone, the amount of TP and TN lost from the
substrate without Nutricote® was 13 and 3%, respectively, of the loss for the substrate
amended with Nutricote®. Thus, the 13 and 3% that represented eight samplings
throughout the experiment were used to estimate the possible amount of loss due to
just the components of the substrate amended with Nutricote®. The cumulative
amounts of TP and TN lost in all the leachates from the substrate amended with
Nutricote® were multiplied by 13 or 3%, respectively, and it was estimated that 2.5 lb of
TP and 5 lb of TN would be lost from the substrate components used in this experiment
if 6,000 trade 7-gallon containers were used per acre. Yeager and Wright (8)
determined that indigenous phosphorus leached rapidly from pine bark, yet there was
no implication for how long the phosphorus might leach or the quantity that might leach
in outdoor production. The findings reported here indicate that research is needed to
further quantify the amount of long-term nutrient loss for common substrate components
and to determine their potential impact on natural waters. In addition, the impact of
these nutrients on natural waters should be considered when developing BMPs.
Literature Cited
1. Brown, M.T., K.C. Reiss, M.J. Cohen, J.M. Evans, K.R. Reddy, P.W. Inglett, K.S.
Inglett, T.K. Frazer, C.A. Jacoby, E.J. Phlips, R.L. Knight, S.K. Notestein, and K.A.
McKee. 2008. Summary and synthesis of the available literature on the effects of
nutrients on spring organisms and systems. University of Florida Water Institute,
Gainesville, Florida.
2. Colangelo, D.J. and M.H. Brand. 2001. Nitrate leaching beneath a containerized
nursery crop receiving trickle or overhead irrigation. J. Environ. Qual. 30:15641574.
3. Million, J.B. and T.H. Yeager. 2019. Periodic versus real-time adjustment of a
leaching fraction-based micro-irrigation schedule for container-grown plants.
HortScience (in press)
4. Million, J. and Yeager, T. 2018. Monitoring leaching fraction for irrigation
scheduling in container nurseries. UF/IFAS Extension publication ENH1268.
Retrieved from: http://edis.ifas.ufl.edu/pdffiles/EP/EP52900.pdf
5. Pershey, N.M., B.M. Cregg, J.A. Andresen, and R.T. Fernandez. 2015. Irrigating
based on daily water use reduces nursery runoff volume and nutrient load without
reducing growth of four conifers. HortScience 5010):1553-1561.
6. Taylor, M.D., S.A. White, S.L. Chandler, S.J. Klaine, and T. Whitwell. 2006.
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HorTechnologhy 16(4):610-614.
7. Wilson, C., J. Albano, M. Mozdzen, and C. Riiska. 2010. Irrigation water and
nitrate-nitrogen loss characterization in southern Florida nurseries: Cumulative
volumes, runoff rates, nitrate-nitrogen concentrations and loadings, and
implications for management. HortTechnology 20(2):325-330.
8. Yeager, T.H. and R.D. Wright.1982. Pine bark  phosphorus relationships.
Commun. Soil Sci. Plant Anal. 13(1):57-66.
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Disclaimer
Mention of products, trade names, or companies does not constitute an endorsement.

Table 1. Cumulative phosphorus and nitrogen loss from trade 7-gallon
containers with a 70% pine bark, 20% Florida peat, and 10% leaf compost
without a fertilizer amendment or amended with Nutricote® Total18-6-8
Type 270 (157 g/container). Samples of container leachate were collected
two and three weeks after planting (March 7, 2019) Ilex cornuta`Burfordi
Nana´ and then every four weeks until Sept.9, 2019. Data represent the
cumulative loss from containers for one week prior to sample collection.
Loss per container
Total phosphorus
Total nitrogenx
(mg)
(mg)
y
WOF
41  1.6
109  3.0y
WF
303  18
3475  214
(percent)
(percent)
13
3
WOFWF
zWOF=Without Fertilizer (n=1, composite of three containers), WF=With Fertilizer
(n=3, composite of three containers from each of three irrigation pipes)
yStandard error
xTotal nitrogen is sum of nitrate nitrogen and Kjeldahl nitrogen.
Treatmentz
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Adjusting pH in Peat and Pine Bark Substrates Blended with Pine Tree Substrate
Jake C. Hudgins and Brian Jackson
North Carolina State University, Horticultural Substrate Lab, NC 27607
Jchudgin@ncsu.edu
Index Words Soil substrate, substrate amendments, dolomite, lime addition,
Sphagnum peat moss, pine bark, wood substrate, pine tree substrate, nursery
production, pH analysis
Significance to the Industry Blends of 0,20,40, and 100% pine tree substrate were
mixed with both eastern Canadian Sphagnum peat moss and pine bark. Four rates of
pulverized dolomitic limestone were administered and evaluated to each blend ratio
during intervals spanning over 42 days. Characterization of common nursery substrate
blends is lacking in sufficient detail in respect to pH variability, and lime additions. A
desired pH level can be achieved by manipulating one or more of the three inputs
studied (time after lime amendment, substrate material, and rate of lime application) and
the choice of which variance(s) will depend on availability and cost for said variance.
More information regarding observations and adjustments of pH levels in soil substrates
needs to be available to commercial nurseries.
Nature of Work Sphagnum peat moss and pine bark are prevalently used in
conjunction with wood products for nursery blends. The most common ratios for these
blends are generally 80:20 peat:pine tree substrate or 60:40 peat:pine tree substrate.
The same can be said with combinations of pine bark and wood. Pine bark has been an
extensively common media for use as a growing substrate and is now more often mixed
with sand to alter its undesirable physical properties (2). Availability of plant-required
nutrients corresponds to the level of pH of the substrate, and is a core reason why this
type of study should be carried and made available. The objective of this study was to
provide nurseries precise lime addition recommendations for commonly used mixtures
to ensure plants with more specific pH needs can be provided optimal nutrients and soil
acidity. Soil acidity of these substrates are very high due to the large amount of organic
matter in the media, and limestone is added to the substrate to reduce its acidity and
increase the pH (3).The information behind the concerns of utilizing pine tree substrate
include its additions of limestone and the way in which its pH is affected to obtain ideal
levels for plant growth (4).
Four bags of three liters of each blend were prepared with their moisture adjusted to
60%. Lime rates were weighed out in 0lbs/yd, 4lbs/yd, 8lbs/yd, and 12lbs/yd by
accounting for each bag being only 3 liters. For Pine bark blends a 100 mesh dolomitic
limestone (pulverized) was applied, and for Sphagnum peat moss blends a 200 mesh
dolomitic limestone (pulverized) was applied. A larger particle size of lime was thought
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to dissolve slower in the substrate and increase the pH at a more gradual rate than a
smaller particle size of lime. This lead to the decision of applying the larger particle size
(smaller mesh number) to the pine bark which has larger particle sizes than Sphagnum
peat moss. However, it has been shown that the buffering capacity of smaller particle
sized lime is on close to equal terms of effectiveness in preventing acidification of
media, and increase the pH. The differences between pH of Sphagnum peat moss
blends when amended with different particle sizes of lime has been shown to be
minimal (3). Each of the two mesh sizes were applied to a separate 3-liter bag of 100%
pine tree substrate as well. The effect of the gradual increase in pH for 100 mesh lime
can be clearly seen in the stair-step-like increase of the pH in the 100% pine tree
substrate blend it was applied to (Figure 3).
Analysis of the pH was conducted via hand pH meter. Testing of the pH was performed
on 100mL samples of each blend that were mixed with 200mL of Deionized-water. The
Deionized water pH was measured to be 7.0 before each analysis of the pH on every
sample date. Each mixture was stirred twice, and pH measurements were taken after
30 minutes of the initial stirring. In-between each rep the pH meter was rinsed off in
Deionized-water before continued measurements were taken. Every blend was
contained in a 3 liter plastic bag with the air compressed out of the bag and stored in an
air-conditioned room without any exposure to sunlight.
Observations of the pH were taken 1,3,5,7,10,14,21 and 42 days after the applications
of lime were amended to the substrate. It was originally hypothesized that the pH of
every substrate would level-off by day 21 of the study, regardless of the lime rate
applied. Increases were still observed, and the possibility of further increases after 42
days following the application is possible but no measurements past that sample date
were taken. Data for Figure 4 were analyzed using SAS (version 15.0; SAS Institute,
Cary, NC) graph builder ellipse model set at a coverage of 90%, and also Microsoft
Excel (version 15.37) for Figures 1-3.
Results and Discussion The use of dolomitic limestone application in soil was a
known practice among practitioners of agriculture even in the first century BCE, but
experimentation of practicality, effects, and differences among sizes within scientific
literature is largely inefficient (1).
It was noted by Atland and Jeong, increasing a substrate pH beyond 6.5 was generally
non-achievable because the weak bases’ solubility within a substrate inhibit continual
pH reactions (1). The data gathered here has shown that every substrate tested
reached a pH higher than 6.5 when amended with 12lbs/yd 3. Jarret concluded that it
was more than likely rate of lime application that was the most vital factor in affecting
substrate pH, while the particle size and actual lime material were almost negligible in
comparison. The common belief of combining both the quick acting large mesh number
and the gradual slow-release small mesh number limestone has actually been seen to
be a waste of lime as the differences in particle size have little to no differential effect on
the pH (5). A lack of extensive academic trials regarding pH variance in substrates
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could be one of the reasons giving rise to conflicting results. A consistent and repeated
system of trials is necessary to yield conclusive results.
In Sphagnum peat moss blends, the higher the ratio of pine tree substrate in the blend
compared to peat, the higher the pH of the blend. This result also is present in the pine
bark blends, but to a lesser degree. It should be noted this increase in pH is also
accompanied by a slower rate of change in pH over time as a result of lime additions for
the higher pine tree substrate ratios. Pine bark and the blends of pine bark amended
with pine tree substrate had an initial large increase over the first five days after lime
application, and then remained somewhat steady over the last five sample dates. Peat
and its blends, however, had a relatively steady increase over the entire study. In the
100% pine tree substrate measurements, the bag amended with 100 mesh lime
resulted in a larger range of pH values that increased at a quicker rate than the 200
mesh lime application.
Statistical analysis of this information regarding the attempt to find optimal values within
pH ranges is not a producible value. This study was carried through with the sole
purpose of characterizing pH values associated with lime amendments among substrate
blends. Different plants have different requirements in terms of an optimal pH range,
and showing how every single lime amendment affects the pH of the substrate is the
only information a prospective nursery worker would need to know. Choosing the range
of pH that is most effective for the individual plant a nursery worker is attempting to
grow or keep in optimal condition begins with choosing what substrate media the plant
is growing in, and then applying the proper lime rate amendment to achieve said pH
range that is required. In order to create the desired pH range for a plant, a nursery has
the ability to choose the variables that are most cost effective for them to alter, and
studies of this nature give them the information necessary to make such decisions
(Figure 4). Further studies and characterization for pH variance due to lime
amendments of more nursery blends used within the industry, are necessary to create a
comprehensive and accessible guide for nursery workers to have the knowledge to
apply precisely the amount of lime needed for their substrate to achieve exactly what is
necessary for each individual plant within their nursery.
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Figure 1. Effect of Lime Rate on pH in Pine Bark and blends of Pine bark amended with
Pine Tree Substrate over Time
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Figure 2. Effect of Lime Rate on pH in Sphagnum Peat moss and blends of Sphagnum
Peat moss amended with Pine Tree Substrate over Time
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Figure 3. Effect of Lime Rates of 100 mesh and 200 mesh Dolomitic limestone on pH of
100% Pine Tree Substrate over Time
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Figure 4. Summary of resultant mean pH of individual substrate blends by rate of lime
application amended over time of observation.
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Significance to Industry The U.S. green industry has historically been a fast-growing
segment of the agricultural economy. However, the industry has reached the mature
stage of its life cycle and is now growing slowly or even declining in some segments
(Hall 2010). According to the Quarterly Census of Employment and Wages (U.S.
Department of Labor, USDOL) report, employment in the principal sectors of the U.S.
green industry reached a peak of 1.3 million jobs in 2007, then dropped sharply during
the global recession of 2008-09. In 2013, industry employment had slightly recovered,
but had not yet returned to pre-recession levels. However, by 2018, employment had
recovered fully and surpassed the 2007 employment levels. To be competitive in the
complex business landscape and effectively manage risk, nursery and greenhouse
operators need reliable and up to date information about sales, transportation,
marketing channels, product mix, irrigation, pest management and relevant production
practices, to name only a few. The current report summarizes the state of the industry
focusing on trends in production and marketing characteristics.
Nature of Work The Green Industry Research Consortium has regularly conducted
national surveys to document production, management, marketing, and trade practices
within the U.S. Green industry since 1989. The 2019 National Nursery Survey, which
gathered annual information for 2018 or the most recent fiscal year completed,
represents the seventh such effort by the GIRC. Previous national surveys for 1988,
1993, 1998, 2003, 2008, and 2014 were reported by Brooker et al. (1990, 1995, 2000,
2005) and Hodges et al. (2010, 2015). The overarching objective of these surveys is to
document changes in business practices over time and across regions and provide
information useful to stakeholders, including nursery/greenhouse growers, rewholesalers, allied industry professionals, garden center retailers, state university
Extension personnel and researchers. Information summarized in the survey report
includes issues such as plant types and forms grown, labor, irrigation methods, water
sources, and pest management, along with marketing practices (distribution channels,
selling methods, in-store advertising practices, and social media presence), and a range
of factors affecting pricing strategies and overall business growth and opportunities. The
most recent survey also included information about point-of-sale and digital marketing
strategies used by industry representatives, thus attempting to identify needs and
opportunities in active and effective communication with end consumers.

15

SNA Research Conference Vol. 64 2020

Results and Discussion Survey Methodology: For the 2019 survey, a list of over
51,933 grower and plant dealer firms in the U.S. was compiled. The list contained
information on the company name, contact person, mailing address, and in some cases,
telephone numbers, email addresses, and type of business (grower or dealer). The
listings for each state were obtained from members of the National Plant Health Board,
an organization representing the plant health regulatory agencies in each state, which in
most cases is the Department of Agriculture or its equivalent. A sample of 43,877 firms
were used for the survey, including 14,995 randomly selected firms for the mail survey,
and 28,882 firms with email addresses for the email (Internet) survey. Table 1
summarizes number of respondent firms, total number of employment by region, and
annual sales reported.
Sales: Annual sales for 2018, as reported by 1,727 survey respondents, totaled $2.392
billion (Bn) and averaged $1.39 million (Mn) per firm. Sales through wholesale market
channels totaled $1.74 Bn and averaged $1.34 Mn per firm, while sales at retail totaled
$474 Mn, averaging $0.53 Mn per firm. The Southeast region had reported annual sales
of $542 Mn, followed by the Midwest ($489 Mn), Pacific ($485 Mn), Southcentral ($280
Mn), Northeast ($276 Mn), Appalachian ($135 Mn), Mountain ($125 Mn) and Great
Plains ($61 Mn). It should be noted that these are reported sales for the survey
respondents only and they do not represent expanded sales for the entire industry.
Average sales per firm were highest in the Pacific regions ($2.05 Mn) and Southcentral
(nearly $2.00 Mn) regions, and lowest in the Northeast ($0.93 Mn) and Appalachian
($0.78 Mn) regions. Among individual states, average annual sales per firm were
highest in Kansas ($5.86 Mn), Arizona ($5.57), Oklahoma ($5.37), Oregon ($3.43), and
Idaho ($3.16). Retail sales represented 20 percent of overall annual sales reported and
ranged from 7 percent (Southeast) to 73 percent (Great Plains) across regions.
Employment: A total of 35,719 employees were reported for all U.S. Green industry
survey respondents in 2018, including 20,631 (57.8%) permanent employees, 12,633
(35.4%) temporary, part-time or seasonal employees, and 2,455 (6.9%) foreign national
employees authorized to work in the U.S under the H2A visa program. The Southeast
and Midwest regions had the highest employment reported with 10,474 and 9,162
employees, respectively, followed by the Pacific (5,509), Northeast (3,446), Appalachian
(2,695), Southcentral (2,590), Mountain (1,558), and Great Plains (285).
Plant Type Categories: Nationally, across all industry groups, the largest specific plant
type sold was bedding plant-flowering annuals, representing 12.4 percent of total sales
reported. Miscellaneous other non-specific plants represented 12.9 percent of sales.
The second tier of plant types as a share of sales were herbaceous perennials (8.0%),
deciduous shade/flowering trees (7.9%), evergreen trees (7.8%), liners, cuttings, and
plugs (7.5%), deciduous shrubs (6.2%), and broad-leaved evergreen shrubs (5.8%).
The third tier of plant types included bedding plants-vegetables, fruits, and herbs
(5.3%), flowering potted plants (4.8%), roses (4.5%), and tropical foliage (4.3%). Plant
types that represented less than 4 percent of sales were fruit trees (3.8%), narrowleaved evergreen shrubs (3.3%), vines and ground covers (3.1%), sod (1.3%), and
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Christmas trees (0.8%). Plant types that increased as a share of sales since the
previous survey for 2013 were liners, cuttings, plugs, tropical foliage, flowering potted
plants, roses, evergreen trees, narrow-leaved evergreen shrubs, and broad-leaved
evergreen shrubs.
Product Form: Respondents were asked to indicate the percentage distribution of their
sales by product form (root packaging media), including containerized, balled and
burlapped, field grow bag, bare root, balled and potted/process balled, in-ground
containers (including pot-in-pot), and other types (e.g., cut trees, budwood, scions,
seeds, tissue culture plantlets, unrooted cuttings). Container-grown plants were the
dominant product form reported in the survey, representing 69 percent of overall sales.
The second tier of product forms included balled and burlapped (8.2% of sales), bare
root (6.5%), and miscellaneous other forms (13.5%). In-ground containers/pot-in- pot
systems, balled/potted plants, and field grow bags had less than 2 percent market
share. The share for containerized products decreased by 4 percentage points
compared with the previous national survey for 2013.
Sales Transaction Types: Respondents were asked to indicate the percentage of
annual sales attributable to various transaction methods, including trade show orders,
telephone orders, in-person orders, mail orders, website orders, email orders, and other
types. The most common transaction method was traditional in-person orders,
accounting for 50 percent of sales for all firms, 86 percent of sales for plant dealer firms,
and 41 percent of grower firms. Telephone orders was the second most frequently used
category, accounting for 24 percent of sales by all firms, and 11 and 28 percent for
dealer and grower firms, respectively. Transactions via websites represented 13 percent
and email orders accounted for 4 percent of all sales. Trade show orders and mail order
sales each represented about 5 percent of all sales, up from 2 percent in 2013.
Market Distribution Channels: Respondents were asked to specify the percentage of
total sales to different wholesale market outlets, including mass merchandisers, home
centers, single location garden centers, multiple location garden centers, landscape
firms, re-wholesalers, and others. The most popular outlet, as a share of total wholesale
sales, was re-wholesaler firms representing 26 percent of sales nationally, followed by
landscape firms (23%) and mass merchandisers (17%), single location garden centers
(13%), direct-to-consumer (11%), home centers (7%), and multiple location garden
centers (4%). The share of wholesale sales to mass merchandisers increased by 8
percent from 2013 and the share to re-wholesalers increased by 6 percent, while the
share to single location garden centers decreased by 4 percent, and the share to
multiple location garden centers remained about the same.
Advertising Media Expenditures: Respondents were asked to report the percentage of
their total sales allocated to advertising and the percentage of their advertising budget
spent on various media forms. Advertising expenditures represented 2 percent of total
sales for all firms nationally. The most popular advertising media for all firms was social
media, accounting for 23 percent of the total advertising budget, followed by trade
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shows (19%), websites (13%), radio/TV (11%), trade journals (9%), catalogs (8%),
gardening publications (5%), newspapers (5%), and other media forms (5%).
Irrigation Source: The use of water resources for agricultural irrigation and horticultural
production is becoming an increasingly important issue. Respondents were asked to
indicate the percentage of water used for irrigation that was obtained from the following
sources: natural surface, recaptured sources, city (municipal) water supplies, and
groundwater wells. Overall, 44 percent of respondents indicated that groundwater wells
were a source of water for their irrigation, followed by city water supplies (21%), natural
surface water (18%), recaptured sources (6%), and reclaimed water (2%).
Irrigation Method: The majority (50%) of respondents reported using overhead sprinkler
irrigation, followed by drip irrigation (30%), sub-irrigation (4%), and other unspecified
methods (19%). Among Internet survey respondents, 13 percent of firms also indicated
using hand watering. Note that respondents were allowed to choose more than one
water application method. Grower firms tended to use overhead (62%) and drip
irrigation (40%) more than plant dealer firms (42% and 21%, respectively). The
percentage of firms using water-conserving drip irrigation (4%) remained about the
same as in the previous survey in 2013.
Integrated Pest Management Practices: The most common IPM practices used in 2018
were the removal of pest-infested plants (59%), cultivation/hand weeding (50%), spot
treatment with pesticides (44%), inspection of incoming stock (40%), elevating or
spacing plants for air circulation (38%), and alternating pesticides to avoid chemical
resistance (37%). A second tier of practices followed by at least 20 percent of firms was
ventilating greenhouses (30%), managing irrigation to reduce pests (28%), using
mulches to suppress weeds (25%), adjust pesticides to protect beneficial insects (22%),
and disinfecting benches and ground covers (22%). A third group of practices used by
at least 10 percent of firms were adjusting fertilization rates (19%), identifying beneficial
insects (19%), using pest-resistant varieties (17%), monitoring pest populations with a
tarp or sticky boards (17%), using beneficial insects (15%), using bio-pesticides/lower
toxicity (12%), and keeping pest activity records (10%).
Inter-regional Trade Flows: Regions with the largest share of product sales to other
regions were the Appalachian (65%), Southeast (51%), Pacific (47%), Mountain (37%),
Great Plains (35%), and Northeast (32%) regions, while the Southcentral and Midwest
regions had a low proportion of sales outside of home regions. Individual states with the
largest share of products sold to other regions were Virginia (82%), North Carolina
(65%), Arizona (63%), Kansas (61%), Tennessee (60%), Florida (60%), Oregon (55%),
and New York (52%). International exports represented less than 1 percent of overall
sales, similar to the 2013 survey estimate. States with more than 1 percent share of
international sales were Florida (5%), Louisiana (3%), North Dakota (3%), and Oregon
(2%). Among foreign trading partner countries for U.S. Green industry products, Canada
was the most frequently reported country, followed by the Caribbean Islands, Bermuda,
and European Union.
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Factors Affecting Price Determination, Geographic Expansion, and General Business:
The eight factors considered as potentially affecting product prices were the cost of
production, inflation, other grower prices, the grade of plants, market demand, product
uniqueness, inventory levels, and last year’s prices. With the average rating score of
2.9, cost of production was the highest-rated factor, followed by grade of plants (2.7),
product uniqueness (2.7), market demand (2.7), other growers’ prices (2.4), inflation
(2.2), inventory levels (2.2), last year’s prices (2.2), and other factors (2.0). Factors
considered that potentially limit the geographic range or trading area for Green industry
businesses included debt and equity capital availability, marketing, personnel,
production, transportation, and plant offerings. The highest average ratings were for
production, transportation, and plant offerings (2.8), followed by personnel (2.5),
marketing (2.3), and equity and debt capital (1.8). Factors or issues that may potentially
affect the overall business environment in the Green industry included weather
uncertainty, land, market demand, labor, water supply, debt and equity capital
availability, own managerial expertise, competition/price undercutting, environmental
regulations, other government regulations, ability to hire competent management, and
ability to hire competent hourly employees. The highest average importance rating
score was for weather uncertainty and market demand (3.2), followed by labor (2.7),
own managerial expertise (2.6), ability to hire competent hourly employees (2.5),
competition/price undercutting (2.4), the balance of power with buyers/customers (2.3),
environmental regulations and other governmental regulations (2.2), water supply,
ability to hire competent management, and land (2.1), the balance of power with
suppliers and vendors (2.0), equity capital (1.9), and debt capital (1.8).

Table 1. Number of respondents, employees and sales reported for 2018, by region, in
the U.S. Green Industry survey

Region
Appalachian
Great Plains
Midwest
Mountain
Northeast
Pacific
Southcentral
Southeast
Total

Number of
Respondent
Firms
173
40
360
78
297
237
140
402
1,727

Employees
Reported
2,695
285
9,162
1,558
3,446
5,509
2,590
10,474
35,719

Annual Sales
Reported
(million $)
135.4
61.1
488.7
124.5
275.9
484.8
279.5
542.3
2,392.2
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Significance to Industry Little work has been published regarding the susceptibility of
different crapemyrtle cultivars, Lagerstroemia spp. to the non-native crapemyrtle bark
scale, Acanthococcus lagerstroemiae Kuwana. Some cultivars are more common in the
landscape then others. Among those is the widely planted ‘Natchez’ cultivar. This
research examines the ‘Natchez’ cultivars susceptibility to A. lagerstroemiae in the field
in making informed cultivar recommendations for the landscape.
Nature of Work Crapemyrtle bark scale A. lagerstreomiae was first discovered by a
landscaping company in Richardson, Texas in 2004 on carpemyrtles, Lagerstroemia
spp. and has since spread to 12 States in the Southeastern United States (1). Its
introduced range spans from New Mexico to the Southern states along the Atlantic
Coast. The scale causes branch die-back, black sooty mold and reduced flowering (2).
It adversely affects the aesthetics, health and value of the plant. Little has been
published on the cultivar by cultivar susceptibility of Lagerstroemia spp. to A.
lagerstroemiae. As of December 2011, there were 133 crapemyrtle cultivars available
on the market (3). Of those the most common is the ‘Natchez’ cultivar. This
Lagerstroemia indica and Lagerstroemia faurei hybrid grows up to 30 feet tall, it has
white flowers and exfoliating bark that reveals cinnamon tones underneath. It was first
introduced by the National Arboretum in 1987 and is recognized as the top performing
crapemyrtle in the southeastern United States (4). In this study scale populations
collected on ‘Natchez’ cultivar trees from the field were compared to A. lagerstroemiae
populations on a pool of unknown cultivar trees to determine the relative susceptibility of
the ubiquitous ‘Natchez’ cultivar to A. lagerstroemiae infestation. Other cultivars
remained unknown because while ‘Natchez’ is relatively easy to distinguish from the
other 132 cultivars, very similar combinations of bark, flower color and growth type
make most other cultivars very difficult to distinguish by sight.
In Brazos County, Texas in spring 2018 A. lagerstroemiae samples were collected from
43 ‘Natchez’ cultivar trees and 60 lagerstroemia spp. trees of at least three other
cultivars distinguished by flower, bark and growth characteristics. Ten 12-inch branch
tips were pruned from each tree using a long pole pruner and placed in plastic
containers to be taken back to the lab for analysis. Crapemyrtles were sampled from
easily accessible sites in urban and suburban settings. Permissions were sought and
given by College Station Parks and Recreation and the local Texas Department of
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Transportation. Residential areas were avoided both to reduce the variability in
Lagerstroemia spp. cultural practices and unintended biases that can be associated
with accessibility and landowner permission.
In the lab, A. lagerstroemiae numbers were counted on each branch and census
numbers were pooled among branches to generate a census value for each tree.
Population counts consisted of all nymph instars, male cocoons and adult females with
intact ovisacs. However, ovisacs were not dissected to count individual eggs. Data was
analyzed using JMP® statistical software (JMP®, Version 14.3. SAS Institute Inc., Cary,
NC, 1989-2019). The normality of the data was tested using residuals. Data was not
normally distributed, and so a Wilcoxon rank-sum test, equivalent to the Mann-Whitney
test, was used to determine if the means were statistically different between the scale
populations on ‘Natchez’ and non- ‘Natchez’ cultivars.
Results and Discussion The average number of A. lagerstroemiae present per tree
was not significantly different between the ‘Natchez’ cultivar trees and the non‘Natchez’ trees. The test to determine if the means are equal returned a Z value equal
to 1.88731 and p-value of .0591. The box plot is shown in fig. 1. This indicates the
‘Natchez’ cultivar is neither more nor less susceptible to A. lagerstroemiae than the pool
of non- ‘Natchez’ cultivar trees. ‘Natchez’ is the most popular crapemyrtle cultivar, and
evidence that it is not especially susceptible to A. lagerstroemiae is positive. Until
evidence comes to light that there are cultivars with increased or decreased A.
lagerstroemiae resistance, A. lagerstroemiae susceptibility need not be a factor in
cultivar choice by stakeholders.
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Fig. 1 Box plot of cultivar comparison. Y-axis is the number of scale insects,
A. lagerstroemiae, per tree. Boxes represent the interquartile range. The
horizontal line within the box is the median number of scales per tree for each
cultivar. “Whiskers” are the minimum and maximum excluding outliers. The dots
represent outliers.
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Significance to Industry Greenhouse whitefly, Trialeurodes vaporariorum (Westwood),
and sweetpotato/silverleaf whitefly, Bemisia tabaci (Gennadius), are the most
economically important and damaging pests of poinsettias; a commodity comprising
17% of the $810 million in annual value of potted flower plants grown for indoor or patio
use in the USA (1). The regular release of predatory or parasitic insects to suppress a
target pest, known as augmentation biological control, is a promising strategy to reduce
whitefly populations in poinsettia production. Important to this approach are the
development of thresholds for whitefly populations at the start of the color poinsettia
crop and whitefly numbers acceptable to retailers. We present data on whitefly
populations on rooted cuttings from two different facilities over two years to provide
insight into whitefly populations coming from propagators, and data on whitefly
populations on poinsettias from a total of 18 retailers over two separate years to
determine retailer thresholds for whiteflies.
Nature of Work Management of whiteflies on poinsettias has historically relied on
regular pesticides applications, which may be considered a short-sighted strategy due
to pesticide resistance (2-4), increasing federal and state pesticide regulations (5), and
increasing pressure from retailers to end use of neonicotinoid pesticides (6), such as
imidacloprid, dinotefuran, and acetamiprid. The regular release of predatory or parasitic
insects to suppress pest populations, known as augmentation biological control, is a
promising strategy that is showing increased adoption in protected culture globally (7).
Critics of augmentation biological control in poinsettia production assert that whitefly
populations received on cuttings from propagators are too high and retailer thresholds
for whiteflies on finished poinsettias are practically zero, both of which are poorly
documented in the literature. In this multi-year study, we determine the populations of
whiteflies found on rooted cuttings from propagators and whitefly populations at retailers
in Texas over two years.
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To determine whitefly populations received from propagators, we determined whitefly
densities at two growers in 2017 and 2018. Each grower was visited for three
consecutive weeks each year and all foliage on 200 newly rooted cuttings were
inspected per visit using a 2.5x magnification head lens. Number of whitefly nymphs,
pupae, and exuviae were counted per cutting.
To determine whitefly retailer thresholds, we scouted potted poinsettias at ten retailers
on December 8, 2016 and seven retailers on December 13 & 14, 2018 located in Tyler,
TX. Visually inspecting each plant for 60 seconds, the number of whitefly nymphs plus
pupae, exuviae, and adults were counted for up to 30 poinsettias per retailer, depending
on availability. In 2018, we also recorded poinsettia pot size, price, producer, and
producer geographic location. To maintain anonymity of the retailers and producers,
retailers were categorized under one of four groups: big-box stores (physically large
multinational establishments), independent garden centers, grocery store florists, and
independent florists.
Results and Discussion Cuttings from propagators were mostly free of whiteflies, with
immature whiteflies present on only 41 cuttings out of the 2,417 cuttings inspected over
the two years. We found no whitefly nymphs or pupae during four out of our twelve visits
to the two producers over the two years, and average number of immatures never
exceeded 0.48 nymphs/plant (Table 1). Our data from two grower locations over two
years supports that starting conditions are below the 1.0 or fewer live nymphs or
pupae/cutting needed for successful augmentation biological control for poinsettia
production (8).
All retailer types had detectable levels of whitefly infestations on poinsettias, with mean
immatures per plant reaching as high as 73 immature whiteflies counted within 60seconds on a poinsettia (Florist 2018) (Figure 1), despite the premium clientele and
price (mean of $83.50 for 10 – 12” pot arrangement) for the florist. The lowest mean
whitefly population by retailer type was big-box stores in 2016, with a mean of 4.38
immature whiteflies counted within 60-seconds for a given poinsettia, with a mean price
of $5.71 for a 6-inch pot. In 2016, percent of poinsettias infested with immature
whiteflies was 43%, 71%, 63%, and 40% for big-box, grocery, garden stores, and
florists, respectively. In 2018, percent of poinsettias infested with immature whiteflies
was 74%, 81%, 81%, and 100% for big-box, grocery, garden stores, and florists,
respectively.
Of the nine different producers that supplied the Tyler TX retailers, only one was
completely free of whiteflies (20 poinsettias) (Figure 2). Other producers varied between
a mean of 2.8 immatures per plant (Producer C) to 45.15 immatures per plant (Producer
D) (Figure 2). With all retailers and years pooled together, we found an average of
25.01 +/- 1.87 (SE) immature whiteflies per plant and 1.64 +/- 0.19 (SE) whitefly adults
per plant.
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Augmentation biological control programs for whitefly control in poinsettias have
effectively maintained whitefly populations below 0.55 – 0.98 nymphs per leaf on
finished poinsettias (8), however, release rates of natural enemies were economically
unviable. However, our survey results support that retailer thresholds for whiteflies on
poinsettias are far from zero and that current pesticide rotation programs utilized by
most growers result in higher whitefly populations that can be achieved through an
augmentation biological control program.
Acknowledgements: We would like to acknowledge the cooperating growers and
retailers, and personnel that helped count whiteflies: Chris Knight, Francine Soares,
Briton Grove, Lua Eijsink, and Silas Arthur Vafaie.
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Table 1. Mean number of nymphs, pupae, and exuviae found on poinsettia cuttings
during each of three consecutive weekly visits to two different growers (A and B) for two
years (2017 and 2018).
Mean
Mean
Mean
Year Facility
Date
nymphs
pupae
exuviae
N
(+/- SE)
(+/- SE)
(+/- SE)
Jul. 17
0.01 ± 0.01
0.04 ± 0.02
0±0
210
A
Jul. 24
0±0
0±0
0±0
200
Jul. 31
0.04 ± 0.04
0±0
0.02 ± 0.02
200
2017
Jul. 25
0±0
0±0
0±0
200
B
Aug. 2
0.14 ± 0.14
0±0
0±0
200
Aug. 8
0±0
0±0
0±0
200
Jul. 20
0.32 ± 0.27
0.04 ± 0.03
0.11 ± 0.07
200
A
Jul. 27
0.48 ± 0.22
0.03 ± 0.03
0±0
200
Aug. 3
0.2 ± 0.14
0.08 ± 0.04
0.08 ± 0.05
205
2018
Jul. 17
0±0
0±0
0.02 ± 0.01
200
B
Jul. 26
0.02 ± 0.02
0±0
0±0
200
Aug. 2
0.03 ± 0.03
0±0
0±0
202
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Figure 1. Mean immature (nymphs + pupae) whiteflies (+/- standard error) counted on
poinsettias within 60-seconds from different retailer categories over two years (2016
and 2018).
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Figure 2. Mean immature (nymphs + pupae) whiteflies (+/- standard error) counted
within 60-seconds for each finished poinsettia at different retailers, categorized by
producer of the poinsettia and geographic location of the producer.
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lagerstroemiae Kuwana on Lagerstroemia indica Linnaeus
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Index Words Acanthococcus lagerstroemiae, Lagerstroemia indica, parasitoid wasps,
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Nature of Work Predators and parasitoids often use signals from plants to find their
prey and hosts. Plants tend to constantly release volatiles into the environment;
however, damaged plants may release a greater amount and an increased array of
volatiles (3). These volatiles may be used to induce defenses in other neighboring
plants (as picked up by eavesdropping) but may also serve as signals to parasitoids and
predators, recruiting them to attack the offending herbivores (1, 3). In this paper, we will
discuss the use of volatile released by plants to assess host specificity in the
Acanthococcus lagerstroemiae/Lagerstroemia indica/parasitoid system. Acanthococcus
lagerstroemiae Kuwana (Hemiptera: Acanthococcidae) is a non-native pest of
crapemyrtle (Lagerstroemia indica Linnaeus) in the United States. Originally from
China, it was first reported in the United States from Richardson, Texas in 2004 (2).
Feeding by this insect on L. indica can cause branch dieback and excess honeydew
production that encourages the development of sooty mold (6). So far, native predators
have been found of A. lagerstroemiae but no native parasitoids have been found in the
United States.
Acanthococcus lagerstroemiae were collected from L. indica in College Station, TX.
Clippings of infested trees were taken using hand pruners and transported back to the
laboratory. There the clippings were placed on 10 potted L. indica (Natchez cultivar).
They were given 6 weeks for A. lagerstroemiae to infest and colonize the plants.
Fifteen cm twigs infested with A. lagerstroemiae were sent to us from multiple cities in
China under the importation permit P526P-17-02746. Shipments were received into a
quarantine facility, individual twigs were assigned an identification number, and placed
in a glass vial. These vials were observed twice daily and any wasps that emerged
were placed in individual shell vials and given an identification number. Wasps were
sexed and identified to genus by the parasitoid systematist Dr. James B. Woolley of
Texas A&M University. For this experiment, wasps in the genera Metaphycus (a
primary parasitoid of A. lagerstroemiae) and Marietta (a hyperparasitoid) received from
Jining and Beijing, China were used.
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Oven bags were cut to fit over single shoots of potted crapemyrtle plants and placed in
a drying oven overnight to bake off any plastic volatiles that may contaminate the
volatile samples. Oven bags were then fitted over a single shoot of a potted
crapemyrtle and secured using the provided oven bag closures. Small holes were cut
into the top corners of the oven bags. Volatile collection filters and charcoal filters were
placed into the holes and secured with scotch tape (one of each filter per plant). A
vacuum line was attached to the collection filter (outlet) and an air pump was attached
to the charcoal filter (inlet). Outlet and inlet flow rates were set to 0.5 L/min. Volatile
collections occurred for eight uninfested L. indica and seven L. indica infested with
between 85 and 115 A. lagerstroemiae. Volatiles were collected for six hours.
After collection, volatile samples were eluted into individual GC vials using 150 μL of
dichloromethane. Additionally, a GC vial with 5 μL of nonyl acetate internal standard
was also prepared. All samples and the standard were run on a GC-MS. Differences in
means of ng/cm2 of volatiles found were made using Welch’s t-tests. To calculate
ng/cm2, pictures were taken of the leaves from which volatiles were collected and leaf
surface area was measured using ImageJ 1.52a software (5). The absolute amount of
each volatile was then divided by the leaf area to provide ng/cm 2 of each compound.
For host preference experiments, air was pumped through a two-channel air delivery
system with a charcoal filter in the inlet. Outlet pressure was set to 18 psi and the
flowrate was set to 0.7 L/min. These conditions allowed for wasps tested to move
around unencumbered by the air being forced through the Y-tube. Wasps were placed
in the base of the Y-tube and allowed five minutes to make a choice. If they travelled up
one of the arms of the Y-tube two-thirds of the way, they were considered to have made
a choice. If they did not travel 2/3 of the way up the arm, they were considered to have
not made a choice. Each individual wasp was tested four times. The Y-tube was
cleaned with 95% ethanol between each individual tested.
The following treatment combinations were tested for wasps in the genus Metaphycus:
clean air vs uninfested L. indica, clean air vs. L. indica infested with A. lagerstroemiae,
uninfested L. indica vs L. indica infested with A. lagerstoremiae, uninfested L. indica vs
Ulmus alata Michx (winged elm). The first two treatments serve as a negative and
positive control, respectively. The next two treatments serve as tests of the ability of the
wasps to discern host-specific signals (from L. indica that have A. lagerstroemiae on
them and from L. indica when compared with a non-host plant, U. alata. The following
treatment combinations were tested for wasps in the genus Marietta: uninfested L.
indica vs infested L. indica, uninfested L. indica vs U. alata. G-tests of heterogeneity
were used to analyze if there were differences in choices made by the wasps and if
there was heterogeneity between the wasps tested (were all of the wasps acting the
same in each test).
Results and Discussion Plants infested with A. lagerstroemiae released greater
amounts of four volatiles than plants without A. lagerstroemiae (Fig 1). These volatiles
were trans-β-ocimene, E-α-farnesene, Z-α-farnesene, and methyl salicylate. Mean
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ng/cm2 of each volatile were not significantly different between treatments (trans-βocimene: t=-1.1277, df=6.004, p=0.3025; E-α-farnesene: t=-1.0416, df=6.0001,
p=0.3378; Z-α-farnesene: t=-1.084, df=6, p=0.32; methyl salicylate: t=-1.14498,
df=8.7918, p=0.1818). These volatiles have previously been implicated in host-finding
for natural enemies of other pests in the literature (4, 7) and are likely contributing to the
parasitoids’ ability to find their hosts.
In the choice tests, wasps in the genus Metaphycus did not demonstrate a preference
between clean air and uninfested L. indica (G=0, df=1, p=1), infested L. indica and
uninfested L. indica (G=0.57339, df=1, p=0.4489), and L. indica and U. alata
(G=0.04764, df=1, p=0.8272) (Fig 2). They did, however, show a preference for
infested L. indica over clean air (G=5.8221, df=1, p=0.01583) (Fig 2). Wasps in the
genus Marietta did not demonstrate a preference between infested L. indica and
uninfested L. indica (G=0, df=1, p=1) or L. indica and U. alata (G=1.9735, df=1, 0.1601)
(Fig 3). In all of the choice tests, heterogeneity tests were not significant indicating that
wasps all acted the same in the experiments. These results show that Metaphycus sp.
individuals use volatiles produced by L. indica when they are fed on by A.
lagerstroemiae. However, a lack of significant preference for A. lagerstroemiae-infested
L. indica over uninfested L. indica may indicate that wasps have a harder time
discerning between herbivore-induced plant volatiles and normal plant volatiles. These
results also show us that Metaphycus sp. wasps cannot discern between or do not have
a preference for host plants in the absence of herbivore feeding. Similarly, Marietta sp.
individuals did not show a preference for L. indica plants with or without A.
lagerstroemiae, nor did they show a preference for L. indica over U. alata, indicating
that a different set of signals are used to find their parasitoid hosts.
Significance to Industry These results indicate that the volatiles given off by
Lagerstroemia indica plants change when they are fed upon by Acanthococcus
lagerstroemiae. These volatile changes are relevant to how parasitoid wasps that use
A. lagerstroemiae as a host may find them. Metaphycus sp. individuals may use these
volatiles to find their scale insect hosts, which may ultimately increase their ability to be
an effective biological control agent. Marietta sp. individuals may use other signals not
tested in this study to find their parasitoid hosts.
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Figure 1. Amounts of volatiles produced by A. lagerstroemiae-infested L. indica plants
and uninfested L. indica plants in ng/cm2. Infested plants produced more volatiles
though none were significantly greater using Welch’s t-test.
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Figure 2. Host preference experiments for Metaphycus sp. individuals. Clean air vs
infested L. indica was the only significant preference (G=5.8221, df=1, p=0.01583). All
other preference experiments were not significant.
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Figure 3. Host preference experiments for Marietta sp. individuals. Neither host
preference experiment was significant.
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Significance to the Industry The flatheaded apple tree borer (FAB), Chrysobothris
femorata (Oliver) (Coleoptera: Buprestidae), is a major pest in nursery production. The
presence of FAB is common in many deciduous shade, fruit and nut trees, especially
those that are newly transplanted or otherwise under stress. The economic losses due
to infestation of young maple trees, particularly Acer rubrum L., is significant for
nursery growers. Flatheaded apple tree borers can significantly impact nursery
production for up to four years after transplanting, causing mortality or rendering trees
unmarketable from trunk scaring (Oliver et al. 2010). The larval FAB damage results
from tunneling beneath the bark and is generally first recognized by a sunken dark
area on the trunk, which may eventually split to reveal caked frass. The damage
caused by the larvae when they feed beneath the bark weakens vascular function,
thereby causing the mobility of water and nutrients to be insufficient. Early application
of systemic insecticides containing imidacloprid (or other neonicotinoids) is the most
common treatment for nursery growers. Control of flatheaded borer larvae with contact
insecticides requires that sprays be applied shortly before oviposition, so that the
newly hatched borers ingest a lethal dosage while chewing through the bark at the
point of egg attachment (Potter et al. 1988). Use of insecticides can have direct effects
on non-target arthropod pests and their natural enemies. (Dawadi et al. 2019)
Alternatives to minimize the use of insecticides are needed to provide additional
management tools to nursery growers. Research conducted at the TSU Nursery
Research Center has shown that the incorporation of winter cover crops can
significantly reduce the number of trees attacked by the FAB.
Nature of Work Red maple ‘Franksred’ cuttings were propagated and later transplanted
into size #3 containers with slow release fertilizers (15-15-15 NPK) in spring 2018. A
cover crop was planted in September 2018 at Moore’s Nursery, Irving College, TN,
which consisted of a blend of crimson clover (15 lb/acre) and triticale (30 lb/acre). In
November 2018, four hundred #3 containers were transplanted into the cover crop field.
Trees were arranged in 10 rows with 40 trees per row (5 ft tree spacing, 7 ft row
spacing). Two methods of cover crop management were evaluated to assess growth of
trees while minimizing the threat of FAB attacks: 1) cover crop was allowed to
senescence naturally or 2) a post-emergent herbicide was used to kill the cover crop
within the tree rows when it reached 60 cm in height to reduce tree-cover crop
competition (May 16th 2019). In addition to these treatments, two controls were
evaluated: 3) pre and post-emergent herbicides were used to maintain a clean 1 ft
radius around the tree trunks, and 4) trees were grown with tree ring mulch mats
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extending in a 1 ft radius around the base of the tree. These two treatments were used
as a control for standard row management practices (herbicided rows). The use of
mulch mats to prevent weeds at tree bases was added to address the current debate
over whether herbicide treatments cause more FAB attacks. Row middles were mowed
periodically to allow access to the field. Tree growth and FAB attacks will be evaluated
for 2 years post-transplant (2019-2020). During the first year, diameter at 6 in, height,
and canopy index, were evaluated from transplant until October 2020 in order to assess
the influence of cover crop on first year plant growth. In November 2019, preliminary
data on FAB attacks in all treatments was recorded. A second round of FAB evaluation
is scheduled for 2020 when first year FAB damage will be more apparent.
Results and Discussion The results for the tree growth reinforce the previous data
collected in 2016 and 2017, suggesting that the presence of cover crop will reduce tree
growth. The herbicide treatment had the greatest increase in caliper with an average of
8.5 mm (0.33 in) during the first year, the second treatment with the most growth was
the mulch matt with 6.7 mm (0.26 in) growth, and 6.3 mm (0.25 in) for the cover-early
kill treatment. The cover crop treatment caliper increased only 5.2 mm (0.20 in) during
the first year. Few FAB damaged trees were identified in fall 2019. Preliminary data of
FAB attacks by treatment indicated that cover crop at the base of the trunk was effective
at reducing FAB attacks. The cover crop treatment only had 2 trees out of 100 damaged
by FAB. The herbicide treatment and mulch treatment had 5 damaged trees each and
the cover-early kill treatment had 6 damage trees, suggesting for now that the cover
crop works best if it is permitted to naturally senescence. Flatheaded apple tree borer
damage will be evaluated again in spring 2020 when damage is more visible to update
the total number of trees damaged in the first year of the test.
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Figure 1. Total number of red maple trees attacked by FHAB in Year 1 for the
treatments 1) cover crop, 2) post-emergent herbicide, 3) cover-early kill, and 4) trees
grown with the mulch matt.
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Figure 2. Diameter growth of ‘Franksred’ red maple trunk during Year 1.
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Figure 3. Overall growth of ‘Franksred’ red maple during the year 1.
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Significance to the Industry Non-indigenous ambrosia beetles (Coleoptera:
Curculionidae: Scolytinae) are important pests of stressed nursery trees. These beetles
tunnel in the sapwood and inoculate symbiotic fungi and pathogenic fungi. The attacks
may cause sap stains, shot holes in the bark, foliage wilting, and tree death. Growers
often use ethanol baited traps to monitor for ambrosia beetle activity (and improve
insecticide treatment timing. However, even optimal timing of the most effective trunk
spray treatment (i.e. Permethrin) does not prevent all attacks. Tree stress is a major
factor in tree attacks, and flood stress and winter damage in particular are known to
induce attacks (1), making it more challenging to protect trees. Trees under stress
produce ethanol (2) making them more attractive to ambrosia beetles. Fungicides may
be an alternative strategy to control ambrosia beetles by targeting their symbiotic fungal
relationship. In addition, several systemic fungicides are reported to reduce plant stress
by strengthening the plant. If plant stress and the stress-related ethanol signals can be
reduced by fungicides, then beetle attacks may be reduced.
Nature of Work The objective of this study was to determine the effects of systemic
fungicides on prevention of ambrosia beetle tree attacks on flood and disease stressed
trees. Experiments were performed at the Tennessee State University Otis L. Floyd
Nursery Research Center, McMinnville, TN (TSU-NRC) on a semi-shaded logging road
in a mixed deciduous forest (predominantly Quercus spp. and Carya spp.).Two tests
were performed in spring 2019 (April to May) and fall 2019 (October to November), but
only the spring test is completed and being presented. Individual redbud trees (Cercis
canadensis L.) in 11.4 liter containers obtained from Taylor Nursery (McMinnville, TN)
and not previously treated with insecticides or fungicides were used as the experimental
unit. Redbuds were selected due to their intolerance to root flooding and likelihood to
induce ambrosia beetle attacks. All treatments were replicated six times in a
randomized complete block design (RCBD) with trees spaced 1 m apart and 5 m
between replicates.
Fungicide Treatments: Systemic fungicides were drench applied to container
substrates at either 1- or 3- weeks before initiation of flood stress (Table 1). Fungicide
pre-treatments were staggered so that flood stress was initiated at the same time on all
treatments.
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Disease Treatment: Half of the experimental trees were inoculated with Phytopthora
cinnamomi (obtained from the culture collection of Dr. Fulya Baysal-Gurel at the TSUNRC). The pathogen was grown on rice grains for 2 weeks (Homes and Benson
method). Trees were artificially inoculated by burying four colonized rice grains 1 cm
below the container substrate surface on equally spaced sides of the tree at 1-day
before flood initiation.
Flood Treatment: Roots and container substrates of trees were completely immersed at
the 1- or 3-weeks after fungicide drenching and 3 days before P. cinnamomi inoculation.
The simulated flood-stress event was maintained for 5 days.
Trees were checked for ambrosia beetle attacks about three times per week for 3
weeks and all gallery entrances were circled with a wax pencil to prevent re-counting.
Trees were dissected in the laboratory to determine species of ambrosia beetle in
galleries, presence of fungi, and depth of adult beetle tunneling. Roots were washed
and plated to determine P. cinnamomi infection. A root disease rating also was
performed. Data were analyzed using a General Linear Interactive Model (GLIM)
distribution (Proc Genmod; SAS 9.3; SAS Institute, Cary, NC).
Results and Discussion All treatments had ambrosia beetle attacks. A total of 964
attacks were record during a 3 week period. Among systemic fungicide treatments in
the P. cinnamomi absent group. Empress at 1 week before flooding, Orkestra at 3 wk
before flooding, or Segovis at 1 or 3 weeks before flooding had significantly less beetle
attacks in comparison to control (Fig. 2). With the Empress, there was a trend for most
fungicides to have more attacks at 1-than 3- weeks after treatment (significant of
Orkestra and Tartan).In contrast, in the P.cinnamomi present group, most of the
systemic fungicides at 1 week and some at 3 week had more attacks than control
treatment. Like the P. cinnamomi absent group, had more attacks at 1 than 3 weeks.
Results indicate some fungicides did reduce beetle attacks, but others like Pageant and
Subdue maxx did not provide a significant advantage from the control. The Pageant
results were unexpected based on past studies where it provided a clear reduction in
attacks (3).) Allowing more time (i.e., 3 weeks) for the fungicides to translocate. The
average number of tree attacks per tree with extensive damage (i.e.,> 10 % trunk
diameter) overall was less in the P. cinnamomi absent group than the P. cinnamomi
present group .Empress at 1-week and Segovis at 3- weeks before flooding both had
greater damage extent than control and fungicide treatment were detected, but
Pageant, Segovis, and Subdue Maxx varied in which week before flooding had more
damage extent (fig.3.). Tartan overall had the lowest damage among Fungicides. The
reason for variations among 1- and 3 week before flooding treatments are unknown, but
overall, no fungicide completely prevented extensive damage.
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Table 1. List of systemic fungicide used for the management of ambrosia beetle.
Active Ingredient

Trade
Namea

Group
Name

Empress

Strobilurin

Pyraclostrobin

23.3

Orkestra

Strobilurin

Pyraclostrobin

21.3

Fluxapyroxad

21.3

Pyraclostrobin

12.8

----

Boscalid

25.2

Segovis

----

Oxathiapiprolin

Subdue Maxx

Metalaxyl

Tartan

Strobilurin

---Pageant

Strobilurin

Triazole
a

Application Rate

Name

%

ml/liter

g/liter

FRAC
Code

0.47

---

11

Company

BASF

11
0.78

---

7

BASF

11
---

1.35

18.7

0.25

---

49

Syngenta

Mefenoxam

22.0

0.16

---

4

Syngenta

Trifloxystrobin

4.17
3.12

---

11
3

Bayer

Triadimefon

20.9

7

BASF

Mode of action: Empress, Orkestra, Pageant, and Tartan are quinone outside
inhibitors, Segovis works by oxysterol binding protein homologue inhibition, and
Subdue Maxx targets RNA polymerase I.
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Figure 1. Extensive tunneling and non-extensive tunneling by ambrosia beetle in
sapwood.
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Figure 2. Average attacks by ambrosia beetles on trees treated at 1 and 3 weeks prior
to flooding. C = Significantly different from control (P < 0.05). *= Significantly different
between individual fungicide timings (1 week vs. 3 weeks) (P < 0.05).
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Figure 3. Average number of attacks with extensive tunneling by ambrosia beetles. C =
Significantly different from control (P < 0.05). *= Significantly different between individual
fungicide timings (1 week vs. 3 weeks) (P < 0.05).
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Significance to Industry The cut flower sector is an economically important group
within the ornamental crop production industry. The cut flower market depends upon
ornamental characteristics such as longevity, shape, form, size, color and texture of the
flowers. However, incidence of Botrytis cinerea, in both pre and post-harvest, can
greatly reduce the quality of ornamental flowers, making them unsalable and a huge
economic burden to growers. This research will provide information to the cut flower
industry on the effectiveness of preventive dip applications of fungicides and biorational
products for managing Botrytis blight in postharvest conditions.
Nature of Work Botrytis cinerea is the most problematic and notorious post-harvest
pathogen of the cut flower industry (1). It is an ubiquitous necrotrophic fungus which can
affect a wide variety of plant species (more than 200 species) including ornamental and
nursery plants, vegetables, fruits etc. (2, 3). B. cinerea is easily dispersed by wind,
water, and mechanical tools. The fungus colonizes flower petals, anther or stigma
tissues (4) and ultimately causes the flower head to drop. Disease infection usually
starts in preharvest during flower growth and development, but B. cinerea remains
inactive and quiescent (5). Eventually the pathogen will become aggressive when
physiological and physical changes occur in the host under certain environmental
conditions. With a wide range of hosts, various attack modes, and both sexual and
asexual stages to survive in times of unfavorable conditions, B. cinerea is very difficult
to manage (6).
The objective of this research was to evaluate the efficacy of dip applications of
fungicides and biorational products for preventive control of B. cinerea on hydrangea cut
flowers.
Dip applications of fungicides and biorational products were evaluated for their ability to
control B. cinerea on hydrangea cut flowers (Table 1). This experiment was conducted
at Tennessee State University, Otis L. Floyd Nursery Research Center. Hydrangea
(Hydrangea macrophylla) ‘Nikko Blue’ plants were potted in no. 5 nursery containers
filled with 100% pine bark substrate, which was amended with 7 kg of 19-5-9
Osmocote® Pro controlled release fertilizer, 898 g of Micromax® micronutrient fertilizer,
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597 g iron sulfate and 148.5 g Epsom salt per cubic meter of mix. Plants were irrigated
for 3 minutes twice a day in June and for 4 minutes twice a day in July using micro
bubbler emitters installed on short stakes in a greenhouse. Hydrangea flowers were
harvested at normal maturity dates. Six single-flower replications per treatment were
arranged in a completely randomized design. Dip applications of fungicides and
biorational products were applied as preventive treatments to the newly harvested
hydrangea flowers. All treatments were applied according to according to IR4 protocol
recommended rates (Table 1). When all flowers were dried out after dip treatment, they
were artificially inoculated with B. cinerea spore suspension. Conidial suspension was
prepared by flooding 10-14-day-old cultures of B. cinerea with sterilized distilled water;
spore concentration was determined with a hemocytometer and adjusted to 10 6
conidia/ml. Non-treated, inoculated and non-treated, non-inoculated plants served as
controls. Flowers were stored in cold storage for 3 days at 4ºC. Then, flowers were
displayed in conditions similar to retail stores (22ºC, 60% RH, 13 μmol m-2s-1 light for 24
hrs.). Evaluations were made on disease severity using 1-5 ordinal scale (1= no
symptom; 2= 1-25% petals affected; 3= 26-50% petals affected; 4= 51-75% petals
affected; 5= 76-100% petals affected), marketability using 1-5 ordinal scale (1= dead;
2= poor quality; 3= commercially acceptable; 4= good quality; 5= healthy), phytotoxicity
(same as disease scale), and application residue (same as disease scale). The
longevity was the period (days) between harvest and time when flowers were still in 3 or
higher on marketability scale. Evaluations were made after removal from cold storage
every 1 or 2 days until no more meaningful data could be collected. The ordinal disease
scale was change to percentage by taking the mid value and area under disease
progress curve (AUDPC) was calculated using formula AUDPC = ∑ [(Xi+1 + Xi)/2]
(ti+1–ti). Disease severity, AUDPC and longevity were analyzed with one-way analysis
of variance (ANOVA) using Proc GLM in SAS 9.4, and means were separated using
Tukey test (α=0.05).
Results and Discussion Non-treated, non-inoculated and non-treated, inoculated
control hydrangea flowers had lowest (0%) and highest (88%) Botrytis blight disease
severity, respectively (Figure 1). Dip application of Astun (2.4%), Medallion (25%),
Broadfoam (34%) and Orkestra intrinsic (40%) significantly reduced Botrytis blight
disease severity compared to other treatments and non-treated, inoculated control. Dip
application of Astun, Medallion, Broadfoam, Orkestra Intrinsic, Botector and SP 2480
significantly reduced disease progress (AUDPC) compared to other treatments and
non-treated, inoculated control (Figure 2). Even though treatments such as BW165N,
Chipco, OxiPhos, and Regalia reduced disease progress, they were not statistically
different than non-treated, inoculated controls.
The vase life of hydrangea cut flowers was the period between harvest and time until
the flower maintains marketability rating of 3 or higher. All treatments except for
Regalia, OxiPhos, Chipco, BW165N maintained the longer vase life of cut hydrangea
flowers compared to non-treated, inoculated control (Figure 3). Highest vase life was
observed in non-treated, non-inoculated control (13 days). The treatments that
significantly maintained postharvest shelf life of hydrangea cut flowers were Astun (12
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days) and Medallion (11 days), which were not significantly different than non-treated,
non-inoculated control. No phytotoxicity was observed in any of the treated hydrangea
flowers. However, application residue of BW165N (dark residue on flower petals) and
Regalia (red or pink residue on flower petals) were observed on hydrangea flowers.
Dip application of Astun (Isofetamid, FRAC 7) and Medallion (fludioxinil, FRAC 12)
demonstrated low disease severity and area under disease progress curve and
maintained a higher postharvest shelf life of cut hydrangea flowers despite inoculation.
Isofetamid is a succinate dehydrogenase inhibitors (SDHI) fungicide with single-site of
action that inhibits the cellular respiration; whereas fludioxinil inhibits transportassociated phosphorylation of glucose as well as prevent glycerol synthesis. The
biorational products such as Botector and SP2480 did not effectively reduced the
disease severity however they were able to significantly suppress the progression of
Botrytis infection over the trial period. Biorational products may suppress disease by
competitive exclusion of pathogen for space, nutrients, and induce disease resistance.
This implies that such biorational products can be used by growers in combination with
chemical fungicides for effective management of B. cinerea in cut flowers. Information
from this research can assist growers in management of Botrytis blight in cut flowers in
post-harvest condition.
Acknowledgements This project was funded by the IR-4 Environmental Horticulture
Program. We thank BASF, Bayer, BioSafe, BioWorks, Marrone Bio Innovations OHP,
Syngenta, and Westbridge Agriculture Products for donating the fungicide and
biorational products used in this study.
Literature Cited
1. Ngugi, H. K., and Scherm, H. 2006. Biology of flowering-infecting fungi. Annual
Review of Phytopathology (81), 261-282.
2. Williamson, B., Tudzynski, B., Tudzynski, P., and Van Kan, J. A. L. 2007. Botrytis
cinerea: The cause of grey mold disease. Molecular Plant Pathology, 8(5), 561–
580. https://doi.org/10.1111/j.1364-3703.2007.00417.
3. Dinh, S. Q., and Joyce, D. C. 2007. Prospects for cut-flower postharvest disease
management with host defense elicitors. Stewart Postharvest Review, 3(2).
https://doi.org/10.2212/spr.2007.2.4.
4. Tomas, A., Wearing, A. H., and Joyce, D.C. 1995. Botrytis cinerea- a causal agent
of premature flower drop in packaged Geraldton waxflower. Australasian plant
pathology (24), 261-282.
5. Prusky, D. 1996. Pathogen quiescence in post-harvest diseases. Annual review of
Phytopathology (34) 413- 434.
6. Fillinger, S., and Elad, Y. 2016. Botrytis- the fungus, the pathogen and its
management in Agricultural system, Pub, Springer, New York.

50

SNA Research Conference Vol. 64 2020

Table 1. Fungicides and biorational products used in this experiment.
Product Name

Company

Application rate
(per 100 gal)

FRAC
code

Astun (isofentamid) aka IKF-5411

OHP

13.5 fl oz

7

Broadform (fluopyram + trifloxystrobin)

Bayer

8 fl oz

7+11

Chipco 26019 (iprodione)

Bayer

16 fl oz

2

Orkestra Instrinsic (fluxapyroxad +
pyraclostrobin)

BASF

8 fl oz

7+11

OxiPhos (mono and di potassium salts of
phosphorus acid + hydrogen peroxide)

BioSafe

1 gal

P 07

Medallion (fludioxinil)

Syngenta

4 fl oz

12

SP 2480 + Capsil

SePRO

30 fl oz + 4 oz

Botector (Aureobasidium pullulans strains DSM
14940 and DSM 14941)

Westbridge
Agriculture
Products
BioWorks

10 fl oz

Marrone
Bio
Innovations

1 gal

BW165N (Ulocladium oudemansii strain U3) +
Brandt Organics Ag Aide (surfactant)
Regalia (extract of Reynoutria sachalinensis)

3 lb + 8 fl oz

P 05

51

SNA Research Conference Vol. 64 2020

Figure 1. Botrytis blight disease severity (+ SE) of preventively treated hydrangea
flowers with different fungicides, biorational products when non-treated, inoculated
control group (NTI) were at 5 on disease severity scale. NTNI is non-treated, noninoculated control. Data is recorded on 06/26/2019. Treatments were compared using a
one-way ANOVA, and means were separated using Tukey test. Treatments followed by
same letters are not statistically significant at P ≤ 0.05.
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Figure 2. Area under disease progress curve (AUDPC) (+ SE) of preventively treated
hydrangea flowers with different fungicides, biorational products at the end of trial
compared to two control groups (NTI: Non-treated, inoculated control; NTNI: Nontreated, non-inoculated control). Observation on AUDPC was made from 06/15/2019 to
06/30/2019. Treatments were compared using a one-way ANOVA, and means were
separated using Tukey test. Treatments followed by same letters are not statistically
significant at P ≤ 0.05.
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Figure 3. Longevity (+ SE) of preventively treated hydrangea flowers with different
fungicides, biorational products at the end of trial compared to two control groups (NTI:
Non-treated, inoculated control; NTNI: Non-treated, non-inoculated control). Data on
longevity of flowers were recorded from 06/15/2019 to 06/30/2019. Treatments were
compared using a one-way ANOVA, and means were separated using Tukey test.
Treatments followed by same letters are not statistically significant at P ≤ 0.05.
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Significance to Industry The purpose of this project is to improve the production and
profitability of nursery production through the suppression of soilborne diseases with
minimum ecosystem impacts and promotion of plant growth using cover crops. This
project will evaluate the impacts of cover crop use in field-grown woody ornamental
production, with disease management as the primary focus. Mainly confined to row crop,
vegetable, fruit and flower production, there is little knowledge about the impact or
management needs of cover crops in perennial woody ornamental production. Natural
Resources Conservation Service and extension agents have recommended cover crops
in between rows of woody ornamentals for some time [1-2] but in many areas of the
Southeast, the adoption of cover crops has been slow or reduced following the economic
crisis of 2008.
Nature of Work Phytophthora nicotianae is a soilborne plant pathogen which can infect
255 genera in 90 families [3] and is one of the most devastating soilborne pathogens in
the south-eastern United States [4, 5]. This pathogen can affect a diverse group of
plants, including woody ornamentals, causing wilting and chlorosis of leaves, stem and
crown necrosis, while below ground symptoms comprise root necrosis.
The objective of this research experiment was to evaluate the impact of cover crops on
the soilborne diseases in field nursery production.
Winter cover crops (triticale or crimson clover) were seeded at the manufacturer
recommended rates in September - October (optimal timing for each cover crop
species) in 2.4 x 14.6 m field plots with four replicates per treatment at Pleasant cove
nursery, Rock Island, TN USA (Warren Co.). Plots were prepared by disk harrow and
cover crop seeds broadcast, followed by a cultipacker to incorporate seed into the soil.
Plots with no cover crop (bare soil) were used as control. A preemergent herbicide
(Sureguard (Valent BioSciences LLC., Libertyville, IL USA)) was applied post-transplant
within tree rows to prevent weed/cover crop competition at the base of the trees. Each
plot was sampled randomly at four locations each within rows and within middles, mixed
in situ with a spade, and placed in a plastic bucket. The soil was stored for one week, at
an ambient temperature in a greenhouse before use. The greenhouse bioassays were
conducted at the Tennessee State University Otis L. Floyd Nursery Research Center
(TSUNRC) in McMinnville, TN, USA. The soil sample from each field treatment -1)
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cover crop- triticale, 2) cover crop- crimson clover, and 3) bare soil (control); and
replication was divided into round plastic containers (top diameter-16 cm, bottom
diameter-13.5 cm and height-16 cm) with 3 kg of soil per container. Those soils were
then used as either inoculated (with P. nicotianae, the rice grain method [6]) or noninoculated. Isolate FBG201507 of P. nicotianae was obtained from the culture collection
of Dr. Fulya Baysal-Gurel at the TSUNRC. For each bioassay, ten single-pot
replications per treatment were arranged in a randomized complete block design.
Rooted cuttings of red maple were transplanted into the containerized field soil, and
disease severity was assessed 2 months later. Drip irrigation system was used once per
day for 1 min during the experiment. The severity of root rot was assessed using a scale
of 0-100% at the end of the experiment. Plant width and height were recorded at the
beginning and end of the experiment to be able to calculate the difference. Total plant
fresh weight and root weight were recorded at the end of the experiment. The presence
of Phytophthora was confirmed by plating root samples on PARPH-V8 selective
medium. Disease severity, pathogen recovery, total plant weight, root weight and
increase in plant height were analyzed with a one-way analysis of variance (ANOVA)
using Proc GLM in SAS, and means were separated using Tukey test (α=0.05).
Results and Discussion In the greenhouse bioassay without the addition of pathogen
inoculum, Phytophthora disease severity was significantly lower in soil collected from
the cover crop treatments compared to the bare soil treatment (Figure 1). But there
were no significant differences between triticale and crimson clover cover crops in
disease severity. The pathogen recovery was significantly lower in triticale cover crop
treatment compared to the bare soil treatment. There were no significant differences
between crimson clover cover crop treatment and the bare soil treatment in pathogen
recovery. There were no significant differences between the cover crop treatment and
the bare soil treatment in total plant weight and height increase with no pathogen
inoculum introduction (Figure 2 and Figure 3).
In the greenhouse bioassay with the addition of P. nicotianae inoculum, Phytophthora
root rot severity and pathogen recovery was significantly lower in soil collected from the
cover crop treatments compared to the bare soil treatment. Disease severity was lower
in triticale cover crop treatment compared to crimson clover cover crop treatment
(Figure 4). There were no significant differences between triticale cover crop treatment
and crimson clover cover crop treatment in Phytophthora pathogen recovery. Total plant
weight was significantly greater in the cover crop used soil compared to the bare soil
(Figure 5). Increase in maple plant height was significantly greater when the crimson
clover cover crop was used compared to the bare soil (Figure 6).
Overall, the cover crops were effective in reducing Phytophthora pressure in maple
production system, however, longer period of cover cropping might be required to see
the prolonged effect of cover crops. Growers can get benefit of incorporating these
cover crops into production by reducing the need for synthetic crop protection materials.
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Figure 1. Mean disease severity (+ SE) (blue) and pathogen recovery (red) of red maple
at the end of the experiment for natural pathogen pressure in a greenhouse bioassay.
Treatments were compared using a one-way ANOVA, and means were separated using
Tukey test (α=0.05). Different letter indicates the significant difference between the
treatments.

Figure 2. Mean total plant weight (+ SE) of red maple at the end of the experiment for
natural pathogen pressure. Treatments were compared using a one-way ANOVA, and
means were separated using Tukey test (α=0.05). Different letter indicates the
significant difference between the treatments.
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Figure 3. Mean height increase (+ SE) of red maple at the end of the experiment for
natural pathogen pressure. Treatments were compared using a one-way ANOVA, and
means were separated using Tukey test (α=0.05). Different letter indicates the
significant difference between the treatments.

Figure 4. Mean disease severity (+ SE) (blue) and pathogen recovery (red) of red maple
at the end of the experiment when Phytophthora nicotianae was inoculated into the soil
in a greenhouse bioassay. Treatments were compared using a one-way ANOVA, and
means were separated using Tukey test (α=0.05). Different letter indicates the
significant difference between the treatments.
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Figure 5. Mean plant weight (+ SE) of red maple at the end of the experiment when
Phytophthora nicotianae was inoculated into the soil in a greenhouse bioassay.
Treatments were compared using a one-way ANOVA, and means were separated using
Tukey test (α=0.05). Different letter indicates the significant difference between the
treatments.

Figure 6. Mean height increase (+ SE) of red maple at the end of the experiment when
Phytophthora nicotianae was inoculated into the soil in a greenhouse bioassay.
Treatments were compared using a one-way ANOVA, and means were separated using
Tukey test (α=0.05).
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Significance to Industry Cherry (Prunus spp.) is an important crop for the horticulture
industry. Bacterial canker and blast are caused by Pseudomonas syringae pv. syringae.
P. syringae pv. syringae is a major problem in cherry orchards and nurseries. The
canker on branches or trunks causes the most severe damage. Due to the lack of
resistant cultivars and failure of cultural practices, bacterial canker reduces marketability
and yield of cherry. Copper-based bactericides are used to control bacterial diseases.
However, control of bacterial diseases by copper-based bactericides has been
inconsistent. The purpose of this study is to isolate and identify the causal agents of
bacterial canker of cherry in Marmara region of Turkey, to characterize them by
morphological, physiological, biochemical and molecular test, and to also determine
copper sensitivity of the bacterial strains.
Nature or Work P. syringae and its close relatives cause diseases of monocots,
herbaceous dicots, and woody dicots, and these pathogens utilize an impressive array
of virulence factors such as effectors, toxins, and phytohormones to incite disease
symptoms (2, 3). Bacterial canker is most common on sweet cherry, wild cherry and
ornamental flowering cherries (4, 5, 6). Pseudomonas syringae pv. syringae is a causal
agent of bacterial canker and blast, which has the ability to kill both young and old
cherry trees. Systemic infection and death of young trees is a recurring problem in
nurseries, and canker development leading to the girdling and death of scaffold limbs
and entire trees is a common situation that can lead to the rapid loss of older cherry
orchards (1). The objective of this study was to identifiy and characterize the bacterial
canker causal agents and determine the susceptibility of bacterial strains to copper
bactericides.
The samples were randomly obtained by collecting young infected stems and branches
of sweet cherry according to Lazarow and Grigorav (7). The surveyed orchards with and
without symptom were recorded to determine the disease prevalence in the Marmara
region.
All samples were placed in paper bags and transported to the laboratory for isolation
and identification of the causal organism. Surface-sterilized small pieces of lesion area
were macerated in 1 mL of sterilized distilled water. A loopful of suspension was
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streaked on the King’s B medium (KB) and incubated at 25oC for 2-3 days. Single
fluorescent or non-fluorescent representative colonies of the predominant morphological
types of bacterial isolates were re-streaked on the new KB plates and incubated at 25 oC
for 2 days for obtaining pure cultures. The pure single colonies with greyish-white
appearance on KB medium (8) were then stored at 4oC or in 20% glycerol at -80oC until
further identification.
Pathogenicity tests were carried out as described by Lelliot and Stead (8). Immature
cherry fruits and bean pods (as control) were inoculated using bacterial strains. The
immature cherry fruits and bean pods were disinfected in 0.5% sodium hypochlorite for
1 min, rinsed in sterilized distilled water, were inoculated by placing 20μl of a bacterial
suspension on the wounded surface using sterile needles at three diﬀerent sites. After
inoculation, bean pods and cherry fruits were incubated at RH 82% and 22 ± 2°C for 1520 days. The presence of necrosis or water-soaked lesions was recorded as positive
pathogenic reaction.
All bacterial isolates were tested for Gram reaction, levan production on 5% saccharose
nutrient agar (SNA), oxidase and pectolytic activity, arginine dehydrolase reaction, and
HR test on tobacco leaves (LOPAT) (9), gelatine and aesculin hydrolase and used of
tyrosine and tartaric acid (GATTa) (10).
PCR studies were performed in a thermal cycler using primers, B1 (5’–
CTTTCCGTGGTCTTGATGAGG- 3’)-B2 (5’ –TCGATTTTGCCGTGATGAGTC- 3’)
specific for P. syringae pv. syringae for amplification of 752 bp syrB gens (11).
Copper sensitivity of P. syringae pv. syringae strains was tested on SPA medium (20.0
g of sucrose, 5.0 g of peptone, 0.5 g of dibasic potassium phosphate, 0.25 g of
magnesium sulfate and 15.0 g of agar in 1,000 mL of distilled water) amended with
copper sulphate as described by Ritchie and Dittapongpitch (12). Fresh solutions of
copper or streptomycin were prepared in sterilized distilled water and then filtersterilized. Different concentrations of copper (30, 100 and 200 mg/mL) were added to
SPA before pouring into the petri dishes. P. syringae pv. syringae strains were streaked
on the amended SPA plates and incubated for 48 h at 25 oC and the presence or
absence of growth was recorded.
Results and Discussion Disease prevalence recorded between 25 to 40% in Marmara
region of Turkey. Eighty-two strains from naturally infected plants were isolated and
subjected to biochemical and pathogenicity tests. Forty-five strains out of 82 were
positive for levan production; hypersensitive reaction on tabacco, gelatin hydrolysis,
aesculine hydrolysis; and negative for oxidase reaction, pectolitic activity, arginine
dehydrolase, tyrosine, and tartaric acid.
According to LOPAT test results, bacterial canker pathogen determined as P. syringae
and all isolates were allocated in LOPAT 1a group and based on GATTa test results, all
of them were classified GATTa+ (gelatine and aesculin positive) resulting causal agent
as Pseudomoas syringae pv. syringae.
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The identification of the isolates was confirmed as P. syringae pv. syringae by
amplification of species-specific sequences that yield amplicons of expected size 752
bp (11).
Based on in vitro copper sensitivity test, five out of 45 strains grew on SPA medium
amended with copper sulfate (30, 100 and 200 mg/mL). Eleven percent of all strains
showed resistance to copper at all tested rates. Eighty-nine percent of all P. syringae pv.
syringae strains were sensitive to copper. There is evidence that some copper-based
bactericides are superior to others in controlling bacterial diseases, but results have not
been consistent among plant bacterial pathogens. Future studies will be conducted for
determine copper resistant of P. syringae pv. syringae in in vivo conditions.
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Significance to Industry Boxwood (Buxus spp.) is the aristocrat of formal gardens widely used as
edging, hedges and foundation plants (1). It is a broadleaf evergreen plant sold in the U.S., with an
annual revenue of $126 million according to the 2012 USDA Census of Agriculture. In Tennessee,
boxwood crops account for a significant portion of nursery production with $4 million in sales annually (2).
Boxwood is susceptible to several root diseases. Phytophthora root and crown rot, caused by
Phytophthora nicotianae, is one of the major limitations to boxwood production. This disease is a leading
cause of premature decline and death of boxwood. Root rot develops primarily on wet, poorly drained
soils which aids infection by the pathogen. This research aims to provide information on the effectiveness
of biofumigant usage to manage Phytophthora root and crown rot in the field condition.
Nature of Work Phytophthora root and crown rot is caused by several species of Oomycetes (known as
water molds). The Phytophthora species are P. cinnamomi, P. nicotianae, P. citrophthora and
P. occultans. American (common), Japanese and English boxwood species are susceptible to this
disease. The pathogen can infect all growth stages of field or container grown boxwood plants. Warm,
humid and rainy conditions favor disease development. Phytophthora can survive in soil or potting mix as
resting spores (oospores, chlamydospores), or inside infected plant tissues as mycelium for long periods,
and can infect other healthy boxwoods or other host plants. This disease may result in complete crop
loss, reduce plant growth and increase costs to the nursery producer. The maintenance, environment,
and production chain to speed up the boxwood production cycle (from propagation beds to field; from field
to container) are increasing the chances of crop losses due to Phytophthora root and crown rot. The
objective of this experiment was to manage Phytophthora root and crown rot of boxwood by using the biofumigants in the field.
Soil incorporation of cover crops in the family of Brassicaceae has the ability to suppress soil
microorganisms through the hydrolysis of glucosinolates (GSL) into isothiocyanate, a natural biofumigants (4). GSL content and concentration differs among Brassica cultivars, the development stage of
the plant (5), and the end product formed by hydrolysis of the GSL, so that different Brassica cultivars
may have different levels of potential to control pathogens (6).
This experiment was conducted in field plots with Waynesboro loam soil at the Otis L. Floyd Nursery
Research Center in McMinnville, TN (USDA Hardiness Zone 7a). The field was fertilized with nitrogen,
phosphorus and potassium based on University of Tennessee soil test recommendations. Treatments
were arugula ‘Astro’; brown mustard ‘Kodiak’; mighty mustard ‘Pacific Gold’; mustard green ‘Amara’; rape
‘Dwarf essex’; turnip ‘Purple Top Forage’; yellow mustard ‘White Gold’; mustard meal ‘Pescardo Gold
Mustard Meal’ (Farm Fuel Inco, Freedom, CA, USA); biofumigant Dominus (allyl isothiocyanate) (at 170
and 340 lb/A) (ISAGRO company, Durham, NC, USA) and only solarization (Table 1). Plots were in a
completely randomized design with four replications per treatment. Plots were inoculated with P.
nicotianae infested rice grains by placing rice grain 2 in. below the surface every 12 in. Biofumigant cover
crops were planted with a seed rate provided by manufacturer in April. Flowering biofumigants were
rototilled 6 in. deep into the soil. After incorporation, plots were covered with polyethylene film for 30 days.
Biofumigant Dominus were applied in dedicated plots same day. Those plots and solarization-only plots
were covered with polyethylene film for 30 days as well. Inoculated/non-biofumigated, non-solarized, noninoculated/non-biofumigated, non-solarized plots were used as controls. Soil temperature in the plots was
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monitored using a WatchDog. After the 30-day period, the polyethylene film was removed and uniform
boxwood seedlings (B. sempervirens ‘Green Velvet’) were planted into the plots, with five plants per plot
(5 plants per plot x 4 replications). Plant growth data (fresh weight and root weight) were recorded and
roots were assessed for disease severity using a scale of 0-100% roots affected at the end of experiment.
Statistical analyses were conducted using the mixed models procedure with SAS statistical software and
means were separated using Tukey test (α=0.05).
Results and Discussion Average soil temperature of solarized beds was 91.58°F between August 8 and
September 7, 2018; average soil temperature of cover crops incorporated solarized beds was 97.5°F;
average soil temperature of control non-treated, non-solarized beds was 78.6°F (data not shown). All
treatments except both rates of Dominus and turnip ‘Purple top forage’ significantly reduced Phytophthora
root and crown rot disease severity compared to the inoculated, non-biofumigated, non-solarized control
(Table 1). Mustard green ‘Amara’ incorporation with solarization significantly increased the total fresh
weight compared to other treatments and controls. There was no significant difference between
treatments considering the root weight. Phytotoxicity were not observed in any of the boxwood plants.
Boxwood growers can use information from this study and can be benefited by using biofumigant crops to
manage Phytophthora root and crown rot in their field production.
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Table 1. Efficacy of biofumigants with solarization in suppression of Phytophthora root and crown rot in field
grown boxwood.
Phytophthora
Seed rate or
root and crown
Total fresh
Root
Treatment
application rate
rot severity (%)*
weight (oz)
weight (oz)
Inoculated control
N/A
60.5 a**
0.5 b
0.3 a
Non- inoculated control
N/A
0.0 e
0.7 b
0.4 a
Arugula ‘Astro’
30-50 seeds/ft2
44.3 cd
0.6 b
0.3 a
Brown mustard ‘Kodiak’
15 seeds/ft2
41.8 d
0.6 b
0.4 a
Mighty mustard ‘Pacific Gold’
15-20 lb/A
37.3 d
0.9 b
0.3 a
Mustard green ‘Amara’
15 seeds/ft2
44.3 cd
1.8 a
0.3 a
Rape ‘Dwarf essex’
5-10 lb/A
46.8 bcd
0.6 b
0.3 a
Turnip ‘Purple Top Forage’
5-8 lb/A
53.0 abc
0.6 b
0.3 a
Yellow mustard ‘White Gold’
15-20 lb/A
39.3 d
0.7 b
0.4 a
Dominus
170 lb/A
56.8 ab
0.6 b
0.4 a
Dominus
340 lb/A
54.3 abc
0.6 b
0.3 a
Mustard meal
968 lb/A
49.3 bcd
0.7 b
0.4 a
Solarization
N/A
46.8 bcd
0.6 b
0.3 a
P-value
<0.0001
<0.0001
<0.0001
*Disease severity based on percentage of roots affected.
**Values are the means of 20 plants; treatment followed by the same letter within a column are not
significantly different at P ≤ 0.05.
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Significance to Industry Black spot (Diplocarpon rosae), the most common disease on
roses, is a destructive disease of rose in landscape and nursery production. Black spot
is easily identified by dark spots on the leaves. The leaf spots may also have yellow
halos surrounding them. Black spot of rose can be easily prevented with planting
resistant cultivars, cultural practices and chemical treatments. Various products are
available or in development that have the potential to contribute to the management of
black spot of rose. The objective of this study is to test the efficacy of fungicides to
control black spot of rose.
Nature of Work Black spot will cause the overall health of rose plants to decrease
through defoliation, bloom quantity and quality, and exposes the plant to an increased
risk for other stressors. The disease typically presents itself in lower leaves first, before
moving up the plant as time progresses. Black spot symptoms can also display on the
canes of the plant. Lesions with infection and fallen leaves provide black spot with the
means to overwinter. Disease can also thrive in overgrown or crowded conditions.
The efficacy of fungicides against black spot were assessed on rose ‘Queen Elizabeth'
and ‘Louis Philippe’. Fungicide treatments used include Broadform SC (4 fl oz/100 gal
and 8 fl oz/100 gal), Eagle 20 EW (8 fl oz/100 gal), Mural 45WG (7 oz/100 gal), and
Orkestra Intrinsic SC (8 fl oz/100 gal). Six single-plant replications per treatment were
arranged in a randomized complete block design in a hoophouse at the Otis L. Floyd
Nursery Research Center in McMinnville, TN. Black spot of rose infections occurred
naturally under 45% shade. The initial fungicide application was made after observing
the first symptoms of black spot. Fungicides were applied as a foliar spray to run-off
using a backpack CO2-pressurized sprayer at 40 psi for a total of 3 applications.
The severity of black spot was evaluated using a scale of 0-100% foliage affected. Area
under the disease progress curve (AUDPC) values were also calculated. Phytotoxicity
(scores ranging between 0 = no phytotoxicity and 10 = complete kill), chlorosis,
defoliation, discoloration and stunting (scores ranging between 0 = no effect and 10 =
complete plant affected) were also evaluated on the same dates disease was assessed.
Plant quality/acceptability was evaluated on the same dates diseased was assessed
using a scale of 1-9 where 1 is dead, 6 is commercially acceptable and 9 is a perfect
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plant. Plant height was measured at the end of the experiment. Statistical analyses
were conducted using the mixed models procedure with SAS statistical software.
Results and Discussion Black spot infection occurred naturally, and disease pressure
was moderate to high on ‘Queen Elizabeth’ plants with non-treated control plants
showing 37.5% foliar disease severity (Table 1); disease pressure was low on ‘Louise
Philippe’ plants with non-treated control plants showing 12.9% foliar disease severity by
3 Jul (Table 2). All of the treatments significantly reduced final severity (3 Jul) and
AUDPC compared to the non-treated control in both trials. The treatments that most
effectively reduced black spot severity were the high and low rates of Broadform, Eagle
20EW and Mural for ‘Queen Elizabeth’ trial and the treatments that most effectively
reduced black spot severity were the high rate of Broadform, Eagle 20EW and Mural for
‘Louise Philippe’ trial. There were no significant differences in disease progress
(AUDPC) between fungicide treatments for ‘Queen Elizabeth’ trial. Treatment with the
high and low rates of Broadform, Mural and Eagle 20EW were more effective in
reducing AUDPC in ‘Louis Philippe’ trial than Orkestra Intrinsic. There were no
significant differences in plant height between treated and non-treated plants at the end
of both ‘Queen Elizabeth’ and Louise Philippe’ trials. Non-treated control ‘Queen
Elizabeth’ plants were not commercially acceptable due to the level of disease at the
end of the trial (data not shown). Phytotoxicity, chlorosis, defoliation, discoloration and
stunting were not observed in any of the treated rose plants.

Acknowledgements We thank BASF Corporation, Bayer AG, and Syngenta
International AG for donation of products used in trials.

Literature Cited
1. Ong, K. and Brake, A. 2015. Black Spot of Roses. Texas A&M Extension. Circ.
EPLP-014.
2. Watt, B.A. 2013. Black Spot of Rose. The University of Maine Extension. Pest
Management Fact Sheet #5097.
3. Weglo, S.N., Fech, J., Cue, K.P., Anderson, M.A. Revised 2007. Black Spot of
Roses. Nebraska Extension. Circ. G1060.
4. Mynes, J., Windham, A., Windham, M. 2012. University of Tennessee
Resistance Screening Program. University of Tennessee Extension.
https://ag.tennessee.edu/spp/Publications_New/RosesResistantToBlackSpotAnd
CercosporaLeafSpot.pdf
5. Baysal-Gurel, F. and Simmons, T. 2018. Evaluation of fungicides for the control
of black spot of rose. Plant Disease Management Report OT002. Online
publication. The American Phytopathological Society, St. Paul, MN.

68

SNA Research Conference Vol. 64 2020

Table 1. Efficacy of fungicides for the control of black spot of rose cultivars ‘Queen
Elizabeth’.
Disease
severity
Plant height
(%)*
(cm)
Treatment and rate/100 gal Cultivar
(3 Jul)
AUDPC*
(3 Jul)
Non-treated control
Queen Elizabeth
37.5 a**
886.1 a
87.8 a
Broadform SC 4 fl oz
Queen Elizabeth
7.1 bc
217.9 b
89.5 a
Broadform SC 8 fl oz
Queen Elizabeth
3.0 c
75.3 b
79.5 a
Eagle 20EW 8 fl oz
Queen Elizabeth
3.2 c
108.5 b
83.5 a
Mural 45WG 7 oz
Queen Elizabeth
6.3 bc
163.6 b
90.3 a
Orkestra Intrinsic SC 8 fl oz
Queen Elizabeth
9.6 b
188.7 b
91.5 a
P-value
< 0.0001
< 0.0001
0.7625
*Disease severity ratings and area under the disease progress curve (AUDPC) were
based on percentage foliage affected.
**Treatments followed by the same letter within a column are not significantly different at
P<0.05.

Table 2. Efficacy of fungicides for the control of black spot of rose cultivars ‘Louis
Philippe’.
Disease
severity
Plant height
(%)*
(cm)
Treatment and rate/100 gal Cultivar
(3 Jul)
AUDPC*
(3 Jul)
Non-treated control
Louis Philippe
12.9 a**
203.3 a
38.8 a
Broadform SC 4 fl oz
Louis Philippe
3.7 c
61.3 bc
39.2 a
Broadform SC 8 fl oz
Louis Philippe
1.4 d
28.3 c
37.3 a
Eagle 20EW 8 fl oz
Louis Philippe
1.8 d
20.7 c
41.2 a
Mural 45WG 7 oz
Louis Philippe
1.6 d
32.9 c
39.8 a
Orkestra Intrinsic SC 8 fl oz
Louis Philippe
5.8 b
106.2 b
38.7 a
P-value
< 0.0001
< 0.0001
0.9746
*Disease severity ratings and area under the disease progress curve (AUDPC) were
based on percentage foliage affected.
**Treatments followed by the same letter within a column are not significantly different at
P<0.05.
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Significance to Industry Phytophthora species are fungus-like plant pathogens
responsible for huge losses of many agriculturally and economically important plants
worldwide (1). Diseases caused by both aerial and soil-borne Phytophthora species are
common in plant nurseries (2-4). In addition to affecting crop quality at production, they
impact everyone in the horticultural chain from retailers to landscapers and consumers
(5, 6). These pathogens must be well managed at nurseries. Chemical control remains
a most effective measure in Phytophthora disease management and a key component
in Best Management Practices (http://phytosphere.com/BMPsnursery/Index.htm).
However, this measure is not sustainable due to increasing cost and development of
oomyceticide resistance. Alternative methods are urgently needed to improve
sustainability. Here we report on a bacterial endophyte SSG for control of Phytophthora
diseases. This endophyte was recently isolated from boxwood and has been shown to
provide excellent control of boxwood blight (7).
Nature of Work In this study, SSG, a new member of Burkholderia cepacia, was
evaluated for control of three important Phytophthora diseases using both dual culture
assay and in-planta inoculation.
A 0.5-cm culture plug of a target species was placed in the center of 9-cm potato
dextrose agar (PDA) plates with a streak of 48-h SSG broth culture on its left and right
sides. Control plates were streaked with nutrient broth in place of SSG. These plates
were placed at 25°C. Phytophthora colony diameter was measured after 4 weeks. This
assay was repeated twice with triplicate plates per treatment in each run. SSG
suppression was calculated by dividing the difference in colony diameter between SSG
streaked plates and control plates by the colony diameter of control plates times 100.
Annual vinca (Catharanthus roseus ‘Little Bright Eye’, 8-week old) – P. nicotianae,
pepper (Capsicum annuum L. ‘California Wonder’, 4-week old) – P. capsici, and
rhododendron (Rhododendron catawbiense ‘Boursault’, 1-gallon) – P. ramorum were
used in in-planta assay. Plants were used after grew in 6-inch or 1-gallon pots with pine
bark-based potting mix for at least 4 weeks in a greenhouse. Host plants were cover
sprayed with 48-h SSG broth culture at 109 cells/ml or nutrient broth only without SSG
as control. After 24 h, the pretreated plants were inoculated with a Phytophthora
species at 104 zoospores/ml which was prepared using mycelia mates in V8 broth as
described previously (8) and kept in a moist plastic box for 2 days. Blighted leaves and
total leaves were counted for each plant 7 days after inoculation. This experiment was
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done three times with triplicate plants per treatment in each run. Disease incidence data
were analyzed using Excel. T-test was conducted to determine difference of
significance between SSG and the control at P = 0.05.
Results and Discussion SSG strongly inhibited growth of all 3 Phytophthora species
tested (Table 1). Mycelia growth of test Phytophthora species placed between SSG
culture streaks was restricted. SSG suppression of P. ramorum and P. nicotianae were
greater than 90% while that of P. capsici was greater than 80% when compared to the
control.
In plant protection experiments, SSG efficacy varied with phytopathosystem (Fig. 1).
Best result was obtained in annual vinca – P. nicotianae with 98% blight reduction (P =
0.0141). The second best was in rhododendron – P. ramorum with 60% blight control (P
= 0.0018). SSG also provided moderate protection of pepper from infection by P. capsici
(55%, P = 0.0169). These levels of Phytophthora blight control in general are at least as
good as those recently reported biocontrol by many agents including strains of B.
cepacia (9-15).
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Table 1. Suppression of Phytophthora growth by SSG
Species
Isolate
Host
P. capsici
Cucurbita sp.
22H3
P. nicotianae
Catharanthus roseus
1B11
P. ramorum
Camellia sp.
32G2

Suppression (%)
80.9
81.5
91.3

SE
0.8
1.8
0.5
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Figure 1. Disease incidences of plants between treatments with SSG and the control
(CK) in three phytopathosystems. nic= P. nicotianae, ram =P. ramorum, cap= P. capsici.
Foliage blight was assessed at 7 days post inoculation (dpi). Each column is an average
of 9 plant pots in three experiments. Bars indicate standard errors. * on the top
indicates the difference significance from the control by t-test at P = 0.05.
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Significance to Industry When considering mineral nutrition in blueberries, growers
should be cognizant of Na levels in tissue analysis. Interspecific hybrids between
Northern and Southern highbush blueberries appear to be better adapted to the upland
soil conditions frequently encountered in mid Atlantic, suburban Pick Your Own
operations.
Introduction Good farmers struggle when trying to grow Northern highbush
blueberries (Vaccinium corymbosum) in upland soils. For the past few years we
attempted to unravel the reasons for stunted plant growth seen in upland soils, even
after amending soil pH and adding organic matter. We have also noted greater vigor of
Southern highbush plants (interspecific hybrids arising from a cross with V. darrowi) in
Maryland’s upland soils. These observations led us to conduct trials to understand the
complex role of blueberry plant nutrition in upland adaptation.
In addition to increasing iron (Fe) availability, lowering pH in mineral soils increases the
availability of manganese (Mn) and aluminum (Al). While Mn is an essential element for
plant growth, Al is not. Both elements are known to be a problem for plants grown in
acid soils. While organic amendments are typically used in upland soils, amendments
with high concentrations of salts are not recommended. In those amendments, sodium
(Na) may also be toxic to these plants. The slow, stunted growth of blueberry plantings
in many Maryland upland fruit plantings led us to also test whether containerized
blueberry plants could be a potential alternative for local small-fruit producers.
Materials and Methods Field trial Upper Marlboro. In spring of 2017, 40 plants of Blue
Ray, a Northern highbush variety and 40 plants of New Hanover, a Southern highbush
variety were planted into either 2-gallon nursery containers or were planted directly into
the ground in a two row, alternating-by-variety pattern. The treatment of either pot or inground was randomized throughout the block. The medium in the containers was a mix
of a commercial peat-based potting mix, pine fines, and sand. Soil tests revealed a high
pH (6.9 – 7.4) and optimum, to-above-optimum levels of phosphorus, potassium,
magnesium, and calcium. The CEC was high, 7.8 – 11.0. The soil was amended with
elemental sulfur (S), sprayed with glyphosate, and covered with landscape fabric for
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weed control. Half of the trial was under a high tunnel and half was in the open air. All
plants were maintained on drip irrigation. The plants were fertilized by hand using
ammonium sulfate. By the end of their first growing season these plants had made
excellent growth, and many had appeared to set flower buds for the next spring. Leaves
were harvested, dried and sent for analysis in October 2018 and again in August 2019.
Greenhouse trial. In the spring of 2018, 418 rooted cuttings of 11 varieties of
blueberries were potted in a mixture of commercial peat-based potting soil, pine fines
and sand and grown in small nursery pots in a research greenhouse. By August, the
plants had grown sufficiently to be potted into 4” nursery containers in a mix of
commercial peat-based potting medium and pine fines. The plants were wintered-over
in a cold room for six weeks at 4o C (38o F). In March the plants were returned to the
greenhouse and were placed on ebb and flood benches. They were bathed in a Peters
21-7-7 at a rate of 50 ppm daily then increased to twice daily by June as the weather
warmed up. The plants were up-potted into 1-gallon nursery containers to
accommodate their growth. Leaves were harvested in mid-May and dry weights were
obtained. The plants were then moved to an outside cold frame for the summer. In midSeptember 176 plants were returned to the ebb and flood benches and placed in
random array of 11 varieties of 2 individuals each in 4 blocks. Fertilizer rate was
increased to 75 ppm. Approximately 50% of the new growth was pruned in October. By
early November dormant buds had formed on all plants.
Results and Discussion Field trial. Consistent with grower observations, the field trial
at Upper Marlboro showed greater vigor in New Hanover plants than Blueray. Tissue
analyses taken in the second leaf showed Blueray leaves had greater levels of N, Mn,
Al and Na than leaves from the New Hanover plants. Planting in soil increased leaf
levels of essential elements of N and K as well as the phytotoxic element Al. There
were no interactions between cultivar and planting system in this trial (Table 1).
Greenhouse trial. There were significant differences in mineral nutrition between
Northern highbush and Southern highbush blueberry leaves in both macronutrients and
micronutrients (Table 2). Macronutrients N and P and s were greater in Northern
highbush plants as were the potentially toxic elements, Mn and Na. On the other hand,
no significant differences in Fe concentration were measured. Al was present in much
lower levels in these plants than seen in the field trial. Leaf levels of Al were
unexpectedly lower in the Northern highbush than in the Southern highbush plants.
The greater vigor in the Southern highbush plants was related to lower levels of leaf N,
Mn and Na. A similar pattern was also seen in the Northern highbush plant Legacy.
While this has a longer chilling requirement than Southern highbush plants, it does have
V. darrowi in its genetic background. Seeing greater vigor in plants with lower N levels
was not expected. It is impossible to know whether the differences in N nutrition are
caused by root uptake or shoot vigor. Also unexpected were the correlations between
N, P, S, Mn and Na levels. This is intriguing and should be considered by plant
breeders and researchers interested in producing blueberry plants for upland
conditions.
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Table 1. Effect of cultivar and planting system on the mineral nutrition of highbush
blueberry plants in Upper Marlboro, MD.
Leaf analysis
Cultivar
Blueray
New Hanover

(Percent Dry Weight)
N
P
K
1.64
0.080
0.56
1.51
0.078
0.62

Planting system
In-ground
1.64
Containerized
1.49
Analysis of Variance
Cultivar (Cv)
NS
Planting
*
system (Ps)
Interaction
NS
(Cv x Ps)

Fe
47
43

(Parts per million)
Mn
Al
311
100
149
70

Na
531
224

0.076
0.081

0.71
0.47

48
42

213
247

99
72

325
308

NS

NS

NS

***

*

**

NS

***

NS

NS

*

NS

NS

NS

NS

NS

NS

NS
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Table 2. Effect of cultivar and provenance on the leaf analysis of highbush blueberry
plants grown under fertigation in an ebb-and-flow greenhouse section.
Leaf analysis
(Percent Dry Weight)
Northern
Highbush
Bluecrop
Blueray
Draper
Legacy
Nelson
Southern
Highbush
Cauteret
Gupton
Misty
New
Hanover
O’Neal
Sharp Blue

(Parts per million)

N

P

K

Fe

Mn

Al

Na

2.1a
2.1ab
1.93bc
1.69e
1.96abc

0.14ab
0.14ab
0.13bc
0.11d
0.15a

0.73c
0.74c
0.65e
0.63e
0.89ab

42
41
40
41
38

178ab
190a
142c
87d
199a

8d
8d
12ab
11bc
8d

324ab
438a
364ab
214bc
213bc

1.71de
1.83cd
1.74de
1.72de

0.11d
0.14ab
0.12cd
0.11d

0.70cd
0.94a
0.62de
0.66de

37
43
38
31

82d
153bc
99d
82d

16a
11c
7d
16a

89c
239bc
194bc
139c

1.69de
1.60e

0.14ab
0.11d

0.72c
0.86b

30
29

98d
82d

11c
16a

111c
203bc
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Significance to Industry Production and use of Osmanthus as a landscape plant is
currently limited to USDA Hardiness Zones 7 – 10, and nursery growers wish to extend
the range of Osmanthus species into colder climates. In an effort to improve coldhardiness in Osmanthus, controlled and open-pollinated crosses were made using the
cold-hardy species Osmanthus armatus. All controlled crosses of O. armatus
‘Longwood’ x O. heterophyllus ‘Rotundifolius’ were confirmed. Open-pollinated crosses
of O. armatus ‘Longwood’ and O. armatus ‘Jim Porter’ were assigned parentage with
high probability. All parents had unique identities based on eight microsatellite markers.
This is the first report of O. armatus × O. heterophyllus, O. armatus × O. x fortunei, and
O. armatus × O. fragrans hybrids. Evaluation of more Osmanthus accessions and
subsequent hybridizations will be necessary to introgress favorable genes and generate
the variation necessary to expand the genus into new markets.
Nature of Work Osmanthus Lour. consists of about 30 species of evergreen trees and
shrubs distributed primarily throughout temperate, subtropical, and tropical China.
Fragrant tea olive (Osmanthus fragrans) is the most popular species with at least 166
named cultivars (1). Fragrant tea olive is a common landscape commodity throughout
its native range where it is prized for its fragrant flowers and leaf extracts used in
traditional medicine (2). Other popular species include sweet olive (O. armatus), holly
tea olive (O. heterophyllus) and fortune’s osmanthus (O. x fortunei), which is a hybrid of
fragrant tea olive and holly tea olive. These species have cultivars with diverse plant
architecture, leaf forms, and flowering times and are commonly found in landscape
plantings throughout USDA hardiness zones 7, 8, and 9 in the United States.
Nursery growers wish to extend the range of fragrant tea olive into colder climates
throughout the U.S. and China (3). Production and landscape use is currently limited to
USDA hardiness zones 7 – 8 for sweet olive, zones 7 – 9 for holly tea olive, and zones
7 – 10 for fragrant tea olive. Mature landscape plants of holly tea olive have been
observed as far north as USDA hardiness zone 6b, indicating that the species may be
more cold-hardy than traditionally thought (4) Cold-hardiness of the hybrid fortune’s
osmanthus appears to be intermediate to that of its parents (4), indicating that hybrid
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breeding may be a promising avenue for improving cold-hardiness in the genus. A
recent field evaluation of Osmanthus in Tennessee showed large variation in cold
tolerance among species and cultivars (5). The objective of this study was to make
controlled and open-pollinated crosses between Osmanthus species and verify
parentage of hybrids using molecular markers.
Codominant, highly informative SSR markers that amplify reliably across Osmanthus
species and cultivars were developed by Alexander et al. (6). Controlled crosses of
Osmanthus armatus ‘Longwood’ and open-pollinated crosses of O. armatus ‘Jim Porter’
were made October 2016. Flowers were emasculated and fresh donor pollen was
collected on a brush and placed on the stigma of the female flower the same day. Seed
was collected February 2017 when the fruit turned greenish-purple and began to
wrinkle. Seed was stratified in moist peat for three months at room temperature and
then three months at 40°F. Seeds were removed from stratification, rinsed with
deionized water, and placed in 2 inch pots with pine bark media. Seeds germinated
September – December 2017 at room temperature. After germination, seedlings were
maintained in a greenhouse with overhead watering for 1 min twice per day.
DNA was isolated from leaf tissue of 72 putative hybrids and 24 candidate parents in
June 2018 using a modified alkaline lysis method (7). SSR loci were amplified using the
Qiagen PCR Core Kit (Qiagen, Carlsbad, California, USA) according to manufacturer’s
instructions with final reaction concentrations as follows: 0.24 µM of both primers F and
R, 0.2 µM of M13R, 200 µM dNTPs, 15-20 mM MgCl_2, and 50 ng template DNA. PCR
conditions consisted of: 94°C for 5 min; 30 cycles of 94°C for 30 s, 50°C for 45 s, and
72°C for 45 s; followed by 8 cycles of 94°C for 30 s, 53°C for 45 s, and 72°C for 45 s;
followed by a final extension at 72°C for 10 min. PCR products were analyzed on an
ABI 3730xl DNA Analyzer (Applied Biosystems, Foster City, CA) using 1 µL of PCR
product, 10 µL of formamide (Applied Biosystems), and 0.2 µL of GeneScan 500 LIZ
Size Standard (Applied Biosystems). Allele sizes and number of alleles per locus were
determined with GeneMarker version 2.6.3 (SoftGenetics, State College, PA). Nonamplified loci were scored as missing data. Markers with irreconcilable stutter peaks
were not included in downstream analysis. Cervus 3.0 (Field Genetics Ltd., London,
England) was used to calculate allele frequencies and assign parentage.
Results and Discussion:
A total of 90 individuals were genotyped at eight SSR loci. Mean number of alleles per
locus was 10.9 and 93.5% of loci were successfully genotyped. Mean polymorphic
information content of loci was moderate at 0.67. The combined non-exclusion
probability of all loci was 0.0000154. Taken together, these metrics indicate that the
eight loci used in this study were sufficient to resolve paternity of the seedlings with high
confidence.
All seedlings from controlled crosses of O. armatus were confirmed to be the desired
cross (Table 1). This means that methods of bagging female parents and emasculating
and pollinating on the same day are useful for obtaining desired crosses. Male parents
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of open-pollinated O. armatus ‘Jim Porter’ seedlings included nine cultivars from three
species (Table 2). Male parents of open-pollinated O. armatus ‘Longwood’ seedlings
included six cultivars from two species, and O. heterophyllus ‘Rotundifolius’ was
pollinated by two cultivars from two species (Table 2). These results represent novel
Osmanthus hybrids. Hybrids are under evaluation for growth rate, cold tolerance,
flowering, and other ornamental traits such as smooth leaves and colored foliage.
Evaluation of more Osmanthus accessions and subsequent hybridizations will be
necessary to introgress favorable genes and generate the variation necessary to
expand the genus into new markets.
References:
1. Xiang, Q.B. and Y.L. Liu. 2008. An illustrated monograph of the sweet
osmanthus cultivars in China. Zhejiang Science and Technology Publishing
House, Hangzhou, China
2. Shang, F.F., Y.J. Yin, and Q.B. Xiang. 2003. The culture of sweet osmanthus in
China. J. Henan Univ. 43:136-139.
3. Dong, Q. Q. 2010. Research on adaptability under low temperature stress on
Osmanthus fragrans. Master’s Thesis, Department of Botany, Shandong
Agricultural University, PRC.
4. Dirr, M.A. 2009. Manual of woody landscape plants: Their identification,
ornamental characteristics, culture, propagation and uses. Stipes Publishing,
L.L.C., Champaign, IL.
5. Alexander, L.W. 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.
6. Alexander, L.W., Thammina, C., and M. Kramer. 2018. Cross-transferability of
SSRs in Osmanthus. Genet. Resources Crop Evol. 65:125-136.
7. Alexander, L.W. 2016. Rapid, effective DNA isolation from Osmanthus via
modified alkaline lysis. J. Biomol. Techniques 27:53-60.
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Table 1. Paternity analysis of seedlings from controlled crosses between Osmanthus
species.
Progeny
Trio
ID
Female parent
Candidate male parent
Delta
Confidencez
O. heterophyllus ‘Kaori1231-02 O. armatus ‘Longwood’
Hime’
1.36E+00
+
O. heterophyllus ‘Kaori1231-05 O. armatus ‘Longwood’
Hime’
1.52E+00
+
O. heterophyllus ‘Kaori1231-06 O. armatus ‘Longwood’
Hime’
1.89E+00
*
O. heterophyllus ‘Kaori1231-07 O. armatus ‘Longwood’
Hime’
1.49E+00
+
O. heterophyllus ‘Kaori1231-09 O. armatus ‘Longwood’
Hime’
1.89E+00
*
O. heterophyllus ‘Kaori1231-10 O. armatus ‘Longwood’
Hime’
4.00E-01
+
O. heterophyllus ‘Kaori1231-11 O. armatus ‘Longwood’
Hime’
6.46E-01
+
O. heterophyllus ‘Kaori1231-12 O. armatus ‘Longwood’
Hime’
1.77E+00
+
O. heterophyllus
O. x fortunei ‘Fruitlandi’
1237-01 ‘Rotundifolius’
3.56E+00
*
O. heterophyllus
1239-02 O. armatus ‘Jim-Porter’
‘Rotundifolius’
3.27E-01
+
O. armatus USNA-77065
1242-01 O. armatus ‘Jim-Porter’
2.12E+00
*
z *95% confidence level; +80% confidence level
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Table 2. Paternity analysis of open-pollinated Osmanthus seedlings.
Progeny
Trio
ID
Female parent
Candidate male parent
Delta
Confidencez
O. armatus ‘Jim-Porter’
O. x fortunei USNA-8469
1241-01
6.34E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-02
5.64E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-03
6.28E+00
*
O. armatus ‘Jim-Porter’
O. armatus ‘Longwood’
1241-04
4.94E+00
*
O. armatus ‘Jim-Porter’
O. heterophyllus ‘Ogon’
1241-05
4.55E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-06
3.74E+00
*
O. heterophyllus ‘KaoriO. armatus ‘Jim-Porter’
1241-07
Hime’
2.90E+00
*
O.
armatus
‘Jim-Porter’
O.
x
fortunei
‘Fruitlandi’
1241-08
6.48E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-09
8.86E-01
+
O. armatus ‘Jim-Porter’
O. armatus ‘Longwood’
1241-10
0.00E+00
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-11
2.92E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-12
6.27E+00
*
O. armatus ‘Jim-Porter’
O. heterophyllus ‘Ogon’
1241-13
5.89E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei USNA-8469
1241-14
9.00E+00
*
O. heterophyllus
O. armatus ‘Jim-Porter’
1241-15
‘Rotundifolius’
5.08E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-16
5.30E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei USNA-8469
1241-17
6.62E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei USNA-8469
1241-18
5.82E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-19
6.83E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-20
5.56E+00
*
O. heterophyllus ‘KaoriO. armatus ‘Jim-Porter’
1241-21
Hime’
6.75E-01
+
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-22
5.92E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-23
4.18E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-24
5.00E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-25
5.47E+00
*
O. armatus ‘Jim-Porter’
O. heterophyllus ‘Ogon’
1241-26
5.10E+00
*
O. heterophyllus
O. armatus ‘Jim-Porter’
1241-27
‘Purpureus’
3.14E-01
+
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-28
6.10E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-29
5.05E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei USNA-8469
1241-30
7.65E+00
*
O. armatus ‘Jim-Porter’
O. armatus ‘Longwood’
1241-32
0.00E+00
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-34
6.69E+00
*
O. armatus ‘Jim-Porter’
1241-35
O. fragrans ‘Fodingzhu’
4.68E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-37
6.48E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-38
6.36E+00
*
O. armatus ‘Jim-Porter’
O. x fortunei ‘Fruitlandi’
1241-39
6.95E+00
*
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1241-40

O. armatus ‘Jim-Porter’

1230-01
1230-02
1230-03
1230-04

O. armatus ‘Longwood’
O. armatus ‘Longwood’
O. armatus ‘Longwood’
O. armatus ‘Longwood’

1230-05

O. armatus ‘Longwood’

1230-08

O. armatus ‘Longwood’

1230-09

O. armatus ‘Longwood’

1230-10

O. armatus ‘Longwood’

1230-11
1230-12
1230-13
1230-14

O. armatus ‘Longwood’
O. armatus ‘Longwood’
O. armatus ‘Longwood’
O. armatus ‘Longwood’

O. x fortunei ‘Fruitlandi’
O. heterophyllus
‘Rotundifolius’
O. heterophyllus ‘Ogon’
O. x fortunei USNA-8469
O. heterophyllus ‘Ogon’
O. heterophyllus
‘Purpureus’
O. heterophyllus
‘Rotundifolius’
O. heterophyllus
‘Rotundifolius’
O. heterophyllus
‘Rotundifolius’
O. heterophyllus
‘Hariyama’
O. armatus USNA-77065
O. armatus USNA-77065
O. x fortunei ‘Fruitlandi’
O. heterophyllus ‘KaoriHime’

O. armatus ‘Longwood’
O. heterophyllus
O. armatus ‘Longwood’
1233
‘Rotundifolius’
O. heterophyllus
O. armatus ‘Longwood’
1234
‘Rotundifolius’
O. heterophyllus
O. x fortunei ‘Fruitlandi’
1237
‘Rotundifolius’
O. heterophyllus
O. armatus ‘Longwood’
1238
‘Rotundifolius’
z *95% confidence level; +80% confidence level
1230-15

3.70E+00

*

6.48E-01
4.07E+00
7.09E+00
0.00E+00

+
*
*

2.10E+00

*

6.96E+00

*

2.31E+00

*

6.98E+00

*

1.75E+00
6.25E-01
2.95E+00
6.67E+00

+
+
*
*

1.68E+00

+

3.47E+00

*

0.00E+00
3.56E+00

*

0.00E+00
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Significance to Industry Organism epigenetic variability (epiallelic variation) encompasses an
array of mechanisms capable of altering the phenotype without changing the underlying DNA
sequence. Plants naturally exhibit variation in gene methylation which affects their expression
level. It has been proposed that this natural variability can be enhanced, in an analogous form to
genetic mutation breeding, by chemically treating plants to induce global methylation changes, in
order to generate new phenotypes that can be used for crop improvement. Such molecular and
phenotypic variability can be integrated via epigenome-wide association studies to determine the
putative function of non-characterized genes (reverse epigenetics), and to identify genomic
locations responsible for traits of interest (forward epigenetics) in crops. Soybean (Glycine max)
is the leading legume grown in the world and second most planted field crop in the U.S. Soybean
seeds are rich in compounds with known important health benefits. Current and past breeding
efforts have focused in producing high-yielding and value added (e.g., high protein) cultivars.
Work in other crops has shown that traits affecting yield and nutritional value are associated with
epigenetic variability. Here we present a soybean epimutant population generated by the
stochastic alteration DNA methylation during germination. Our results indicate that introduced
epimutations alter important agronomic and seed composition traits. We believe that this
population that can be used as a base for future pre-breeding and breeding programs.
Generation of phenotypic variability via the stochastic alteration of the plant methylome, can be of
particular interest for perennial ornamental crops, which long life cycles impose protracted and
costly breeding programs.
Nature of Work: Epigenetic marks are factors that are not directly governed by the genetic code.
Epigenetic marks modulate the expression of genes, ontology and control how organisms
respond to the environment (1). The major epigenetic mechanisms mediating these effects
include histone modifications, DNA methylation and small RNA molecules, which act in an
interactive and redundant fashion to affect gene expression (2). DNA methylation involves the
addition of a methyl group to carbon 5 of cytosine bases (forming 5-methylcytosine) by a set of
enzymes called DNA methyltransferases. DNA methylation within gene promoters has been
associated to transcriptional repression (3).
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Selective breeding has been used for decades for the improvement of crop yield and quality.
Although the proportion of novel traits obtained through inadvertent selection of epiallelic variation
is largely unknown (1), it is now widely accepted that epigenetic mechanisms have been a
source of useful variability during crop varietal selection (2,4-8). Epialleles are the variation
among individuals in the level of methylation on a specific gene, producing novel phenotypes that
are heritable (10). As a result, genetically identical plants with different epialleles can exhibit
distinct phenotypes. Although the identification of epialleles across numerous plant species
(3,11,12) has revolutionized the field of applied epigenetics, spawning new opportunities for the
enhancement of crop production, very few systematic attempts to identify and capitalize such
variability has been carried out to date (1). Exploiting the relationship between epigenetic
mechanisms and gene expression through the deliberate perturbation of DNA methylation via
exogenous interventions, has been proposed as a fast method to generate variability for crop
improvement (2). This can be achieved by using a method that is analogous to mutation
breeding; the application of chemical inhibitors of DNA methyltransferases. 5-Azacytidine causes
stochastic genome-wide DNA demethylation (1,13) and so, generates new variants carrying epialleles. This strategy can be used to generate novel and valuable epigenetic variation for crop
improvement (1). Novel epialleles can be inherited even over multiple rounds of sexual
reproduction (1,14,15), and, more importantly, become fixed in hybrids, resulting in heritable
molecular and physiological phenotypes (16) without the need for genetic modification.
For the study, seeds (soybean cultivar Williams 82) lacking any deformity or visible physical
damage were selected visually. Then, six 5-Azacytidine concentrations (water control, 0.01mM,
0.1 mM, 0.5 mM, 1.0 mM, and 1.5 mM) were prepared as previously described (1) and applied
during seed germination (n=50 per treatment). Briefly, seeds were placed filter paper in petri
dishes and watered using 12 ml of treatment solution. Seeds were watered with extra 6 ml of
treatment solution and their germination was recorded every 24 h. After three days, seeds were
transferred to individual 24 cm pots and randomly allocated into a five-block experimental design
(60 plants per block; 10 plants per treatment per block) and grown in a greenhouse under
controlled conditions until harvest.
Population phenotypic characterization was carried out by collecting germination, seedling
emergence, and flowering time for all plants. Plant height was calculated by measuring all plants
at 53 days since planting from soil to top leaf using a ruler. Top-down photos with camera placed
at a fix distance from the floor of all individual plants were used to estimate canopy area using
image processing and analysis software ImageJ.
Results and Discussion: In order to assess the effect of 5-azacytidine concentration on global
levels of DNA methylation we used the 5-mC DNA ELISA kit (Zymo) for accurate quantification of
5-mC content on leaf DNA samples. Perturbation of global levels of the DNA methylation status
showed a negative correlation with the concentration of 5-AzaC (once adjusted for the increased
levels of mortality (data not shown)) (Figure 1A).
DNA demethylation delays seed germination and seedling emergence: Phenotypic
characterization of the demethylated soybean populations showed that seeds treated with higher
concentrations of 5-Azacytidine showed lower levels of germination two days after treatment
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(Figure 1B). However, the percentage of germinated seeds was similar for all treatments 3 days
after treatment initiation (90%). Similarly, seedling emergence (used here as time since treatment
initiation to seedling breaking through soil surface) followed a negative correlation with 5azacytidine concentration (Figure 1C).
DNA demethylation alters agronomically important phenotypic traits: Preliminary
characterization of this epimutant population identified aberrant phenotypes (e.g. early flowering
(Figure 1D), change in seed weight and composition (Figure 1E-F), dwarfism and reduced
canopy size (Figure 2). Near Infrared analysis of 45 seed composition traits in the control and
demethylated subpopulations, showed a significant increase in the variability in the latter,
demonstrating the stochastic nature of the epigenetic variability introduced by the treatment
(Table 1).
Conclusion: The creation of stochastically hypomethylated populations can discover epialleles
in a wide range of crop plants, and has significant potential as a strategy for crop improvement
(14). Although, 5-Azacytidine treatment comes with certain limitations (including ineffective
application, occasional failure to exposure of the target tissue, deleterious, random and stochastic
demethylation), the ability of 5-Azacytidine to target exonic DNA exclusively makes it a fast and
effective approach to generate epialleles. It is anticipated that the methodology developed for this
study will provide a toolkit of techniques and knowledge for future crop improvement studies. In
addition, we expect that the 5-Azacytidine treated soybean population will be become and open
resource for the detection of epialleles and forward and reverse screening of epiallelic variation,
followed by functional and inheritance studies. This, together with the ability of this approach to
create epialleles with increased or reduced expression levels (without altering the underlaying
genetic make-up), makes this population an ideal tool to identify associations between genes and
phenotypic traits using an epigenome-wide association study (epiGWAS) approach. Finally, the
recent association between DNA methylation and important phenotypic traits important to the
ornamentals industry (leaf shape and flower color (17,18)), suggests that the methodologies
described here to generate and study epigenetic variability could be transferable to ornamental
species.
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Table 1: Soybean nutrient content variability increases with stochastic DNA
demethylation. Comparison of 45 seed composition traits between control and 5azacytidine treated plants shows a significant difference (P-val < 0.0005) of the
variability in seed composition (shown here as standard deviation within each group for
each of the measure traits. A 2-tailed paired T test was implemented.
Moisture
As is
Control
Treatment

Control

Protein Oil Dry basis
Dry basis

0.28
1.27
0.71
0.11
0.35
1.45
0.76
0.15
Linolenic Oleic acid Palmitic acid Stearic acid
acid Dry Dry basis
Dry basis
Dry basis
basis
0.88
1.70
0.52
0.20

Treatment

1.07

2.31

0.58

Cysteine
Dry basis

Control

Behenoic
acid Dry
basis
0.02

0.02

Glutamic
acid Dry
basis
0.24

Treatment

0.03

0.03

0.28

Control

Ash Dry
basis

Leucine Lysine Dry Methionine
Dry basis
basis
Dry basis
0.08
0.07
0.01

Treatment

0.10

0.08

0.02

Control

Sucrose
Dry basis
0.50

Taurine
Dry basis
0.007

Threonine
Dry basis
0.03

Treatment

0.65

0.009

0.05

0.34

Starch Dry
basis

Fiber Dry
basis

ADF Dry
basis

NDF Dry
basis

0.78
1.20
Alanine Dry
basis

0.28
0.34
Eicosenoic
acid Dry
basis
0.02

0.53
0.51
Arginine
Dry basis
0.12

0.52
1.07
Aspartic
acid Dry
basis
0.14

0.14

0.16

0.04
0.05

Glycine Dry Histidine Dry
basis
basis

0.03

0.04

0.03

Hydroxy
lysine Dry
basis
0.006

0.05

0.03

0.011

0.007

Ornithine
Dry basis
0.003

Phenylalanine
Dry basis
0.06

Proline Dry
basis
0.05

Raffinose
Dry basis
0.123

0.004

0.08

0.06

0.15

Tryptophan Tyrosine Dry
Dry basis
basis
0.016
0.03
0.024

0.04

Valine Dry
basis
0.05
0.07

Linoleic
acid Dry
basis
2.45163
2.8283
Lysine Dry
basis
0.07
0.07

Hydroxy Isoleucine Lanthionine
proline Dry Dry basis Dry basis
basis
0.005
0.05
0.01
0.06

Serine Dry Stachyose
basis
Dry basis
0.05
0.34
0.07

Verbascose Fructose
Dry basis Dry basis
0.24
0.03
0.35

0.03

0.03

0.40
Glucose
Dry basis
0.01
0.01
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Figure 2: Analysis of 5-azacytidine concentration on soybean height and canopy area at
day 53 after planting. A representative (closest plant to the average for each treatment)
plant for each subpopulation of the soybean demethylated population (i.e. water control,
0.01mM, 0.1 mM, 0.5 mM, 1.0 mM, and 1.5 mM). Asterisks indicate the level of
significance of the observance differences between each of the 5-azacytidine treated
populations and the control plants calculated using a 2-tailed unequal variance T test (Pval < 0.05 (*); P-val < 0.01 (**); P-val < 0.001 (***); P-val < 0.00001 (****)). Plant height
images were taken using a Canon EOS 40D with a 24-85mm lens. Top-to-bottom canopy
images were taken using Canon EOS 7D camera with 17-55mm lens. Canopy area was
estimated using ImageJ software.
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Seed Development and Germination Rates Among Asclepias Hybrids
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Significance to Industry Asclepias is well known for being an ecologically important
pollinator taxa. Utilized by the monarch butterfly (for oviposition and as a nectar source),
there are over 100 different species native to North America (Woodson, 1954; Wyatt
and Broyles, 1994). Despite having commercially desirable qualities, there have been
no interspecific cultivars brought to market. Historically, this was attributed to the
complex reproductive system of Asclepias sp. and lack of knowledge currently available
related to seed stratification and germination. This study was a continuation of the work
reported by Lewis et al. (2019a) that identified an optimal pollination protocol and
utilized this protocol to produce interspecific hybrid populations among Asclepias
species. In the current study, data collected revealed seed pod maturity of hybrids
differed from the maternal parent A. tuberosa, seed set numbers differed among hybrid
parental combinations, and a germination method that included cold-moist stratification
led to superior germination of hybrid seed.
Nature of Work Natural interspecific hybridization events among Asclepias species
have been documented in the literature but are attributed to either habitat overlap
(Wyatt and Broyles, 1992) or highly related species from the same phylogenetic clade
(Weitemier et al., 2015). For this study, A. tuberosa was selected as the maternal parent
due to its dominance in commercial production, while a variety of other species were
selected as pollen donors based upon favorable phenotypic characteristics (Table 1).
Using the pollination methodology developed by Lewis et. al (2019a) four interspecific
populations were developed between A. tuberosa and A. hirtella, A. purpurascens, A.
speciosa, and A. syriaca. Stratification and germination methods for hybrid seed are
unknown, as stratification requirements differ greatly for the parental species used in
these crosses. Additionally, differences in seed set, pod length, and time to maturity
have been rarely documented for the parental species, much less hybrids. Therefore,
this study set out to build upon the Lewis et al. (2019a) work that documented optimal
pollination methods for the development of Asclepias hybrids. Initial results by Lewis et
al. (2019a) revealed that an inverted pollination method (Figure 1) increased pod
success rates from 2.28% using the traditional method to 11.72%. Once successful
interspecific hybrid pods were produced, comparisons were documented among seed
pod characteristics and germination methods, using selfed A. tuberosa (maternal parent
of all hybrids) as a control. Days to seed pod maturity was collected for each seed pod,
measured in number of days after pollination (DAP), and reported as means by
interspecific parental combination. Seed pod length (in cm) was obtained at pod
maturity and is reported as means by interspecific parental combination. Similarly,
seeds per pod is reported as means by interspecific parental combination. Seed
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treatments for a germination trial included no stratification (direct seeded; DS), cool
moist stratification whereby seed were placed in moistened sand and stored for 30 days
in a refrigerator at 36 F, and an embryo rescue protocol as described in Lewis et al.
(2019b). In the DS and stratified treatments, seeds were germinated in separate trays to
obtain a germination rate by seed pod. All seed were germinated by placing seed on a
3-inch perlite base and then covered with ¼ inch or vermiculite under mist (6 sec. every
10 min.). Germination percentages were recorded at 30 days after seed were sewn and
are reported as means of all seed pods by interspecific parental combination, using
selfed A. tuberosa as the control. All data was analyzed using JMP software to
determine if differences existed among phenotypic characters, seed set, and
germination treatments.
Results and Discussion: Differences in time to pod maturity among Asclepias sp. and
hybrids are not well documented. Among all hybrids and selfed A. tuberosa, pod
maturity was achieved in 93.38 – 126.64 DAP, with differences observed in pod maturity
depending on the pollen parent. A. speciosa (pollen parent), had the quickest pod
maturity of 93.38 ± 2.78 DAP (Table 4). A. tuberosa (control) had a maturation time of
110.32 ± 3.87 DAP, similar to A. syriaca hybrids (114.14 ± 3.84 DAP) (Table 4). A.
purpurascens and A. hirtella hybrid pods took the longest to mature, taking 124.64 ±
3.55 DAP for A. purpurascens hybrids to mature, and 126.64 ± 3.52 DAP for A. hirtella
hybrids. As with pod maturity, little published work exists on seed pod growth
parameters among populations of interspecific hybrids. Seed pod length and seeds per
pod of hybrid crosses were compared to selfed A. tuberosa genotypes. The average
pod length of selfed A. tuberosa genotypes was 10.69 ± 0.28 cm and did not differ from
hybrid parental combinations (Table 4). Only A. hirtella hybrids (11.12 ± 0.26 cm)
produced longer pods when compared to A. speciosa hybrids (9.99 ± 0.21 cm) and A.
syriaca hybrids (9.92 ± 0.29 cm) (Table 3). Literature documents that A. tuberosa has a
typical range in pod lengths from 8.4-15.5 cm, A. hirtella 7.0- 11.8 cm, A. purpurascens
9.0- 15.0 cm, and A. syriaca 6.5- 13.6 cm (Betz and Lamp, 1992; Wilbur, 1976).
Number of seeds per pod were not different among A. tuberosa (selfed) and A. hirtella,
A. speciosa, and A. syriaca hybrid populations developed with A. tuberosa as the
maternal parent. Only A. purpurascens hybrids produced fewer seed per pod when
compared to other paternal parents or the control (32.92 ± 2.99) (Table 3). Comparing
our findings to existing literature (Betz and Lamp, 1992) determined that A. tuberosa on
average produces 73.8 ± 14.7 seeds, a trend echoed in our findings. A. hirtella
produces 51.2 ± 7.2 seed per pod, trending with results in the hybrid A. hirtella pods
(Betz and Lamp, 1992). However, literature documenting seed production in A.
purpurascens (180.7 ± 31.5) and A. syriaca (244.3 ± 31.2) (Betz and Lamp, 1992)
deviated from previous trends as A. purpurascens and A. syriaca hybrids (with A.
tuberosa) had much lower seed production in this study (Table 3). When comparing the
different germination methods, within the DS treated hybrid populations, only A. hirtella
hybrids germinated at a lower rate (3.82 ± 2.2%) than the control, A. tuberosa (22.7 ±
3.18 %) (Figure 2). However, all DS germination rates were lower than those observed
when seed was stratified. Within the stratified seed treatment, A. hirtella hybrids and A.
purpurascens hybrids had similar germination rates (75.94 ± 3.7% and 68.88 ± 4.1%)
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compared to A. tuberosa (71.37 ± 5.6%); while A. speciosa hybrids and A. syriaca
hybrids had lower germination rates (50.71 ± 2.99% and 47.60 ± 4.17%) (Figure 2). In
ER treated seeds, only A. purpurascens (65.53 ± 5.12%) had a higher germination rate
than A. tuberosa (17.35 ± 13.19%) (Figure 2). Overall, the DS germination method was
the least successful, followed by ER, with the most effective germination method being
cold moist stratification (Figure 2). The results of this study provide a commercially
viable methodology to produce any future Asclepias hybrid varieties. Knowing days to
pod maturity, number of seed per pod, and germination rates will allow growers to plan
accordingly to maximize production and increase profits. This work should also benefit
plant breeders by maximizing the number of recovered genotypes from hybrid crosses.
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Table 1. Asclepias species used in this study and traits of interest.
Traits of Interest in Asclepias spp. z
Species

Height (cm)

Soil

Flower Color

Bloom

A. tuberosa y

30-100

Dry

Yellow/Orange Medium

A. curassavica
A. fascicularis
A. hirtella

60-91
30-90
90-120

Medium
Dry
Wet

Yellow/Red
White/Pink
Green

A. incarnata

120-150

Wet

A. purpurascens

60-90

A. speciosa
A. syriaca

Fragrant Branching
No

Yes

Long
Long
Medium

No
Yes
No

None
Some
None

Pink/Mauve

Long

Yes

Some

Dry

Purple/Pink

Long

Yes

None

60-180

Dry

White/Pink

Long

Yes

None

120-180

Dry

Pink

Short

Yes

None

z

Text in bold indicate traits of interest to be selected for in hybrids.
tuberosa is boxed as it represents both the maternal parent of all crosses in addition
to being the main species used for pollination method tests.
x Soil stands for soil moisture preference and bloom length (Bloom) is not given in
numerical length as information is not recorded in all species. Generally, flowering
continues for 2-3 months, but length of flower remaining open and viable for pollination
is not documented in all species.
y A.

Table 2. The four Asclepias species that successfully formed hybrid seed pods with A.
tuberosa and their corresponding pollination success rates. The traditional pollination
method used on A. tuberosa is included as a control.
Successful Pollinations of Asclepias hybrids
Pollen donor
Crosses (n)
Pods (n)
Percent
(Male) z
Success y
A. tuberosa
570
13
2.28 ± 0.96
(Control)
A. tuberosa (Inv.)
401
47
11.72 ± 1.14 a
A. hirtella
1159
58
5.00 ± 0.67
A. purpurascens
1142
56
4.90 ± 0.68
A. speciosa
1071
91
8.50 ± 0.70 a
A. syriaca
1294
48
3.71 ± 0.64
z All crosses apart from A. tuberosa (Trad.) were made using the inverted (Inv.)
pollination method.
y Letters by means represent groupings based upon Tukey’s HSD at P ≤ 0.001.
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Table 3. Average length of time to seed pod maturity (in days after pollination; DAP)
among different hybrid parental combinations. A. tuberosa (selfed) served as the
control.
Pollen donor
(Male)

Days to Pod
Harvest (av.) z

Average Pod
Length (cm.) y

A. tuberosa

110.32 ± 3.87 b

10.69 ± 0.28 ab

A. hirtella
A.
purpurascens
A. speciosa
A. syriaca

126.64 ± 3.52 a

11.12 ± 0.26 a

Seeds Per Pod
(av.) x
50.67 ± 3.13
ab
61.33 ± 2.94 a

124.64 ± 3.55 a

10.15 ± 0.27 ab

32.93 ± 2.99 c

93.38 ± 2.78 c
114.14 ± 3.84 ab

9.99 ± 0.21
9.92 ± 0.29

49.60 ± 2.34 b
45.65 ± 3.23 b

b
b

Letters by means represent similarity (within columns) based upon Tukey’s HSD at P ≤
0.001.
y Letters by means represent similarity (within columns) based upon Tukey’s HSD at P ≤
0.004.
x Letters by means represent similarity (within columns) based upon Tukey’s HSD at P ≤
0.001.
z

Figure 1. Three methods of pollination trialed; traditional, solution-based, and inverted.
The traditional method (A), where individual pollinium is rotated 90 degrees and inserted
parallel into the stigmatic slit to initiate pollination and fertilization. Solution based
pollination (B) with differing numbers of pollinia were removed from paternal flowers,
crushed in 1 mL of a 30% sucrose solution, and dispensed inside the stigmatic slits until
solution exuded from the stigmatic slit. The inverted pollination method (C) is where
individual pollinium were rotated 90 degrees and inserted perpendicular to the stigmatic
slit to initiate pollination and fertilization.
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Figure 2. Comparison of three methods of germination among Asclepias hybrid
populations. Direct seeded (DS)(black), stratified (gray), and embryo rescue
(ER)(speckled). z Bars represent means with error bars displaying one standard error
unit from the mean at P < 0.001.
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Effect of Honey and Auxin during Propagation of ‘Red Cascade’ Miniature Rose
Anthony T. Bowden, Patricia R. Knight, Christine Coker, Scott A. Langlois,
Sean Broderick, Eugene K. Blythe, Jenny Ryals, Hamidou Sakhanokho,
and Ebrahiem Babiker
Coastal Research and Extension Center, South Mississippi Branch Experiment Station,
P.O. Box 193, Poplarville, MS 39470
ab1001@msstate.edu
Index Words: root-promoting compounds, IBA, Rosa
Significance to Industry Addition of honey to water-soluble IBA solutions had no
influence on root number, growth index, or root quality rating. However, application of
1,000 ppm IBA as a 1-sec basal quick dip resulted in cuttings with a greater number of
roots, greater average length of three longest roots, and a higher root quality rating
when compared to cuttings that received no auxin. Application of 250 ppm IBA resulted
in cuttings with a greater shoot height when compared to cuttings that received no
auxin. These results suggest that cuttings from easy-to-root plants such as ‘Red
Cascade’ miniature rose benefit from use of some level of auxin during propagation.
Nature of Work Sugars (as carbohydrates) are known to positively impact rooting of
cuttings and are frequently used in Stage III of tissue culture as an energy source for
micro-cuttings (2). Clinical studies have confirmed the broad-spectrum antimicrobial
properties of honey which are theorized to be due to naturally low pH, osmotic effect,
high sugar concentration, and presence of bacteriostatic and bactericidal factors (3).
Antibacterial properties are attributed to the super- saturated solution of sugar (5). A
typical batch of honey has a 15-21% and a solid fraction containing a ratio of
monosaccharides (glucose and fructose) leaves very little free water available for
growth of micro-organisms (5). Manuka honey possesses a degree of antibacterial
properties which are determined with testing and the results used to calculate the
unique Manuka factor (UMF) which ranges in potency from 1 -70+ (6).
Whalley (2009) of Taupo Native Plant Nursery in New Zealand conducted an on-nursery
trial using honey as a stand-alone rooting hormone when their primary rooting hormone
powder was discontinued. Whalley trialed Manuka honey (UMF 15+), a multiflora honey
purchased from the supermarket, a commercially available root-promoting compound,
and a nontreated control. These treatments were applied to cuttings of the following six
New Zealand natives: Brachyglottis ‘Sunshine’, Coprosma acerosa, Coprosma x kirkii
‘Kirkii’, Griselinia littoralis ‘Broadway Mint’, Myoporum laetum, and Olearia virgata var.
lineata. These plants were selected for various characteristics including ease of rooting
(6). Both varieties of honey were used to prepare solutions containing honey and hot
water (1:2 v:v) and solutions were refrigerated for 24 h before use (6). Cuttings were
placed into solutions for 30 minutes before sticking and placed onto a mist bed with
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bottom heat (6). Cuttings treated with solutions containing general multiflora honey had
the fewest unrooted cuttings across all four treatments and a high number of cuttings
with a good (4+) and average (3 or less) root rating while Manuka solutions had the
lowest number of roots with a good (4+) rating and a higher number of unrooted cuttings
among all four tested treatments (6). The objective of this research was to evaluate
whether addition of honey to water-soluble auxin solutions increased root growth and
uniformity compared to auxin solutions without honey.
One-inch (2.5-cm), single node medial cuttings of Rosa ‘Red Cascade’ were harvested
from containerized stock plants and stuck to a depth of 0.5 inch (1.3 cm) on 11
September 2019. Red Cascade rose was chosen as the model plant for preliminary
studies since previous research has shown that it can be rooted successfully without the
auxin although using an auxin-containing compound can result in an increased rooting
response (1). Propagation medium was a mix of Canadian sphagnum peat, pine bark
fines, coarse perlite, and medium vermiculite (Oldcastle Lawn and Garden Inc., Atlanta,
GA) placed into 50-cell plug trays. Cuttings were placed under intermittent mist applied
for 6 sec/10 min during daylight hours. Treatments consisted of four honey types (none,
general multiflora, Manuka, or locally sourced), and five auxin levels [0, 250, 500, 750,
or 1,000 ppm Indole-3-butyric acid (IBA) (Hortus Water Soluble Salts; Phytotronics Inc.,
Earth City, MO]. Water soluble IBA solutions were created using deionized water.
Honey treatments consisted of a 2:1 solution created by dissolving honey in either
deionized water (when auxin level equaled 0 ppm) or the IBA solutions. Once the
solutions were made, cuttings were treated with a 1-sec basal quick-dip in one of the
twenty solutions before being stuck into the rooting flat. A completely randomized
design with a 4×5 factorial treatment arrangement was utilized with 15 cuttings per
treatment. Data collected after 42 days included rooting percentage, shoot height, total
root number, average root length (three longest roots), and root quality (1-5, with 1=no
roots and 5= ≥ 10 roots). Data were analyzed using linear mixed models and
generalized linear mixed models with the GLIMMIX procedure of SAS (ver. 9.4; SAS
Institute Inc., Cary, N.C.)
Results and Discussion There was no interaction between honey type and auxin rate
(Table 1). Utilization of honey during propagation of ‘Red Cascade’ miniature rose did
not result in an increase in percent rooting, number of roots, average length of three
longest roots, shoot height, or root quality rating (Table 1). Our results differ from
Whalley (6). In their experiments, using a Manuka or a multiflora honey enhanced
rooting, including a healthier or higher quality root system, when compared to a
commercial root-promoting compound.
Auxin rate had an effect on total root number, average root length, shoot height, and
root quality (Table 1). Total root number, average length of three longest roots, and root
quality ratings were higher for cuttings that received a 1-sec basal quick dip with a 1,000
ppm IBA solution compared to cuttings that received no auxin treatment. However,
cuttings that received auxin at 250 or 500 ppm had similar total roots, average length of
three longest roots, and root quality ratings when compared to cuttings that received no
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auxin. Shoot height was greater for cuttings that received a 250 ppm auxin treatment
compared to cuttings that received no auxin. Our results are similar to previous
experiments on the effects of IBA rate on the rooting of Red Cascade miniature rose (1).
While application of auxin did not impact rooting percentage, higher levels did lead to
improved cutting performance for total root number, average length of three longest
roots and root quality when compared to cuttings that rooted without auxin.
Further research will examine other woody ornamental plant species that vary in rooting
difficulty to determine if addition of various honey types to water soluble IBA solutions
enhances rooting responses. Cuttings that require longer propagation times may benefit
from the addition of honey to auxin solutions as longer propagation time can allow for an
extended time frame for soil pathogens to impact cutting health.
Literature Cited
1. Blythe, E.K., J.L. Sibley, K.M. Tilt, and J.M. Ruter. 2003. Cutting propagation with
auxin applied via a stabilized organic rooting substrate. Comb. Proc. Intl. Plant
Prop. Soc. 53:275-283.
2. Hartman, H.T., D.E. Kester, F.T. Davies, Jr., and R.L. Geneve. 2011. Hartman and
Kester’s Plant Propagation: Principles and practices. 8th ed. Prentice Hall, Upper
Saddle River, N.J.
3. Israili, Z. H. 2014. Antimicrobial properties of honey. Amer. J. Therapeutics. 21:304323.
4. Molan, Peter. 1992. The antibacterial activity of honey: 1. The nature of the
antibacterial activity. Bee World. 73:5-28.
5. Molan, Peter. 2001. Why honey is effective as a medicine: 2. The scientific
explanation of its effects. Bee World. 82:22-40.
6. Whalley, L. 2009. Sweet Roots: A trial using honey as a rooting hormone. Comb.
Proc. Intl. Plant Prop. Soc. 59:74-77.
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Table 1: Results of three different honey sources and five auxin rates on rooting percentage, root number, average root
length, root quality, and growth of single-node stem cuttings of a miniature climbing rose (Rosa 'Red Cascade').
Rooting
Roots
Avg. Length of three
Shoot Height
Root Quality
(%)
(no.)
longest roots (cm)
(cm)
Ratingz
Honey Type
No Honey
100.0ay
5.1a
7.7a
6.4a
3.4a
Local Honey
86.6a
5.1a
7.4a
6.3a
3.2a
Manuka Honey
86.6a
5.5a
7.8a
6.4a
3.4a
Multiflora Honey
93.3a
4.1a
7.6a
6.5a
3.2a
Auxin Rate
0 ppm IBA
250 ppm IBA
500 ppm IBA
750 ppm IBA
1,000 ppm IBA

100.0a
100.0a
86.6a
93.3a
100.0a

4.2b
4.9ab
5.1ab
5.2a
5.4a

6.9b
7.4ab
7.6ab
8.0ab
8.2a

Significancex
Honey Type
NS
NS
NS
Auxin Rate
NS
**
**
Honey Type × Auxin Rate
NS
NS
NS
zRoot Quality (1-5, with 1 = no roots and 5 = ≥ 10 roots).
yMeans within a column followed by the same letter were not different at α = 0.05 or 0.10.
xSignificant at the P ≤ 0.10 (*) or 0.05(**) level. NS = Not significant.

5.7b
6.8a
6.5ab
6.6ab
6.5ab

NS
*
NS

3.1b
3.3ab
3.3ab
3.4ab
3.5a

NS
*
NS
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Spring Cutting Propagation of South Mississippi Native Azaleas
Jenny B. Ryals, Patricia R. Knight, Daryl R. Chastain, Lloyd E. Ryals III,
Christine E. H. Coker, Gary R. Bachman, Jim M. DelPrince, Patricia R. Drackett,
and Anthony T. Bowden
Coastal Research and Extension Center, South Mississippi Branch Experiment Station,
P.O. Box 193, Poplarville, MS 39470
j.ryals@msstate.edu
Index Words Rhododendron austrinum, propagation, immersion, quick-dip, IBA,
Hortus IBA Water Soluble Salts™
Significance to Industry Duration of cutting immersion effected rooting percentage,
roots number, and average length of the three longest roots. There was an interaction
between auxin concentration and immersion duration for root quality, cutting quality and
growth indices. Results indicate that very soft Florida azalea cuttings had a better
rooting response when treated with a 5 sec basal quick-dip and auxin concentration was
2500 compared to cuttings receiving higher auxin concentrations for longer immersion
durations.
Nature of Work Florida azalea, (Rhododendron austrinum (Small) Rehder) was
discovered by Dr. A. W. Chapman before 1865 and reported as a distinct species by Dr.
John K. Small in 1913 (4). Flowers are fragrant and range from pale yellow to orange in
color with clusters of 8 to 15 blooms appearing in early spring and generally preceding
or coinciding with emergence of dark green leaves that turn a yellow to bronze-orange
color in the fall (1, 6). Native range is across northern Florida, coastal Alabama,
southern Georgia and southeastern Mississippi (USDA Hardiness zones 6b-10a) (10). It
has been reported to be easy to propagate according to Galle (5) and Skinner (13).
Treatment of Florida azalea softwood cuttings with 10000 ppm K-IBA resulted in
successful rooting (10). Rooting with lower rates of K-IBA occurred, however higher
rates increased root number, length, and quality. Knight et al. (9) also observed that
while root ratings, lengths and numbers were similar for cuttings treated with 8000 ppm
and 10000 ppm K-IBA, cuttings receiving 10000 ppm rooted 100%.
Developed in the 1940’s, long soak immersions have been useful for some hard to root
species (2, 11). Kroin (11) states that long soak immersions are used to “improve the
rooting of hard to root cuttings”. Skinner (12) applied a basal soak treatment from 8 to
48 hours on 45 different plants in the Ericaceae L. family, including Rhododendron L.
Skinner (12) observed that “some plants rooted satisfactorily without auxin treatment,
but most exhibited an increase in average rooting over nontreated cuttings”. The
objective of this study was to determine if different immersion durations across a range
of IBA concentrations improves rooting response on very soft cuttings of Florida azalea.
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A completely randomized experimental design was utilized with five cuttings per
treatment. Florida azalea cuttings were taken on 19 April 2019 from a native population
at Crosby Arboretum in Picayune, MS (USDA zone 8b). Cuttings were taken around
6:30 am after a recent rain to ensure they were turgid to aid in reduction of transpiration
stress on the cuttings. Using the method that was described by Jenkins (7), cuttings
were taken from tissue soft enough to be removed via pinching. This resulted in variable
cutting sizes, however the average length of the cuttings was around 5 cm (2 inches)
long. Immediately after pinching, cuttings were placed and stored in a cooler of water
until being stuck in the respective treatments (7). At sticking, cuttings were turgid and
showed no signs of wilting or stress.
Based on previous studies, Hortus (Hortus IBA Water Soluble Salts™) was chosen as
the auxin. IBA rates were 0, 1000, 2500, 5000, 7500, or 10000 ppm. Immersion
durations were 0, 1, 6, 12, or 24 hours with 0 receiving a 5 sec basal quick-dip. Cuttings
were wounded then submerged for each time interval, removed, and stuck into 100%
perlite substrate in a 6.4 cm (2.5 inch) container. They were then placed under
intermittent mist for 4 seconds every 6 minutes during daylight hours. Sixty days after
sticking, it was noted that most all cuttings had callused, but formed no roots. At this
time, mist intervals were reduced to 2 seconds every 10 minutes and a liquid application
of 20-10-20 (Peters® Professional, J.R. Peters, Allentown, PA, USA) general purpose
fertilizer at the rate of 50 ppm nitrogen was applied to encourage root growth. Data
collected after 120 days included rooting percentage, growth index (new shoots), cutting
quality (1-5, with 1=dead and 5=transplant-ready cutting), total root number, average
root length (of three longest roots), and root quality (1-5, with 1=no roots and 5=healthy,
vigorous root system). Data were analyzed by JMP 14.1.0 Student Edition (SAS
Institute, Inc., Cary, NC, USA). All parameters were analyzed by two-way mixed effects
ANOVA using standard least squares.
Results and Discussion: There was an interaction between auxin concentration and
immersion duration for root quality (P=0.0056), cutting quality (P<.0001) and growth
indices (P<.0001) (Table 1). Cuttings treated with Hortus IBA at rates of 1000, 2500 or
7500 ppm IBA had a higher cutting quality when applied at 0 hour submersion duration
compared to cuttings receiving IBA rates of 2500, 5000, 7500, or 10000 ppm applied at
6, 12, or 24 hour immersion durations. Cutting root quality was increased when 2500
ppm IBA was applied at 0 hour submersion duration in comparison to cuttings receiving
IBA rates of 0, 1000, 2500, 5000, 7500, or 10000 ppm applied at 1, 6, 12, or 24 hour
immersion durations. Two exceptions were cuttings receiving 1000 ppm applied at the 6
hour immersion duration and cuttings receiving 0 ppm applied at the 12 hour immersion
duration. Growth indices also increased when 2500 ppm IBA was applied to cuttings at
the 1 hour immersion timing compared to cuttings receiving IBA rates of 1000, 2500,
5000, 7500, or 10000 ppm applied at 6, 12, or 24 hour immersion timings, with the
exception of cuttings receiving 1000 ppm applied at the 6 hour immersion duration.
Rooting percentage (P<.0001), number of roots (P=0.0101), and average length of the
three longest roots (P=0.0415) responded negatively to immersion duration treatments
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except for average length of the three longest roots for cuttings submerged for 6 hours.
(Table 2). For all three parameters, the 0 hour submersion timing resulted in better
cuttings compared to the other four timing treatments. Auxin rate did not have an effect
on these three data parameters.
Rooting percentages ranged to 0 to 30% depending on treatment with overall average
rooting percentages of 9%. In other studies, Florida azalea rooting percentages have
ranged from 60 to 90% (9, 10, 14). Differences between rooting results could partially
be attributed to other studies using older, harder cuttings compared to this study. IBA
rates for this study were determined based on studies using harder cutting types, but it
appears that lower rates may be more beneficial with very soft cuttings or immersion
treatments. Hortus recommends concentrations not exceeding 400 ppm IBA when using
a basal long soak (11). Auxins, if applied in excess, can inhibit plant growth and
ultimately cause plant death (3). Treatments using over 2500 ppm IBA or treatments
submerged in higher concentrations for over one hour performed poorly in this study.
Based on the results found in this study, it would appear that young new plant tissue
cuttings performed the best overall when subjected to Hortus at a rate of 2500 ppm IBA
at a 0 hour submersion timing (5 second quick-dip).
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Table 1. Influence of auxin concentration and immersion duration and on root quality,
cutting quality, and growth of Florida azalea.

Treatment
0 hr Immersion Control
0 hr Immersion Hortus 1000 ppm
0 hr Immersion Hortus 2500 ppm
0 hr Immersion Hortus 5000 ppm
0 hr Immersion Hortus 7500 ppm
0 hr Immersion Hortus 10 000 ppm
1 hr Immersion Control
1 hr Immersion Hortus 1000 ppm
1 hr Immersion Hortus 2500 ppm
1 hr Immersion Hortus 5000 ppm
1 hr Immersion Hortus 7500 ppm
1 hr Immersion Hortus 10 000 ppm
6 hr Immersion Control
6 hr Immersion Hortus 1000 ppm
6 hr Immersion Hortus 2500 ppm
6 hr Immersion Hortus 5000 ppm
6 hr Immersion Hortus 7500 ppm
6 hr Immersion Hortus 10 000 ppm
12 hr Immersion Control
12 hr Immersion Hortus 1000 ppm
12 hr Immersion Hortus 2500 ppm
12 hr Immersion Hortus 5000 ppm
12 hr Immersion Hortus 7500 ppm
12 hr Immersion Hortus 10 000 ppm
24 hr Immersion Control
24 hr Immersion Hortus 1000 ppm
24 hr Immersion Hortus 2500 ppm
24 hr Immersion Hortus 5000 ppm
24 hr Immersion Hortus 7500 ppm
24 hr Immersion Hortus 10 000 ppm

Root
quality
ratingz
1.5defw
1.6cde
2.3a
2.2ab
1.7bcde
1.6cde
1.5def
1.5def
1.5def
1.5def
1.4def
1.0f
1.5def
2.1abc
1.3def
1.0f
1.0f
1.0f
1.8abcd
1.6cde
1.2ef
1.0f
1.0f
1.0f
1.3def
1.3def
1.0f
1.0f
1.0f
1.0f

Cutting
quality
ratingy
3.2ab
3.6a
3.6a
2.8bc
3.6a
3.0ab
3.2ab
3.2ab
3.0ab
3.0ab
2.6bcd
1.4fg
2.6bcd
2.6bcd
2.8bc
1.0g
1.0g
1.0g
3.2ab
2.8bc
1.8ef
1.0g
1.0g
1.0g
2.2cde
2.0def
1.0g
1.0g
1.0g
1.0g

Growth
indexx
4.6abc
5.4ab
4.2abc
4.5abc
5.4ab
5abc
5.3ab
5.2abc
5.7a
5.1abc
3.8cd
0.8fg
4.8abc
4.3abc
4.2bcd
0.0g
0.0g
0.0g
5.5ab
4.2bc
1.9ef
0.0g
0.0g
0.0g
2.7de
2.2ef
0.0g
0.0g
0.0g
0.0g

zRoot

quality (1-5, with 1=no roots and 5=healthy, vigorous root system).
quality (1-5, with 1=dead and 5=transplant ready cutting).
xGrowth index=(width1+width2+height)/3.
wMeans followed by the same letter are similar and not significantly different (α =
0.05).
yCutting
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Table 2. Influence of immersion duration on root percentage, number of roots, and
average length of the three longest roots of Florida azalea.
Comparison

Rooting
Roots
Avg. Length of 3 Longest
(%)
(no.)
Roots (cm)
z
0 hr Immersion
30.0a
1.3a
0.6a
1 hr Immersion
0.0b
0.0b
0.0b
6 hr Immersion
10.0b
0.3b
0.2ab
12 hr Immersion
10.0b
0.1b
0.2b
24 hr Immersion
0.0b
0.0b
0.0b
zMeans followed by the same letter are similar and not significantly different (α = 0.05).
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Spring Propagation of Pascagoula™ Crape Myrtle
J. Skylar Baldwin, Patricia R. Knight, Scott Langlois, Eugene K. Blythe, Jenny B. Ryals,
Christine E.H. Coker, Gary R. Bachman and James DelPrince
Coastal Research and Extension Center, South Mississippi Branch Experiment Station,
P.O. Box 193, Poplarville, MS 39470
Patricia.Knight@msstate.edu
Index Words softwood, semi-hardwood, rooting, root-promoting compounds, auxin,
IBA, NAA, Hortus IBA, Dip’N Grow, Lagerstroemia
Significance to Industry Root number of Pascagoula™ cuttings was improved when
Hortus IBA was used at 1000 ppm on the oldest cuttings in this study, compared to
when Hortus IBA was used at 500 ppm on cuttings taken from stem position 3 or when
no auxin was used on cuttings taken from stem position 4. When direct comparisons
were made, using Hortus IBA at 1000 ppm resulted in cuttings with more roots
compared to root numbers on cuttings dipped in Hortus IBA 500 ppm. Utilization of
semi-hardwood cuttings (position 1 & 2) also resulted in more roots compared to root
numbers on softer cuttings (position 3 & 4). However, results suggest Pascagoula™
crape myrtle can be successfully rooted using semi-hardwood or softwood cuttings with
or without the use of auxin compounds with no loss in quality.
Nature of Work In landscapes across the southern portion of the United States, crape
myrtles provide a reliable source of color, often flowering for more than 100 days (2, 6).
As the cultivar palette constantly expands, Mississippi State University is active in the
development of new crape myrtle selections, including Pascagoula™. Pascagoula™ is
a hybrid resulting from the cross of Lagerstroemia ‘Arapaho’ (7) and an unknown pollen
donor. Pascagoula™ has a unique deep purple flower color and small to medium
growth habit. Five-year-old plants in a research setting are 12-15 feet and have
flowered from early June through late August.
Soft- or hardwood cutting propagation of crape myrtle is widely labeled as easy (2, 4).
Byers (1983) reports using hardwood cuttings that have been taken after frost in 8-inch
(20 cm) sections and stored over winter. Dirr and Heuser (1987) report early January or
early March cuttings rooted more poorly than early February hardwood cuttings when
using bottom heat and peat:perlite or bark. The objective of this research was to
evaluate ease of rooting, determine best commercial auxin formulation and
concentration, and optimal stem position for spring propagation of Pascagoula™.
Five-inch (12.7-cm), 3-4 node medial cuttings were harvested from the parent plant and
stuck to a depth of 1-inch (2.5 cm) on 18 April 2018. Propagation medium was 100%
perlite placed in 2.5-inch (6.4-cm) containers. Treatments included four stem positions
(position 1=cutting nearest branch junction and position 4=cutting nearest terminal bud)
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two auxin formulations [Hortus IBA Water Soluble Salts™ (Hortus IBA) or Dip’N Gro®
(DNG)], and three auxin levels [0, 500, or 1000 ppm Indole-3-butyric acid (IBA)]. DNG
is a dual auxin compound containing 1-Naphthaleneacetic acid (NAA) at one-half the
IBA rate. Experimental design was a randomized complete block design with five single
cutting replications. Data collected after 60 days included rooting percentage, growth
index (new shoots), cutting quality (0-5, with 0 = dead and 5 = transplant-ready cutting),
total root number, average root length (of three longest roots), and root quality (0-5, with
0=no roots and 5=healthy, vigorous root system). Data were analyzed using linear
mixed models and generalized linear mixed models with the GLIMMIX procedure of
SAS (ver. 9.4; SAS Institute Inc., Cary, NC).
Results and Discussion Treatment had no effect on rooting percentage, average
length of three longest roots, root or cutting quality rating, or growth indices (Table 1).
Percent rooting ranged from 80-100% which was similar to percentages reported by Dirr
(1990) for ‘Natchez’ crape myrtles propagated in the summer using 5000 ppm IBA.
Percentages were also similar to the 90% rooting of ‘Natchez’ crape reported by Blythe
et al. (2003) using 1000 ppm DNG. Rooting percentages in this study were higher than
ones reported by Dirr and Heuser (1987) for hardwood cuttings. Cuttings that were
taken from stem position 1 and dipped in Hortus IBA 1000 ppm had more roots
compared to cuttings that were taken from stem position 3 and dipped in Hortus IBA
500 ppm or cuttings that were taken from stem position 4 and given no auxin treatment.
For additional information, selected treatment combinations were compared. Treatment
comparisons were as follows: Hortus IBA versus no auxin, DNG versus no auxin,
Hortus IBA versus DNG, Hortus IBA 1000 ppm versus Hortus IBA 500 ppm, DNG 1000
ppm versus DNG 500 ppm, stem position 1 & 2 versus stem position 3 & 4, and stem
position 1 versus stem position 2. Rooting percentages, average length of three longest
roots, root and cutting quality, and growth indices were similar regardless of treatment
comparison (Table 2). Root number of cuttings was increased when Hortus IBA was
used, regardless of rate, when compared to roots numbers of cuttings that received no
auxin. Cuttings taken from stem position 1 & 2 had more roots than cuttings taken from
stem position 3 & 4.
Literature Cited:
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Table 1. Summary of results using selected treatment combinations on rooting percentage, root number, average length of three
longest roots, root quality, cutting quality, and growth of softwood and semi-hardwood cuttings of Pascagoula™ crape myrtle.
Treatment
Rooting Roots
Avg. length of 3 longest Root quality
Cutting quality
Growth
z
y
(%)
(no.)
roots (cm)
rating
rating
indexx
w
Stem Pos. 1 control
80a
6.8ab
10.7a
2.6a
2.9a
5.5a
Stem Pos. 1 Dip’N Grow® 500 ppm
100a
10.4ab
10.7a
2.9a
2.1a
5.6a
Stem Pos. 1 Dip’N Grow® 1000 ppm
100a
11.6ab
12.3a
3.8a
3.0a
6.4a
Stem Pos. 1 Hortus IBA™ 500 ppm
100a
11.6ab
11.4a
3.4a
2.3a
5.4a
Stem Pos. 1 Hortus IBA™ 1000 ppm
100a
14.6a
12.4a
3.0a
2.9a
6.6a
Stem Pos. 2 control
100a
7.6ab
9.7a
2.1a
2.7a
6.1a
Stem Pos. 2 Dip’N Grow® 500 ppm
100a
6.4ab
11.3a
2.3a
1.9a
3.1a
Stem Pos. 2 Dip’N Grow® 1000 ppm
100a
10.6ab
11.7a
2.3a
2.6a
5.1a
Stem Pos. 2 Hortus IBA™ 500 ppm
100a
11.6ab
14.0a
2.8a
2.7a
6.4a
Stem Pos. 2 Hortus IBA™ 1000 ppm
100a
12.8ab
12.3a
3.7a
2.4a
4.8a
Stem Pos. 3 control
100a
7.2ab
10.0a
1.8a
2.5a
4.9a
Stem Pos. 3 Dip’N Grow® 500 ppm
80a
8.8ab
11.3a
2.5a
2.7a
5.2a
Stem Pos. 3 Dip’N Grow® 1000 ppm
100a
10.6ab
12.1a
3.5a
3.2a
5.8a
Stem Pos. 3 Hortus IBA™ 500 ppm
100a
5.8b
9.4a
2.2a
2.3a
5.5a
Stem Pos. 3 Hortus IBA™ 1000 ppm
100a
9.0ab
10.4a
2.4a
2.9a
6.1a
Stem Pos. 4 control
100a
5.8b
8.7a
2.2a
2.1a
4.5a
Stem Pos. 4 Dip’N Grow® 500 ppm
100a
10.8ab
9.8a
3.8a
3.0a
5.7a
Stem Pos. 4 Dip’N Grow® 1000 ppm
100a
9.2ab
10.9a
2.9a
2.6a
4.7a
Stem Pos. 4 Hortus IBA™ 500 ppm
100a
6.2ab
9.6a
2.4a
2.1a
4.7a
Stem Pos. 4 Hortus IBA™ 1000 ppm
100a
9.4ab
9.5a
2.2a
2.9a
5.7a
Significance (F-test p-value)
1.000
0.0033
0.3131
0.0189
0.8972
0.4495
zRoot quality (0-5, with 0=no roots and 5=healthy, vigorous root system).
yCutting quality (0-5, with 0=dead and 5=transplant ready cutting).
xGrowth index=(width1+width2+height)/3.
wMeans followed by the same letter are similar according to Holm-Simulated (method for simultaneous comparisons (α =
0.05).
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Table 2. Direct comparisons of selected treatment combinations on rooting percentage, root number, average length of three
longest roots, root quality, cutting quality, and growth of Pascagoula™ crape myrtle.
Root
Cutting
Rooting Roots
(Length of 3 longest
quality
quality
Comparison
(%)
(no.)
roots)/3
ratingz
ratingy
Growth indexx
Hortus IBA™ minus No Auxin
NSw
*
NS
NS
NS
NS
Dip’N Grow® minus No Auxin
NS
NS
NS
NS
NS
NS
Hortus IBA™ minus Dip’N Grow®
NS
NS
NS
NS
NS
NS
Hortus IBA™ 1000 ppm minus
NS
NS
NS
NS
NS
NS
Hortus IBA™ 500 ppm
Dip’N Grow® 1000 ppm minus
NS
NS
NS
NS
NS
NS
Dip’N Grow® 500 ppm
Stem Position 1 & 2 minus Stem
NS
*
NS
NS
NS
NS
Position 3 & 4
Stem Position 1 minus Stem
NS
NS
NS
NS
NS
NS
Position 2
zRoot quality (0-5, with 0=no roots and 5=healthy, vigorous root system).
yCutting quality (0-5, with 0=dead and 5=transplant ready cutting).
xGrowth index=(width1+width2+height)/3.
wNS=Not significant or significant at α = 0.01 (**) or 0.05 (*) using the Shaffer-Simulated method for simultaneous
comparisons,
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Two Irrigation Delivery Methods
Brian A. Schulker1, Brian E. Jackson2 and William C. Fonteno3
1Department

of Horticulture, North Carolina State University, Raleigh, NC 27695
baschulk@ncsu.edu

Index Words Subirrigation, pine bark, hydrophobicity, capillarity, macropore, micropore
Significance to Industry Substrate composition and architecture are underlying
variables in the water use efficiency of greenhouse substrates. These variables can play
a pivotal role in the effectiveness of the irrigation method used as the industry continues
to move into new, more cost effective materials. Understanding hydration potential,
water holding, and water movement through the substrate can allow growers to
understand the ability of the substrate to retain and release water to the plant while
maintaining a healthy irrigation pattern. This information can help growers reduce their
water consumption and nutrient use over the course of producing the containerized
crop. Thus, the following research aims to better characterize the differences each
substrate composition can have based on irrigation strategy and material composition.
Realizing the monetary benefits aligned with reducing water consumption, and possible
future water regulations, producing a profitable crop with less irrigation and few changes
to the overall process would be a great advantage to nursery growers. The dynamics of
a substrate need to be understood to bring these notions to the forefront of the industry.
Nature of Work Freshwater is a renewable resource, but quantity is based solely on
location of operation. In 2009, the USDA released an estimate that 20,000 acres of land
are currently devoted to commercial greenhouse production in the US (U.S. Department
of Agriculture (USDA), 2009) add to that the United States Geological Survey reported
that 40% of the freshwater used in the US is for crop irrigation alone. In terms of acre
per day, a container nursery may consume up to 19,000 gallons during the peak of
growing season (2). With the shift to containers, fertilization and irrigation are necessary
frequently due to the small volume of substrate for growth (1). Container plants are
typically grown in peat, bark, or coir amended with perlite and wood based products.
Soilless substrate components are known to have significantly higher air space than
that of their mineral soil counterparts, which results in more frequent irrigation than field
grown products. Without that understanding, unnecessary excess water is used once or
multiple times a day to reduce the perceived risk of water stress and reduced yield (3).
Efficiency (the amount of water retained in the container and available to the plant / total
water applied) being the main purpose for growers to choose any irrigation method,
overhead at its best with minimal spacing between pots is near 80% (4) with preliminary
testing showing subirrigation at 65%. Water held in the container is available to the
plants only if it comes in direct contact with roots. Generally, if water passes through the
macropores of the substrate, which require less tension for the water to be released, but
the water isn’t in contact with the roots, it isn’t as beneficial to the plant unless the water
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is mobilized. Factors such as particle size, pore size, and substrate hydrophobicity
effect the substrates ability to take up water and can change the efficacy of each
irrigation method.
Our study examined how substrate architecture and materials can influence the water
uptake efficiency. Using both subirrigation and overhead drip testing methods and
materials such as sphagnum peat moss or pine bark which may allow higher
percentages of water in the container available for plant uptake. Better movement and
retention will ultimately reduce the amount of water needed to produce a viable crop as
the plant will need to expend less energy to take up water, minimizing stress on the
plant and saving the grower on irrigation costs.
The irrigation practices being tested were subirrigation as well as overhead irrigation
using an Ebb and Flood irrigation table (Hawthorn Hydroponics, Vancouver WA) 2 ft
wide by 4 ft in length and the NCSU Wettability method (5). The former process used
water pumped into the bench via piping from a faucet and controlled through a series of
gate valves connected to the bench. Water flow rate was also controlled through a gate
valve by (simply) opening it to points documented for adequate flow. To be able to
control the height of the water while also having a steady flow into the bench, copper
pipes were measured and cut to the right lengths to allow water to be held at height of
1” (2.54 cm). Substrates were tested using equipment consisting of a transparent
cylinder, 5 cm diameter x 15 cm height, with a mesh screen attached to one end, using
rubber pressure plate rings to allow for exact positioning of the vial above the substrate
surface to control hydraulic head (5). Base substrate components being tested were
sphagnum peatmoss (Premier Tech, Canada) and pine bark (Pacific Organics, NC,
PM2) and were further blended with 20% (by volume) perlite, hammer-milled pine chip
and coconut coir as well as a pine bark – 10% sand mixture (Builder’s grade, NC). All of
which were further moistened to 2.0 mass wetness (MW), then air dried down to 1.0 and
0.5 MW, representing moisture contents of 50 and 33% by weight.
Cylinders were then packed by weight, keeping all 4 reps of each substrate moisture
content within 5% of each other and then packing them down to a pre-measured 10 cm
of height to ensure similar bulk densities. Cores were then places on an elevated mesh
screen to optimize surface area exposure to water at 1.7 cm off of the base of the flood
bench which was included in the water level calculation so that water was at 2.54 cm
above the base of the cylinder. For the latter method (Wettability), substrates used and
packing techniques were identical to ensure a proper comparison.
As stated in the wettability method (5), substrate cylinders were attached to ring stands
at set heights (Fig. 1a) with a vial fitted with O rings and 5 holes in the base sitting
above the substrate surface. The holes in the vial were there to act as a diffuser of
water and reduce impact harshness on substrate surface. Water was passed through
the cylinder at a rate of 2-3 liters per hour, controlled by the funnel stopcock. Each
hydration event consisted of 200 mL of water (10 events total), effluent water was
captured and moisture retained was calculated by subtracting water input from output.
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To be able to show an accurate comparison, subirrigation testing was done in a 10
event setup with each event calculated to take a similar timespan as those with
wettability. Five minute intervals at 2.54 cm water height and a total of 10 events was
the final setup.
Container capacity was tested for both irrigation methods by using the NCSU Porometer
manual (6). After the final hydration, the sample cylinder was removed and weighed,
then placed into a Buchner funnel with holes described by the NCSU Porometer manual
(6). Water was slowly added from the bottom in a “1/3 at a time” stepwise manner until
water reached the top of the substrate surface. After 15 minutes, water was drained
from the sample and given 30 minutes in total to drain before the sample is removed
and weighed. Samples are then oven-dried at 105°C for 24-48 hours.
The experiment was a completely randomized design. Using SAS (Cary, NC), statistical
mean separation, Tukey’s HSD, and regression curves were done with LSD (p 0.05).
Results and Discussion: Final volumetric water content showed very little significant
difference statistically, although the data seems to show surprising similarities between
substrates. Wood in its various forms is being implemented as a perlite substitute for
cost purposes, with wood being manipulated in different refining processes. Perlite and
wood, regardless of irrigation practice are similar in both container capacity and
volumetric water content. The aforementioned results can be explained by the ability of
both perlite and wood to increase pore size and facilitate better water movement without
jeopardizing weight/density. The addition of coir to peat was intended to promote the
hydrophilic characteristics of coir on a material like peat that trends toward hydrophobic
in low moisture environments. Using that mixture of fine textured materials increased
uptake through subirrigation while showing little impact in overhead application (Table
1.).
Using sand increased both weight and bulk density, but with coarse pine bark, the
capillary movement increased allowing more water to be held in the pores than that of
overhead irrigation which tends to work through macropores. Peat’s hydrophobic
properties arise in moisture contents below 40% and the subirrigation value of a 15.45%
final VWC represent the stark difference in its hydration potential at low moisture
contents between overhead and subirrigation. There is little to no movement in peat
unless irrigated from above, allowing water to channelize through the substrate. Perlite
amended substrates had no significant difference between irrigation strategies, evident
by the similar final volumetric water contents and container capacity values.
Volumetric water content curves allow us to infer the differences in flow rate through
each irrigation strategy and demonstrate the ability of each substrate. For a substrate
composition of peat-coir at moisture content 50% (Fig. 2 A & B), we can infer that the
hydraulic conductivity of the finer materials is greater that coarser materials similar to
the pine bark mixes.
Particle size distribution needs to be done on these mixes to further investigate the
physical properties and their abilities to capture and move water through the cylinder.
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As a result of higher volumetric water content levels in overhead irrigated cylinders, the
authors hypothesize that the increased air space accompanying these mixes allowed
more favorable conditions for water to move through the substrate than those
subirrigated. Further research is needed to better understand the pore structures
created by using different materials to amend substrates, and further refine the irrigation
strategies necessary for optimal hydration efficiency.
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Table 1. Container capacity, bulk density, and volumetric water content (after 10 hydration
events) of peat, pine bark, and amended mixes.
Subirrigation
Substrate

Peat

Pine Bark

Peat-Coir

Peat-Wood

Peat-Perlite

Pine BarkWood
Pine BarkSand

Moisture
Contentz (g/g)

Container
Capacity (% vol)y

Bulk
Density
(g/cm3)xc

Final
Volumetric
Water Content
(%)w
15.65 bc

33%

0.49 bav

0.15 bc

50%

0.58 ba

0.13 bc

26.04 bc

33%

0.42 b

0.19 bc

26.11 bc

50%

0.51 b

0.20 bc

40.65 bc

33%

0.52 ba

0.16 bc

26.19 bc

50%

0.57 ba

0.14 bc

36.88 bc

33%

0.62 ba

0.15 c

21.20 c

50%

0.66 ba

0.09 c

41.13 c

33%

0.53 ba

0.07 c

33.00 c

50%

0.51 ba

0.14 c

35.96 c

33%

0.56 ba

0.17 bc

23.16 bc

50%

0.65 ba

0.12 bc

42.87 bc

33%

0.52 ba

0.31 a

33.27 a

50%

0.66 ba

0.31 a

48.74 a
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Table 1.(Continued) Container capacity, bulk density, and volumetric water content (after
10 hydration events) of peat, pine bark, and amended mixes.
Overhead Irrigation

Substrate
Peat

Pine Bark

Peat-Coir

Peat-Wood

Peat-Perlite

Pine BarkWood
Pine BarkSand

Moisture
Contentz (g/g)

Container
Capacity (% vol)y

Bulk
Density
(g/cm3)x

Final
Volumetric
Water Content
(%)w
36.58 bc

33%

0.63 ba

0.15 bc

50%

0.53 ba

0.13 bc

38.63 bc

33%

0.43 ba

0.18 bc

33.79 bc

50%

0.51 ba

0.19 bc

33.70 bc

33%

0.66 ba

0.15 bc

36.11 bc

50%

0.68 ba

0.13 c

38.60 c

33%

0.61 ba

0.16 bc

35.82 bc

50%

0.67 ba

0.14 bc

38.57 bc

33%

0.45 ba

0.17 bc

34.88 bc

50%

0.56 b

0.18 bc

33.89 bc

33%

0.80 a

0.14 bc

37.82 bc

50%

0.75 a

0.16 bc

36.03 bc

33%

0.72 ba

0.28 ba

24.21 ba

50%
0.71 ba
0.22 b
29.89 b
content is the pre-determined amount of moisture by volume in the substrate.
yContainer capacity is percentage of the sample volume occupied by water after
allowing the sample to drain for 30 minutes.
xBulk density is the dry weight of the sample (solid particles) ÷ total volume of the
sample. (Ms/Vt).
wVolumetric water content is a percent of the pore spaces occupied by water
vMeans analyzed using Tukey’s Honestly Significant Difference (HSD), and different
letters represent statistical differences with α=0.05.
zMoisture
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A

B

Figure 1: A) Photograph of the NCSU Wettability Manual setup with beakers collecting
effluent from cylinders after an irrigation event and B) Subirrigated samples in an Ebb
and Flood table during an irrigation event.
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A

B

Figure 2: Percent volumetric water content over 10 events on Peat-Coir substrates at
50% moisture content. A) subirrigated sample and B) overhead irrigated sample.
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Significance to the Industry Irrigation return water from nursery and greenhouse
operations often contains nitrogen (N) that may be released offsite if the water is not
treated or reused. Excess N can contribute to degradation of water quality, as the
growth of aquatic weeds and algal communities are supported when N and other
nutrients are available. Conventionally, nurseries tend to design water infrastructure to
move water off production areas as quickly as possible. Advanced water management
infrastructure can facilitate quick movement of water from production areas while
integrating sediment and nutrient best management practices to improve water quality.
To quantify the influence of various design features, we monitored a plant nursery for
two and a half years, concentrating on seven sites: the irrigation source, irrigation runoff
receiving areas, vegetative channels, and three ponds in series. We quantified N
movement throughout the water management infrastructure. Vegetative buffers and
channels are simple, yet effective infrastructure that serve to slow water and remediate
N. Reservoirs (tailwater catch basins) in series, rather than a single large reservoir, help
to facilitate continued N reduction and enhanced water quality. In future work, we will
evaluate how these same site features influence sediment, phosphorus, and pathogen
fate. These results will help growers design and redesign water movement infrastructure
to meet water quality goals.
Nature of Work Nitrogen availability is critical for plant growth for producing both plants
in containers and, unfortunately, growth of aquatic weeds and algae. Excess N
availability in irrigation return water, especially if the water is released offsite, can result
in degradation of aquatic ecosystems (e.g., harmful algal blooms) [1]. The water
conveyance infrastructure at nursery and greenhouse operations helps move irrigation
return flow and stormwater runoff from production areas, by conveying it offsite or to
tailwater catch basins and reservoirs, from which it can be reused for irrigation [2, 3]. It
is desirable to reuse N present in irrigation return flow, but if the water is released
offsite, the N remaining in water needs to be reduced to a level below environmental
concentrations of concern (Total Maximum Daily Loads for a specific water body).
Nurseries have typically reduced concentrations of N in water leaving their operation to
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comply with drinking water standards, when no other regulatory limits were available as
endpoints. Drinking water N limits (10 ppm nitrate-N) are much higher than the
concentration of N required to classify a body of water as eutrophic (0.6 to 1.5 ppm
nitrate-N) [4, 5].
The influence of water conveyance infrastructure design on the fate of N within nursery
production systems is poorly understood. There is also little information available
regarding integration of design features and potential for synergistic effects of holistic
infrastructure choices (e.g., several smaller ponds instead of one large pond) on
contaminant management within irrigation return flow and stormwater. Copes et al. [5]
and Zhang et al. [6] characterized water quality in eight recycling irrigation reservoirs in
nurseries in the MidAtlantic Region of the U.S., yielding information on water quality
(physicochemical) and chlorophyll dynamics within individual irrigation reservoirs. Yin
and Shan [7] described use of multi-pond systems to manage diffuse P contamination
from agricultural sources. Majsztrik et al. [8] detailed the varied treatment technologies
available to manage contaminants in water. However, the treatment technologies
described were studied independently from each other, thus it is difficult to ascertain the
impact that treatment technologies have on contaminant fate when used in sequence
with each other (a treatment train). The goal of this study was to (1) quantify the volume
of water (gal) and mass of N (g) that moved through the water infrastructure at a small
nursery and (2) determine how the connectivity of water infrastructure influences
changes in water quality – as evidenced by the fate of N in the system.
Research was conducted from July 2016 – November 2018 at a 10-acre retail/
production nursery in the Piedmont region of SC. Irrigation water is pumped from a
creek and applied via overhead irrigation to open-air retail beds and shade houses (Fig.
1). The retail greenhouse, production greenhouse, and open-air production beds were
irrigated using municipal water. French drains enabled fast movement of irrigation and
stormwater from all production area surfaces. Irrigation return water flows through the
French drains to a vegetated channel that runs along two sides of the nursery entering
the vegetated channel parallel to the production area near the creek and middle of the
vegetated channel. Water flows from the vegetated channel into a series of 3
hydraulically connected ponds, meaning that water can flow either forward into the
ponds or backward into the vegetated channel, save for the outlet from Pond 2 into
Pond 3 that does not permit backflow. Monitoring equipment including seven automated
water samplers (Teledyne ISCO, Lincoln, NE) and seven water quality sondes (YSI Inc.,
Yellow Springs OH) that continuously logged temperature (C), pH, specific
conductance (µS/cm), and dissolved oxygen (ppm). Water samplers were programmed
to collect samples before (one sample 10 minutes prior to irrigation initiation), as well as
during and after (five samples at 10-minute intervals followed by six samples at 20minute intervals) irrigation events. After purging the line twice, a single 1-quart water
sample was collected, with 12 samples collected for each sampling event at each
sampling location. Samples were transported on ice and then filtered and frozen at -20
C. Water samples were analyzed using Ion Chromatography, with ionic N values
representing the sum of ammonium-N, nitrite-N, and nitrate-N. Data were analyzed via
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Standardized Least Squares model using JMP 14.3 (SAS Institute Inc., Cary, NC).
Mean comparisons were delineated using the LSMeans procedure with Tukey HSD (p <
0.05). Monthly data were averaged over the sampling period.
We quantified the volume of water flowing through the water infrastructure between
Pond 2 and Pond 3 using a V-notch weir and then normalized that volume to each
sampling location by time so that we could calculate nutrient load. All volume
measurements were derived from this single point as that is the only point in the water
infrastructure where the ponds and VCs were not hydraulically connected. The volume
of water that flowed through the system per irrigation event ranged from 3,500 to 13,500
gal per irrigation event in the first quarter (Q1) (Jan – Mar), 95,786 to 102,000 gal in Q2
(Apr - Jun), 22,578 to 31,500 gal in Q3 (Jul – Sep), and 2,572 to 2,700 gal in Q4 (Oct –
Dec) (Fig. 2). With these summative volumes, we calculated inorganic N load when we
simultaneously were able to measure water flow through the system at the V-notch weir,
and also collected samples from irrigation events. The cumulative load of inorganic N
into the system at VC2 was ~9870 g for the sampled irrigation events over the two
years; the load of ionic N that left Pond 3 was 356 g for sampled irrigation events over
the two years.
Inorganic N dynamics throughout the system were consistent from sampling point to
sampling point over the season (Fig. 3). The most inorganic N was loaded into the
system consistently at Vegetative Channel (VC) 2 (p < 0.001), where irrigation return
water entered from production and retail greenhouses and production beds. The
average inorganic N concentration at VC2 was 10.0 ± 1.08 ppm (range: 4.39 ppm in
Dec to 18.7 ppm in June). Inorganic N concentrations were similar at VC1, VC3, Pond
1, and Pond 2 (1.05 ± 0.09 ppm); and percent reduction in inorganic N concentration
from VC2 ranged from 69% at VC3 in Aug and Sept to 99% in Pond 2 in Nov. The
average inorganic N concentration at the creek sampling location (upstream of the
nursery) was similar to that of the inorganic N concentration measured when water
exited Pond 3 (0.49 ± 0.07 ppm ionic N). Percent reduction in inorganic N concentration
from VC2 to Pond 3 ranged from 82% in May to 99% in Jun and Nov.
The connectivity of water infrastructure at this nursery increased the length of time that
a given unit of water stayed within the system, increasing the potential for remediation
processes to begin to remove nutrients carried from production areas after irrigation
events in irrigation return flow. The relatively short distance (100 ft) between VC2 and
VC3 was adequate to facilitate removal of between 69 and 95% of the inorganic N
loaded into the system. At each additional sampling point, inorganic N concentration
continued to decline. With strategic installation of consecutive treatment technologies,
paired with increasing distance and/or depth to increase the residence time of water in
the system, N removal was accomplished. Vegetated channels and serial pond designs
are shown to be best management practices for nursery crop production. Growers
should consider use of paired, sequential treatment technologies (such as VC paired
with multi-pond catchment systems) to manage N within their water, especially if water
leaves their operation either generally or during storm events only.
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Figure 1. Water flow path at a SC nursery. The seven water sampling points are noted by the stars. The
blue arrows indicate the direction that water flows through the water infrastructure at the nursery. The
orange dot designates the v-notch weir where water velocity and height were measured to quantify the
volume flowing through the interconnected water infrastructure.

Figure 2. Average cumulative volume of water that flowed through each sampling site over a 12 hour
sampling during each quarter. VC = Vegetative Channel, Q1 = Jan – Mar, Q2 = Apr – Jun, Q3 = Jul –
Sep, and Q4 = Oct – Dec.
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Figure 3. Average inorganic nitrogen (ammonium + nitrite + nitrate) concentration in water samples
collected at seven locations across a nursery in the upstate of SC over two years. VC = Vegetative
Channel.
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Significance to the Industry The aesthetic quality and health of ornamental plants in
rain gardens is threatened by a lack of weed control. Glyphosate has the labeling
potential for usage in rain gardens. After a series of lysimeter bioassays, glyphosate
was shown not to leach through two substrates (sand and slate) after four simulated
rain events and may provide effective weed control without damaging plants.
Nature of Work Rain gardens (commonly known as bioretention cells) are known for
their stormwater control (1). A depression in the landscape is created by excavating the
native soil then filling with an engineered, highly permeable substrate. The infiltration
and retention of stormwater that permeates throughout the rain garden allows the
microbial population, substrate, and plants to remove the pollutants (nutrients) before
allowing them to reach the groundwater (2). The North Carolina Environment Quality
Stormwater Rules and Regulation: 15A NCAC 02H.1052 states the substrate be
composed of 75-85% medium to coarse washed sand, 8-10% silt and clay fines, and 510% organic matter (3).
With the addition of ornamental plants, rain gardens are functional in capturing the
pollutants (nutrients), as well as being aesthetically pleasing. This necessitates the need
for routine plant and pest maintenance, however, there are few recommendations for
routine rain garden preservation. Kraus et al. (4) conducted a survey of 66 rain gardens
that were at least seven years post-installation, located throughout the piedmont of
North Carolina. Many of the rain gardens surveyed were found to be lacking proper
weed management to the extent that the ornamental vegetation was completely
covered by weeds. Mulches can be applied to rain gardens though they are not effective
for long-term weed control (5). There are currently no herbicides labeled for use in rain
gardens, however, in some sites it was apparent an herbicide had been applied (4).
Glyphosate has proven to be an effective weed control method for riparian areas. Using
a spot-spray method with glyphosate allows for targeted weed control, saving time and
money while achieving greater weed control (6, 7, 8). Glyphosate has a high sorption
affinity to soil colloids, is degraded primarily by soil microbes, has little residual activity,
and is approved for use near water making it a probable candidate for rain gardens (9,
10). Therefore, the objective of this study was to evaluate the potential use of
glyphosate for weed control in rain gardens by testing two substrates for their leaching
potential with simulated rainfall.
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A bioassay lysimeter study was conducted in the summer of 2017 inside a polyethylene
covered hoop house at the North Carolina State University Horticulture Field Lab. The
efficacy and leaching potential of four herbicides in two substrates were analyzed (data
shown only for glyphosate). The two substrates evaluated included: sand [80% washed
sand, 15% clay and silt fines and 5% pine bark (by vol.)] and slate (100% expanded
slate, MS 16) with no pine bark.
Lysimeters were constructed (Figure 1) with a PVC pipe 4 inches in diameter and 14
inches in length. After being cut to length, the pipe was cut lengthwise creating two
halves. The halves were then secured with duct-tape along the seams and around the
base of both ends. To ensure the seams were sealed, and to prevent preferential flow,
the inside of each column was coated with contact cement (DAP Weldwood Original
Contact Cement, DAP Products Inc.) and a thin application of each substrate of a
particle size > 1.4mm. An end cap (with five 1/8 inch drainage holes) was fastened to
one end and the opposite end was fitted with a toilet flange and fastened with two ½
inch screws. Tables were constructed with 5 inch holes cut into the table face, allowing
the lysimeter to pass through and be supported by the toilet flange holding them
approximately 10 inches above the ground. The lysimeters were filled to a
predetermined bulk density (sand = 1.3 g/cm3 and slate = 0.9 g/cm3) based on results
reported by Turk et al. (11). After filling and placement in the tables, the lysimeters were
irrigated (VibroNet Sprinkler, Netafim) until fully saturated.
Once saturated and allowed to drain for 24 hours, herbicides were applied at the
highest labeled dosage, (glyphosate 4 lb ai/A). To simulate a “worst case scenario” a
two-inch rain event was applied 5 minutes after the initial treatment [0 WAT (weeks after
treatment)], with further rain events at 2, 4, and 8 WAT. On the weeks a full rain event
did not occur, 1 inch of water was applied to each lysimeter to maintain saturation. After
lysimeters drained for approximately 18 hours following the simulated rain event, each
set of sample time lysimeters were carefully opened and each half was treated with a
fungicide (SubdueMaxx; 1 oz/1000 ft2) and sown with perennial ryegrass ‘Carly’ (Lolium
perenne ‘Carly’) (20 lb/1000 ft2) as a bioindicator species. After seeds germinated, they
were fertilized at a rate of 100 ppm N (20N-4.4P-16.6K, Peters Professional, Everris,
Dublin, OH) (Figure 2).
Approximately 21-28 days after sowing (DAS), the substrate in each lysimeter half was
divided into seven increments: 0-1, 1-2, 2-3, 3-4.5, 4.5-6, 6-9, 9-12 inches. Roots and
shoots were removed from each increment and roots were washed free of substrate. All
root and shoot samples were oven dried at 105ºC for 48 hours before being weighed.
Percent reduction from the control for root and shoot growth was calculated by the
following equation: [(control dry weight – treatment dry weight)/control dry weight x 100].
The experiment was a factorial treatment arrangement of four herbicides, two
substrates and four sample times (weeks 0-2-4-8) arranged in a randomized complete
block design with six replications and untreated controls (N=240). All variables were
subjected to analysis of variance (ANOVA) procedures using general linear models
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(PROC GLM) where appropriate and means were separated by LSD in SAS version 9.4
and P was considered significant at < 0.05 (12).
Results and Discussion The interaction terms [increment x herbicide x substrate x
sample time, increment x herbicide x substrate (excluding 8 WAT for shoots), and
increment x herbicide (excluding 4 WAT for roots in slate and 8 WAT for shoots)] for
both root and shoot percent reduction of the control were not significant. At the eight
week sample time, the lysimeters suffered a loss in irrigation causing the growth of the
perennial ryegrass to be reduced across all treatments, potentially causing the data to
be skewed at that time.
At each sample time, shoot and root growth was not reduced by glyphosate compared
to the control in either substrate (data not shown). At 0, 2, and 4 WAT, shoot and root
reduction was similar among all increments within each substrate except in sand at 4
WAT where root growth increased in the 0-1 inch increment (Tables 1 & 2). Additionally,
leaching of glyphosate was not visually apparent as the perennial ryegrass was thriving
in both substrates throughout the length of each lysimeter half. Glyphosate likely sorbed
to the substrate components, even the slate which had no clay content. With a K oc (soil
adsorption coefficient) range of 2,600 to 4,900 glyphosate is expected to have a very
low mobility (6,13). Although damage from the glyphosate was not apparent, the
argument could be made that it was not bioavailable due to the binding by the substrate;
however, the half-life can range from 45 – 60 days depending on pH, soil moisture, and
soil type meaning it has moderate residual effects (13).
These results suggest glyphosate has the potential to be labeled for application in rain
garden systems. Data from both substrates (sand and slate), paired with glyphosate’s
affinity to bind to substrate particles support weed suppression when using this
compound (6, 7, 13) and its use in rain gardens. Research is continually adding to this
field as herbicides are an attractive option for weed suppression in rain garden systems
(6, 7, 8, 13, 14).
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Table 1. Percent reduction in shoot dry weight compared to the control by increment
when glyphosate was applied to two substratesz.
Sand
Increment

Week
NSx

0-1"w
1-2"
2-3"
3-4.5"
4.5-6"
6-9"
9-12"

-7.6
-17.5
3.6
-19.8
8.3
-4.5
-19.7

0y

Week 2
NS

Week 4
NS

-37.7
18.0a
-19.4ab
7.8a
13.2a
-14.9ab
-60.2b

-112.4bv
-3.4a
-48.4ab
-3.6a
2.5a
10.3a
15.7a

Week 8
0.0028
-73.5b
17.1a
7.6a
5.4a
30.6a
24.8a
22.0a

Slate
Increment

Week 0
NS

0-1"
1-2"
2-3"
3-4.5"
4.5-6"
6-9"
9-12"

-9.5
29.4
25.4
3.4
25.2
-32.8
-16.8

Week 2
NS

Week 4
NS

Week 8
NS

-47.6
21.9
-6.2
0.7
-130.0
3.5
-90.1

-13.5a
-56.6
-8.5
7.1
-11.1
-15.6
-11.4

17.4
-24.1
7.7
-19.5
-12.8
26.3
-44.9

zSubstrates

included: Sand ([80% washed sand, 15% clay and silt fines and
5% pine bark (by vol.)] and slate (100% expanded slate, MS 16) with no pine
bark.
ySamples were collected at 0, 2, 4, and 8 weeks after treatment after a
simulated 2 inch rain event.
xAnalysis of variance (ANOVA). Not significant at P ≥ 0.05, P-value given
otherwise.
wThe lysimeters were divided into increments of 0-1, 1-2, 2-3, 3-4.5, 4.5-6, 69, 9-12 inches and shoots harvested, and oven dried at 105ºC for 48 hours.
vMeans within a column with different letters are significantly different based
on LSD mean separation procedures (P ≥ 0.05).

134

SNA Research Conference Vol. 64 2020

Table 2. Percent reduction in root dry weight compared to the control by increment
when glyphosate was applied to two substratesz.
Sand
Increment
0-1"w
1-2"
2-3"
3-4.5"
4.5-6"
6-9"
9-12"

Week
NSx
-163.8
-104.8
6.2
-17.7
-8.3
16.2
-7.3

0y

Week 2
NS
-19.9
7.5
8.0
1.8
-13.7
-136.0
-24.8

Week 4
0.0086
-161.5dv
-89.7bcd
-97.7cd
-5.0abc
-10.2abc
15.2ab
30.3a

Week 8
NS
-6.2ab
-48.5b
-41.6ab
7.9ab
-10.5ab
-14.7ab
13.3a

Week 4

Week 8

Slate
Increment

Week 0

0-1"
1-2"
2-3"
3-4.5"
4.5-6"
6-9"
9-12"

NS
-39.3ab
-15.4ab
26.0a
25.1a
26.3a
-29.1ab
-126.7b

Week 2
NS
1.5
1.9
-47.7
-53.6
-6.4
-45.0
-23.2

NS
-37.1
-59.7
12.9
-4.3
-56.5
-57.6
-12.3

NS
-82.3
-9.7
-27.0
-20.0
-79.1
-13.0
-55.5

zSubstrates

included: Sand ([80% washed sand, 15% clay and silt fines and
5% pine bark (by vol.)] and slate (100% expanded slate, MS 16) with no pine
bark.
ySamples were collected at 0, 2, 4, and 8 weeks after treatment after a
simulated 2 inch rain event.
xAnalysis of variance (ANOVA). Not significant at P ≥ 0.05, P-value given
otherwise.
wThe lysimeters were divided into increments of 0-1, 1-2, 2-3, 3-4.5, 4.5-6, 6-9,
9-12 inches and roots harvested, washed free of substrate, and oven dried at
105ºC for 48 hours.
vMeans within a column with different letters are significantly different based on
LSD mean separation procedures (P ≥ 0.05).
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Figure 1. A lysimeter constructed from 4 inch PVC and used to evaluate glyphosate
leaching in two substrates.

Figure 2. The lysimeters filled with sand or slate and sown with perennial ryegrass
‘Carly’ (Lolium perenne ‘Carly’) as an indicator species.
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